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Abstract

This paper studies the ambulance routing problem in disaster
situations when a large number of injured people from
various locations require to receive treatment and medical
aid. In such circumstances, many people summoning the
ambulance at the same time but the capacity and number of
emergency vehicles are not sufficient enough to visit all the
patients immaediately. Therefore, a crucial part is to
management the fleet of ambulances so as to mitigate human
suffering. For this reason, we considered three different
categories of patients with various requirements. Also the
support ambulances are segmented to various classes based
on their capabilities. A mathematical formulations is
presented to obtain route plans with the aim of minimizing
the latest service completion time among the patients. Since,
disasters cause major damages to lifeline infrastructures
such as refueling-stations, so provided model designs the
ambulances routes in such way that overcome to difficulties
that exist as a result of limited refieling. Proposed MIF
problem is then implemented by GAMS software. Finally, a
sensitivity analysis is provided fo evaluate the relationship
between the problem structures and achieved solutions.

Keywords:
Ambulance Classification, Vehicle EFouting Problem,
Disaster Fesponse, Service Tune, Patient Grouping

1. Introduction

A disasters can be considered as any unprecedentedincidents

which causes major damages, destruction, ecological
disruption, loss of human life, human suffering, deterioration
of health and health service on a scale adequate to warrant an
extracrdinary response from outside the affected area [1].
Some examples of disasters are earthquakes, hurricanes,
tornadoes, fire, floods, blizzard, drought, terrorism, velcanic
eruptions and generally all occurrences that have substantial
devastating effects 1n terms of human lives and damage to a

soctety's buildings and infrastructures. It has been widely

investigated that the sevenity of a misadventure can be
mainly influenced by the efficacy of the relief efforts duning
the response phase [2]. Unquestionably, the response and
recovery phase must to be

processed under acutely

capacity
(transportation vehicles, man power and hospital capacity),

challenging conditions: Treatment limitation

damaged roadways and transportation infrastructure,
together with uncertain information about number and
locations of injured people (see e.g., [3] and [4]). Thereupon,
it 15 necessary to imitiate the logistics relief operations
quickly and managing and controlling the efficient flows of
relief, and services to meet the urgent requirements of the
affected people. Consequently, there 15 an indispensable need
for decision support tools that provide solutions to the
underlying optimization problems instantly [5] There are
several studies that address 1ssues of locating, dispatching,
and fleet of ambulances as emergency medical services.
Brotcorne etal. [6] and Farahani et al. [7] introduced surveys
of models and algorithms in locating ambulances where the
aim 15 to deployment or establishment some sites for the
vehicles within an urban area. Under this circumstances, we
can be sure to reach the potential emergency sitesin a certain
response time. Knight et al. [8] formulate a model to locate
ambulances in order to mazimize the expected survival
probability of heterogeneous patients. The patients are
different regarded to targeted response time and in their
medical conditions.

Some various models are developed with the purpose of
capturing realistic planning situations like traffic-dependent
traveling times and congestion phenomena. Schmid and
Doerner [9] study travel times which vary in the course of a
day for an ambulance location problem. By considering such
variations, the coverage fulfilled throughout a day by a
certain deployment of ambulances changes dynamically that
calls for relocations. In dispatching, incoming emergency

requests should assigned to ambulances. However 1t can be
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solved in combination with the ambulance location problem.
Toro-DiAz et al. [10] present a model to integrate the
location and dispatching investigates the response time and
coverage the affected by queuing patients in congested server
systems. Schmid [11] consider emergency service providers
which wants to locate ambulances such that emergency
patients can be reached 1in a time-efficient manner In the
proposed model after a request emerges an appropriate
vehicle needs to be dispatched instantly and send to the
requests’ site. After having served arequest the vehicle needs
to be relocated to 1ts next waiting location. Andersson and
WVarbrand [12] dispatch ambulances based on urgency of
requests and the closeness of a wehicle to the site of an
incident. The authors integrate the dispatching problem with
a relocation of ambulances with the aim of maintain the
coverage of the service such that some of the ambulances are
busy serving patients.

Another field of research 15 focus on disaster relief routing
De la Torre et al. [13] provide a recent literature survey on
this subject. Various routing problems have been studied in
this research field For example, Campbell et al [14]
formulate models and heunstics for traveling salesman and
vehicle routing problems with the purpose of minimizing the
latest armval time or the average arnval time disaster
response actions. Huang et al [15] introduce a wehicle
routing problem to distribute supplies from a depot with the
arm of a fair allocation of not adequate supplies. Eath and
Gutyahr [16] consider distnbution planning combined with
locating supply depots in order to minimize a cost measure
and maximize the coverage Yi and Ozdamar [17] provide a
model 1n order to minimize both weighted sum of unsatisfied
demands and watting times of mnjured people. They
considered hospitals and some temporal emergency centers
that patients have to be brought to them to cope with the
disaster. Ozdamar and Demir [18] present a similar model
that minimizes the total vehicle travel time in order to ensure
an efficient utilization of transport capacity and a fast
delivery of supplies.

It can be conclude from literatures that disaster response
management 15 a substantial active scope of researches
However, many researchers are mainly focuses on locating
and dispatching of ambulances or on the distnbution of
supplies in response phase. MNonetheless, researches in the
field of ambulance routing for disaster response operations
15 taken into consideration recently. To the best authors'
knowledge, a few papers exst in the literature, studying
vehicle fleet management in disaster response operations,
see de la Torre et al [13] and Pedraza-Martinez and wan
Wassenhove [19] and Talarnico, Luca, et al. [5].

In the current paper, we propose an extended model based on
Talarico, Luca, et al. [3] so as to decision support approach
for the routing of ambulances in response to a disaster.

Presented extended model incorporates warious types of
ambulances with different capability and considers
constraint on the route length due to the need for refueling.
The major task of managing ambulances i1n a disaster
response phase 1s to appoint first aid te slightly injured
people and to transfer severely injured people to operating
hospitals. Managing the plans of ambulances promptly
aftermath of incidences a disaster 15 abundantly complicated
and confusing owing to the dynamics and uncertainty 1n
nature of relevant information that frequently change over
the peniod of ttme Add to the complexity of managing this
1ssue that the managers should consider the availability of
ambulances, the capacity of the nearby health centers,
besides the accessibility of patient’s locations because of the
collapsed infrastructures and the potential traffic, see Edrissi
et al. [20] and Jotshi et al. [21]. Ambulance routing problem
in such a situation can be considered as a static or a dynamic
problem. In the static wversion, at first property of
emergencies needs 15 collected and afterwards, the vehicle
routing problem 1s solved for this set of requests While In
the dynamic version, the routes of ambulances are updated
by arnving new requests, which can decrease the response
time Whereas in dynamic approach communication with the
ambulances 15 necessitous at all time, which might not be
possible 1n a disaster condition and, moreover, the rescue
teams may feel under pressure to quickly take action dunng
the operations Therefore, 1n this study, we consider a four-
step response process to solve a static ambulance routing
problem As can be seen from Figure 1 the processis perform
by a dispatching center that collects requests and manages
ambulance operations This process performs repeatedly to
cover all emergency requests. The dispatcher collects several
requests until a certain time limit has elapsed or a certan
number of requests has been collected and, then 1n a second
process step the requests should be categorized to different
groups according to their severity. The availability of
ambulances, the locations types of them should be
recognized. Finally, the prionity of patients 1s taken into
account to manage the ambulances routings. Nevertheless,
the time spent for the first three steps 1s too short, because
requests are arnved in a short time 1n the case of a disaster
event and the classification of requests can be carried out
directly meanwhile answering an emergency call or
automatically from the collected data.

This paper focuses on the fourth step of the response process
and solve routing problem that occurs in the third step of the
response process and send out the ambulances. Each
ambulance carnes medical personnel and medical first ard so
as to help slightly injured people in the position of the patient.
Meanwhile, patients with certain injuries should be
transferred to the hospital for further treatments.
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Figure 1 Disaster response flowchart [5]

In addition, emergency patients are accompanied by the
medical staff on their way to the hospital to visit skilled
doctors. According to this, we define three types of patients:
e  Green code patient: An individual with green code
classification 1s slightly injured patient which can

be treated 1n place.

e Yellow code patient: A person with vellow code

classification 15 moderately severe injured
individual which should be transferred to the
hospital for further treatments. Dedicated

ambulance to this transportation does not need any
special features.

e Fed code patientt A person with red code
classification 15 seriously injured and needs to be
brought to a hospital by an ambulance which
equipped with the medical equipment at least for
basic life support.

There are various schemes for classifying patients and also
several systems for categonizing and prnieritizing patients in
emergency situations with limited time and scarce medical
resources. We refer the reader to study Thomas and Elaine
[22] and Andersson and Peter [23] for further researches on
mentioned subject. Due to the different needs of patients,
ambulances are customized for using 1n different situations.
In a general definition an ambulance i1s a transportation
vehicle for carrying sick or injured people. In most cases,
there are three general ambulance types with several
subtypes. In the following we presented four types of
ambulances that the first three of them are more common
based on vartous standards:

e Type I- Patient transport ambulance: these types of
ambulances should have a basic specialized

equipment for first aid and nursing cares.

¢ Type II- Basic life support ambulance (BLS): these
types of ambulances have to be equipped with the
medical equipment It 1s designed for patients who
require medical transportatton and continuous
medical supervision.

o Typelll- Advance Life Support Ambulance (ALS):
These ambulances are operated by highly skilled
and trained personnel and carry the essential
medical equipment required to stabilize, treat and
transport patients to a hospital.

¢ Type IV- Specialty care transport (SCT): These
ambulances have been equipped to employ in
hospital to hospital transportation SCT 15 urgent
when a beneficiary's condition requires ongoing
care that must be equipped by one or more health

professionals.

When disaster occurs, we face the lack of professional and
skilled personals, 1n addition, ambulances Type III and Type
IV are expensive and available scarcely and using them for
transportation 15 costly So we assumed that the manager
confines the system to employs first two types of ambulances.
Concerning the routing of ambulances, both ambulances
types one and two can be applied to wisit green and yellow
code patients While, Red code patients must be wvisited by
ambulance type two Both of ambulances can carry one
patient at a time and each patient 15 directly brought to a
hospital after having been picked up. The decisions about
caring which patient to which hospital 15 part of the routing
problem and depends on the capacities of hospitals. Due to
the structure of the problem, ambulance's route can be
interpreted as a tour that begins at one hospital, visits one or
more patients in a sequence, and ends in a hospital that could
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be either the starting one another hospital The aim is to
mimmize the sum of the latest service completion tume
among the patients with different codes.  Moreover we
applied weights for the latest completion times of the patient
groups that utilized to determine which code patients should
be served sconer Presented weighted objective function
supports such a tradeoff of the prionty of a help request and
the medical resources required for 1t. An illustrating example
together with model formulation 1s presented in the next
sectton. The model 15 computationally tested 1n Section 3.
Section 4 provided sensitivity analysis for propesed model.
Section 3 concludes the paper and provide some guidelines

for further researches.

2. Problem description: The ambulance
routing problem

In all ambulance routing problems the model strives to
acquire routes for a fleet of ambulances with the intention of
giving aid to a set of patients. We modeled this 15sue by
applying the notation presented in Table 1 Let E represent
the set of red code patients. These patients have to be picked
up by be brought to the hospitals in set H with proper
ambulances (Type II or higher) Let Y denote the set of
vellow code patients who should be transferred to the
hospital directly for further treatments but 1t can be done
even with simple patient transport ambulance (Type I). And
G denote the set of green code patients which can be treated
in place Thereupon, the set of all patients 15 represented by
P=RUGUY

We employ two types of ambulances in order to wvisit the
patients (Type I and Type II). The set of available
ambulances are denoted by K = Type I U Type II. Each
ambulance can carry at most one patient at a ttme and go
directly to an available hospital At the beginming of the
response process, each ambulance 15 located at a hospital. "We
denote by K;, © K the subset of ambulances that are initially
placedin hospital h EH Accordingly, a binary parameter fhk
equals to one if ambulance k 15 initially placed 1n hospital h.
IMereover, the set of relevant arcs that are existed for the
routing problem 1s denote by A=(P > Pl U {H = P} u
{F = H}. And t;; is the travel time between to node i
and j by any ambulance type (i,j) € A Forred and yellow
code patients, d; denotes the time required to some pre-
hospital cares and the time to prepare the patient for
transportation to a hospital. And for green code patients, d,
shows the time needed to give first aid to the patient in the
place. A continues parameter d, is also applied to represent
needed time to drop off a patient at this hospital This
quantity 15 higher for red code patients compared with yellow

code patients due to the sensitivity of patients. Lastly, ¢,

indicates the capacity of hospital h € H. This value equates
to 1n the maximum amount of patients that can be served in
hospital h.

Table 1 - MNotation used 1n the problem

Sets:

R set of red code patients

G set of green code patients

P set of all patients, P =R U §

H  set of hospitals

K,  setof ambulances that are initially located at hospital

h

s set of all ambulances, H = Upeyr Hi

A set of arcs in a problem, A = [P X P} U
[H x P}

R set of red code patients
G set of green code patients
P set of all patients, P =R U G

Parameters:

fh" binary parameters, 1 if ambulance k 15 imitially
located at hospital h (i.e. k € Xy, )

t;; travel time from i to j with (i,j) € A

d; service time of patient { € P

d;: transfer time to drop off a red and yellow code
patients at hospital h € H , i € RUY

Cp capacity of hospital h € H

Wy  priority given to red code patients

wy  priority given to green code patients

W,  priority given to green code patients

Cap, fuel tank capacity of ambulance (type k)

B, ambulance (type k) fuel consumption per unit of

distance
Decision variables:
x:.’j. binary, 1 if ambulance & serves patient { directly

before patient j

U,  binary, 1if red code patient { is brought to hospital
h

vy,  binary, 1 if yellow code patient { 15 brought to
hospital A

b;  wisiting tune of patient { € P b = 0

€, latest service completion time among all red code

patients

ey latest service completion time among all red code
patients

e; latest service completion time among all green code
patients

Each one of the ambulances terminates its last route at any
hospital. The objective function is formulated in such a way
that minimizes a weighted linear combination of the latest
service completion time among the patients of a group. In
fact, we minimizes the worst case waiting time by
constdering the latest service completion time among the
patients. In addition, weighted completion times are
constdered to describe the relative importance that a disaster
response manager probably assigns to completion time of
each patient groups. Since, disasters cause major damages to
lifeline infrastructures such as refueling-stations, so provided
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model should overcome to difficulties that exist as a result of
limited refueling. For this purpose we consider that each
ambulance should finishes its assigned mission via non-stop
refueling. Afterward it can refuel using specific sites in
hospitals for fueling ambulances. To clanfy the problem and
its potential solutions, an illustrative example 15 provided in
the next section.

2.1. lllustrative example

In this section, we clanfy the model by an illustrative
example on a small artificial case. In the current instance we
considered three red code patients R = {ry, 1y, 13} and two
vellow code patients ¥ = {UY;,7-]} and five green code
patients G = {G,,G..G5.G4.Gs}. Also two hospitals H =
{hy,h.} arereadyto service the red and yellow code patients,
each with 3 capacities. At the beginning of the honzon two
type 1 ambulances a; and a, are imtially located at
hospital hy and one type 2 ambulance @y is located at
hospital h, The locations of all patients and hospitals are
depicted in Figure 2. We suppose that the travel time t;
between to node i and j equals to the Euclidean distance
between them. The service times d; are assumed to be 30
ttme umts for red code patients { € R and tol0 ttme units
for remain code patients i € G UY. Dropping off a red
cod patient at a hospitals 15 set to 10 time units for red code
patients and 5 time units for yellow code patients Figure 2
indicates a potential routes for the ambulances. In the current
solution, ambulances a, and a, perform two routes and
ambulance ag which is approprnate to carry red cod patients,
performs three routes. Ambulance a; begins its first route
at hospital hy, and then picks uwp yellow code patient Ty
and brings this patient to hospital h,. In the following on its
second route, serves two green code patients §, and Gg.
Ambulance @, in the first rout depart from h; to picks up
yellow code patient Y, and brings it to hospital h, .
Subsequently, it serves patient Gz ,and finally returns to
hospital h,.

Localion
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Figure 2. Illustration of all patients” and hospitals’ locations
and ambulances routs.

Ambulance az which 15 type-II begins from hospital h,
and joins the service of two green code patients §, and
Gowith the service of red code patient . Afterwards, it goes
to bring ry; to hospital h, . And finally at last route
ambulance a; depart from h, and brings patient r to
the hospital hy. In order to assess the quality of obtained
solution. The time-space diagram is shown in Figure 3.
Provided diagram exerts the positions of all ambulances over
the time of disaster response. Blue rectangles in the figure
represent dropping off a patient at a hospital. As can be seen
from the Figure 3 the latest drop off of ared and yellow code
patient at a hospital takes place at ime ez =410.57 and ey
=0599 | respectively The latest completion time of serving
a green code patient1s ey = 182 80. As mentioned earlier
a route can start and end at different hospitals, thereupon 1t
would be accessible to achieve high quality solutions and
serving patients as rapidly as possible. In presented example,
it happens for the routes of ambulance a, and aq
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Figure 3 Time-space demonstration of the provided instance

13th International Conference of Industrial Engineering®*Mazandaran University of Science and Technology**Mizbhan

International Hotel, 22nd and 23rd February 2017

[, SID.if


http://www.sid.ir

4 Mazandaran

University of
Scienceand
Techuolo gy

Available online at www .iiecoo17.com

1 3 th International Conference on Industrial Engineering

(ITEC 2017)

ITEC (2017) coo-000

2.2. Model formulation
In this section we propose a mathematical formulation for

ambulance routing problem. The model 15 formulated using
vising patients and take wvalue 1 if ambulance k serves
patient { directly before patient j and 0 otherwise Also

binary decision variables x; , which imply the sequence of

Binary vanables w;; and vy, take value 1ifred and yellow
code patient i € R isbrought to hospital h, respectively, and
0 otherwise. A positive continuous variable bi is defined to
represented arnval time of the ambulance to the patient i
We can obtain the problem formulation as follows:

Min wg . eg + wy . ey twg . eg 1

S.t.

Eje?U}f‘xili: =fhk Yh € H;k € (23]

X

Ziex LjerUs x}.’: =1 Vi € P (3)
Tierun X = Ljerus X Vi € P; k€K )
Thew Ui =1 vi € R (3)
Zhexw Vi =1 Vi e ¥ (€)
TieaugF Naeavn <6y Yh E K (7N
Zkerype 11 Diep X =1 JER (8)
by +d; +t; b Lgexxl; wieGu HijeP (%)
by +d; +tyn+dy +th; < b . Lpex Xf5 Uin (10)
ViER,jEP;h €XH

by +d; +ty, +dp +tn; < by . Lyex x:j Vi (11

ViEY;jEP;h €EXH
EjE.PEiEGx:'kj'tEj + (12)
Zhoen EjE?EEEYx:‘j'th'(tij +it, + thi:] +

Zhoew sz?EEERxgj"uih' (rij +ig ) <

Capy

= k €x

ec = b; +d; Vi € G (13)
er = b, +d; +uy . (t, + di) (14)
Vi € RheH

ey = b, +d; +vy, . (t, + di) (15)
Vi € Y;heXH

0< b, Vi € PUXH (16)
u;, € [0,1) Vi € RshEH (17)

Institute of

Industrial

Engineering
vy € (0,1} Vi € V;hEXH (18)
x5 € {0,1} v(i,j) € A;kEX (1%

The objective function (1) strives to mimmize the weighted
sum of the latest service completion time among all patients.
Constraints (2) guarantee that each ambulance starts from the
hospital where 1t 15 1mitially located Constraints (3) state that
each patient 15 visited exactly once by one of the ambulances.
Constraints (4) ensure that an ambulance visiting a patient
also has to leave that patient’s location. Constraints (3) and
(6) enforce that each red and yellow code patient1s assigned
to exactly one hospital. Constraints (/) specify that the
number of patients which assigned to a hospital should be
less than capacity of that hospital Constraints (7) specify
that the number of patients which assigned to a hospital
should be less than capacity of that hospital Constraints (8)
ensure that red code patients, needs to be brought to a
hospital by a type Il ambulance Constraints (9-11) express
the arrival times of ambulances at the patient locations.
Constraints (12) State that the determination of fleets should
be provided by considering fuel capacity of each class of
ambulances. Constraints (13) state the latest
completion time ez between all green code patients
Constraints (14-135) state the latest service completion time
e and e, of all red and yellow code patients, respectively.

SETVICE

It 1s Notable that the completion service ttme of a red and
vellow code patient equals to the time when the patient 1s
dropped off at the dedicated hospital. Constraints (16)-(19)
define the domains of the decision variables.

Since the constraints (9-12) are nonlinear We obtain the
linear version of formulation as follows (The parameter M is
sufficiently large):

bf + di + tU = bf + (1 = z:geﬁyx;) .M

(20)
ViEGU FH;jEP
b; +d; +typ+ dy +ty; < by +(2— EkE.‘F{‘I:}_
n
up).M ViERjEP;h €H
b; +d; +typ+dp +ty; < by + (2= Zpexxf; —
¢ (22
v;y).M ViEY;jEP;h €H
E}'E.?Efecx:}-tfj +Xh e x EjEPEEEY[:t['j +
ti + thi) -I—[:Z — Lrex xii;' == ”ih:]-':_m +
(23)

Eh EH EjEPE:‘ER(t:‘j +ity + rh:’:] +(2 -

Capp
Ziex I;-k_;- ™ u,-h) (=M) <

—_— kex

Py
In order to achieve linear mixed integer program, constraints
(9-12) should be replaced by constraints (20-23). In the next

section, we reported the computational results of the
discussed model on various problem instances.
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3. Model implementation

In this section we presented the obtained results for some
cifferent instances. For this purpose the problem 1s
implemented by the GAMS 24.1 3 with ILOG CPLEX 12.5
64-Bit optimization routines, then the MIP solver 1is
employed to solve the instances. All tests were executed on
a personal computer equipped with Intel core 15-33377 (1.8
GHz) with 6 GB of EAM. We solve various problem with
different sizes and different combinations of weights which
reflect the priority of various code patients. In Table 2 the
first three columns describe the instances The optmum
solutions are presented in column four Then, the latest
completion time of each code patients 1s presented in the next
three columns.

As can be seen from Table 2, changes in number of patients,
number of vehicles and weight of patients’ codes, affect the
solutions. Thus, in the next section we perform a bref
sensitivity analysis to figure out the relationship between the
structure of a problem instance and its solution.

4. Sensitivity analysis

We investigate the impact of having a low, a medium, or a
high percentage of red code patients. The generated instances
with their code patients are represent in Table 3. In the first
example we consider that red code patients are more than
other code patients. In the second example we study the
problem when the red code patients equally important as
green and yellow code. And finally the third one indicates
that a green cod patients are more important than others.
The relative importance of red code patients in a solution 15
controlled by parameter wg. It 15 shown in Figure 4 that a
larger wvalue wjy indeed reduces the latest service
completion time ey of red code patients and increase the
latest service completion ime eg of green code patients and
e, of yellow code patients.

Also the average waiting ttime of all patients 1s provide mn
Figure 4 which is calculated by the following equation (I
equals to total number of patients):

o Zier by ’/N (24)

The average waiting ttme value for this instance, decreases
with a larger value of wy. But in practice, it also depends
on the structure of the problem and other parameters.

In Figure 5 we analyze the benefits and drawbacks resulting
from various number of vehicles. According to Figure 3, a
larger number of ambulances clearly helps serving red code
patients by reducing the trip duration to transport them to a
hospitals while lack of adequate vehicles increase the latest
completion time of each groups.

450

Completion time

1 2 3
Instance Number
()
[ Cpox among green code patients
Ciax amongredcode patients

[— | Cmax amengyellow code patients

WO
N
I~
o~
™~
Il
=y

b=120.14

Average waiting time

i 2 3
Instance Number

(b)

Figure 4. Impact of patient weights on the completion times
(a) and average waiting time of all patients (b)

Figure 6 investigates the impact of the total hospital capacity
on the objective function. The capacity of hospitals affect the
achieved solutions slightly and no specific reduction results
in the latest service completion times here. However, 1n a
higher capacity there is a much chance to find free capacity
at a surrounding hospital for patients.

The commentary is that in the current instance the most red
and yellow code patients find a hospital around themselves
even if the overall capacity 15 low.
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Table 2.  PResults of proposed model for different instances
patients hospitals vehicles Obj ez (Wg) ey (Wy) er (Wg)
9 2 2 230.14 133.37(0.3) 140.43(0.3) 370.01(0.4)
9 2 3 209.51 117.93(0.1) 126.40 (0.2) 344.89(0.5)
10 2 3 215.68 131.53 (0.3) 95.99 (0.3) 368.56 (0.4)
10 2 2 232.14 286.50(0.2) 118.99 (0.5) 384.48(0.3)
10 2 2 259.25 217.37(0.3) 121.43(0.3) 394.01(0.4)
11 2 3 268.22 118.42(0.3) 171.55(0.3) 453.06(0.4)
Table 3: Patients weights taken for sensitivity analysis

Instance We Wy Wp

1 0.1 0.3 0.6

2 0.33 0.33 0.33

3 0.5 0.2 0.3

Completion time

Completion time

Yellow Red
Patient Gruop

Figure 5 Impact of the number of ambulances on

completion times.

A50

400+

350 ¢

50t
Green

Yellow Red
Patient Gruop

Figure 6. Impact of the capacity of hospitals on

completion times

5. Conclusions
In this paper, we have formulated and solved an ambulance
routing problem for disaster response phase where patients
are classified to different groups with various requirements
We consider three groups of patients: slightly injured people
who can be assisted directly in the field, moderately severe
and severely injured individuals which should be transferred
to the hospatal for further treatments The ambulances are
applied to transport medical personnel and patients. Since,
ambulances is recognized as a scarce resource in disaster
stituations, their efficient usage 1s utmost vital. For this reason,
we distinguish various types of ambulance with different
capabilities. Therefore, we should adapt the type of
ambulance and the patients’ needs to increase the total
service quality. The aim of proposed model 15 minimizing the
latest service completion time among the people waiting for
help. Proposed model 15 implemented by the GAMS 2413
and MIP solver 15 employed to solve the instances. The
results of the model have been provided in the related tables.
We also performed a brief sensitivity analysis to figure out
the relationship between the structure of a problem instance
and 1ts solution.
One of the interesting direction for future study 1s
constderation of time windows Since 1n many disaster
events (for example when an earthquake strikes), buildings
lacking sufficient structural stability are susceptible to
collapse and residents are at risk of getting injured and
requiring medical attention and humanitarian supplies,
addressing the model which incorporates the travel time
reliability, capacity reliability and reliability of critical links
can be a valuable future research.
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