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Abstract: The Emergency Supplies Dispatching Problem, as an extension of Vehicle Routing Problem is an important
subject in emergency relief. In this paper, the focus is on a specific kind of Emergency Supplies Dispatching Problem
which considers the accessibility of vehicles and different vehicle types. In consideration of the actual conditions, the ve-
hicle types may be various and some emergency locations cannot be reached by certain types of vehicles due to the de-
struction of roads. Therefore, the problem addressed in this paper is more practical. A mathematical model of the
Emergency Supplies Dispatching Problem is built which includes multiple depots and emergency locations, multiple
kinds of emergency supplies and multiple types of vehicles. Then, genetic algorithm is adopted to solve an example based
on the model. The effectiveness of the model has been proven by analyzing the computational results.

Keywords: Accessibility, Emergency supplies dispatching problem, Genetic algorithm, Vehicle routing problem.

1. INTRODUCTION

The Vehicle Routing Problem (VRP) was first formulat-
ed by Dantzig and Ramser as a generalization of the Travel-
ing Salesman Problem (TSP) addressed by Flood [1]. The
VRP is usually treated as an NP-hard (Non-deterministic
Polynomial time hard) problem and no exact algorithms can
solve VRP while there are fifty customers or more [2]. Be-
sides the traditional VRP, a lot of extensions of VRP have
been developed in recent years. The VRP with Time Win-
dows (VRPTW) [3, 4] assumes that each customer must be
served in a specific time frame. Another extension of VRP is
the VRP with Pickup and Delivery [5, 6]. It is a category of
vehicle routing problems in which objects or people have to
be transported between an origin and a destination [7]. VRPs
where vehicles have different capacities are referred to as the
Heterogeneous fleet VRP (HVRP) [8, 9]. VRPs have a lot of
implementations in many circumstances such as emergency
reliefs and city logistics.

Yiicenur and Demirel developed a new type of geometric
shape based on genetic clustering algorithm for the multiple
depots dispatching problem. They proved that it was more
efficient than the traditional nearest neighbor algorithm in
terms of both solution quality and computational speed [10].
Zhang et al. restricted it to one emergency location and
solved it by adopting the genetic algorithm mutate operator
with binary space partitioning (BSP) tree and acquired better
solutions than the canonical genetic algorithm [11]. Yi and
Kumar presented a meta-heuristic ant colony optimization
for it. They focused not only on dispatching materials to the
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affected areas, but also on evacuating wounded people to the
medical centers [12]. Sadjadi et al. presented a new mixed
integer nonlinear stochastic scheduling model to solve the
single-depot problem with uncertain demands and gave a
solution with a general probability distribution [13]. Sheu
proposed a hybrid fuzzy clustering-optimization approach to
emergency dispatching problem. In this method, demands
could be predicted and the severity of damages in emergency
locations could be estimated [14]. Hu modeled a system of
container multimodal transportation emergency relief as an
affinity network inspired by the immune system. He then
proposed an integer linear programming model to build the
path selection [15]. Jeon ef al. improved the genetic algo-
rithm with three different heuristic processes and a float mu-
tation rate and adopted it under the condition of multiple
types of vehicles, double trips and multiple depots [16]. Yan
and Shih adopted the weighing method to solve two prob-
lems simultaneously, namely the pathway repair and emer-
gency material dispatching following a natural disaster,
which were generally tackled separately despite their inter-
relationship [17]. Ho et al. incorporated the Clarke and
Wright’s saving method and the nearest neighbor heuristic
approach into the initialization procedure of genetic algo-
rithm and reduced the total completion time of the dispatch-
ing process [18]. Mirabi et al. presented a hybrid heuristic
method combining constructive heuristic search with simu-
lated annealing (SA) method to deal with the multiple depots
dispatching problem and showed that it outperformed as one
of the best-known existing heuristic search methods [19].

Traffic restrictions have also been considered in many re-
searches. Among those works, Luis Santos, et al. presented a
wSDSS integrating optimization methodology, considering
traffic restrictions (e.g., one-way streets, prohibited left U-
turns). Their system can be used for short-term analysis (e.g.,

2015 Bentham Open



Research on Emergency Supplies Dispatching Problem

the design of daily vehicle routes) and long-term analysis
(e.g., deciding how many vehicles to operate in a fleet) [20].
Q Mu, et al. proposed a formulation for one type of disrupt-
ed VRP that involves a vehicle breakdown. In their model,
when such a disruption happens, a support system can figure
out a new routing plan [21]. In a certain city, logistics prob-
lems and the process of choosing a route can be vehicle-
dependent. For example, Barceld, et al. addressed that the
route choice models can also be vehicle type dependent. Dy-
namically guided vehicles can be allowed to dynamically
change the route according to the available information [22].
F Alonso, et al. considered that some constraints must be
observed relating to the accessibility of the vehicles to the
customers, in the sense that not every vehicle should visit
every customer [23]. This accessibility restriction is also
found in the work of Dennis Weyland, ef al. [24].

2. PROBLEM DESCRIPTION AND MATHEMATICAL
MODEL

2.1. Problem Description

The problem proposed in this paper is based on VRP.
Suppose that an emergency event, e.g. earthquake, happens
in a certain region and some emergency locations in this re-
gion are badly in need of emergency supplies. Several kinds
of emergency supplies are stored in a number of depots
which are geographically separated, so some vehicles are
needed to transport supplies to the emergency locations.
Considering the real emergency relief, the vehicle types are
diverse and different types of vehicles have significant dif-
ferences in loading and unloading time, velocity and load
capacity. Some emergency locations cannot be served by
several specific types of vehicles because the roads connect-
ing the emergency locations are partly damaged due to the
emergency event. Therefore, the problem to be solved in this
paper is an Emergency Supplies Dispatching Problem
(ESDP) with the accessibility of vehicles and different vehi-
cle types. In usual disaster relief, the transportation time of
emergency supplies is the most concerned factor. For the
objective of minimizing the transportation time, a high-
efficiency dispatching scheme as well as practical algorithm
are needed. Assumptions of the problem are listed below:

1). The emergency supplies that the vehicles are delivering
in one task belong to one single kind of supply, which
means the mixed loading of emergency supplies is not
to be considered;

2). Each vehicle departs with full load capacity;

3). Once a vehicle has started a transportation task, it should
complete its task. This means a vehicle cannot be divert-
ed until it has completed its current transportation task;

4). Vehicles can park at depots or emergency locations be-
fore dispatching. Each vehicle does not need to return to
its initial parking place after completing a transportation
task;

5). Each vehicle has its loading and unloading time, which
depends on the vehicle type; the loading and unloading
time should be added to the completion time of a trans-
portation task;
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6). The velocity of each vehicle is according to its vehicle
type therefore a distinction should not be made between
full load velocity and empty load velocity;

7). The costs of the transportation process are not to be in-
cluded.

The objectives of the problem are explained below:

1). Demands of supplies at emergency locations should be
satisfied;

2). The completion time of the dispatching process should
be minimized.

2.2. Mathematical Model

To describe the problem mentioned above, a mathemati-
cal model is established. The notations used in our model are
explained as follows:

® M={m;m,,...,my is the set of s kinds of emergency sup-
plies.

D={d,d,,....d,} is the set of p depots.
E={eje,,....e,} is the set of g emergency locations.
H:{hbhg, ceey

Dm={dmdm,,...,dm,} is the set of emergency supplies
stored in p depots. dm; is the set of emergency supplies
stored in each depot, which contains two components,
i.e. the kind of emergency supplies (m;,) and its corre-
sponding quantity(a;,), ie. —dm;={(my, o), (M,
0i2), o, (Mig, 0)}, 1=1,2,....p, u=12,....5.

h,} is the set of y types of vehicles.

® Em={em;em,,....em,} is the set of emergency supplies
demanded in g emergency locations. em; is the set of
emergency supplies demanded at each emergency loca-
tion, which contains two components, i.e. the kind of
material (m;) and its corresponding quantity (f;,),
j=1,2,..,q,u=12,...,s.

® y={l, v, t, ni} is the set of information of the K" type
of vehicle, which contains four components: the load
capacity /;, the velocity vy, the loading and unloading
time #; and the number n; of the K" type of vehicle, i.e.
hk:{lk, Vie, Uiy I’lk}, k=12, o

® R is the route distance matrix, which is represented as
follows:

Rpl RpZ qu
® R is the route distance between a depot and an emer-
gency location, i=1,2,...,p, j=1,2,...,q.

® 7, is a single transportation task through which vehicle g
will execute.

® .= {T,, Tp...} is a scheduling sequence of vehicle g,
which consists of all tasks that vehicle g will execute.

® & ={p,p,..} is a dispatching scheme of all vehicles.

® T={t,t,..} is the set of completion time of all vehicles,
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fo is the completion time of ¢,, g=1,2,...

® Ts=max(t,) is the completion time of the emergency
supplies dispatching scheme.

® min(7s) is the objective function of the model.

Our objective is to fulfill the demands of emergency sup-
plies with the shortest completion time.

3. GENETIC ALGORITHM

Since the VRP is NP-hard, it cannot be accurately solved
with linear programming algorithm. Heuristic algorithm is
usually applied to solve VRP, so genetic algorithm is intro-
duced to solve ESDP in this paper. Flow chart of the algo-
rithm is shown in Fig. (1).

Stast )

l Population initializationl

|

Crossover

| Mutation |

v

I Fitness evaluation |

v

| Selection |

v

= ,,Mieet termination criterion_ -

( End )

Fig. (1). Flow chart of the algorithm.

(1) In population initialization, the population size is set
as thirty, i.e. a population consists of thirty chromosomes. A
dispatching scheme @ is defined as a chromosome. A sched-
uling sequence g, is defined as a gene. A single transporta-
tion task 7, is defined as a gene unit. A gene usually contains
a number of gene units, e.g., gene ¢, (d,m e dsm;e;) means
that vehicle g starts from depot d, with emergency supplies
m, to emergency location e, then returns to depot d; with-
out supplies, and starts from there with emergency supplies
m; to the emergency location e;.

(2) The crossover probability is set as 1 which means that
every chromosome in the population will go through this
operation. For a specific chromosome which is called a par-
ent chromosome, another chromosome is chosen randomly
in the population as another parent chromosome. A gene
unit is randomly chosen as the cross point, then the gene
fragments are exchanged following their corresponding cross
points. The crossover operation is illustrated as follows:

@1 (dimes)(damsze)(dmses)(dsmse ) (damzer)(dimses)
(d1m184)‘(d]l’)’l1€1)(d1m282)(d27i’l3€1)(d4mg€5) (dgn’l1€4)
@2:(domaey) (dmaer)(dim es)(dimez) (dsmaes)(dimaes)|(ds

msez)

(d3ﬂ13€3)(d1ﬂ11€4)(d2m3€2)
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@1 (dm es)(dmse;) (dimsey) (dsmse;) (damser)(dimses)
(d1m184)‘(d3l’)’l3€2)(d3ﬂ13€3)(d17ﬂ1€4)(d2m3€2)

@2*:(domzey)(dymze;)(dimes)(dimez) (dsmaes)(dmses)|(d;
m1€1)(d1m2€2) (d2m3e1) (d4mge5) (dmey)

(3) The mutation rate is set as 0.05. For each gene of a
chromosome, its gene loci are chosen successively by the
mutation rate and the chosen gene loci are then replaced by
other acceptable gene loci. For example, gene ¢,
(domjerdsmoe;) may become (drmyerd;mye;) after the muta-
tion operation if m; and d; are the chosen gene loci.

(4) After the two genetic manipulations described above,
a new population would be generated and the size of the new
population would also be thirty. Both the original population
and the new population would go through the fitness evalua-
tion. The reciprocal of the completion time of a chromosome
is defined as its fitness value so the chromosome with shorter
completing time would have a higher fitness value.

(5) Thirty most excellent chromosomes would be select-
ed according to their fitness values which would then consti-
tute the next population.

(6) An appropriate upper limit of the iteration number is
chosen as the termination criterion. If the iteration number
meets the termination criterion, the loop ends and the dis-
patching scheme is then given.

4. EXPERIMENT RESULTS

4.1. Parameters of Example

Three depots and four emergency locations are intro-
duced in the model, i.e. D={d; d>d;} and E={e,e;e; e,
Fig. (2) shows the route relation.

Fig. (2). Route relation.

The route distance is shown in Table 1.

In this example, three kinds of emergency supplies are
introduced, i.e. M={m;m;m;s}, m; means food, m, means
water and m; means tent. The storage quantities of emergen-
cy supplies in the depots are shown in Table 2 and the de-
manded quantities of emergency supplies in the emergency
locations are shown in Table 3.

Two types of vehicles are adopted in the example, i.e.
H={h;h,}, h; means large truck and A, means small truck.
For consideration of the accessibility of vehicles, it is as-
sumed that the route connecting emergency location e, is not
fit for a large truck, so a large truck cannot serve e,. The in-
formation of vehicles is shown in Table 4.
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Table 1. Route distance (km).
d; d; ds
e 372 304 366
e 398 415 420
e; 440 298 288
ey 467 403 329
es 320 355 436
Table 2.  Storage quantities of emergency supplies in the depots (ton).
d; d; ds
m 597 703 625
m; 479 879 783
m; 610 904 642
Table 3. Demand quantities of emergency supplies in the emergency locations (ton).
e e; e;s ey €s
m 145 135 130 90 150
m; 180 150 125 100 165
m; 155 130 110 95 145
Table 4. Information of vehicles.
Vehicle Type No. Load Capacity (ton) velocity (km/h) Loading and Unloading Time (h)
large truck 1-5 20 50 3
small truck 6-15 5 85 1.5
250 chart about iteration number and completion time of the dis-
o10 patching process. It is obvious that the completion time is
convergent with the increasing number of iterations. After
£ the iteration number of 10000, the completion time remains
L 220 constant, so the iteration number of 150000 is chosen as the
= o termination criterion.
558 The dispatching scheme is shown in Table 5; supplied

190
180

S O 0 O 8 O O O &8 O &8 & & O
Ny 9 O RN OSSO S
PSSP S LSS

MRS O
Fig. (3). Trend chart about iteration number and completion time.

4.2. Experiment Results

According to the parameters above, GA is adopted to
program for solving this example. Fig. (3) shows the trend

quantities of emergency supplies are shown in Table 6.

As shown in Table 5, the completion time ¢, of each ve-
hicle is similar to each other, which means the dispatching
scheme is very approximate to the theoretical optimal solu-
tion. By comparing Table 6 with Table 3, it is obvious that
the demand of emergency supplies in each emergency loca-
tion has been satisfied, i.e. the supplied quantities of emer-
gency supplies are not less than the corresponding demand
of quantities. Therefore, the dispatching scheme is a good
solution of the example which proves that the model estab-
lished in this paper is effective.
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Table 5.

Dispatching scheme.
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Pe

(dimses)(dsmes) (dmes)(dmze;)(dim;e,)
(dsmes)(dsmsey)(dim es)(dmae,) (dmes)
(dzmzez)

182.7

(dime;)(dom;es)(dsmies)(dsmses)(dom;e,)
(dimse;)(dmze;)(dmses) (dsmoe,) (dmoe;)
(dymse;)(dmse;)

186.9

(dj}’}’l3€5)(dzﬂ’lze_v)(dzMzEj)(dj”leg)(dﬂ’llj@g)
(d2m363)(d3m263)(djln383)(d2m281)(d2m135)
(d:mse;)

189.34

(dom,e;)(dsmses)(dsm es) (domses) (dsmes)
(dsmses)(dm ez)(domses) (dsmses) (domoe;)
(d2m195)(d2mzez)

186.7

(dsme;)(dmses)(dsmaes) (dsmses) (dm es)
(d:mses)(dsmoes)(dsmses) (dimies) (dmes)
(dme;)

177.08

(d:m ;) (dsmse;)(dmses)(domse) (dmsey)

(dsmsey)(dsme;)(dmsey) (dsmse;)(dmsey)

(dimes)(dsmzey)(dime,)(dsme,)(dsm,e;)
(dmses)(dimses)(dsmae,)(dimses)

188.559

(dimse;)(dsmse;)(dim,e,)(dsmse,)(dsmey)

(dimse;)(dxmsey)(dsmse,)(dsmes)(dsm e ;)

(dsmey)(dsmsey)(dsm ;) (domses)(dmses)
(dimes)(dsmzey)(dmses)

178.612

(dsmaey)(dimse,)(domze) (dymse;) (dsmsey) (dimse)(damzes)(dmses)(dimses)(dm;e,)
(dsmse,)(damyes)(dsm e;)(dmieq)(dim,ey) (damzes)(dimae;)(dymses)

180

(dsmaes)(dsmse;)(domse,) (dimer) (dsmsey) (dsmie,)(dsmier)(domsey)(dsmie)(domse,)
(dsmse;)(domae,)(dim e)(dsmaeq)(dim ey) (dsmie,)(dsmier)(dsmaey)(dimses)

187.653

(dimyes)(dimses)(dsmsey)(dim,e;) (domse,) (domier)(dom e;)(doamse;)(dsmse;)(domses)
(dom,e;)(damzey)(dim e;)(dsmaey) (dimie,y) (dsmiey)(dsm e;)(damaes)(dimses)

187.947

(dmes)(dimses)(dsmses)(dsm,e;) (dsmsey) (dsmse;)(damses)(dsmse)(domzes)(dome;)
(dim,e;)(dsmae,)(dsm eq) (dsm e;)(dimoes) (dimses)(damses) (dsmaey) (dsmses)

185.1

(dsmsey)(dsmse;)(dim,e;)(dmse;) (domye;) (domse;)(dsmse)(doamses)(dsmse) (damses)
(dom,e;)(dim ez)(dsmaey) (dsmieq) (dsmie;) (domses)(dimaes)(dsmaey)(dimses)

182.947

(dom e ) (dymse ) (dimie;) (dsmsey)(dsmey) (dsmie;)(dsmsey)(dsm e;)(dsmaes)(dim:e;)
(dsmsey)(dsmaey)(dsmaes)(dim es)(dimie,y) (dsmiez)(damses)(dimaey)(dimses)

186.524

(domey)(d-mse)(dimie;)(dsmses)(dmse;) (dsmoer)(dimae;)(dsmses)(dimaes)(dimse;)
(dsmse,)(dsmae,)(dim eq) (dsm ez) (damses) (dimoes)(dsmae,)(dom es)(dimses)

188.053

(dxmses)(dimse;)(domse;) (domye;) (domse,) (dsmser)(damses)(dsmse) (domzes)(dime;)
(dsmzeq)(dim eq)(dsm eq)(dsm e;)(dmoes) (dimses)(damses)(dsmaey)(dimses)

181.418

completing time of dispatching process T's

189.34
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Table 6. Quantities supplied of emergency supplies.
e e; e;3 ey €s
m; 145 145 140 100 150
m; 180 160 125 110 165
m; 160 140 110 95 155
CONCLUSION [7] G. Berbeglia, J. F. Cordeau, and G. Laporte, "Dynamic pickup and

In this paper, genetic algorithm was adopted to solve an
Emergency Supplies Dispatching Problem. Considering the
complexity of dispatching actual emergency supplies, the
problem included the accessibility of vehicles and different
vehicle types. Based on this problem, a mathematical model
was established. The experimental results of the example are
in accordance with our expectations, which means that the
supplied quantity of each kind of supply is not less than its
corresponding demand quantity. Since the theoretical opti-
mal solution cannot be found during limited iteration num-
ber, the dispatching scheme is a suboptimal solution under a
certain precision.
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