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Abstract 

Emergency logistics vehicle scheduling is an issue of NP combination which possesses important practical value. In order to 
overcome the problems such as long computing time and easy to fall into local optimal solution for traditional heuristic optimization 

algorithm, an improved differential evolution is proposed. In the algorithm, a greedy algorithm is used to generate the initial 
population, legalized method is used to repair mutation and improved order crossover is used, then, a new selection mechanism is 
added in after the mutation operator. In the paper, the algorithm is used to solve emergency logistics vehicle scheduling problem, the 
mathematic mode which minimize total cost with the emergency time constraint is established and the solution algorithm is 
developed. The simulation results of example indicate that the algorithm can efficiently solve emergency logistics vehicle scheduling 
problem through the comparison of GA and the DE algorithm. 
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1 Introduction 

With the rapid development of social economy and 
increasing levels of urban modernization, all kinds of 
emergencies have enormous influences on urban functions. 
Some unexpected events will seriously affect the life safety 
of the people, such as earthquakes, tsunamis, gas leak. 
Losses stemmed from ineffective emergency logistics 
account for 15% to 20% of the entire casualty and financial 
losses caused by sudden outbursts of natural calamities and 
human-contrived disasters. 

Emergency logistics vehicle scheduling is a special 
goods transporting activity which aims at providing 
emergency resource for emergencies, maximizing effi-
ciency and minimizing damages caused by disasters. 
Emergency logistics vehicle scheduling is an important 
component in dealing with accidents, which in time weighs 
great value in reducing losses, preventing seconddary 
disasters and maintaining social stability. 

When a natural disaster-stricken spot is in need of 
countermeasures from emergency resource transporting 
system, emergency vehicles should deliver emergency 
resource to demand spot within the least of time. Emer-
gency logistics vehicle scheduling is a typical case of opti-
mizing combination, a tough issue concerning NP. It con-
tains great complexities. Questions of the similar kind are 
hot studied by different branches of science, such as opera-
tions research, applied mathematics, computer application, 
graph theory and communication & transportation, etc. The 
time it takes to be solved is growing exponentially as its 
dimension is expanding, which is hard to be handled with 
traditional mathematic methods. In recent years, heuristic 
optimization algorithms such as Genetic Algorithm, Ant 

Colony Algorithm and Particle Swarm Optimization have 
been widely applied to solving such kind of problems[1-3]; 
however, these algorithms all have drawbacks like long 
computing time, easy to fall into stagnation and unable to 
do further computing. Therefore, how to construct 
optimized algorithm simple in formation and high in 
optimizing precision enjoys great significance in solving 
emergency logistics vehicle scheduling problem. 

Differential Evolution (DE) is a bionic intelligent 
algorithm, mimicking the natural evolutionary law Sur-
vival of the Fittest [4]. DE performs better in solving 
complicated global optimization, and is brief in process [5-
6]. It has less controlled parameters and is regarded as a 
significant breakthrough in the aspect of algorithm 
structure since the invention of bionic intelligence algo-
rithm [7]. To overcome its shortcomings of low conver-
gence speed, huge computation and inclination to beco-
ming premature, an improved Differential Evolution (IDE) 
is proposed in the thesis. The result of experiments indi-
cates that the algorithm can efficiently solve Emergency 
logistics vehicle scheduling problem. 

2 The Mathematic Mode of Emergency logistics 
vehicle scheduling Problem  

2.1 PROBLEM DESCRIPTION 

There are plenty of emergency vehicles in the emergency 
rescue system. The vehicles will set off from the rescue 
center and deliver goods to several crisis-attacked sites 
(quantity=R). After delivery, the vehicles will return to the 
center. The maximum capacity for each vehicle is kP
( Kk ,...,2,1 ). Find driving routes from the center to 
each demanding site meeting the following requirements 

[8]: 
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1).  Overload is forbidden. 
2).  Delivery must be finished as soon as possible. 
3).  Supplies required by each demanding site must be 

delivered. 
4).  The cost of emergency center must be at minimum. 
Supplementary conditions: 
1).  Adequate vehicles are available in emergency center, 

and the capacity of each has been given in the 
discussion; 

2).  There is only one emergency center and its location has 
been given in the discussion; 

3).  There is only one type vehicle in the center. Each 
crisis-attacked site is served by only one vehicle. Every 
site must be covered by the driving route; 

4).  The gross demand of each demanding site along the 
route cannot surpass the capacity of the vehicle; 

5).  In order to simplify the case, only the time consumed 
on road will be considered, irrespective of the service 
time.  

MATHEMATIC MODE 

Here is the mathematic mode built according to the 
description above:  

(1)---objective function (2)-(11)---constraint conditions 
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In the mode: 

A. ijd  refers to the distance between node i  and node 

j ( ,2,1,0, Sji  ). When 0, ji , ijd  refers to the 

emergency center; 

B. ijkv refers to the average speed of vehiclek  from 

node i  to node j ; 

C. 
ikt refers to the time vehiclek  needs to go to the 

demanding site i ; 

D. ijkt refers to the time vehiclek  needs to go from 

node i  to node j ; 

E. 
il refers to the latest time of arrival of vehiclek ; 

F. 
kn refers to the total number of demanding sites that 

vehiclek  needs to serve. When 0kn , it means that the 

vehicle does not participate in the mission.  

G. 
kR refers to the set of demanding sites served by the 

vehicle; 

H. 
f

kc refers to the fixed cost of vehiclek  when 

driving; 

I. 
t

ijkc refers to the unit cost of vehiclek  from node i  

to node j ; 

J. 
kQ refers to the loading capacity of vehiclek ; 

K. 
iq refers to the demand of node i ; 

L. N refers to the set of crisis-attacked sites. 

},...,2,1|{ RrrN  ; 

M. M refers to the set of emergency vehicles. 

},...,2,1|{ KkkM  ; 

N. S refers to the sum of nodes. ONS  . 

0kx  and ijky  are defined as follows: 

0

1 emergency vehicle k is in use

0 otherwise
kx


 


；

and 1 vehicle k drive from node i to node j,

0 otherwise
ijk

i j
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
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3 Algorithm to Solve Emergency logistics vehicle 
scheduling Problem Based on IDE 

3.1 ENCODING METHOD 

Brief and direct sequence coding is used. The set of crisis-
attacked sites’ sequence number is {1,2,…,n}. The se-
quence number of the parking lot is 0. The number of 
vehicles is k. Encoding structure is 

121 ,...,,...,,{ kni vvvv
}.  

It is a random combination of the set of crisis-attacked 
sites’ sequence number {1,2,…,n}and 0 (quantity =k-1). 
The adding of 0(quantity=k-1) is to differentiate different 
driving route of vehicles. 

DECODING METHOD 
(1). Add 0 to both ends of each coding; 
(2). Traverse each coding and save the non zero sequence 

that has been separated by zero in the coding, which is 
the driving route of the vehicle. 
That is to say, 1 to k  driving route(s) can be decoded 

from each coding. 
For example, there are 9 crisis-attacked sites and 5 

vehicles. Then the coding will be 

X=(0,1,2,3,0,0,4,5,6,0,7,8,9). 

The decoding will be 3 sets of non zero sequences 
(1,2,3), (4,5,6), (7,8,9). This coding can be interpreted as: 
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three vehicles have been put into use and they follow the 
following driving routes respectively  

(1→2→3), (4→5→6), (7→8→9). 
No negative coding, decimal coding and repetition of 

non zero bits are permitted in the coding. That is the 
requirement of legalization and it is also the reason why 
legalization is needed after mutation operation. 

3.2 FITNESS FUNCTION 

Define fitness function according to mode1: 
It is the weighted sum of the number of used vehicles

1Z  and the total length of all vehicles’ driving routes
2Z . 

The dereferencing of weight coefficient
1k  and 

2k  is 

set based on practice. If priority is given to less number of 

vehicles, then 
1 2k k  can be set; if priority is given to 

shorter distance of driving route, then
1 2k k can be set. 

3.3 POPULATION INITIALIZATION 

In order to improve the quality of initial population, greedy 
initializing method is used. Generating method of each 
individual in the initial population is as following: 
step1:  The list of to be initialized crisis-attacked sites is 

List, containing all the sequence of crisis-attacked 
sites. SList is the list of initialized crisis-attacked 
sites and it is null; 

step2:  Select siteA at random as the start point, and make 
it current crisis-attacked siteT. Insert siteT to SList 
and then remove it from List； 

step3:  Pick a site nearest to siteT as the new current crisis-
attacked siteT from List. Insert T to SList and 
remove from List; 

step4:  Estimate if List is null. If so, turn to step5; 
otherwise, turn to step3; 

step5:  Insert 0(quantity=(K-1)) to SList randomly; 
step6:  Estimate if SList meets all the constraint conditions. 

If not, turn to step1; if so, end the initialization. 
By the greedy initializing method above to initialize 

population, the local optimal solution can be achieved and 
convergence speed can be improved by a large margin.  

3.4 PROCESS OF MUTATION AND LEGALIZATION 

Adding and subtracting the randomly picked individual 
bitwise, and then legalize it. 

For example, there are 5 sites and 2 vehicles,. Pick 3 

individuals at random: 

(1,0,2,3,0,4,5)、(2,5,0,3,1,0,4)、(5,3,1,0,0,4,2). 

If F=1，
1 2 3

( )i r r rv x F x x     is applied to each 
individual. The consequence is vi=(-2,2,1,6,1,0,7). In this 
case, there are negative coding and repetition of non zero 
bits in vi, which is illegal coding needing legalization. 

The process of legalization: 
(1) Detect 0 in coding

iv  and record their locations. If 
the number of 0 surpasses that of vehicles, then detect the 
same quantity of 0 as the vehicle. vi=(-2,2,1,6,1,7) 

(2) Sort out coding
iv  that has been detected from the 

smallest to the biggest. Replace its original coding value 
with its sequence number. 

For example, vi=(-2,2,1,6,1,7)， 
after sorting: (-2,1,1,2,6,7).  

Replace its original coding value with its sequence 
number :( 1, 4, 2, 5, 3, 6)  

(3) Inset 0 that has been detected in step1 to coding, 
then 

iv = (1, 4, 2, 5, 3, 0, 6)  

3.5 IMPROVED GREEDY ORDER CROSSOVER 

Order crossover can be seen as the deformation of partially 
mapped crossover PMX with different fixes. It performs 
better in retaining the adjacent relationship and sequencing. 
Improvements mainly focus on the possibility of repetition 
of the encoding value of 0 bits. That is to say, when the 
given gene is removed, all the 0 bits in the gene must be 
deleted from the beginning to the end,  

The steps are as follows:  
Step1:  Choose two tangent point’s c1and c2； 
Step2:  Exchange the middle part； 
Step3:  List the original order from the first gene behind 

the second tangent point c2, and remove the given 
gene. Pay attention to the quantity of 0. 

Step4:  Fill the achieved non duplicate order in the blank 
from the first seat behind the second tangent point 
c2, schematic diagram of the crossover operation 
is shown in figure 1. 

Each time of order crossover will produce two cross 
individuals while DE crossover operator needs only one 
cross individual. Therefore, in order to improve the conver-
gence speed, fitness individuals as a return to the cross 
individual, improved algorithm chooses better adapted 
individuals as the return crossover individuals using the 
greedy selection mechanism. 

 

 

Figure 1 diagram of Crossover 

3.6 OPERATIONS OF CHOOSING AND 
IMPROVEMENT IN TECHNICAL PROCESS 

After the mutation operation of the basic differential evo-
lution algorithm, jumping to crossover operation directly 
may lead to destruction of good genes produced in muta-
tion operation. In order to prevent cross operation to elimi-
nate or affect the optimization effect produced in mutation 
operation, apart from retaining the greedy selection mecha-
nism, the improved algorithm retains the selection mecha-
nism after mutation operation. That is , if the mutation 
individual adapts better than the original individual, skip 
the crossover operation and choose individual mutation to 
put into the next generation of the population; if the 
individual mutation is inferior to the original individual, 
then conduct further crossover operation based on mutation 
according to the process of the basic differential evolution 
algorithm  

List genes 

 

4 5 4 0 2  3 0 

 

       0  4 2 5 0  3 1 

c1    c2 
 

p1=1 0  2  3  0  4 5 

 

p2=2 5  0  3  1  0 4 

c1    c2 
 

- -  0 3 1  - - 

 

- -  2 3 0  - - 

c1    c2 

 

p1=2 0  0  3  1  4 5 

 

p2=0 1  2  3  0  4 5 
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3.7 THE WHOLE PROCESS OF IDE 

step1: Initialize parameter and let iteration number t=0. 
Set the maximum number of iterations, population 
size NP, scaling factor F, and the crossover 
constant CR.  

step2:  Initialize the greedy selection mechanism 
step3:  Frequency of cycling t←t+1. 
step4: Set target individual index number i=1. 
step5:  Choose three different individuals at random apart 

from the target individual xi.  

step6:  Conduct mutation and produce mutated individual 
vi. 

step7:  Calculate the adaptation of vi and perform the 
selecting operation. If the mutated individual vi is 
better than the target individual xi, then turn to 
step10; otherwise, turn to step8. 

step8:  Perform crossover operation to xi and vi, produce 
crossover individual ui. 

step9:  Calculate the adaptation of ui and perform the 
selecting operation. 

step10:  Target individual index number i←i+1, return to 
step5 and perform it repeatedly until i=NP; 
otherwise, perform step11. 

step11:  If the number of iterations is bigger than the 
maximum number of iterations, then end the 
cycle and output the calculation results; 
otherwise jump to the step3 and continue the 
next iteration.  

Turn to step2. 
Where 

ik  is the number of nodes that are cluster head 
in each layer and 

iN  is the total nodes number in each 
layer.  

4 Analysis of the simulation results of example  

4.1 EXAMPLE 1 

A crisis-attacked area has 8 demand sites needing resource 
delivered from emergency resource center. There are 5 
vehicles. The loading capacity is 8 ton for each vehicle. 
The fixed cost of each is 80 Yuan. The average speed is 
20km/hour. The average driving cost is 10yuan/km. the 
distance between sites, the demand (unit: ton)and the latest 
arrival time (unit: minute) are displayed in tab1(0 repre-
sents for the center, 1-8 represents for the sites). 

TABLE1  The data of distribution centre and disaster location 

Crisis-

attacked 
sites 

Crisis-attacked sites 

0 1 2 3 4 5 6 7 8 

0 0 4 6 7.5 9 20 10 16 8 

1 4 0 6.5 4 10 5 7.5 11 10 

2 6 6.5 0 7.5 10 10 7.5 7.5 7.5 

3 7.5 4 7.5 0 10 5 9 9 15 

4 9 10 10 10 0 10 7.5 7.5 10 

5 20 5 10 5 10 0 7 9 7.5 

6 10 7.5 7.5 9 7.5 7 0 7 10 

7 15 11 7.5 9 7.5 9 7 0 10 

8 8 10 7.5 15 10 7.5 10 10 0 

iq   3 3 1 3 2 4 1 4 

il   40 60 30 80 80 50 90 30 

Compute the example with GA, DE and IDE respect-
tively on the same computer. The optimal scheduling plan 
is that 3 cars participate in the task. The driving route, 
distance and cost are shown in tab 2. Objective function 
changes according to iteration and its tendency is recorded 
in figure 2. 

TABLE 2  The optimal scheduling scheme of example 1 

vehicles driving routes 
driving 

time 

driving 

time 
total cost 

vehicle1 
0—1—3—2—

0 
64.5 21.5 295 

vehicle2 0—6—4—0 79.5 26.5 345 

vehicle3 
0—8—5—7—

0 
118.5 39.5 475 

total  262.5 87.5 1115 
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Figure 2 Performance comparison of GA, DE and IDE 

4.2 EXAMPLE 2 

A crisis-attacked area has 20 demand sites needing 
resource delivered from emergency resource center. There 
are 4 vehicles. The loading capacity is 20 ton for each 
vehicle. The fixed cost of each is 100 yuan. The average 
speed is 25km/hour. The average driving cost is 12 
yuan/km. The coordinate of emergency rescue center is 0 
point (3km, 4km), position coordinates of demand sites 
(unit: km), the demand

iq (unit: ton)and the latest arrival 
time

il (unit: minute) ( 1,2,...,20)i   are displayed in 
tab1(0 represents for the center, 1-20 represents for the 
sites). 

TABLE 3  The data of emergency center and emergency location 

order 

number 
x coordinates y coordinates demand 

latest 

arrival 

time 

0 3 4   

1 3.1 7.6 4 60 

2 1 8.6 2 15 

3 6.3 5.7 1 60 

4 2 3.3 1 45 

5 5.3 6.6 5 10 

6 6 9.8 4 60 

7 0.6 9.4 2 30 

8 3 4.5 2 10 

9 1.9 9.8 3 20 

10 3.7 7.1 2 45 

11 8.4 8 2 30 

12 4.7 9.3 1 30 

13 1.4 6.8 2 15 

14 0.3 6.3 2 30 

15 3.5 0.5 3 60 

16 2.4 1.6 4 50 

17 8.2 3.7 4 45 

18 7.3 8.4 3 60 

19 8.5 5.2 1 50 

20 7.8 8.8 3 20 

Compute the example with GA, DE and IDE respect-
tively on the same computer. The optimal scheduling plan 
is that 3 cars participate in the task. The driving route, 
distance and cost are shown in tab 4. Objective function 

http://dict.baidu.com/s?wd=order%20number
http://dict.baidu.com/s?wd=order%20number
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changes according to iteration and its tendency is recorded 
in figure 3. 

TABLE 4 The optimal scheduling scheme of example 2 

vehicles driving routes 
driving 

time 

driving 

time 

total 

cost 

vehicle1 
0—5—20—11—

19—17—18—3—0 
56.42 23.51 382.12 

vehicle2 
0—8—13—14—

4—16—15—0 
47.55 14.8 277.55 

vehicle3 
0—2—7—9—12—

6—10—1—0 
46.65 19.44 333.24 

total  150.62 57.74 992.91 
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Figure 3 Performance comparison of GA, DE and IDE 

It is obvious from the result of the two experiments that the 
algorithm proposed in the thesis can detect the optimal 
solution to emergency logistics vehicle scheduling problem 

swiftly and accurately. Its efficiency is better than that of 
GA and DE. It is a new method to solve the emergency 
logistics vehicle scheduling problem.  

5 Conclusions 

To solve the problem of NP in the emergency logistics 
vehicle scheduling, an improved method that differential 
evolution algorithm has been applied to the emergency 
logistics vehicle scheduling is proposed in the thesis. The 
simulation results of example indicate that the algorithm 
can efficiently solve emergency logistics vehicle 
scheduling problem through the comparison of GA and the 
DE algorithm. 
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