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Abstract. The provision of home health care services is becoming an
important research area, mainly because in Portugal the population is
ageing. Home care visits are organized taking into account the medical
treatments and general support that elder/sick people need at home. This
health service can be provided by nurse teams from Health Care Centers.
Usually, the visits are manually planned and without computer support.
The main goal of this work is to carry out the automatic schedule of home
care visits, of one Portuguese Health Care Center, in order to minimize
the time spent in all home care visits and, consequently, reduce the costs
involved. The developed algorithms were coded in MatLab Software and
the problem was efficiently solved, obtaining several schedule solutions of
home care visits for the presented data. Solutions found by genetic and
particle swarm algorithms lead to significant time reductions for both
nurse teams and patients.

Keywords: Genetic Algorithm - Particle Swarm Optimization - Health
care services + Optimization - Scheduling

1 Introduction

Advances in health care, declining fertility rates and longer life expectancy have
led to an increasing number of elderly people in European society, namely, in
Portuguese society. Consequently, the number of people who needs home care
services is growing over the years. This scenario — to provide home care ser-
vices — is not only advantageous to elder/sick people but also to the National
Health System since it is economically advantageous to keep people at home
instead of providing them with a hospital bed [11,15].
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The home-based care provided by public or private entities has been the
subject of recent research mainly in the operations research area with particu-
lar attention on route’s optimization and on the staff teams composition that
provide this kind of services [2,3,11,14].

The Portuguese public health system consists in two types of units: Hospitals
and Health Care Centers. The Health Care Centers are closer to the population
since they follow up their patients continuously and the home care services are
performed by nurse teams of these Units. In this context, Health Care Centers
have to perform the schedule of the nurse teams inside and outside of the Health
Care Centers.

The schedule of the home care visits provided by the Health Care Centers
teams depends on the patients and nurses profiles. This represents a complex
problem being its main goal to minimize the titne needed, by the nurses team,
to perform all the home care visits and return to the Health Care Center. The
schedule of the home care visits provided by the Health Care Centers can be
seen as a vehicle routing problem with specific conditions [10].

The paper is organized as follows: first, it is given a description of the real
problem and its mathematical formulation; then it is presented a summary of
the genetic algorithm method (GA) and the particle swarm optimization method
(PSO) since they were the selected methods to solve the problem. After, numer-
ical results are presented and a comparison is made between the different algo-
rithms used. Finally, some conclusions and future work ideas are given.

2 Problem Description

For a given day, a Health Care Center need to provide the schedule of all nurses
team to perform the tasks inside and outside of the Health Care Center. In this
paper, it is studied the problem to schedule the tasks outside the Health Care
Center, particularly, to find the home care visits schedule for a given day, in
order to minimize the travel time to perform all visits. Then, the main objective
of this study is to perform automatic planning of home care visits by a nurses
team of a Health Care Center of Braganca (HUB), Braganga, Portugal, aiming
to minimize all the time spent by the nurses to perform all home care visits.

This optimization problem, related with the HUB, is formulated and solved
as follows.

2.1 Assumptions
In the developed model it was agsumed, without loss of generality, that:

A.1 Patients who live in the area of HUB can have different profiles.

A2 A patient profile is assumed to be known @ priors and does not change
during the home care visit.

A 3 The number and average duration of the treatments that characterize a
patient profile are known and are the same among the patients who have
the same profile.
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A.4 The number of patients who need home care services and assigned to a
working day is known in advance and does not change during that day.

A.5 Human resources (nurses) that perform home care visits have different pro-
files, this means that not all the nurses perform all the treatments.

A.6 All the patients assigned to a working day are covered which means that
all the patients admitted to the home care visits have to be assigned to a
set of nurses.

A.7 The number of nurses assigned to a working day is known in advance.

A.8 The time of travel between all the localities is also known in advance.

A.9 All the travels begin and end up in the HUB.

2.2 Mathematical Formulation

Taking into account all the above assumptions for a working day, consider the
following general and fixed variables:

— N is the total number of nurses assigned for home care visits.
— P is the total number of patients that need some treatments at their homes.
— L is the total number of different patients’ locations.

Another mathematical entities are needed to obtain the final formulation,
such as:

— The list of all different treatments and the time needed to perform each
treatment.

— The list of the treatments that each nurse can perform.

— The time matrix that presents the time needed to travel between all the
different locations.

— The list representing the patient treatment needs.

— The locations of all patients.

Consider the variable (p;n) = (p1,...,PP; 71, ...,np), Where the patient p;
will be visited by the nurse n;, for ¢ = 1,..., P, and p € {1,--- ,P}JP and n €
P
{1,--- ,N}".
Then, for a given (p; n) it is possible to define the nurse schedule and also the
total time needed by each nurse to finish her work. So, consider the objective
function tt(p;n), n = 1,.., N defined as

flpin) = i v tpin) (1)

which represents the time spent by the nurses to perform all treatments, includ-
ing the returning journey to the HUB.
Then the constrained integer optimization problem will be defined as

min f(p;n)
st.1<p; <P i€ {l,..,P},p; integer (2)
1<n; <N, je{l,..,P},n; integer

where all the patients need to be treated U ;p; = {1, ..., P} and the nurse n;
needs to perform all the treatments of the patient p;, for : =1, ..., P.
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2.3 Real Data

It is intended to apply the developed mathematical model to a real problem
of the HUB. The data provided by the HUB concern the day April 18, 2016,
[1]. The home care services provided by the assigned nurses to this job can be
classified into five different treatments (or home care visits) presented in Table 1.

The HUB has twelve nurses designated to perform home care visits during
the day in study. Table2 shows the allocation of the five treatments by each
nurse as well as the average time treatment required.

Table 1. Characterization of the different treatments provided by the nurses.

Treatment | Description Characterization

T.1 Curative Treatments, for example, pressure ulcer, venous
ulcer, surgical wounds, traumatic wounds,
ligaments, remove suture material, burns,
evaluation and dressing of wound dressings

T.2 Surveillance and Rehabilitation | Evaluation, implementation and patient

monitoring

T.3 Curative and Surveillance ‘Wound treatment, watch over bandage,
frequency and tension monitoring, teach and
instruct the patient of the complications and
pathologies

T.4 Surveillance Assess risk of falls, self-care, patient behaviors
and still the providers knowledge. Monitor,
height, tension and heart rate. Patients dietary
and medical regimen

T.5 General Evaluate, support and teach about mourning

Table 2. Treatments performed by the nurses.
T.1 (30min) | T.2 (60 min) | T.3 (75min) | T.4 (60 min) | T.5 (60 min)
Nurse 1 X X
Nurse 2 X X X
Nurse 3 X X
Nurse 4 X X X
Nurse 5 X X
Nurse 6 X X X
Nurse 7 X X X
Nurse 8 X X
Nurse 9 X X
Nurse 10 X X
Nurse 11 X X
Nurse 12 X X
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On April 18, there were thirty one patients who needed home care visits by

HUB.

Each patient, represented in the first column of Table3 by P(-), required
specific medical assistance — one or more different treatments, from the 5 treat-
ments that the nurses can perform.

Table 3. Summary of which kind of treatments each patient needs.
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The thirty-one patients are from twelve different locations of the Braganga
region, that belong to the action area of the HUB.

In Table4, the locations are represented by the corresponding abbreviation.
From hereafter it will be used only these abbreviations. In third column it is
shown the related number of patients who need health care. The major part
of the patients (18) are from Braganca city while 13 patients are from rural
localities around Braganca.

The time required to travel between two locations is shown in Table 5. It was
assigned 15 min to travel between two different places, in the same location.

Table 4. Short name of the locations and total number of patients in each locality.

Localities Abbreviations | Number of patients
Braganca, Bg 18
Parada Pa 2
Rebordainhos Re 1
Carrazedo Car 1
Espinhosela Esp 1
Rebordaos R 1
Salsas Sal 1
Serapicos Se 1
Outeiro Ou 1
Meixedo M 1
Bragada Bda 1
Milhdo Mil 2

Table 5. Data about travel times between different locations (in minutes).

Bg|Pa|Re Car Esp| R Sal|Se|Ou| M  Bda| Mil
Bg |15/28 25| 26 | 20 |14 23 31 23 20| 22 | 24
Pa |28 |15|27| 39 37 |25 25 |23 27 40| 26 | 36
Re (25|27 |15| 33 | 34 |22 12 |20 32 37| 14 | 33
Car |26 139 |33 15 | 24 |23 34 42|38 39| 33 | 39
Esp 203734 24 | 15 |24 32 40 33 18| 31 | 34
R 14 125 22| 23 | 24 |15| 20 |28 26 (27 19 | 27
Sal |23 25|12 34 | 32 (20 15 |8 (30 34| 9 |31
Se 3123|2042 | 40 |28 8 |15| 38 |42 17 | 39
Ou (23|27 |32| 38 | 33 26| 30 38| 15 |29 30 | 14
M |20/40|37| 39 | 18 |27 34 42 29 15| 34 | 31
Bda |22 26|14 33 | 31 |19 9 17 30 34| 15 | 31
Mil 24|36 33| 39 | 34 |27/ 31 (39|14 31 31 |15
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Based on all the presented data, the objective is to obtain the nurses schedule,
in order to minimize the total time needed by each nurse to provide all the
treatments to all the patients and return to the Health Center.

To solve the minimization problem presented in (2), two different optimiza-
tion methods were used: Genetic Algorithm and Particle Swarm Optimization
method.

3 Optimization Methods

Two global optimization methods were used to solve the nonlinear optimization
problem defined in (2): Genetic Algorithm and Particle Swarm Optimization
method. Both methods are population-based methods and a brief summary of
them follows.

3.1 Genetic Algorithm - GA

The Genetic Algorithm (GA) was proposed by Holland [6] and it is based on the
theory of the species evolution.

GA is a stochastic method, whose mechanism is based on simplifications
of evolutionary processes observed in nature, namely selection, mutation and
crossover [5,7,9,13]. As opposed to many other optimization methods, genetic
algorithm works with a population of solutions instead of one single solution. In
GA, the solutions are combined to generate new ones until a satisfactory solution
is obtained, i.e. until the stop criteria is met.

The genetic algorithm applied in this work is summarized by the following
algorithm.

Algorithm 1. Genetic Algorithm
1: Generates a randomly population of individuals, P°, with dimension Npop. Set
k=0.
2: while stopping criterion is not met do
3 Set k=Fk+ 1.
4: P’ = Apply crossover procedure in population P*.
5
6

P" = Apply mutation procedure in population P*.
PF+1 = NP best individuals of {P* UP' UP"}.

The initial population, P° consists of Ny, individuals, where each one rep-
resents a feasible schedule (all constraints are satisfied).

The iterative procedure terminates after a maximum number of iterations
(number of generations) or after a maximum number of function evaluations.
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3.2 Particle Swarm Optimization - PSO

The Particle Swarm Optimization (PSO) was developed by Kennedy and
Eberhart [8] and it is based on natural social intelligent behaviors.

PSO is a computational method that optimizes a given problem by itera-
tively measuring the quality of the various solutions. This method consists in
optimizing an objective function through the exchange of information between
individuals (particles) of a population (swarm). The PSO idea is to perform
a set of operations and move each particle to promising regions in the search
space. The Particle Swarm Optimization method also works with a population
of solutions and stops when the stop criteria is met [12,16].

At each iteration the velocity of each individual is adjusted. The velocity
calculation is based on the best position found by the neighborhood of the indi-
vidual, the best position found by the particle itself - zbest and the best position
found by the whole population, taking into account all individual - gbest or the
best position overall [4].

The particle swarm optimization method applied in this work is summarized
by the following algorithm.

Algorithm 2. Particle Swarm Optimization Algorithm

1: Generates a randomly population of individuals, P°, with dimension Npp.

2: Set the values of w, ¢1, r1. Define ¢z, 72 random numbers in [0, 1]. Set v; = 1, for
i=1,..., Npop, and k = 0.

3. while stopping criterion is not met do

4 Set k =k +1.

5 Update the value of zbest; for the individual with index %, for i = 1,..., Npop.

6: Update the value of gbest for all population P?, for j =1, ..., k.

e Update the individual velocity according to:

vt = wof + eiri (abest; — F) + |cara] (gbest — zF).
8: Update the individual position according to: mf"’l =zF+ 'u;“"'l.
9: If necessary, adapt azf"'l to a feasible schedule.

During the iterative process if :1:,{,-”1 is not a feasible solution, the coordinate

that is not feasible will be projected to the feasible region.
The iterative procedure terminates after a maximum number of iterations or
after a maximum number of function evaluations.

4 Results and Discussion

The main objective is to produce the nurses’ schedules for the home care visits
of the Health Care Center of Braganca for April 18, 2016.

The daily route carried out on April 18 by the Health Care Center of
Braganca was made manually, that is, without any mathematical model or sub-
ject to computational mechanisms.
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The nurses’ schedules were collected [1]. Figure 1 presents the schedule made
available by the Health Care Center on April 18 for the twelve nurses that
performed the home care visits in that day.

12 [ Bg - Mil | P{30)-T4 i P(31)-Ta | Mil - Bg [ =
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Fig. 1. Schedule carried out by the Health Care Center (manually)

The time needed to each nurse to perform the health treatment is represented
by no color. The light gray color show the time of travel between different loca-
tions. The assigned 15min ride between to different houses in the same city is
represented by the dark gray color.

Regarding the identification of patients and treatments, P(1) - T.1 represents
Patient 1 who needs Treatment 1. For example, the schedule of the Nurse 8 will
be: moves from the HUB to the village of Meixedo (Bg - M) to execute the home
care visit of Patient 22, that requires the Treatment 1 (P(22) - T.1). After this,
the nurse returns to the point of origin, the Health Care Center (M - Bg). For
this nurse, the time spent in this home care visit was 70 min.

Analyzing the scheduling carried out by the Health Care Center, it is possible
to conclude that all nurses have different work schedules. The number of patients
that each nurse visits change from 1 (Nurse 8) to 7 (Nurse 3) and it is Nurse 3
who has the highest time to provide the home care visits.

On this working day, the total time needed on home visits ended after
369 min.

In an attempt to plan the nurses’ schedule automatically two computational
algorithms were used — GA and PSO. The numerical results were obtained
using an Intel(R) Core(TM) i7 CPU 2.2GHz with 6.0 GB of RAM and using the
MatLab software. The fix variable for both methods were Np,, = 30, w = 1 and
ci =1 = 2.

Since the methods used are stochastic methods, each implementation was
tested with 100 executions in order to evaluate the results obtained and compare
them with the ones obtained from the Health Care Center. Both methods used
the same stop criteria, limit the number of function evaluation to 5000 or after
1000 iterations.

Amarairs @ink [
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Both methods had 100% of successful rate since they found a feasible solution
in all runs.

Table 6 presents the summary of both methods, such as: the best solution
obtained in all runs (fy,;,), the solution average (f;,,), the number of differ-
ent optimal solutions found (Nz) and, finally, the average time to solve the
optimization problem (Timeg,q) in seconds.

Table 6. Results obtained by GA and PSO methods.

fa:*ain f:vg Nz Timeﬂ-‘UQ (S)
GA | 260 | 305 5 191
PSO | 260 | 307 | 3 98

Analyzing the numerical results presented in the previous table, it is possible
to verify that the minimum total time found by both algorithms is the same
(260 min), the average of the solutions found is slightly higher in the PSO, and
the number of optimal solutions found is higher in GA. Finally, the average
time to solve the problem is better in the PSQO, that means that PSO finds the
problem solution faster than GA.

In both methods, it was obtained more than one optimal solution (three by
the PSO and five by the GA), so the methods find different nurses schedules
with the same minimum (260 min). This allows that the Health Care Center can
choose one of those nurses’ schedules.

Figure 2 depicts one obtained solution using GA.
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Fig. 2. Optimal nurses’ schedules using GA

Analyzing Fig. 2 it is possible to see that the minimum time needed to the
last nurse perform all the visits and return to the Health Care Center is 260 min.
This value is less than the related value in the manual schedule (369 min). Only
two nurses have more than 3 patients — Nurse 6 and Nurse 12. This means that
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the nurses’ schedule produced by the algorithm are more balanced in comparison
with the Health Care Center schedule (Fig.1).

Analyzing Fig. 2, is possible to conclude that all real restrictions are met,
accordingly to the data from the Health Care Center.

The next figure, Fig. 3, depicts one obtained solution using PSO algorithm.
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Fig. 3. Optimal nurses’ schedules using PSO

From F'ig.3 it is possible to see that the minimum time needed to the last
nurse perform all the visits and return to the Health Care Center was 260 min
(the same value as the one obtained with GA). Both solutions obtained by
both methods have a significant time reduction (109 min) when compared to the
HUB manual planning, which was 369 min. However, the GA schedule is more
homogeneous than the PSO schedule.

To show (in an easy and fast way) the time spent by each nurse, using both
methods, and compare it with the related time obtained manually by the HUB,
Table 7 list for each nurse (first row), the time needed to finish the home care
visits done manually (second row), the time spent obtained using GA (third row)
and the time spent obtained with PSO (fourth row).

Table 7. Total time spent by each nurse in home care visits.

Nurses
1 /2|3 |4 |5 |6 |7 |8 |9 101112
HUB | 221 | 260|369 212 | 86 90|241| 70194 | 90 240|183
GA |105|260 | 178 | 241 | 188 | 235 | 198 | 165 | 240 | 60 |189 221
PSO | 86|260 | 105|225 |218 | 240 253 | 86 242 255 | 70 241

apereira@ipb.pt
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From the above table it is possible to state that with both algorithms, the
maximum time spent by the nurses never exceeded 260 min. In turn, the maxi-
mumn time spent by the nurses in HUB scheduling is 369 min (greater than both
computational solutions).

4.1 Conclusions and Future Work

Since, in HUB, home care visits are planned manually and without computa-
tional support, this implies that the solution obtained may not be the best one.
In this way, and in an attempt to optimize the process, it is necessary to use
strategies to minimize the maximum time spent by each nurse on home care
routes, without, however, worsening the quality of the provided services and,
always, looking for the best schedules organization. Optimization can be used
very advantageously in the context of Health Care Centers scheduling for home
care aged people visits.

The scheduling problem of nurses in the HUB was efficiently solved using
the GA and PSO methods. Morecover, the optimal solution was found quite fast.
This approach represents a gain for all the involved people, health professionals
and patients.

For future work, it is possible to reformulate the problem and take into
account the number of vehicles available in the Health Care Center and use
multi-objective approach to minimize not only the maximum time for each nurse,
but also the total time spent by all nurses.
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