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coal emergency logistics vehicles based on
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The existing studies on the routing problem of emergency
logistics vehicles emphasize on qualitative analysis over
guantitative research. To solve the problem, this paper
combines qualitative and quantitative methods into a
mathematical model of the routing problem, and adopts the
genetic algorithm (GA) to enhance the transport efficiency
and reduce the accident loss. Due to the lack of research on
the maximum number of iterations, control parameters, etc.,
the rationality of the proposed iteration number and
parameters was tested through a case simulation on Matlab
R2011b. Through repeated tests, it is proved that the GA,
the maximum number of iterations and the control
parameters can find the optimal solution for the routing
problem and achieve the desirable effect. In addition, the
authors discussed the impacts of different crossover
probabilities and mutation probabilities on the solution
time and accuracy. This research provides strong supports
to emergency management agencies in transport route
design, allocation of relief items, manpower and vehicles,
and reduction of disaster loss.
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1. Introduction

s an important pillar of energy in China, the cod
Aindustry has played a very important role in

promoting the development of country's economy. At
the same time, the coal industry is also the most frequently
occurring industry. It not only seriously endangers the
national property and life safety, but also damages the image
of the country [1].

Recent years has witnessed frequent coal disasters in
China, causing great damages and negative repercussions [2].
This calls for a time- and cost-saving plan to deploy a vast
amount of emergency and first-aid items to the stricken area
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via the limited transport facilities and the optimal transport
route. Therefore, this paper explores the routing problem of
coa emergency logistics vehicles (hereinafter referred to as
the routing problem), aiming to alleviate coal disaster loss,
promote coal post-disaster restoration, and facilitate coal
emergency management.

The existing studies on the routing problem emphasize
on qualitative analysis over quantitative research. To solve
the problem, this paper combines qualitative and
quantitative methods into a mathematical model of the
routing problem, and adopts the genetic algorithm (GA) to
enhance the transport efficiency and reduce the coal
accident loss. Due to the lack of research on the maximum
number of iterations, control parameters, etc., the rationality
of the proposed iteration number and parameters was tested
through a case simulation on Matlab R2011b. Through
repeated tests, it is proved that the GA, inspired by the
process of natural selection, can find the optimal solution for
the routing problem and achieve the desirable effect. This
research provides strong supports to coal emergency
management agencies in transport route design, allocation
of relief items, manpower and vehicles, and reduction of coal
disaster loss.

2. Overview of therouting problem

Coal emergency logistics refers to the logistics organized for
transporting relief items from the supply point to demand
point during emergencies like coal disasters[3]. It involves
the processing of relevant information, and the collection,
transport, storage, packaging, distribution and recycling of
relief items [4]. The purpose of coal emergency logistics is
to minimize coal disaster damages in the shortest possible
time[5].

The routing system of coal emergency logistics vehicles
is the mechanism of coal emergency logistics transport
services [6]. In the system, the service entities (e.g. supply
point and demand point), service objects (e.g. relief items),
and service carriers (e.g. road, railway and vehicle) are
integrated into an organic whole. The mission of the routing
system lies in the timely deployment of relief items in the
stricken area through the rational allocation of transport
facilities and communication infrastructure [7].
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To fulfil the mission, the routing selection must achieve
the minimum time, distance and cost, and maximize the use of
the limited vehicle resource. The routing system isthe key to
smooth rescue operations in the event of coal emergencies.
Depending on the coal emergency, the routing problem often
requires an urgent solution for multiple, complex targets.

3. Routing problem mode
3.1 MULTI-TARGET MODELLING

The way that section titles and other headings are
displayed in these instructions, is meant to be followed in the
paper.

In the case of a coal emergency, the relief items should be
transported and distributed to the stricken areain the shortest
possible time. This underscores the importance of the real-
time capability of the transport scheduler [8]. Cost-efficiency
is another key factor in the routing problem. Hence, the most
economical route should be selected to reduce the transport
cost and maximize the use of the existing resources.

As aresult, the routing problem model must transport the
relief items from the distribution centre to the stricken areain
the shortest time at the lowest cost, thus enhancing transport
efficiency and reducing coal emergency-induced losses.

3.2 PremisES
For simplicity, several assumptions are made as follows:

(1) Thisresearch only considers the motorable area. The area
accessed by helicopters, steamships, etc. is not taken into
account.

(2 The distribution centre has enough schedul able vehicles,
all of which are of the same type, load capacity and
dispatch cost.

(3) The information from the stricken areais fed back in real
time. The total demand does not exceed the total load
capacity of al vehicles, i.e. no overload is needed.

(4) The loading and unloading processes are not considered.
3.3 BUILDING OF MULTI-TARGET MODEL
3.3.1 Symbol description

S={ii=12, ..., 1} isthe set of supply points (distribution
centres) of relief items;

D ={jj = 12, ..., J} isthe set of demand points (help
centres) of relief items;

W = SuD isthe set of stricken areas;

V ={l|l=1.2, .., L} isthe set of transport vehicles;
G={kk=12, .., K} istheset of relief items;

Q, isthe maximum load capacity of vehiclel,

g is the demand volume of demand point j;

X;;, helps to judge if pointsi and j are on the route of
vehicfel; if yes, XijI is 1; otherwise, XijI isQ;
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o helps to judge if the road is connected; if yes, o isl;
otherwise, o isO;

Bij is the congestion rate between points i and j;

dij is the distance between points i and j;

v; is the average running speed;

N, is the vehicle running cost;

N, is the congestion cost;

C, isthe fixed cost per vehicle,

C, isthe variable cost per vehicle;

C, is the average congestion cost per vehicle.

3.3.2 Quantification of vehicle running cost and
congestion cost

The vehicle running cost, a centrepiece of the total
transport cost, consists of the fixed cost for starting the
vehicle and the variable cost like fuel consumption and
vehicle depreciation. Normally, the fixed cost towers over the
variable cost. However, the variable cost accounts for the
majority of the total transport cost if the vehicle has to cover
a long distance or run over damaged road. The vehicle
running cost can be expressed as:

Ny =CrL+ ) Cyxdy*xy,
ieS jeD
where C,*L is the fixed cost for staring the vehicle;
ZieSZjeDCZ *d;; *xy is the variable cost.

Under coa emergencies, the road may become bulged,
rugged and crowed. The undesirable road conditions are
bound to affect the normal running of the vehicle, leading to
increased fuel consumption, vehicle depreciation, time delay
and rescue difficulty. Considering these factors, the above
formula can be revised as:

Ny =D oy By *d; *Cyxxy

ieS jeD
3.3.3 Mathematical model
Objective functions:

d;
min Fy = ZieS ZjeDv_lj @

C *L+Z Z Cy*d;*x; +
1 ieS jeD 2 v il

o Py dy * Cy ¥y - @
Congtraints:

ZieSZjeriﬂqj <@, VLeV )
Yos Z(,-eD X =LVLeV . @
> Xp— . Xy =0¥jeDVLeV )
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0< Bij <1 . (6

X =01}Vi,jeW VLeV )
1 Points i, j, connected

a; = T (S
0 Points i, j, not connected

The objective function (1) specifies the minimum time for
the vehicle to transport the relief items from the supply points
(distribution centres) to the demand points (help centres).

The objective function (2) specifies the minimum cost of
transport secluding, including the vehicle running cost (i.e.
the sum of the fixed cost and the variable cost), and the
congestion cost resulted from poor road conditions.

The constraint (3) means the total demand volume (not
exceeding the vehicle’s maximum load capacity) of the
demand point serviced by the same vehicle on the same road.

The constraint (4) means one demand point is serviced
by one vehicle at atime.

The constraint (5) means the vehicle route must be
continuous, i.e. the vehicle must enter into and leave from the
same point.

The constraint (6) specifies the congestion rate.
The constraint (7) specifies the 0~1 decision variable.
The constraint (8) confirms if the road is connected.

4. GA-basad solution to therouting problem model
4.1 Overview oF THE GA

The GA is a metaheuristic inspired by the process of
natural selection. Following the principle of “survival of the
fittest”, the algorithm finds the optimal solution relying on
coding, fitness function, and bio-inspired operators such as
mutation, crossover and selection.

Mimicking the genetic evolution, the GA transcends the
limits of value, continuity and differentiability. The search
process starts from the initial population, rather than asingle
point, which contributes to the global searching ability. In
addition, the GA is time-saving and highly efficient, for the
objective function of the optimization model is transformed
into the fitness function, such that the search always goesin
the right direction and range.

4.2 GA-BASED SOLUTION
4.2.1 Building of genetic coding and initial scheduling plan

The symbolic coding was adopted with supply points
(distribution centres) denoted as 0, and demand points (help
centres) as 1, 2, 3,..., n. For example, chromosome: 023054
067809 10 1 meansthere are 4 vehicles transporting relief
items to 10 distribution centres via the following routes:

Route 1: Supply point 0 — Demand point 2 — Demand
point 3

Route 2: Supply point 0 — Demand point 5 — Demand
point 4
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Route 3: Supply point 0 — Demand point 6 — Demand point
7 — Demand point 8

Route 4: Supply point 0 — Demand point 9 — Demand point
10 — Demand point 1

The points in each route must follow the pre-set
sequence, but not the routes themselves. Hence, the routes
can be reordered without changing the value of the objective
functions.

4.2.2 Fitness function

The following fitness-function transfer approach is
adopted for this research [9]:

Fit(f(x)=c/f(x) f(x)>c )|

where c is the minimum value of each objective function. The
value of ¢ ensures that the fitness function value fallsin the
range of (0,1), making it easy to control [10][11].

Then, the weight coefficient was introduced to solve the
multi-target optimization problem [12]. The weight coefficients
of the two objective functions are denoted as p, and p,
respectively. Plus, O<p,, p,<1, u>p, and p+ p, = 1. The
weight coefficients were configured in light of references [13].

Then, the comprehensive fitness of the chromosome (1)
(i.e. the I-th chromosome in the initial population) can be
expressed as.

Flmin F2 min
FO)=pw— 75+ 1, —7% .. (10
RO RO =

where F, (1) and F, (1) are the two objective function values
of chromosome (I); F, ;, and F are the minimum values
obtained through 15 tests.[14]

4.2.3 Genetic manipulation

2min

The popular roulette method of the classic GA was
employed to perform the selection operation. For effective
scheduling, the common 2-point crossover approach was
improved in light of the actual conditions. The operation steps
are detailed below:

(1) When the front and back genes in the crossover part are
zero, exchange the part between the two points of the two
chromosomes, compare the copied gene with the reserved
gene in the prochromosome, delete the duplicate genes
and fill in with the unnecessary demand point(s).

(2) When the front and back genes in the crossover part are
non-zero, move the crossover point until the front and
back genes in the crossover part are zero, and repeat the
operationsin Step (1).

The basic bit mutation was used to exchange any two
genes on two chromosomes, forming a new transport route
a random.

4.3 CASE sTUDY
The above GA-based mathematical model was applied to
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the following example to verify their feasibility and
effectiveness.

Example: There are 1 distribution centre, 4 vehicles and
20 help centres; the centre coordination, demand volume,
vehicleinformation, distance matrix (between the distribution
centre and help centres) and congestion situation are all
randomly generated.

The aim is to set a reasonable transport route so that the
vehicles could deliver the relief items in the shortest time at
the lowest cost.

Here, it is assumed that the vehicle load capacity Q = 30t,
the average running speed v = 50km/h, the fixed cost C, =
RMBY 100 per time, the variable cost C, = RMBY 30 per time,
and the congestion cost C, = RMBY 20 per km.

The GA parameters are set as: the population size N = 200,
the crossover probability p, = 0.7, the mutation probability
P, = 0.05, and the maximum number of iteration = 1,000. The
weights of objective functionsare F, = 0.8 and F, = 0.2.

4.3.1 Inputs

The information of the distribution centre and the help
centres were inputted systematically, including the centre
coordinates, weight of relief items, vehicle information,
distance matrix and congestion rate. The inputs are listed in
Tables 1~5, respectively.

TABLE 1: INFORMATION ON COAL EMERGENCY-RESCUE VEHICLE

Max. Fixed cost Variable cost Average
weight (t) (RMBY) (RMBY) speed (km/h)
1 30 100 30 50
2 30 100 30 50
3 30 100 30 50
4 30 100 30 50
TABLE 2: DISTRIBUTION CENTER COORDINATES
Distribution Coordinate X Coordinate Y
enter no. (km) (km)
1 8.1472 0.3571

4.3.2 Outputs

The experiment was run on Matlab R2011b and a laptop
(Intel Core 2 Duo 1.83G; 2G memory), using the above GA-
based mathematical model. Figs.1 and 2 respectively show
the optimal solution and the evolution process obtained by
the two objective functions, with the aim of achieving the
shortest delivery time at the lowest cost. During the
experiment, the solution started to converge to a certain value
at acertain cycle of iteration, indicating that our agorithm has
a good convergence performance.

minObjv 1=1.0419
minObjv 2 =2.1714e + 003
Fitness = 0.9571
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Fig.1 Convergence of objective function F;

Fig.2 Convergence of objective function F,

The above data means the optimal values of the two
objective functions are F; = 1.0091 and F, = 2176.3,
respectively, and the comprehensive fitness is 0.957.

The final scheduling plan is shown in Fig.3 below.

As per the optimal routing plan, the four vehicles should
each follow the routes below:

Vehiclel: 0 »15 »11 »7 »6 »20 »16 »3
Vehicle2:0 »1 »9 »2 »4

Vehicle3:0 »19 »10 »13 »17

Vehicle4:0 »12 »18 »8 »5 »14
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TaABLE 5: COORDINATE OF HELP POINT AND WEIGHT OF

NEEDED RELIEF ITEMS

Help Coordinate X Coordinate Y Weight of
point (km) (km) needed relief
no. items (t)
1 9.0579 8.4913 1.8000
2 1.2699 9.3399 2.4000
3 9.1338 6.7874 1.2000
4 6.3236 7.5774 6
5 0.9754 7.4313 4.2000
6 2.7850 3.9223 3
7 5.4688 6.5548 4.2000
8 9.5751 1.7119 3.6000
9 9.6489 7.0605 4.2000
10 1.5761 0.3183 3.6000
11 9.7059 2.7692 4.8000
12 9.5717 0.4617 3.6000
13 4.8538 0.9713 6
14 8.0028 8.2346 1.8000
15 1.4189 6.9483 1.2000
16 4.2176 3.1710 1.2000
17 9.1574 9.5022 0.6000
18 7.9221 0.3445 3
19 9.5949 4.3874 3
20 6.5574 3.8156 2.4000

(a) Optimal routing plan field (1-8)

(b) Optimal routing plan field (9-13)

(c) Optimal routing plan field (14-18)

(d) Optimal routing plan field (19-23)
Fig.3 Optimal routing plan
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Fig.4 Performance chart of F; our algorithm

Fig.5 Performance chart of F, our algorithm

Next, the results recorded in the experiment were
compared one by one. After the experimental programme ran
15 times, the recorded values of objective function F, were
respectively 2.196, 1.307, 2.192, 1.041, 1.276, 1.009, 1.171, 1.336,
1.251, 1.103, 1.099, 2.216, 1.676, 1.407 and 1.175, putting the
mean value at 1.35 and the standard deviation at 0.55; those
of objective function F, were respectively 2,196.5, 2,307.3,
2,192.8,2,403.6,2,276.8,2,209.8,2,171.4, 2,336, 2,251.2, 2,303.1,
2,199.4, 2,216.6, 2,176.3, 2,407.3 and 2,175.5, putting the mean
value at 2,254.91 and the standard deviation at 77.99. The
results show that the results are generally stable, an indicator
of the rationality of our agorithm.
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4.3.3 Rationality test of the maximum number of iterations
and the control parameters

(1) Reationality test of the maximum number of iterations

In the 15 experiments, the maximum number of iterations
was set to 1,000. As shown in the Figs.4 and 5, the
objective function values gradually stabilized (i.e. the
values were not likely to change) between 450~650
generations, and never changed after the 700th
generation. Therefore, the pre-set maximum number of
iterations allows the population to evolve to the optimal
state in alimited amount of time.

(2 Rationality test of the control parameters

First, the crossover probability was increased from 0.7 to
0.9, while the mutation probability remained at 0.05.
According to the results of ten experiments, the final
values of the objective functions fluctuated violently with
the increase in crossover probability; the solution time
increased by 11.21% and 41.57%, respectively, while the
optimal solution value was generally low.

The standard deviation reflects the dispersion degree of
the experimental results. For a rational test method, the
results should stay closely to the true value; otherwise,
the results may be far away from the true value. Since it
increased from 0.7 to 0.9, the crossover probability
undermines the population evolution, extends the number
of iterations, and randomizes the search results. Thus, it
failsto achieve afine effect in solving our problem.

Second, the crossover probability was decreased from 0.7
to 0.5, while the mutation probability remained at 0.05.
According to the results of ten experiments, as the
crossover probability fell from 0.7 to 0.5, the solution time
was shortened by 23.42% and 21.22% respectively.
However, the objective functions fluctuated even more
violently, the optimal solution value was still generally low,
and the standard deviation was greater than ever. This
means the adjustment failed to improve the algorithmic
efficiency.

There is not uniform standard for selecting the mutation
probability. The parameter should be set and adjusted
according to the actual conditions. According to the
results of ten experiments, the relationship between the
selected mutation probability and the optimal solution is
asfollows:

First, the mutation probability was increased from 0.05 to
0.08, while the crossover probability remained at 0.7.
According to the results of ten experiments, as the
mutation probability grew from 0.05 to 0.08, the mean
value exhibited a decreasing trend, the mean deviation
increased by 6.23%, and the standard deviation rose by
2.65%. The increased mutation probability undermines the
population evolution, and cannot enhance the algorithm
performance.
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Second, the mutation probability was decreased from 0.05
to 0.02, while the crossover probability remained at 0.7.
According to the results of ten experiments, as the
mutation probability fell from 0.05 to 0.02, the solution time
was shortened by 3.03% and 10.51%, respectively.
However, the values of the objective functions were
generally low, with an even greater standard deviation.
These results revea that the algorithm will not be more
efficiency through the adjustment of the crossover
probability and the mutation probability.

Through the above analysis on the maximum number of
iterations and control parameters, it is concluded that the
max.gen = 1000, p, = 0.7 and p, = 0.05 are reasonable. The
pre-set values can stabilize the result, shorten the solution
time, and effectively solve the example problem.

5. Conclusions

Based on some rational assumptions, this paper builds a
mathematical model to select effective routes for coal
emergency logistics vehicles, aiming to shorten the transport
time and cost as much as possible. The GA was introduced
to enhance the model with coding method, fitness functions
and genetic operators. Through an example analysis, it is
concluded that our algorithm converges well in the solution
to the routing problem. This research provides strong
supports to coal emergency management agencies in
transport route design, allocation of relief items, manpower
and vehicles, and reduction of coal disaster loss.

Of course, this research aso has its downsides. During
the analysis, the fitness function was transformed into the
weighted function in reference to [7][8][9]. The distribution
of weight coefficient mainly aims to highlight the important
difference between the two functions. However, there is still
a lack of dtrict quantitative analysis. Moreover, the search
efficiency should be further improved, although the selection,
crossover and mutation were configured rationally to ensure
solution quality. These limitations will be tackled in the future
research.
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