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This paper proposes a new path planning approach for emergency evacuation simulation. This technique
combines the Extended Social Force Model (ESFM) and the Improved Artificial Bee Colony (IABC) algo-
rithm to enhance the visual realism and improve the efficiency of crowd evacuation. In the ESFM, we
introduce a visual parameter to the original SFM and obtain the anisotropic psychological force rather
than the isotropic one in the SFM so as to better fit crowd behaviors, such as long-range obstacle avoid-
ance and self-organizing group formation. In addition, the IABC algorithm is proposed to improve the
evacuation efficiency and provide support for building design and evacuation management by employ-
ing the strategies of grouping and exit selection. The algorithm uses the evacuation time of the individuals
as the evaluation metric. If an exit is overcrowded and congested, the individuals will assess the degree
of congestion, estimate the time needed to escape, and determine whether to select a farther exit for
escape. By selecting the optimal exit and avoiding congestion, the evacuation efficiency can be improved.
We have simulated the crowd evacuation with our new path planning approach via a crowd evacuation
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simulation system. The results show the effectiveness of our method.
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1. Introduction

Effectively organizing evacuation routes inside buildings, partic-
ularly densely populated buildings such as universities or schools,
is always an important matter. One of the most frequent causes
of this type of behavior is an emergency evacuation due to fire
in a building. In such a situation, a large number of people must
evacuate from a closed area that has a small number of fixed exits.
When life-threatening disasters, such as fires, occur in crowded
public buildings, congestion and jams are often triggered during
crowd evacuation. Moreover, crowd stampedes in these situations
may lead to fatalities. Thus, studies have explored the behavioral
characteristics and motion laws of crowd evacuation to improve
the rationality of architectural design, enhance safety management,
and prevent or reduce fatalities under various emergency situations
[1,3]. The current study can provide a theoretical basis and technical
support for architectural design and emergency management.
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The emergency evacuation of a large-scale crowd is a complex
process. Real-world experiments on crowd evacuation are dedi-
cated to several targets and are rich in data information. However,
these experiments are hindered by various drawbacks, such as high
cost, staff security problems, and so on [2,3]. Computer simulation
has become the main measure to analyze the evacuation process
and evaluate the evacuation efficiency [4]. This approach can cover
the relevant influences in a uniform and comprehensive manner,
provide useful information regarding the dynamics and time evo-
lution, and be built up from intuitive and comprehensible basic
assumptions and rules. As such, computer simulation has become
the primary method for studying emergency evacuation.

The time it takes individuals to reach safety is affected by various
factors, each of which must be understood to conduct successful
evacuations [5]. How to analyze the influence on evacuation time
of various circumstances is an important topic of crowd evacuation
[6]. For example, the movement speed of evacuees may be affected
by obstacles, exit widths, or increasing numbers of individuals [6,7].
Arecent work has studied how stress or motivation levels affect the
exit route selections in virtual crowd evacuations [8].

The behavior of animals in a swarm used to be considered a
magical phenomenon. The individual animals in a swarm, flock,
or school of animals follow rules that help the group. These rules
help them stay together as a unit. Swarm behavior becomes swarm
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intelligence when a group can use it to collectively solve a problem
in a manner that the individuals within the group cannot. Bees use
swarm intelligence to discover new nest sites. Ants use it to find
the shortest route to a food source. Swarm intelligence also plays
a key role, if often an unsuspected one, in many aspects of human
society, such as the working of the Internet and the functioning
of cities [9]. Numerous studies have been successfully conducted
using swarm intelligence techniques to solve path planning prob-
lems; these techniques include Ant Colony Optimization (ACO)[10]
and Particle Swarm Optimization (PSO) [11].

The Artificial Bee Colony (ABC) algorithm is a new population-
based algorithm that can find the global optimization solution,
is simple and flexible, and uses few control parameters. Using a
large set of unconstrained test functions, Karaboga et al. found
that the ABC algorithm performs better than or at the same level
as other evolutionary approaches, including Genetic Algorithm
(GA), Differential Evolution (DE), PSO and Evolution Strategies (ES)
[12]. However, few researchers have applied the ABC algorithm
to crowd evacuation simulation because complex circumstances
(e.g., obstacles, exit selection, congestion, and increasing numbers
of evacuees) should be considered, which may lead to the critical
decline of the evacuation efficiency.

Significant research interest is being received by the emerging
application of computer simulation in psychosocial studies, which
has been proposed as an effective approach for modeling crowd
dynamics in emergency situations [5,6,8,13,14]. Helbing and Mol-
nar proposed the SFM based on the Newtonian mechanics equation
[13] to simulate human behavior. This model can effectively gen-
erate various phenomena, such as ‘faster-is-slower’ and arched
phenomena at the exit. Bode et al. examined the evacuation time
differences between the movement of independent individuals and
individuals in groups, explained their findings, and discussed their
implications [6]. Golas et al. exploited the insight that exact colli-
sion avoidance is unnecessary among the agents at large distances,
and they proposed a novel algorithm for extending existing col-
lision avoidance algorithms to perform approximate, long-range
collision avoidance [14]. However, these methods can only com-
pute the isotropic forces among individuals and obstacles, which
do not fit the crowd behaviors in real situations.

To address the problems mentioned above, we propose a path
planning method based on the ESFM and the IABC algorithm. Our
method is performed in three steps as shown in Fig. 1. In the
first step, the initial parameters of the crowd and environment
are set. The second step shows the process of crowd evacuation.
This process is divided into two layers: the upper layer is the
IABC algorithm-based path planning, and the lower layer is the
ESFM-based crowd motion. In the IABC algorithm, we employ the
strategies of exit selection to avoid the congestion of some exits
while other exits are relatively idle to reduce the exit bottleneck
problem for crowd evacuation. Furthermore, we introduce visual

parameters to construct ESFM for driving the individuals moving to
the exit selected by IABC. In this model, visual realism crowd behav-
iors, such as long-range obstacle avoidance and self-organizing
group formation, can be obtained. In the third step, the evacuation
results are visualized on our simulation platform.

The main contributions of this paper are as follows:

(1) To improve the evacuation efficiency, we present the IABC by
employing the strategies of grouping and exit selection. The
model can provide a baseline for comparison in building design.

(2) To enhance the visual realism of crowd evacuation, we con-
struct the ESFM by adding a visual parameter to the original
SFM. The model can simulate more realistic crowd behav-
iors, such as long-range obstacle avoidance and self-organizing
group formation.

(3) We simulate crowd evacuation via our new path planning algo-
rithm, which couples the ESFM and the IABC algorithm.

The paper is organized as follows. Section 2 describes the related
work on SFM and path planning algorithms based on swarm intel-
ligence. Section 3 proposes the ESFM with the visual parameter.
Section 4 describes the dynamic path planning algorithm based
on ABC. Section 5 performs simulation experiments to show the
efficiency of the approach proposed in this paper. Conclusions and
future research focus are described in Section 6.

2. Related work
2.1. SFM

In the evacuation process, crowd motion is a complex phys-
ical process. Its dynamic adjustments are directly or indirectly
restricted by many factors. Interactions among the crowd and
the psychological states of individuals are important factors influ-
encing the crowd motion. These factors will contribute to typical
characteristics in crowd evacuation, including:

(1) Clogging Phenomenon: In emergency situations, individuals
may react irrationally and move at a higher speed than normal.
This feature will contribute to pushing, congestion at points of
egress, and even crowd stampedes with resultant fatalities.

(2) Mass Behavior: In emergency situations, panic tends to
generate and diffuse more easily than in conventional evac-
uation, suggesting the occurrence of higher “contagion.” This
phenomenon will contribute to several non-adaptive crowd
behaviors [15]. When the crowd is very large, dissemination
of information is limited by time and space. Decisions are made
instantly by individuals with a lack of information, leading to
“herding” [16,17]. That is, people demonstrate a tendency to do
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what other people do. Likewise, people’s emotions are easily
affected by other people’s panic.

(3) Grouping Behavior: In the evacuation of large-scale crowds,
individuals tend to form a group with other people, and these
groups usually have a social relationship among themselves,
such as family members, friends, and so on. Although group
formation can sometimes help in quickly finding the exit, it
does not necessarily speed up the evacuation speed. Generally,
some nonlinear characteristics emerge when individuals within
a group interact with each other [18]. Meanwhile, a variety of
collective phenomena, such as conflict, convergence, balance
and imbalance, and the orientation and exclusion of groups, can
also be produced by the behavioral characteristics of individuals
in crowds [19,20].

Force-based modeling, which was proposed by Helbing and
Molnar [13,21], was originally derived from human social force
studies. This model solves Newton’s equation to determine the
position of each individual by considering repulsive interactions,
friction forces, dissipation, and fluctuations. Particularly adapted
for pedestrian traffic simulations, this model is based on the finding
that individual conduct does not result directly from the surround-
ing environment but is dependent on individual motivation, which
influences decision-making [22].

This model was further applied and generalized to other simu-
lation scenarios, such as densely populated crowds, simulation of
pedestrian evolution, and escape panic. Given that the model can
successfully simulate the dynamic characteristics of pedestrians, it
has attracted the attention of many scholars who have attempted
to improve the model [23,24,25].

The SFM as modified by Moussaid et al. [26] joined the “small
group” phenomenon in the population. Johansson et al. [27] used
video capture analysis to modify SFM parameters to create a model
that closely resembles crowd dynamics in a real evacuation sce-
nario.

However, crowd evacuation is a complex process consisting of
various human behaviors, such as evacuation motion and behav-
ior reaction. Pure motion study refers to an estimation of an ideal
situation. Although crowd motion is important, many other factors
influence crowd dynamics in an evacuation, and the time spent on
other behaviors is greater than evacuation behavior. Therefore, the
physiological and psychological factors in large-scale crowd evac-
uation should be considered to conform to the real characteristics
of social behaviors during crowd evacuation.

2.2. Path planning algorithm based on swarm intelligence

Researchers have proposed various methods to solve the path
planning problem. The main requirement of optimal path planning
is identification of a minimum length path from the starting node
to the target node, together with a collision-free path. Two popular
heuristic-based algorithms for shortest path computation are the
Dijkstra and A* algorithms [28]. These two algorithms can success-
fully provide the optimal path for various path planning problems.
However, these approaches are not suitable for path planning that
faces multiple exit options.

In recent years, several novel swarm intelligence techniques
have been gradually introduced into path planning, such as ACO
algorithm [29], PSO algorithm [30], and ABC algorithm [31].
Research results on the path planning problem using these algo-
rithms have emerged continually. At the same time, the integration
of different methods [32,33] has rapidly developed.

The ACO algorithm is a swarm intelligence algorithm that has
been extensively used in recent years [34]. Reshamwala et al. used
the ACO algorithm to describe the various techniques for robot
path planning, and they provided a brief comparison of the three

techniques described in the paper [35]. Yao et al. proposed the Het-
erogeneous Feature Ant Colony Optimization (HFACO) algorithm to
solve the robot path planning problem; their experimental results
show that HFACO can find a better path more quickly than the clas-
sical ACO algorithms [36]. However, when the swarm scale is large,
premature and stagnation phenomena tend to occur in ant colony
algorithms, imposing restrictions on their further applications.

The PSO algorithm was introduced by Kennedy and Eberhart
in 1995 [37]. Since then, the PSO algorithm has been successfully
applied to many optimization problems. Researchers have used PSO
to solve path planning problems from different perspectives. Multi-
objective PSO with a self-adaptive mutation operation has been
proposed [38] to solve the path planning problem in an environ-
ment with obstacles and danger sources. Mansoor Davoodi et al.
[39] used two multi-objective path planning models to find a safe
path by minimizing the energy consumption.

However, PSO suffers from premature convergence in the evo-
lutionary process when dealing with complex problems, such as
some real-world optimization problems, including path planning.
PSO also depends on users to tune control parameters, such as iner-
tia weight, social and cognitive coefficients, and velocity clamping,
to achieve the required solution.

The ABC algorithm is a population-based algorithm that can
find the global optimization solution, is simple and flexible, and
uses few control parameters [40]. Compared with ACO, PSO, and
other similar swarm intelligence techniques, ABC possesses attrac-
tive characteristics and has been proven to be more effective in
many cases. ABC has been extensively used for various optimiza-
tion problems; in most of these cases, ABC has been proven to have
superior computational efficiency [41]. Furthermore, ABC does not
use any gradient-based information. Rather, it incorporates a flex-
ible and well-balanced mechanism to adapt to the global and local
exploration and exploitation abilities within a short computation
time [42]. Given its efficiency in handling large and complex search
spaces, ABC has considerable potential for solving more complex
path planning problems.

2.3. Motivations

Human crowds are rarely composed exclusively of unrelated
and independently moving individuals. Rather, crowds often com-
prise many small social groups based on friendship or kinship [26].
Under normal circumstances, both model and experience show
that pedestrian crowds are self-organized [9]. When a social group
meets severe environmental threats, they usually show strong
emotional behavior and prefer to move together [43]. The individu-
als within a crowd can also form groups to cope with the emergency
even if they are not socially connected [44].

Small social groups based on kinship or friendships are ubiq-
uitous in human crowds [26]. Therefore, it is necessary to study
the interaction between social groups and crowd evacuation
[43,44,45,46]. Ji and Gao proposed a Leader-Follower Model for
crowd evacuation simulation [46]. A crowd includes several groups,
with each group having a leader and some followers guided by the
leader. Leaders are responsible for finding the evacuation path for
their followers. The objective of their simulation is to show the
effect of different numbers of leaders on the efficiency of evacua-
tion. Vihas et al. proposed a Cellular Automaton model for crowd
movement simulation by embedding the follow-the-leader tech-
nique as its fundamental driving mechanism [47].

In reality, when an emergency occurs, the individuals usually
attempt to keep the distance closer and form self-organized small
groups based on friendship or kinship. Most of them will choose the
same exit and follow the leader who can first reach an exit. There-
fore, the evacuation processes will appear to follow each other,
going hand in hand with the phenomenon. As the evacuation time
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increases, the environment changes, and so does the escape exit
congestion. At this time, individuals away from the leader will res-
elect their exit.

The grouping strategy is used in the algorithm. The individu-
als are grouped according to the selected exits and the distance
between the exits and individuals. The grouping in the evacua-
tion process is dynamic, i.e., according to the number of individuals
within the group and the distance from the exits to adjust. The algo-
rithm takes the group as the unit to carry on the selection of the
leading bee, the individual role transformation, and the path eval-
uation. The optimal path information is transmitted in the same
group.

3. ESFM

To effectively model the typical features of crowd dynamics in
an evacuation scenario, we propose the ISFM, which introduces a
visual impact factor.

3.1. SEM

According to the characteristics of collective behavior, Dirk Hel-
bing established the SFM based on Newtonian mechanics [13].
Social force is the force that one individual obtains from the envi-
ronment [including human and objects] instead of the physical
force that directly applies to him or her. Based on different moti-
vations of pedestrians and influences from the environment, three
forces are exerted in the SFM: (1) the driving force, (2) the inter-
action force among human beings, and (3) the interaction force
between individuals and obstacles.

The resultant force of these three forces affects pedestrians and
contributes to acceleration. The internal driving force guides the
individual to move toward the target. However, before bodily con-
tact, the repulsive force forces individuals (in a crowd) to avoid
contact and prevents them from colliding with one another. The
interaction force between people and obstacles prevents individu-
als from colliding with obstacles. This stage can be interpreted by
the classical Newton'’s second law. The expression is shown in Eq.

(1):

dv’ —f°+ZfU+Zf,w+é(t), (1)

where m; is the mass of pedestrian i and ;I (t)is the actual walking
velocity. Eq. (1) shows that the motion of pedestrian i is affected by

four types of force, namely, the driving force of pedestrian i fio, the

N
interaction force between pedestrian i and other pedestrians Z fijs
J(#1)
.
the interaction force between pedestrian i and obstacles Zf,-w.
w
and the noise & (t). The position of pedestrian i changes under the

interactions of four forces. m; is the mass of pedestrian i, and ;,
represents the actual velocity of pedestrian i.

— 0 0 g
vy (t)e’ (t)—v;(t
I (CLAORTIO) -
Ti
Eq. (2) describes the driving force fl.0 of pedestrian i. During
movement, pedestrian i constantly adjusts his actual velocity Z t)
and intends to move toward the destination with a certairL desired

speed v? (t). 7; is the characteristic time of pedestrian i. e? (t)isa

unit vector that shows the direction pointing from a pedestriani to
the destination.

ui(0)= dd—rt ©)

The next equation represents the interaction force imposed on
a pedestrian i by the other pedestrian j.

fx] fPSJ’ +fTouch. (4)

The interaction force f; includes two parts. One is the psy-

chological forcesflfsyin which a pedestrian i tends to keep a
velocity-dependent distance from the other pedestrians j.

—

¥ = Avexp [ (s — dy) /Bi] . (5)

A; and B; are constants, where A; represents the strength of the

interaction force and B; is the floating range of the repulsive force.

r; and r; are the radii for pedestrian i and pedestrian j, respectively.
— —

rij=r;+1j is the sum of their radii r; and r;. d; = |r; — 1j| denotes

- -

3 . y d r P— r :
the distance between the pedestrians’ centers of mass. n;; = —;—

;
is the normalized vector pointing from pedestrian j to i. ?, and ?J
represent the positions of pedestrians i and j, respectively.

—

The other part is the physical forcesfi]T"“‘:“between a pedestrian
i and the other pedestrian j.

fTouch -g (rij _ dij) (kn,] + KAV ty) (6)

Eq. (6) describes the physical force that pedestrian j imposes
on pedestrian i. The first part of the equation g(x) is zero when the
pedestrians do not touch each other and is otherwise equal to x. The
second part represents the sum of the forward extrusion pressure
and the tangential extrusion pressure. k and « are constants, and
t_,;» is the tangential direction from pedestrian i to j. Avj?i represents
the tangential velocity difference between pedestrian i and j, which
can be defined as

Avt = (vj - vi) dy (7)
The interaction force between a pedestrian i and an obstacle w

fiwis expressed as follows:

fn/v _ﬁl‘j:y +fTouch’ (8)
£ = Aexp [(1 — doy) /B . ®)
fTouch g(ri—di) (knTw —K (Zt;v) t;v) . (10)

The parameters of Egs. (8), (9) and (10) are similar to Egs. (4),
(5) and (6) except the other pedestrian j is replaced by an obstacle
w. For simplicity, we will not describe it here in detail.

3.2. ESFM with a visual parameter

The time needed for evacuation is crucial for the safety or even
for saving the lives of evacuees. Therefore, different parameters
affecting the time needed for evacuation are elaborated in the
literature. These parameters include the influence of infrastruc-
tural elements, e.g., obstacles, narrow passages, or staircases [48].
Studies on pedestrian flow in crowds under normal and emer-
gency conditions [49] have helped in improving safety by reducing
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congestion at exits. The majority of the literature on evacuation
time has focused on delayed evacuation either by pre-movement
time (detection and reaction) or suboptimal flow caused by human
behavior [51].

The importance of long-range vision was pointed out by Golas
et al. in reference [14]. Long-range vision is critical to human navi-
gation: in addition to avoiding nearby obstacles, the human visual
system looks ahead to perform dynamic global planning and local
navigation. By considering the distribution of other pedestrians and
obstacles over a large distance, people can anticipate overcrowded
regions and navigate around them, thereby finding an efficient,
uncongested path to their goals. Most existing work addresses
either global navigation around static obstacles or local avoidance
of collisions with nearby pedestrians but often neglects the impor-
tance of long-range collision avoidance [14].

The psychological force in the original social force model is
isotropic, that is, the repulsive force of the surrounding objects
is the same, without considering the individual’s visual limit. To
maintain consistent individual behavior in the group and look
ahead to perform dynamic global planning and local navigation,
we extended the original SFM by adding a visual parameter, which
is defined in Eq. (12).

cosf=e;” (272) /1e11%; — xil, (11)
whereVis=A(1 + co0s0)/2 + (1 - X1)(1—cosH)/4, (12)

L_[1oci0m2
10,6 e (7/2, 7]

As shown in Fig. 2(a), the individual suffered from repulsion
impact as that of the visible objects is greater than that by the invis-
ible object. When the object is visible, the influence of the objects
in front of the individual is greater than the impact of the objects on
both sides. When the object is invisible, the impact of the objects
behind is greater than that of the objects on both sides of those
behind.

Fig. 2(b) shows the angle between the expected direction and

the object, in which f; is the repulsive force from object j to the
individual i and @ is the angle between the desired direction of the
movement of the individual i and the repulsive force from other
objects. A reflects the relative orientation between the locations of
objects and individuals.

Bring Eq. (12) into Eq. (5), we get the new psychological

forcesfé’sybetween a pedestrians i and the other pedestrian j:

2 = Aexpl(ry — dyj)/Bilny; - (A(1 + cos6)

/2 +(1—A)1 —cos6)/4). (13)

Similarly, by putting Eq. (12) into formula (9), we get the new

psychological forcesfif;fy between a pedestrian i and an obstacle w:

Ejy — A;expl(r; — di)/Bil i - (M1 + c0s 6)
/2 4+ (1= 2)(1  cos6)/4). (14)

Compared with the conventional SFM, the ESFM enhances the
visual realism of crowd evacuation by adding a visual parameter.
The visual realism can be reflected in two aspects. Firstly, obstacle
avoidance can be achieved in advance, which is closer to the real-
istic situation. Additionally, the anisotropic psychological force is
computed in ESFM rather than the isotropic one, which can result
in common self-organizing group formation in crowd evacuation.

Although we consider visual factors in the ESFM, little addi-
tional computational overhead is incurred because the force in the
original SFM is extended by multiplying a coefficient in our model.

4. A path planning approach based on improved ABC
algorithm

A key problem in crowd evacuation research is planning the
path of crowd motion. Given the complexity and subtlety of crowd
motion, path planning must consider the environmental con-
straints and interactions among individuals in a crowd.

4.1. ABC algorithm

The ABC algorithm, which was presented by Karaboga of Turk-
ish Erciyes University in 2005 [50], is a non-numerical optimization
algorithm based on the self-organization model and collective
intelligence. It has three essential factors, namely, food source,
employed bees, and unemployed bees. Unemployed bees are com-
posed of two types of bees: onlookers and scouts. The employed
bees have two basic self-organization patterns: recruitment to a
nectar source and abandonment of a food source. The employed
bees search for food around the food source and share the searched
food source with the onlooker bees. Good food sources (higher qual-
ity or fitness) found by the employed bees are selected by onlooker
bees with higher probability. Onlooker bees perform local search
around the food source to find the optimal solution. Low-quality
food sources will be abandoned, and the corresponding employed
bees will change into scout bees. Scout bees randomly search for
new food sources in the global space. When a scout bee finds a new
food source, it will record the information of the food source and
turn into an employed bee.

Simulations have revealed that knowledgeable bees (employed
bees) do not need to identify or advertise themselves to the rest
of the swarm to lead it successfully. Just a few informed individ-
uals can lead a larger group of uninformed individuals by moving
faster and in the appropriate direction. Guidance is achieved by
way of a cascade effect, in which uniformed individuals align their
direction with those of their neighbors. Even if only a few bees
know their way, Reynolds’ three rules, namely, avoidance, align-
ment, and attraction, ensure that the entire swarm moves in the
direction taken by the knowledgeable bees (employed bees) [9].

The ABC algorithm is described as follows.

Algorithm 1. ABC algorithm

Step 1: Initialize the solution space, the individual position, the maximum
iteration number, the fitness function, and so on.

Step 2: Evaluate the fitness of each particle and sort the swarm in descending
order according to the result.

Step 3: Select the top 50% of particles as employed foragers from the matrix
obtained in Step 2.

Step 4: Compute the selected probability of each employed forager.

Step 5: Switch the roles of the remainders to scouts or onlookers.

Step 6: Update the position of each particle according to its current role.
Step 7: Return to Step 2 if the iterative condition is met; otherwise, exit the
iterations.

A food source corresponds to a possible solution to the problem
to be optimized. Its quality can be represented by the parameter
named ‘profitability.” The quantity of profitability determines the
quality of a solution.

(1) Employed foragers are known as the leading bees, which cor-
respond to a particular food source that they are currently
exploiting.

(2) Unemployed foragers can be recruited by employed foragers
as onlooker bees. Onlooker bees wait in the nest and decide
on a food source to exploit by watching the waggle dance of
employed bees. Employed bees should compute the probability
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of each food source to be selected. Onlooker bees choose a food
source according to the probability and update the position of
the food source in the same manner as employed bees.

(3) Unemployed foragers can turn into scouts, which randomly
search the environment surrounding the nest for a new food
source to extend the global search ability of the algorithm.
When a scout finds a new food source, it will record the infor-
mation of the food source and turn into an employed bee.

Employed bees and onlooker bees update the position of a food
source according to Eq. (15).

Xjj = x;j +rand(=1, 1) - (X — ;). (15)

The amount of nectar in a food source denotes the quality of the
food source. This is calculated by Eq. (16).

) 1
fltl - -l +f, ’
where f; is the profitability of the food source i. The value of f; is
a combination of all factors that determine the quality of a food
source, such as distance to the nest, nectar amount, and so on.

As the profitability of the food source increases, the probability
of a food source preferred by an onlooker bee increases propor-
tionally. The probability of the food source to be chosen can be
expressed as

pi= fiti (17)

(16)

In Eq. (17), fit; represents the profitability of the jth food source,
and SN is the total number of the food source.

4.2. IABC algorithm

To improve the optimization efficiency of the ABC algorithm, we
divide the original single population into multiple populations and
run the ABC algorithm.

Major improvements are as follows. First, we define the selected
probabilitypgrp ¢, for the number ¢; leading bee in the grpgroup as

fitgrp.e;
Dgrp,e; = Ngrpil’ (18)

Zﬁ lerp.ej
j=1

where fitgrp ¢, is the fitness of the number ¢; leading bee in the
grp group and Ng;y, is the number of leading bees in the grp group.
Then, in Step 3, after the leading bees are selected, the population is
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\ 4
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Divided into M groups

m=1

<
<«

v
Role transform

and location update
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"

Iteration
completed ?

m=m+1

Output optimization
results

Fig. 3. 1ABC algorithm flow chart.

divided into several groups according to the location of the particle
population. In Step 4, Eq. (18) replaces Eq. (17). In Steps 5 and 6,
roles are switched to scouts or onlookers, and the position of each
particle is updated based on its current role within each group.
The grouping strategy can accelerate the convergence speed and
improve search precision.

The flow chart of the IABC algorithm is shown in Fig. 3, where
m is the count of the group and M is the total number of groups.

The IABC algorithm has two layers of interactive mechanism:
between groups and internal groups. When the leading bees are
selected, the groups interact with one another, and better solutions
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Table 1
Parameters of crowd evacuation and ABC algorithm.

Parameters of the crowd to be
evacuated

Parameters for ABC algorithm

Exit Food source

Hazard or obstacle Abandoned food source (Profitability of
hazard equal to 0)

Fitness of food source

Employed bees

Onlooker bees and scout bees

1/Evacuation time
Leaders of the group
Other individuals in the crowd

We combine the ESFM and the IABC algorithm for path planning of crowd evacuation
simulation. The combined algorithm is as follows.

are determined in the global scope to prevent the algorithm from
falling into a local optimum. Onlooker search optimization is per-
formed only within the group, and the optimum solution is selected
in the group to which they belong and continue the search for
sources in the vicinity of to ensure the convergence of the algorithm
to the multiple global optimal solutions. The improved algorithm
uses a parallel search mechanism and collaborative interaction
between groups, within the scope of global multimode optimiza-
tion, which deals with the optimization tasks to find all or most of
the multiple solutions of a problem. Although the characteristics of
the global swarm are maintained, it expands the multimode search
ability of the algorithms and improves the optimization efficiency.

The IABC algorithm and the original ABC algorithm are com-
pared in terms of a set of test functions and the experiments.
The comparative results are presented in Sections 5.1 and 5.2.
More details regarding the interaction mechanisms and informa-
tion transfer between the bees can be found in our previous study
[43,52].

4.3. IABC algorithm for crowd evacuation

Before the IABC algorithm is used to solve the path planning
problem of crowd evacuation simulation in a building, we need to
build a mapping between the ABC algorithm and the parameters in
the path planning, as shown in Table 1.

Algorithm 2. Path planning algorithm for crowd evacuation
based on the IABC algorithm

Step 1: Initialize the number and position of the individuals, the number of
iterations, and the related parameters.
Step 2: Evaluate the fitness value of each individual and sort the swarm in
descending order according to the result.
Step 3: Select the top 50% of individuals as the lead bees from the matrix
obtained in Step 2.

The individuals are grouped according to the selected exits and the distances
between the exits and individuals.
Step 4: Compute the selected probability of each lead bee.
Step 5: Switch the roles of the remainders to scouts or onlookers in each group.
Step 6: Update the individuals’ positions according to their roles in each group.
Step 7: Driven by the ESFM, the individuals move toward the exits.
Step 8: Return to Step 2 if the iterative condition is met; otherwise, exit the
iterations and output the result.

In the following, we introduce the fitness function in Step 4 of
the algorithm.

In the evacuation process, people often must choose between
more than one exit. In this case, the nearest exit is generally
preferred. However, if the exit is overcrowded and congested, indi-
viduals will assess based on the degree of congestion, estimate the
time needed to escape, and determine whether choosing a farther
exit to escape would be more favorable. In the original ABC algo-
rithm, the fitness function is used to comprehensively evaluate the
abundance of honey in the nectar source and the cost of extract-
ing the honey, so as to guide the bee to make the decision and
select the suitable nectar source. The congestion and evacuation
time has been regarded as the critical evaluation metric when the
dynamic route selection of building evacuation is modeled [51].

Similarly, application of the original ABC algorithm to crowd evacu-
ation should consider the impact of the congestion and evacuation
time. In our IABC algorithm, the fitness function is used to com-
prehensively evaluate the degree of congestion at the exit and the
distance that the individual moves to the exit so that the leader
can make decisions and choose the appropriate exit. Having the
shortest time to escape is the primary basis for people to choose
an exit. Therefore, this study regards evacuation time as the fitness
function evaluation criterion.
The fitness function is expressed as the time to reach an exit as
follows:
Function 1: Fitness function
Begin
For (i=0; i<dnum; i++)

s=dist/2*width[i];

p=pnum/s;

If(p>5+c,)

Then
t=selectnum[i]/ ( 8 * size [i]/ radius )
Else

=dist/ (y *v,) 5
End if
End for
End

where dnum is the number of gates that can be selected; S is the
congestion area; pnum is the number of individuals in S; C,, is the
density threshold; selectnum(i] is the number of individuals who
select the i-th door; size[i] is the width of the door i; width[i] is
the width of the path to the i-th door; radius is the radius of the
individual; dist[i] is the distance between the individual and the
door i; vg is the desired speed of the individual; and 0, 8, and y
are the adjustment coefficients. When the selected area density is
greater than the threshold value, serious congestion will occur.

The fitness function is used to approximate the evacuation time
for each individual. In this study, people select the exits with the
least evacuation time. The individuals with smaller evacuation time
(fitness function) are selected as the leaders of groups (as described
in Steps 2 and 3 of Algorithm 2). The other individuals in the
group will follow the leader during evacuation. The fitness func-
tion considers not only the optional exit from the current state,
the gate width, and other static information but also exit crowding,
individual velocity, and other dynamic information. The algorithm
prejudges the escape time needed on crowded paths or smooth
cases and selects the shortest time-consuming path; this strategy
is consistent with the dynamic path finding feature during crowd
evacuation. In this case, the evacuation time is the ratio of the
number of individuals who select the gate and the gate width; oth-
erwise, the evacuation time is the time by normal movement to the
target gate.

5. Simulation experiments

To illustrate the performance efficiency of the proposed simu-
lation model and algorithm for crowd evacuation, we perform the
following test in the following sections:

(1) Test for the IABC algorithm by four sets of test functions;

(2) Simulation of the IABC algorithm and the comparison with the
other swarm intelligence algorithms;

(3) Comparison with the captured surveillance video.
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5.1. Test for the IABC algorithm

To verify the performance of the IABC algorithm, we compare
our IABC algorithm with the original ABC algorithm and the IF-
ABC (Internal Feedback based ABC) algorithm [53] on four sets
of test functions (Griewank function, Rastrigin function, Sphere
function and Rosenbrock function). Different to the original ABC
which uses the roulette selection strategy, IF-ABC uses internal
feedback information to improve convergence rate. The Griewank
function and Rastrigin function are complex multi-mode functions,
while the Sphere function and Rosenbrock function are single-
mode functions. These functions are standard benchmark functions
for optimization problems, and they are widely used for testing the
performance of intelligent algorithms [12,40,50]. We set the initial
population size of the algorithms as 100, the iteration number as
1000, and the fitness threshold as 50. Given that the algorithm is
stochastic, we run two simulations of each algorithm and show the
mean error curves. Fig. 4 illustrates the distribution of results under
noise.

In Fig. 4, the mean error is computed as follows. In iteration step
i, we compute the error err; between the computed near-optimal
solution and the optimal solution of the benchmark function. The

Mean of Best function values

105 T T
100 1
o wpS "
S 10
@
[ =4
©
Q
Eqgtlor Wb S
=—|ABC Test1
15 ====|F-ABC Test1
0~ r = = QOtiginal ABC Tesl1
——IABC Test2
=== |F-ABC Tesl2
= = Qriginal ABC Test2
10_20 I I I T L 1 1 1 1
o} 100 200 300 400 500 600 700 800 900 1000
cycles
(a) Griewank function
Mean of Best function values
1075 T T T T T T T T T
—|ABC Tesl1
=== |F-ABC Test1
-y - -l = = Original ABC Test1
| !_ i ——IABC Tesl2
100K S === |F-ABC Test2 4
! - - = = Original ABC Test2
H [} ‘e. -
i - 1
s i 1 .
= 13 - ]
[0
sk - i (o e e e ] S e ] S e i )
§ 10 ! l‘.
£
10_5 L L L I L L L L L

0 100 200 300 400 500 600 700 8OO 900 1000
cycles

(c¢) Rosenbrock function

average error of step i is then computed as the average error of all
i

previous steps as Zerrj/i. The analysis implies that our proposed
j=1

IABC algorithm is more effective to improve convergence rate than

the original ABC and the IF-ABC.

5.2. Comparison with A" algorithms with regards to the
computational time

We conduct experiments on the computational time to compare
our IABC algorithm with the A" algorithm. The computational time
is closely related to the scene and the number of individuals. Both
of the algorithms are tested in two scenarios (teaching building
room and teaching building hall). The teaching building room is a
complex scenario with a size of 30 m x 30 m and two exits (shown
in Fig. 5(a)). The teaching building hall is a simple scenario with a
size of 20m x 30 m and three exits (shown in Fig. 5(b). The diam-
eter of individuals r is 0.25 m. To run the A" algorithm, we divide
the scenarios into grids, and the length of each grid is set equal to
the diameter of the individual. In addition, we set the number of
iterations to 2000 for our IABC algorithm. The computer we used
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(a) Teaching building room

(b) Teaching building hall

Fig. 5. Scenario of teaching building room and teaching building hall.

was equipped with a Core i7 processor and 16 GB of RAM. Fig. 6(a)
and (b) shows the average computational time in accordance with
the incremental population size, which varies from 25 to 350 with
an interval of 25.

As shown in Fig. 6(a), the computational time is close when the
population size is less than 100. However, when the size rises, the
computational time of the IABC algorithm is less than that of the
A’ algorithm. As we also can see from Fig. 6(b), A" performs better
than our IABC when the population size is small. However, when
the size is larger than 200, IABC performs better. In summary, the
A" algorithm is not suitable for complex scenes and cases with large
population sizes. The proposed IABC algorithm can greatly improve
the computational efficiency in cases of complex scenes and large
population sizes.

5.3. Simulation and comparison with swarm intelligence
algorithms

The simulation is carried out in the teaching building scene,
and the parameters are set as follows. The number of individ-
uals n is 500, and the individual radius r is 0.25m. Moreover,
the individual quality m is 80kg, and the desired individ-
ual movement speed is v? =0.8ms’!. The SFM parameters are
k=1.2x10°kgs 2,k=2.4x10°kgm~1s~1, A=2000N, B=0.08m,
C=2000N, D=0.05m, and o = 0.7. We execute the algorithm to gen-
erate the motion paths. The evacuation effects are shown in Fig. 7.

700 T T T T ——

average computational time(s)

1 L L L L L L L L L L L L
O%S 50 75 100 125 150 175 200 225 250 275 300 325 350
population size

(a) The comparison in teaching building room

Fig. 7(a) shows the initialization state. A total of 500 individuals
were randomly distributed in the scene; the color codings of indi-
viduals indicate that they belong to different groups. Fig. 7(b) is the
state of movement of the crowd when t=17s. As shown in Fig. 7(b),
when the evacuation began, no serious congestion occurred in the
two exits, and individuals chose to escape from the nearest exit.
Fig. 7(c) shows the motion state of the population when t=46s.
Among them, the individuals colored sky blue and purple assess
that the congestion is higher at the lower exit. Therefore, they
select the upper exit, which is more distant but less crowded, to
reduce the evacuation time. When t=73s, the evacuation state is
as shown in Fig. 7(d). As described, the follow-up group selects the
exit expected to take the least time to evacuate. Fig. 7(e) and (f)
shows that the final evacuation of the two outlets were completed
almost simultaneously.

To illustrate the effectiveness of the proposed method, we com-
pare it with two classical swarm intelligence algorithms, namely,
the ACO algorithm and PSO algorithm. The evacuation status of the
ACO and PSO algorithms is shown in Figs. 8 and 9, respectively.

Fig. 8(a) shows the evacuation state when t=5s. At the begin-
ning, individuals randomly selected exits, and the numbers of
individuals at two exits were nearly the same. After some time,
due to the advantages of distance, the lower exit evacuates more
individuals and produces more pheromones. Based on the positive
feedback mechanism of the ACO algorithm, the following individ-
uals with larger proportion selected the lower exit to escape, as
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Fig. 6. Average computational time of A" and IABC.
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Fig. 7. Teaching building scene evacuation simulation of the IABC algorithm.

shown in Fig. 8(b) and (c). Fig. 8(d) shows the evacuation state
when t=105s. As shown, the congestion at the lower exit is serious,
whereas the crowd at the upper exit is minimal. With the increase
in the probability of the lower exit being selected, which results
in serious congestion, the evacuation efficiency was significantly
reduced.

Fig. 9(a) shows that, when t=17s, the crowd evacuation situ-
ations of the IABC algorithm proposed in this paper and the PSO
algorithm are similar. The individual position is slightly behind in
Fig. 7(b). Fig. 9(b) and (c) shows an evident “clogging” phenomenon
in the lower exit, which is due to the unfettered movement of indi-
viduals in the PSO algorithm, which does not consider the effect
of exit congestion. Fig. 9(d) shows that all subsequent individu-
als select the lower exit with shorter distance but are congested

Ht=117s

369

until the evacuation of the upper exit is completed. Many indi-
viduals remain congested at the lower exit. Finally, the evacuation
is completed when t=126s. The entire evacuation process cannot
effectively use the free exits, and the evacuation efficiency is lower

than that in the proposed IABC algorithm.

Tables 2 and 3 show the mean and variance of the evacua-
tion time in the two-exit scenario (shown in Fig. 7) with different
numbers of individuals. Each algorithm and each situation were
run 10 times. As shown in Table 2, the evacuation time increased
when the number of individuals increased because exit congestion
occurred in this situation. We compare our IABC algorithm with
PSO, ACO, original ABC, and HABC (cooperative co-evolutionary
artificial bee colony algorithm based on hierarchical communica-
tion model) [52]. Although IABC has higher evacuation efficiency
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Fig. 8. Crowd evacuation simulation of the ACO algorithm.

Numberof individuals

Time (s) 100 150 200 250 300 350 400 450 500
PSO 90.13 90.50 90.69 93.20 97.90 103.00 111.50 117.92 124.00
ACO 89.93 90.24 90.40 92.60 96.30 100.87 113.30 120.6 128.37
ABC 89.88 90.15 90.26 93.19 95.67 102.75 111.13 115.25 122.93
HABC 89.78 89.93 90.05 91.75 95.37 100.04 109.22 114.05 122.84
IABC 89.60 89.76 89.87 91.31 94.60 98.58 106.42 112.85 119.60
Table 3
Variance evacuation time of different algorithms.
Number of individuals
Time (s) 100 150 200 250 300 350 400 450 500
PSO 1.159 1.079 0.709 1.104 1.246 1.343 1.446 1.683 1.681
ACO 1.501 1.247 0.931 0.962 1.148 1.165 1.287 1.325 1.397
ABC 1.168 1.082 0.861 1.079 0.834 1.012 1.275 1.360 1.283
HABC 1.090 0.956 0.808 1.075 1.230 1.334 1.221 0.985 0.942
IABC 1.303 0.937 0.710 1.083 1.205 1.266 1.057 0.951 0.901
Table 4
Mean evacuation time of teaching building hall with 3 exits.
Number of individuals
Time (s) 100 150 200 250 300 350 400 450 500
PSO 42.42 45.66 49.75 54.24 60.59 68.41 77.34 87.75 99.39
ACO 41.52 44.68 47.24 50.28 54.86 62.3 70.21 79.75 93.78
1ABC 32.48 33.39 34.71 36.69 39.57 43,51 48.45 54.25 65.2
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Fig. 10. The increased percentage of evacuation efficiency compared to the ACO and
PSO algorithms.

than the other algorithms, the evacuation efficiency is not improved
much. That is because the bottleneck problem of the exit gradually
manifests (as shown in Fig. 9) as the population density increases.
Thus, the time efficiency of our algorithm is offset when conges-
tion occurs. To highlight the advantages of our algorithm, we select
a scenario with more exits to alleviate congestion. Table 4 shows
the comparison results in the teaching building hall scene (20 m x
30 m) with three exits. Fig. 10 shows the increased percentage of
the evacuation efficiency compared to the ACO and PSO algorithms.
As can be seen, our algorithm is more efficient than others in the
situations with different numbers of individuals. Notably, the evac-
uation efficiency of our method is higher than that of ACO and PSO,
up to 47% and 61.7%, respectively, when the number of pedestrian
is set to 450. The percentage increases as the number of individu-
als rises until 450, and then it drops. This means that an excessive

number of people can also cause congestion even if the number of
exits increases, which leads to a decline in evacuation efficiency.

5.4. Comparison with the captured surveillance video and GSFM

To compare the ESFM with the real scene, the original SFM
and other improved SFM algorithms (e.g. GSFM [25]), we use an
unmanned aerial vehicle (UAV) to capture video of the campus
road in Shandong Normal University after school (see Fig. 11(a)). As
shown in the captured surveillance video, the crowd is composed of
many small groups (each red circle represents a group in Fig. 11(a)).
The distance within a group is small, and the distance between
groups is large. In Fig. 11(b), (c) and (d), the crowd evacuation is
generated by the original SFM, GSFM and ESFM on a 100-m x 30-
m 3D scene. The other parameters are set the same as in Section
5.3. As we can see from Fig. 11(b), the crowd is evenly distributed
and lacks the grouping phenomenon. In Fig. 11(c), some groups are
formed. That is because that GSFM introduces some guided indi-
vidual into the crowd artificially, and then effect of the group can
be achieved since the crowd should follow the guided individual in
a certain probability. However, the individuals within these groups
are also evenly distributed which is not consistent with the actual
phenomenon. Differently, the individuals in Fig. 11(d) form many
small non-uniformly distributed groups, which is visually similar
to the captured surveillance video intuitively.

To analyze the similarity quantitatively, we extract some param-
eters (e.g., the number of groups and the number of individuals in
each group) from the captured surveillance video to capture the
characterization of the small groups. We first extract the positions
from the video and then transform them into world coordinates.
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Fig. 11. Comparison among the captured surveillance video, the original SFM, GSFM and ESFM.

After the transition, these coordinates can be used to compare with (the width of two bodies, 2 m), they are linked by an edge. If two

the generated crowd evacuation. Thus, the generated crowd evac- individuals are far away from each other, they cannot be connected
uation whose parameters have smaller difference to the captured with an edge. For any two vertices, they belong to one connected
surveillance video is thought to be more similar to the real video. subgraph if they are linked by one or multiple edges. Therefore, the
To obtain the parameters of the crowd evacuation in Fig. 11(a)-(d) graph can be divided into a number of connected subgraphs. We use
conveniently, we introduce the concept of graph connectivity. First, the number of connected subgraphs and the average size of con-
we create a graph where each vertex is an individual of the crowd. nected subgraphs to quantify the self-organizing group formation

When the distance between two individuals is within a threshold of the crowd evacuation. In Fig. 12(a), an example of a graph with
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Fig. 12. Quantitative comparison of the captured surveillance video with the original SFM, GSFM and ESFM.

4 connected subgraphs is given. The numbers of vertices in each
subgraph are 4, 2, 3 and 5, respectively. As a result, the average size
of subgraphs is 3.5 in this example.

We compare each frame of the three videos mentioned in Fig. 11.
In Fig. 12(b) and (c), and compare the number of connected sub-
graphs and the average size of subgraphs correspondingly. As we
can see from Fig. 12(b), in the initial frame, all four videos have the
same number of connected subgraphs. With the crowd moving, the
number of connected subgraphs in the original SFM video and the
GSFM video are 58.9% and 40.2% lower than the captured surveil-
lance video on average respectively, while only 18.6% for the ESFM
video. In Fig. 12(c), the average size of subgraphs of the videos is
similar to the initial frame. As time passes, the size of subgraphs
in the original SFM video and the GSFM are 184.1%, 108.7% higher
than the captured surveillance video on average respectively, while
only 33.3% for the ESFM video. Thus, the crowd motion of ESFM is
more similar to that of the captured surveillance video.

Another example, shown in Fig. 13, is used to verify the effec-
tiveness of our IABC algorithm. We captured video (see Fig. 13(a))
in a teaching building hall of Shandong Normal University when
class was over. In Fig. 13(a), the crowd swarms around the entrance
and the groups that select the left or right entrance are marked by
red circles, and their movement directions are denoted with red
arrows. The original SFM requires the setting of the goal position
of each individual. In Fig. 13(b), the goal position is set as the top
exit (the most commonly used exit) of the building. Clearly, all peo-
ple move to the definite exit regardless of how crowded the exit is.
The situation is improved in Fig. 13(c) and (d) where the nearest
exit is selected or the guided individuals are followed in a certain
probability. However, the top exits of both of the two scenario are
still crowded. Neither of these cases can effectively use the exits
to evacuate the crowd in a short period of time. Fig. 13(e) shows
the simulation results using the proposed method. The people are
automatically divided into different groups. Each group selects the
most optimal exit for evacuation. For example, the two groups in
red circles attempt to move to the nearest top exit first. Considering
that the top exit becomes crowded, they reselect the exit (the left
or right exit) by evaluating the evacuation time. The experimental
results show that the combination of the ESFM and the IABC algo-
rithm is the most effective approach. The simulation result of our
approach also reflects the decision-making process of humans and
is therefore closer to the real data captured by surveillance video.

Furthermore, we perform another quantitative comparison
regarding velocity-density between the captured surveillance
video, Seyfried’s fundamental diagram [54] and our method. This
comparison is also carried out in the teaching building scene. As
we can see from Fig. 14, the pedestrian velocities via our method
and in the captured surveillance video decrease when the density

of the crowd increases. This phenomenon shows that the depen-
dences of velocity-density are similar to the fundamental diagram
of the literature [54]. However, when the density of pedestrians is
higher than 1.0 p/m2, the crowd velocity of our method descends
more quickly. That is mainly because the time spent on grouping
increases as the density of pedestrians rises.

6. Conclusion

Economic development has prompted the emergence of large-
scale public events, which attract large crowds. Such events pose
significant challenges with respect to crowd management. This
phenomenon has resulted in growing research interest in the
simulation of crowd behavior to address security challenges and
evacuation scenarios. Studies on the human behavior of crowd
evacuation will contribute to the reasonable design of buildings
and reinforcement of security management so as to prevent and
reduce fatalities in emergency cases.

Inspired by the foraging behavior of bee colonies with self-
organization in nature, this paper proposes a new path planning
approach for emergency evacuation simulation. We learn dynamic
adjustment of swarm activities according to nectar honey richness
from the bee colony and map the reciprocal of the exit conges-
tion degree with nectar honey richness. This means that, the more
crowded the exit, the less honey the bees can gather in the ABC algo-
rithm, and the lower the probability that the individuals choose the
exit. We also combine the ESFM and the IABC algorithm to improve
the efficiency of crowd evacuation.

The following conclusions can be drawn from the simulation
results:

(1) The proposed IABC algorithm can improve the evacuation
efficiency by employing the strategies of grouping and exit
selection.

(2) The extended SFM is able to simulate more realistic crowd
behaviors by considering a visual parameter.

From the existing research and our simulation results, ratio-
nal management strategies are helpful in expediting evacuation
processes. The aim of this research is to develop an evacuation man-
agement system. Studies on the behavioral characteristics of crowd
evacuation and motion laws will be researched on this system and
contribute to the reasonable design of buildings and reinforcement
of security management to prevent and reduce fatalities in emer-
gency cases.

To achieve this goal, our research team studied the related issues
from different aspects. We compared the proposed model with the
video data captured on campus [55]. The results show that our pro-



374 H. Liu et al. / Applied Soft Computing 68 (2018) 360-376

"\
I,,* \ [

!
Myt 'h,'p

/A
Dl
'

(I ]
L]
\\Q

‘ |
Nty
AU
I ||:,' I
S
"

Vo
s !

(e) Combination of the ESFM and the IABC algorithm

Fig. 13. Simulation results of crowd evacuation with different methods.
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posed grouping model and the improved social force model are
consistent with real campus scenes. We also explored the impact
of the location of the leader on the evacuation speed when moving
in groups using the social model with the leader [25]. Furthermore,
we believe that the simple swarm intelligence algorithm has lim-
ited efficiency in crowd evacuation issues. Therefore, we proposed
a two-layer control mechanism framework with knowledge navi-
gation [56]. We tested and compared the results of three models
in two different scenarios to verify the role of the knowledge base
and knowledge-based navigation. However, in this framework, we
do not have a good solution to the problem of dynamically group-
ing crowd according to the exit congestion and their position. This
article is exactly the solution to this problem.

Next, we intend to embed IABC algorithm into the framework of
knowledge based navigation with two-layer control mechanism for
grouping the population dynamically, and use the machine learning
method to extract and update the path information, and combine
the swarm intelligence algorithms to optimize the evacuation path
to implement knowledge-based crowd evacuation navigation.

Acknowledgement

This research was partially supported by the National Natural
Science Foundation of China (61472232,61272094 and 61572299).

References

[1] H. Vermuytena, J. Belién, L.D. Boeck, et al., A review of optimization models
for pedestrian evacuation and design problems, Saf. Sci. 87 (2016) 167-178.

[2] RJ.Liu, D.F. Jiang, L. Shi, Agent-based simulation of alternative classroom
evacuation scenarios, Front. Arch. Res. 5 (2016) 111-125.

[3] Q. Meng, X.B. Qu, Uncertainty propagation in quantitative risk assessment
modeling for fire in road tunnels, IEEE Trans. Cybern. Part C 42 (6) (2012)
1454-1464.

[4] L. Tan, M.-Y. Hu, H. Lin, Agent-based simulation of building evacuation:
combining human behavior with predictable spatial accessibility in a fire
emergency, Inf. Sci. 295 (2015) 53-66.

[5] Q.Jin, Y. Sugasawa, Modeling and analysis of reliability performance for a
distributed dual-processor system, Comput. Ind. Eng. 27 (1-4) (1994)
497-500.

[6] N.W.F. Bode, S. Holl, W. Mehner, A. Seyfried, Disentangling the impact of
social groups on response times and movement dynamics in evacuations,
PLoS One 10 (2015) e0121227.

[7] N. Shiwakoti, M. Sarvi, Understanding pedestrian crowd panic: a review on
model organisms approach, J. Transp. Geogr. 26 (2013) 12-17.

[8] N.W.F. Bode, E.A. Codling, Human exit route choice in virtual crowd
evacuations, Anim. Behav. 86 (2013) 347-358.

[9] L. Fisher, The Perfect Swarm: The Science of Complexity in Everyday Life,
Basic Books, 2009.

[10] M. Mavrovouniotis, S.X. Yang, Ant algorithms with immigrants schemes for
the dynamic vehicle routing problem, Inf. Sci 294 (2015) 456-477.

[11] P.K. Das, H.S. Behera, B.K. Panigrahi, A hybridization of an improved particle
swarm optimization and gravitational search algorithm for multi-robot path
planning, Swarm Evol. Comput. 28 (2016) 14-28.

[12] D. Karaboga, B. Basturk, On the performance of artificial bee colony (ABC)
algorithm, Appl. Soft. Comput. 8 (1) (2008) 687-697.

[13] D. Helbing, P. Molnar, Social force model for pedestrian dynamics, Phys. Rev. E
51 (5) (1995) 4282-4286.

[14] A. Golas, R. Narain, M. Lin, Hybrid long-range collision avoidance for crowd
simulation, Proceedings of the ACM SIGGRAPH Symposium on Interactive 3D
Graphics and Games (I3D’13) (2013) 29-36.

[15] K.H. Law, K. Dauber, X.S. Pan, Computational Modeling of Nonadaptive Crowd
Behaviors for Egress Analysis, CIFE Seed Project Report, Stanford University,
2005.

[16] R.M. Raafat, N. Chater, C. Frith, Herding in humans, Trends Cognit. Sci 13
(2009) 420-428.

[17] C.Saloma, G. Perez, Herding in real escape panic, Pedestrian Evacuation Dyn.
5(2007) 471-479.

[18] L. You, J. Hu, M. Gu, et al., The simulation and analysis of small group effect in
crowd evacuation, Phys. Lett. A 380 (2016) 3340-3348.

[19] G. Koster, M. Seitz, F. Treml, D. Hartmann, W. Klein, On modelling the
influence of group formations in a crowd, Contemp. Soc. Sci. 6 (2011)
397-414.

[20] Y. Gao, T. Chen, P.B. Luh, et al., Modified social force model based on
predictive collision avoidance considering degree of competitiveness, Fire
Technol. 3 (1) (2017) 331-351.

[21] D. Helbing, I. Farkas, T. Vicsek, Simulating dynamical features of escape panic,
Nature 407 (2000) 487-490.

[22] T. Korecki, D. Patka, J. Was, Adaptation of social force model for simulation of
downhill skiing, J. Comput. Sci. 16 (2016) 29-42.

[23] T.I Lakoba, D. Kaup, N.M. Finkelstein, Modifications of the
Helbing-Molnar-Farkas-Vicsek social force model for pedestrian evolution,
Simulation 81 (5) (2005) 339-352.

[24] Y.B. Han, H. Liu, Modified social force model based on information
transmission toward crowd evacuation simulation, Physica A 469 (2017)
499-509.

[25] H.Zhang, H. Liu, X. Qin, et al., Modified two-layer social force model for
emergency earthquake evacuation, Physica A 492 (2018) 1107-1119.

[26] M. Moussaid, N. Perozo, S. Garnier, D. Helbing, G. Theraulaz, The walking
behavior of pedestrian social groups and its impact on crowd dynamics, PLoS
One 5 (4) (2010) e.0010047.

[27] A.Johansson, D. Helbing, P. Shukla, Specification of the social force pedestrian
model by evolutionary adjustment to video tracking data, Adv. Comput. Syst.
10(2007) 271-288.

[28] D. Ferguson, M. Likhachev, A. Stentz, A guide to heuristic-based path
planning, Proceedings of the International Workshop on Planning Under
Uncertainty for Autonomous Systems, In: Proceedings of International
Conference on Automated Planning and Scheduling (ICAPS) (2005) 1-10.

[29] Q. Zhu, J. Hu, W. Cai, et al., A new robot navigation algorithm for dynamic
unknown environments based on dynamic path re-computation and an
improved scout ant algorithm, Appl. Soft. Comput. 11 (8) (2011) 4667-4676.

[30] T. ThoaMac, C. Copot, D.T. Tran, et al., A hierarchical global path planning
approach for mobile robots based on multi-objective particle swarm
optimization, Appl. Soft. Comput. 59 (2017) 68-76.

[31] T. Yue, H.Y. Chung, Using ABC and RRT algorithms to improve mobile robot
path planning with danger degree, in: 2016 Fifth International Conference on
Future Generation Communication Technologies, IEEE, Luton, UK, 2016, pp.
21-26.

[32] M.A. Contreras-Cruz, V. Ayala-Ramirez, U.H. Hernandez-Belmonte, Mobile
robot path planning using artificial bee colony and evolutionary
programming, Appl. Soft. Comput. 30 (2015) 319-328.

[33] D.Zhang, R. Dong, Y.W. Si, et al., A hybrid swarm algorithm based on ABC and
AIS for 2L-HFCVRP, Appl. Soft. Comput. 64 (2018) 468-479.

[34] T. Stutzle, M. Dorigo, A short convergence proof for a class of ant colony
optimization algorithms, IEEE Trans. Evol. Comput. 6 (4) (2002) 358-365.

[35] A.Reshamwala, D.P. Vinchurkar, Robot path planning using an ant colony
optimization approach: a survey, Int. J. Adv. Res. Artif. Intell. 2 (3) (2013)
65-71.

[36] Y. Yao, Q. Ni, L.V. Qing, et al., A novel heterogeneous feature ant colony
optimization and its application on robot path planning, in: IEEE Congress on
Evolutionary Computation (CEC), IEEE, Sendai, 2015, pp. 522-528.

[37] J. Kennedy, R.C. Eberhart, Particle swarm optimization, Proceedings of the
IEEE International Conference on Neural Networks 1V, in: IEEE Press
Piscataway, NJ, vol. 4, 1948, pp. 1942-1948.

[38] D.W. Gong, ].H. Zhang, Y. Zhang, Multi-objective particle swarm optimization
for robot path planning in environment with danger sources, ]. Comput. 6 (8)
(2011) 1554-1561.

[39] M. Davoodi, et al., Clear and smooth path planning, Appl. Soft. Comput. 32
(2015) 568-579.

[40] D. Karaboga, B. Akay, A comparative study of artificial bee colony algorithm,
Appl. Math. Comput. 214 (2009) 108-132.

[41] M. Mernik, S.H. Liu, D. Karaboga, et al., On clarifying misconceptions when
comparing variants of the Artificial Bee Colony Algorithm by offering a new
implementation, Inf. Sci. 291 (2015) 115-127.

[42] A.Rajasekhar, N. Lynn, S. Das, P.N. Suganthan, Computing with the collective
intelligence of honey bees-A survey, Swarm Evol. Comput. 32 (2017) 25-48.


http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0005
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0010
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0015
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0020
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0025
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0030
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0035
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0040
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0045
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0050
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0055
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0060
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0065
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0070
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0075
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0080
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0085
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0090
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0095
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0100
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0105
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0110
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0115
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0120
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0125
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0130
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0135
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0140
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0145
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0150
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0155
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0160
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0165
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0170
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0175
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0180
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0185
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0190
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0195
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0200
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0205
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0210

376 H. Liu et al. / Applied Soft Computing 68 (2018) 360-376

[43] P.Zhang, H. Liu, Y.H. Ding, Dynamic bee colony algorithm based on
multi-species co-evolution, Appl. Intell. 40 (2014) 427-440.

[44] ].D. Sime, Affiliative behaviour during escape to building exits, . Environ.
Psychol. 3 (1983) 21-41.

[45] J. Drury, C. Cocking, S. Reicher, Everyone for themselves? A comparative study
of crowd solidarity among emergency survivors, Br. J. Soc. Psychol. 48 (2009)
487-506.

[46] Q.G.Ji, Can Gao, Simulating crowd evacuation with a leader-follower model,
Int. J. Comput. Sci. Eng. Syst. 1 (4) (2007) 249-252.

[47] C.Vihas, L.G. Georgoudas, G.Ch. Sirakoulis, Cellular automata incorporating
follow-the-leader principles to model crowd dynamics, J. Cell. Automata 8
(5-6) (2013) 333-346.

[48] D. Helbing, 1. Farkas, P. Molnar, et al., Simulation of pedestrian crowds in
normal and evacuation situations, in: M. Schreckenberg, S. Sharma (Eds.),
Pedestrian and Evacuation Dynamics, Springer, Heidelberg, 2002, pp. 21-58.

[49] G. Hofinger, R. Zinke, L. Kiinzer, Human factors in evacuation simulation,
planning, and guidance, Transp. Res. Procedia 2 (2014) 603-611.

[50] D. Karaboga, An Idea Based on Honey Bee Swarm for Numerical Optimization,
Technical Report-TRO6, Erciyes University, 2005.

[51] A.U. Kemloh Wagoum, A. Seyfried, S. Holl, Modeling the dynamic route choice
of pedestrians to assess the criticality of building evacuation, Adv. Comput.
Syst. 15 (7) (2012) 1-22, 1250029.

[52] C.Y. Hu, H. Liu, P. Zhang, Cooperative co-evolutionary artificial bee colony
algorithm based on hierarchical communication model, Chin. J. Electron. 25
(3)(2016) 570-576.

[53] B.Li,Y.Li, L. Gong, Protein secondary structure optimization using an
improved artificial bee colony algorithm based on AB off-lattice model, Eng.
App. Artifif. Intell. 27 (2014) 70-79.

[54] A.Seyfried, B. Steffen, W. Klingsch, M. Boltes, The fundamental diagram of
pedestrian movement revisited, J. Stat. Mech. (2005) P10002.

[55] B.X.Liu, H. Liu, H. Zhang, X. Qin, A social force evacuation model driven by
video data, Simul. Modell. Pract. Theory 84 (2018) 190-203.

[56] H.Liu, B.X. Liu, H. Zhang, et al., Crowd evacuation simulation approach based
on navigation knowledge and two-layer control mechanism, Inf. Sci. 436-437
(2018) 247-267.


http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0215
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0220
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0225
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0230
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0235
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0240
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0245
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0250
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0255
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0260
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0265
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0270
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0275
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280
http://refhub.elsevier.com/S1568-4946(18)30206-0/sbref0280

	A path planning approach for crowd evacuation in buildings based on improved artificial bee colony algorithm
	1 Introduction
	2 Related work
	2.1 SFM
	2.2 Path planning algorithm based on swarm intelligence
	2.3 Motivations

	3 ESFM
	3.1 SFM
	3.2 ESFM with a visual parameter

	4 A path planning approach based on improved ABC algorithm
	4.1 ABC algorithm
	4.2 IABC algorithm
	4.3 IABC algorithm for crowd evacuation

	5 Simulation experiments
	5.1 Test for the IABC algorithm
	5.2 Comparison with A* algorithms with regards to the computational time
	5.3 Simulation and comparison with swarm intelligence algorithms
	5.4 Comparison with the captured surveillance video and GSFM

	6 Conclusion
	Acknowledgement
	References


