
 1

 
 
 
 

 
 

Optimization of Scheduled Patients Transportation Routes :  
Amadora-Sintra Portuguese Red Cross Case Study 

 
 

Marta Loureiro 
 

Department of Engineering and Management, Instituto Superior Técnico 
 
 
Abstract 
 

Non-governmental organizations such as the Portuguese Red Cross (PRC), the study-object of 
the present work, often find difficult to mobilize resources for their own activities. Therefore, effective 
management of the existent resources may be essential for proper functioning of its activities. 

This work aims mainly to propose an improvement on the routes identification processes for 
scheduled patients of the PRC Amadora - Sintra branch, allowing them to accept and meet a higher 
number of transport requests using the resources currently available. These scheduled patients are 
patients with fairly inflexible schedules who need transport (to and from the treatment) on a regular 
periodic basis. 

 After gathering the data required to define the problem, a mathematical model was developed 
based on the Dial-a-Ride Problem (DARP), which is a variant of the Vehicle Routing Problem (VRP). 
Transport can be shared simultaneously by more than one user, as long as the maximum capacity of 
the ambulance and the time restrictions established by the treatment entity for each user are 
respected. 

Four distinct and representative working-days of the PRC operations were analysed. With this 
analysis, we can conclude that the model implemented allows the PRC to obtain routes that minimize 
logistic costs and simultaneously improve the quality of the service rendered, in comparison with the 
current routes used in this non-governmental organization. 
 
 
 
Keywords: Vehicle Routing Problem, Humanitarian Logistics, Scheduled Patients, Optimization, 
Shared Transport, Time Windows. 
 
 
 

1. Introduction 
 
Humanitarian, non-governmental institutions of 
public utility, whose main mission is to provide 
quality services, are often faced with a scarcity 
of resources that, coupled with financial 
difficulties encountered, requires a good 
management of the available resources to 
achieve better service at the lowest possible 
cost.  

In cases of aid to natural catastrophes or 
other emergencies, such as war, terrorist

 
 
 
 
attacks or even medical emergency services, 
the use of logistic concepts may greatly help 
the successful outcome of the operation. That 
is why humanitarian logistics are geared to 
strengthening responses during humanitarian 
crises. It aims to attain a rapid response 
capacity in order to reach the largest number 
of people and insofar as possible minimise 
improvisation and maximise the effectiveness 
of the help rendered. In this context, logistics 
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should favour speed in moving response 
personnel, equipment and material, assessing 
needs (Rodman, 2004) and acquiring the 
information and experience that can best be 
used to improve the performance of future 
operations (Thomas, 2003).  Also in the day to 
day service provided by these organizations 
the optimisation of the logistic resources is 
mandatory. 

Contrary to the entrepreneurial sector the 
motivation of humanitarians in perfecting their 
logistic processes is more than just about profit 
(Ernst, 2003). Optimised logistics here can 
help solve many of the problems faced when 
planning resources, which can range from 
management of the human resources needed 
or projection of the capacity to be installed or 
even planning the routes for food distribution or 
assistance, may be required. This work will 
precisely focus on this last problem.  

The aim of the current work is then to 
investigate an improvement on route 
identification processes for scheduled patients 
of the PRC Amadora - Sintra branch where the 
scheduled patients have planned treatments 
so that their transport needs follow a set 
pattern until the end of the treatment period. To 
do this a variant of Vehicle Routing Problem 
(VRP), which is the Dial-a-Ride Problem 
(DARP), will be applied. 

DARP is a generalization of VRPPD (Pick 
up and Delivery) and TSPTW (Traveling 
Salesman Problem with Time Windows) 
problems. This route planning programme was 
introduced by Psaraftis (1980, 1983). In 
DARPs the aim is to formulate routes and 
schedules for “n” users, who typically request 
two transports per day (Psaraftis, 1980), one a 
pick up and the other a delivery. In these 
cases, transport is characterised by the fact 
that it is supplying a shared service as several 
users will be in the same vehicle at the same 
time and the problem lies in finding a number 
of routes to meet the needs of all the users 
bearing in mind their schedules and some 
optimization criteria (Leen et al., 2009). 

Most DARPs encounter two conflicting 
objectives that must be considered when 
designing a solution. The aim on the one hand 
is to reduce the transport cost and on the other 
to maximise the level of service, in other words 
to reduce the user’s inconvenience (Laport and 
Cordeau, 2003). 

In the basic version of the problem, 
transport is supplied by a fleet of identical 
vehicles that start all from the same deposit. 
The objective consists to plan a route from the 
minimum vehicles possible to satisfy the higher 
number of possible requests, according to a 
set of restrictions (Cordeau and Laport, 2007). 

A common case of DARP is the door to 
door transport service for elderly and 

handicapped people. The DARP problems can 
function in a static or dynamic way (Cordeau 
and Laport, 2003). In the first case all requests 
are known since its departure, in the second 
one, requests are gradually made along the 
day and routes of the vehicles readjusted in 
real time to satisfy the needs. 

As the study presented in this paper is 
based on a real case, the problem was first 
characterised before developing a generic 
mathematical model to represent the reality in 
study. After developing and validating, the 
model was applied to real cases. Four routes 
were tested corresponding to four days’ work 
in an ambulance carrying scheduled patients, 
as these appear to be representative of CRP’s 
operations.  

 
2.  Case-study 

 
This work focuses on the case of one of 

the 193 local CRP branches: Amadora - Sintra. 
This branch oversees 4 boroughs: Sintra, 
Assafora, Cacém and Queluz and so is 
responsible for a population of approximately 
500.000 inhabitants, the largest municipality in 
Portugal.  

The Amadora - Sintra PRC branch 
provides a scheduled patients service. 
Scheduled patients are users with scheduled, 
medically prescribed treatments of varying 
pathologies such as for example dialysis or 
physiotherapy. They are therefore regular 
users, in other words, users whose transport 
needs do not vary rather they follow a pattern 
until completion. So, this case study is a typical 
route planning programme where transport is 
shared by more than one user at the same 
time. 

A time window is specified for each user, 
representing a timetable within which the user 
must be transported. This time restriction is 
defined by the destination body and by the 
standard of service imposed for this model. 
The standard of service is assessed by the 
time spent on each trip by each passenger, 
and the time is subject to a certain limit. In this 
case time windows are inflexible as users must 
be transported to their destination at the time 
fixed; they may arrive early and have to wait to 
be seen but never later than established, when 
on the way in. When returning home the user 
can only be transported after the time when he 
was seen. Normally, users are not taken 
directly to the place where they are collected 
for their final destination. Usually, one group of 
users is collected, grouped according to end 
destination and time windows, in order to fill as 
many vacancies as possible in the vehicle or in 
order to serve all users complying with those 
requirements. 



 3

The aim of this work is to contribute to 
optimise the definition of those routes so that 
using the same resources more people can be 
served each day at lower costs. Currently 
these routes are defined on the basis of 
experience without the support of any 
mathematical model.  

 
3. Model Formulation 
 
To attain the proposed aim a mathematical 

model was built in which a variant of the VRP 
which is the Dial-a-Ride Problem (DRP) was 
applied. This type of VRP is the most adequate  
to be applied to this particular problem 
because as in the route planning model, the 
aim is to optimise door-to-door transport by 
planning routes for “n” users sharing the same 
vehicle, provided that their time restrictions are 
respected, as they are usually not very flexible. 
Another common characteristic is the fact that 
typically each user makes two transport 
requests per day, one to the treatment and 
another to return. 

The model developed involves a series of 
indexes, sets, parameters and variables that 
are then used to define the model restrictions 
and objective function. 

Being i the index for node. The set 
푁 composed by all the nodes formed by three 
sub-sets: N=NP  ND  NO. Sub-set NP 
represents the pick-up nodes, where NPi = 
{1,2,3,…,n}. Sub-set ND represents the 
delivery nodes where ND = {n+1,n+2,…,2n}. 
Note that the i pick up node is related with the 
i+n node which belongs to the set of delivery 
nodes. Finally, set NO is formed by the 
ambulance’s point of departure and arrival 
known as the emergency unit, where NO = 
{0,2n+1}. Each user has always one origin 
node i and one destination i+n. 
 

Each ambulance is represented by k, 
where L is the set of available ambulances. 
The capacity of each ambulance is 
represented by QKk.  

Taking into account the fact that the 
number of patients to be collected from the 
nodes may vary both the number of patients to 
be collected from home, ndoente, and those to 
be collected from their place of treatment, 
ntrat, must be defined. 

Each node i is associated to a transport 
need qtransi, and a duration of service dservi. 
The qtransi parameter defines whether it is an 
“emergency unit” pick up, delivery or terminal 
node, and takes the value of 1, -1 and 0, 
respectively. The dservi, parameter defines the 
estimated average time for entry or exit of 
users from the ambulance. This time can take 
the value zero if it is a terminal node and 

0,167h (approximately 5 min.), if it is a pick up 
or delivery node. 

Below are shown the element sets, 
parameters, variables, objective function and 
the various constraints of the model. 
 

 Element sets 
 
i, j – Identification of transport request 
k – Transport ambulance 
 

 Sets 
 
NO – Terminal nodes (Emergency Unit) 
ND- Destination nodes 
NP – Origin nodes  
 

 Parameters 
 
m – Number of existing nodes (origin + 

destination) 
n – Number of requests; the need to 

differentiate between the number of requests 
and the number of users is because some 
patients must be conveyed from a point of 
origin (house, home, day centre, and so on) 
to the treatment and from the place of 
treatment to a destination that may not be 
the point of origin, whilst other users only 
request a one-way service 

ndoente – Number of users to be collected 
from their home 

ntrat – Number of users to be collected from 
place of treatment 

cijk – Cost of trajectory from point of origin i to 
destination j  for ambulance k, in euros; this 
parameter is calculated as the result of the 
distance dij and the average cost (cmed) per 
hour of ambulance circulation 

cmed – Average cost of ambulance circulating in 
euros per km; this was calculated as being 
0,126 €/km 

dij – Distance between nodes i and  j in km; 
these were calculated using Google Maps 
on-line software  

dserv i – Duration of user collection or delivery 
service i; this was taken as being 
approximately 5 minutes 

H – Maximum circulation time of an ambulance 
in hours per day’s work 

HU – Maximum voyage time per user in hours 
QKk – Capacity of the different ambulances k 
qtransi – Transport needs of user in node i 
tij – Estimated time to travel from node i to 

node j in hours  
tMaxi – Upper limit of time window defined for 

user of node  i in hours; it represents the 
latest time by which to pick up user 

tMini – Lower limit of time window defined for 
user of node i  in hours; it represents the 
earliest time at which to collect user 
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vmed – Average speed of ambulance in 
kilometres per hour 

 
 Auxiliary Parameters 

 
Mijk – Parameter used to linearise time 

equations in hours (Big-M) 
푀  ≥ max 0, 푡푀푎푥  + 푑푠푒푟푣 + 푡 −
푡푀푖푛 } ,∀푖 ∈ 푚,   푗 푚,   푘 ∈ 퐾  

 
Wijk – Parameter used to linearise equations of 

ambulance capacity (Big-M) 
푊  ≥ 푚푖푛{푄퐾 ,푄퐾 − 푞푡푟푎푛푠 }, ∀푖 ∈
푚,   푗 푚,   푘 ∈ 퐾  
 
 Variables 

 
bik – Variable indicating time when vehicle k 

leaves node I, in half-hour periods 
 
lik – Variable indicating travel time of user in 

node i in vehicle k, in half-hour periods 
qik – Variable indicating the number of users in 

vehicle k when it leaves node i 

xijk – Binary variable which takes the value 1 if 
the trajectory between node i and node j is 
travelled by vehicle k; otherwise, xijk =0 

z – Variable which is exclusively present in the 
objective function and which takes the value 
of the minimum cost of the trip, in euro 

 
 

 Objective Function 
 
Minimise: 
 

푀푖푛 푧 =    푐 ∗  푥
 

∈

 

∈

 

∈

                            (1) 

 
The objective function (1) expresses PRC’S 
targets that are the routes cost minimisation. 
As already mentioned PRC is a non profit 
organisation so that routes cost minimisation 
will enable it to use available resources to 
improve the quality of the service rendered and 
above all to increase the number of users 
carried per day. 
 
 
 

 Constraints 
 

 

 

 푥 = 1,     
 

∈

 

∀푖 ∈ 푁푃 ,푘 ∈  퐿 
(2) 

 

푥 −  푥( ) = 0,        ∀ 푖 ∈ 푁푃,푘 ∈  퐿
 

∈

 

∈

 
(3) 

푥 −  푥 = 0
 

∈

 

∈

, ∀ 푖 ∈ 푁푃 ∪  푁퐷,   푘 ∈  퐿 
(4) 

푥
 

∈

= 1,  푘 ∈ 퐿 
(5) 

푥 ( )

 

∈

= 1,  푘 ∈ 퐿 
(6) 

푡푀푖푛  ≤ 푏  ≤ 푡푀푎푥 , ∀푖 ∈ 푁,   푘 ∈ 퐿  (7) 

 

푡 ( ) ≤ 푙  ≤ 퐻푈,     ∀푖 ∈ 푁푃,   푘 ∈ 퐿 (8) 

 

max{0, 푞푡푟푎푛푠 } ≤ 푞  ≤ 푄퐾  , ∀푖 ∈ 푁,   푘 ∈ 퐿 (9) 
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푏( ) − 푏  ≤ 퐻,     ∀푘 ∈ 퐿 (10) 

푏  ≥ 푏  + 푑푠푒푟푣 + 푡 −푀  ∗ 1− 푥 ,       ∀ 푖, 푗 ∈ 푁: 푖 ≠  푗,   푘 ∈ 퐿 (11) 

 

q  ≥ q + qtrans  − W ∗ 1− x , ∀ i, j ∈ N: i ≠  j,   k ∈ L (12) 

 

푙 = 푏( )  − ( 푏 − 푑푠푒푟푣 ),    ∀푖 ∈ 푁푃,푘 ∈ 퐿 (13) 

 

푥 + 푥   ≤ 1,    ∀푖 ∈ 푁푃, 푗 ∈ 푁퐷,푘 ∈ 퐿  (14) 

 

푏  
 

≤ 푏( )  ,    
 

 ∀푖 ∈ 푁 

 

 

(15)

Equation (2) ensures that all pick up nodes 
are visited exactly once, whilst equation (3) 
establishes that the origin and destination must 
be visited by the same vehicle. Equation (4) 
ensures that the ambulance arriving at node i 
is the same one that leaves it, and equations 
(5) and (6) compel ambulances respectively to 
depart and return to the emergency unit. 

The time windows used in this model are 
described by the limits [tMini, tMaxi] which 
define the time interval during which the user 
will be receiving treatment. To guarantee a 
certain standard of service was imposed that 
the travel time per user per day cannot exceed 
HU. 

The variables bik, lik and qik are semi-
continuous variables so their limit values must 
be defined. Accordingly, equation (7) ensures 
that the time when vehicle k leaves node i (bik) 
is not less than the time defined as the 
minimum time (tMini) for arrival at that node 
nor greater than the time defined as the 
maximum arrival time (tMaxi). Equation (8) 
ensures that the travel time of user i in vehicle 
k (lik) is not less than the travel time needed to 
travel between the origin node i and the 
destination node j (tij), nor more than the 
maximum travel time per user (HU). Finally, 
equation (9) establishes that the number of 
users in vehicle k after visiting node i (qik) 
cannot be larger than the transport capacity of 

ambulance k nor lower than 0 if 푖 ∈ 푁퐷 ∪푁푂 , 
nor lower than 1 if se 푖 ∈ 푁푃 . 

Equation (10) ensures that the total 
duration of the route travelled by one 
ambulance per working day never exceeds H, 
which in this specific case is 12 hours, given 
that the scheduled patients transport service 
only works from 7am to 7pm. 

Equations (11) and (12) allow the time and 
the capacity of the vehicles, respectively, to be 
updated. Equation (13) allows the time spent 
on each trip per user to be calculated. 

The constants Mijk and Wijk were introduced 
to make the model linear. This Big-M type 
constants linearise the time (11) and capacity 
(12) equations respectively. 

Equation (14) ensures that the ambulance 
k only travels in one direction thus eliminating 
the possibility of doing sub tours. In other 
words if ambulance k effects the transport from 
node i to node j, it cannot go from j to i on that 
same trip. 

Finally, equation (15) ensures that all 
requests are executed in the proper order to 
make sure, for instance, that a user is not left 
behind at home before being collected from the 
respective entity. 
 

The resulting model is Mixed-integer 
Linear Programming (MILP), formed by the 
objective function (1) and equations (2) to (15). 
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The model was implemented in GAMS 
(General Algebraic Modelling System) 
language and developed with the IBM ILOG 
CPLEX advanced mathematical algorithm.  

   
4. Case-study Results 

 
The model defined and presented in the 

preceding section was applied to four days’ 
work of a transport ambulance for scheduled 
patients of the Amadora- Sintra PRC branch. 
These four days were chosen as being 
representative of the PRC’s operation. 

The results presented below are only for 
two of the four days tested, because it would 
be too extensive to present the results for all 
the days. 

 
In this model the pick up users belong to 

the origin nodes, that is, they require transport 
from a point of origin, which can be their own 
house, a home or a day centre, to the 
respective treatment entity. Delivery users are 
those users belonging to the destination 
nodes, that is, they require return transport 
from their respective treatment entity to their 
point of departure which can be their own 
house, a home or a day centre. 
 

4.1 Day 1 
 

The time windows used in this model are 
described by the limits [tMini, tMaxi] defining 
the interval of time when the user must be at 
his treatment. Each t is a half-hour period, as 
shown in Table 1. 

 
Table 1 – Correspondence between t values and 

hours 

 

Table 2 shows the minimum (tMini) and 
maximum (tMaxi) times for arriving at the 
treatment entity in the case of the pick up 
users (shown the prefix p) and departure from 
that place in the case of delivery users (shown 
with the prefix d). Also shown are the 
destination nodes (where the user wishes to 
go) and the origin (the entity from which the 
user requested transport) of the pick up and 
delivery users respectively. 

 
Table 2 – Data for each user on the first work 

day 

 
 
The “Movi Física” treatment centre has 

been given the prefix e1, “Reabe”, prefix e2 
and “Fisiame” prefix e3. 

By applying these data to the model 
developed the results obtained gave the 
optimal routes. 

The existence of only one point of arrival or 
departure for the ambulances, which is the 
emergency unit of the Amadora - Sintra 
branch, has been respected. To facilitate the 
modelling this node has been duplicated: u0 
corresponds to the emergency unit from which 
the vehicles depart and uS their point of arrival.  

Accordingly, the optimum route obtained for 
the first day’s work is shown below: 
 
Route: u0 → p3 → p1 → p2 → e2p3 → e3p1 
→ e3p2 → e3d1 → d1 → e2d3 → d3 → e3d2 
→ p13 → p10 → p14 → d2 → e1p10 → e1p14 
→ e1p13 → p18 → p17 → e1d13 → e1d10 → 
e1p17 → e1p18 → d13 → d10 → p23 → 
e2d24 → e2p23 → e1d17 → d17 → d24 → 
e1d25 → e1d18 → d18 → e2d23 → d23 → 
d25 → uS 
 

This route has a cost of 10.05€. 
 

t Hours
1 7:00
2 7:30
3 8:00
4 8:30
5 9:00
6 9:30
7 10:00
8 10:30
9 11:00

10 11:30
11 12:00
12 12:30
13 13:00
14 13:30
15 14:00
16 14:30
17 15:00
18 15:30
19 16:00
20 16:30
21 17:00
22 17:30
23 18:00
24 18:30
25 19:00

User tMini tMaxi
Treatment 

Entity
Transport request to 

Entity
p1 2 4 Fisiame e3p1
p2 2 5 Fisiame e3p2
p3 3 5 Reabe e2p3
p10 9 11 Movi Física e1p10
p13 10 12 Movi Física e1p13
p14 11 13 Movi Física e1p14
p17 15 17 Movi Física e1p17
p18 16 18 Movi Física e1p18
p23 18 21 Reabe e2p23

User tMini tMaxi
Treatment 

Entity
Transport request 

from Entity
d1 6 8 Fisiame e3d1
d2 7 11 Fisiame e3d2
d3 7 10 Reabe e2d3
d10 14 16 Movi Física e1d10
d13 15 17 Movi Física e1d13
d17 19 21 Movi Física e1d17
d18 22 24 Movi Física e1d18
d23 23 25 Reabe e2d23
d24 20 23 Reabe e2d24
d25 21 24 Movi Física e1d25
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As mentioned above, currently the PRC 
defines these routes based on experience 
without the support of a mathematical model. 
To define the route they only determine what 
time users are collected from their point of 
origin, which can be their own house, a home 
or a day centre. The order in which users are 
left at the destination nodes can depend on 
traffic and even on the choices of the 
ambulance staff on this route. 

Below is the order in which the transport 
requests are currently made by the PRC. 
 
PRC Route: u0 → p1 → p2 → p3 → e3d1 → 
e2d3 → e3d2 → p10 → p13 → p14 → e1d10 
→ e1d13 → p17 → p18 →d17 → p23 → 
e2d24 → e1d25 → e1d18 → e2d23 → uS 
 

In order to compare both routes, collection 
request of the optimal routes are given below.  
 
Collection requests optimum route: u0 → 
p3 → p1 → p2 → e3d1 → e2d3 → e3d2 → 
p13 → p10 → p14 → p18 → p17 → e1d13 → 
e1d10 → p23 → e2d24 → e1d17 → e1d25 → 
e1d18 → e2d23 → uS 
 

By comparing these two routes it is possible 
to conclude that the order in which the 
requests are met is different but to analyse 
which of the two routes is more convenient for 
the PRC each one’s costs and the standard of 
the service provided must be compared. This 
indicator is measured by the distance travelled 
by each user. 

The cost of the route is calculated by the 
distance travelled multiplied by the price of 
diesel and the average kilometre to the gallon 
of the ambulance as shown in equation 16. 
 
Croute = dtravelled * [Pdiesel * Consumptionamb]  (16) 
 

As one can see from the equation the cost 
of the route is directly proportional to the 
distance travelled leading to the conclusion 
that if the cost of one of the routes is less, then 
the distance travelled along that same route is 
also shorter. In this case this will be the most 
convenient route for the PRC because it 
improves the quality of the service provided 
(less travel time for most users) and reduces 
the cost of the operation. 

 
It is known that the optimum route 

developed by the model has a cost of 10.05€. 
However, the institution does not know the 
variable cost (cost of diesel) per route. It only 
knows that on average this costs them 700€ 
per month. 

So, to compare the cost obtained by the 
model with the PRC current cost, 700€ was 
divided by 22 working days as each 

ambulance travels 1 route per working day, 
giving approximately 22 routes per month. 

However, as the routes differ according to 
the day and not all routes have the same 
number of requests or the same distances to 
travel d the average daily value was adjusted 
to the number of route requests studied, 
because it is representative. In this case, then, 
the value of the route defined by the PRC is 
approximately 13.44€, whilst the cost of the 
proposed route is 10.05€, a reduction of 3.39€ 
or 25.22%. 
 

4.2 Day 2 
 

For the second day studied, the minimum 
(tMini) and the maximum (tMaxi) times of 
arrival at the entity in the case of pick up users, 
and departure from that same place in the 
case of delivery users are shown in table 3. 
Also shown are the destination nodes (where 
the user wants to go) and the origin (where he 
wants to depart from) of pick up and delivery 
users respectively. 
 

Table 3 – Data for each user on the second day’s 
work 

 
 

. 
The optimum route obtained for the second 

day’s work is as follows: 
 
Route: u0 → p5 → e2p5 → p4 → e1p4 → p7 
→ e1p7 →e2d5 → p8 → p9 → d5 → p11 → 
e1p8 → e1d4 → e1p9 → p12 → e1p12 → 
e1p11 → e1d7 → d4 → d7 → p16 → e2p16 → 
e1d9 → e1d11 → e1d12 → d9 → d11 → d12 
→ p20 → p19 → e2p20 → e2p19 → e2p16 → 
d16 → e3d20 → e2d19 → d19 → d20 → uS 

 
This route has a cost of 9.90€. 

User tMini tMaxi
Treatment 

Entity
Transport request to 

Entity
p4 3 5 Movi Física e1p4
p5 3 5 Reabe e2p5
p7 6 8 Movi Física e1p7
p8 7 9 Movi Física e1p8
p9 8 10 Movi Física e1p9
p11 9 11 Movi Física e1p11
p12 10 12 Movi Física e1p12
p16 13 15 Reabe e2p16
p19 17 19 Reabe e2p19
p20 17 19 Reabe e2p20Reabe

User tMini tMaxi
Treatment 

Entity
Transport request 

from Entity
d4 8 10 Movi Física e1d4
d5 7 9 Reabe e2d5
d7 10 12 Movi Física e1d7
d9 12 14 Movi Física e1d9
d11 13 15 Movi Física e1d11
d12 14 16 Movi Física e1d12
d16 19 21 Reabe e2d16
d20 21 23 Fisiame e3d20
d19 21 23 Reabe e2d19
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Below is the order in which users were 
picked up from their point of origin by the PRC. 
As for day 1, the order in which users are left 
at the destination nodes is not known, since it 
depends on traffic and even on the choices of 
the ambulance staff on this route. 

 
PRC route: u0 → p4 → p5 → e2d5 → e1d4 → 
p7 → p8 → p9 → e1d7 → p11 → pp12 → 
e1d9 → e1d11 → e1d12 → p16 → p19 → p20 
→ d16 → e3d20 → e2d19 → uS 

 
The layout of the route collection requests 

developed by the model to compare this route 
with the optimum route also obtained by the 
model is the following: 
 
Collection requests optimum route: u0 → 
p5 → p4 → p7 → e2d5 → p8 → p9 → p11 → 
e1d4 → p12 → e1d7 → p16 → e1d9 → e1d11 
→ e1d12 → p20 → p19 → d16 → e3d20 → 
e2d19 → uS 

 
When comparing the level of satisfaction of 

the requests for these two routes the 
conclusion is that the order of collection is 
different. However, as mentioned previously, to 
decide which of the two routes is more 
convenient for the PRC each one’s costs must 
be compared.  
 

For the second day the same calculation 
method was applied to calculate the average 
cost of the current PRC route. In this case the 
value of the route defined by PRC is 13.44€, 
whilst the cost of the proposed route is 9.90€, 
thus a reduction of 3.54€ or 26.34% is 
achieved. 

 
The computational results of the 

application of this model for day 1 and 2 are 
shown in table 4.  

 

 
Table 4 – Computational results for day 1 and 2 

 
 
 
5. Conclusions 

 
Like most NGOs, the Portuguese Red 

Cross finds it difficult to raise funds. Proper 
logistic planning can therefore provide an 
important opportunity not only to reduce total 
transport costs but also improve the quality of 
the service provided. This work was developed 
with a view to optimise the resources used in 
transporting scheduled patients by the NGO. 

Scheduled patients are all users with 
planned treatment over a set period of time 
who require regular transport. This allows the 
PRC to define the daily routes to meet the 
greatest possible number of such transport 
requests. However, these routes are defined 
on the basis of experience with no recourse to 
any mathematical model.  

This work studied the route planning for 
scheduled patients in one of the 193 local PRC 
units, the Amadora - Sintra branch. This 
branch oversees 4 boroughs: Sintra, Assafora, 
Cacém and Queluz and so responsible for a 
population of approximately 500.000 
inhabitants, the largest municipality in Portugal. 
To do this a mathematical model was 
produced based on the Dial-a-Ride Problem 
(DARP), which is a variant of the Vehicle 
Routing Problem (VRP). The model 
constructed is Mixed-integer Linear 
Programming and it was implemented in 

GAMS (General Algebraic Modeling System) 
language.  

This model allows the PRC not only to find 
the vehicle’s optimum routes which will 
minimise operation costs but also to improve 
the quality of the service provided; as the total 
distance travelled on each route is shorter, 
users will spend less time travelling. At the 
most each user might spend 1 hour in each 
transport. Currently this restriction is not 
properly controlled at the PRC as they do not 
calculate the transport time of each user. 

All the routes are calculated so as to 
minimise total transport costs whilst respecting 
the time restrictions imposed by the treatment 
entities and the maximum capacity of each 
ambulance, in order to simulate the reality of 
this institution. 

Four routes were tested corresponding to 
four days’ work of one ambulance carrying 
scheduled patients as these are representative 
of the PRC operation. Comparing the routes 
obtained by the model with the  four routes 
effectively performed by the ambulance, it can 
be concluded that by implementing the 
optimum routes proposed in this work, the 
Amadora - Sintra PRC branch can reduce its 
variable costs per route by an average of 30%. 

As this model was developed to be used 
as a tool for defining the routes of this 
institution’s scheduled patients, from the point 
of view of future work, the PRC can introduce 

Day 
Studied

 Nº of 
Iterations

Nº of 
Nodes

Nº of Total 
Variables

Nºof binary 
Variables

Execution 
Time (s)

Gap (%) Objective 
Function (€)

Day 1 3 649 030 133 825 1 700 1 658 0.31 0.00 10.05
Day 2 929 228 29 465 1 700 1 658 0.27 0.00 9.90
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the data for other existing routes and thus 
determine the routes that will minimise logistic 
costs and, at the same time, improve the 
quality of the service provided. It may even be 
able to satisfy more requests for transport 
using the same number of ambulances and the 
same human resources (two staff member per 
ambulance). 
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