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ABSTRACT A constrained optimization model and an iterative optimization algorithm based on PSO
are designed for rural leisure tourism passenger flow scheduling. Compared with the traditional tourist
dispatching scheme, this model maximizes the overall tourist experience and operation profit of the whole
region on the base of protection of tourists’ travel experience and the interests of operators in the dispatching
spots. Simulations and comparisons are taken to evaluate the feasibility and effectiveness of themodel and the
optimization. The simulation results show that compared with the shortest-distance-based traffic scheduling
scheme and the gravity-model-based scheme, the new model and optimization could meet the requirements
of the rural leisure tourists dispatching and bring better tourist experience and tourism profit.

INDEX TERMS Adaptive algorithm, optimizationmodel, particle swarm optimization, rural leisure tourism,
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I. INTRODUCTION
At present, the rural leisure tourism is developing rapidly. The
travel destinations of this new kind tourism are usually indi-
vidual tourism operation spots in a village. These spots are
mainly household-run small businesses or individual farm-
steads [1]–[3]. Compared with traditional tourism, the rural
leisure tourism does not rely on selling tickets to tourists.
On the contrary, the management attaches importance to the
overall reputation of a region, and the food as well as the
accommodations with rural characteristics are regarded as
the main source of income. Under these circumstances, most
spots have similar resources, but they scatter in a relatively
large and distributed region, such as a town or county, rather
than the places like traditional scenic spots. Therefore, almost
every weekend or holiday, most tourists are gathered in a few
hot spots. However, very few tourists are attracted to other
spots which are usually not far from the hot spots and have
similar tourism resources.

For the unbalanced distribution of tourists, the tourism
resources in the gathering areas may be consumed exces-
sively [4], [5], which results in a serious decrease of the
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tourist experience in these areas. In other areas where tourists
are scarce, the tourism operating efficiency is low. So this
problem must be seriously considered to improve overall
regional tourism profit and efficiency.

However, it is quite a challenge to design a reasonable
dispatching scheme to solve the problem. For the tourists,
the scheme should provide the same or better travel expe-
rience after the diverting. For the operators in hot spots,
the scheme should guarantee that the operating profit loss
be limited to an acceptable degree after the dispatching.
Moreover, for regional tourism regulators, the scheme should
provide all tourists with best experience and maximize the
overall operating profit of the whole region. Therefore, this
problem has become a major issue for the regulation of
leisure tourism in a region to affect the further sustainable
development [6].

Facing the challenge of passenger scheduling, some solu-
tions have been brought out by now. Generally, these solu-
tions can be concluded into two categories:

(1) Optimization models with single constraint factor.
This kind of model are often designed from the perspective

of the tourism operators. The model selects a single factor,
such as time, distance or price, as a constraint to achieve the
average tourists flow distribution at a reasonable cost [7]–[9].
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This kind of scheme only takes the average distribution of
total passenger flow in the whole area as the main objective,
without considering the changes of tourist experience and the
overall operating profit in the whole region caused by pas-
senger diversion. Therefore, these models are not suitable for
passenger scheduling optimization problem in rural leisure
tourism.

(2) Comprehensive optimization models with multiple
factors.

In the research of multi-factor tourist scheduling model,
Zhang et al. take the model of Logit as basis to balance the
loads of scenic spots. In the model, two factors are consid-
ered: the distance between the scenic spots and the influence
to the tourist experience caused by the wait time [9], [10].

Based on the gravitymodel, Xiao et al. constructed a shunt-
scheduling algorithm with the priority of balancing the loads,
in this model, the tourists satisfaction punishment factor due
to waiting is considered [11].

This kind of model takes into account a variety of factors,
including not only the load of scenic spots, but also the road
distance, tourist experience and its losses. Therefore, it is
more reasonable than the first one. However, the primary goal
of these models is still how to meet the balance of tourist
load in each scenic spot to increase the overall capacity of
the scenic area.

To sum up, the scheduling optimization models mentioned
above are designed for traditional tourism applications. All
of them are just based on the micro-scheduling of a tourist
attraction operator. They do not consider how to promote the
overall tourist experience and whole operator profit based on
the micro-benefits. So far, there is still a lack of research on
the tourist scheduling model and its optimization algorithms
for rural leisure tourism, which has seriously affected the
development of related fields. The problem needs to be solved
as soon as possible.

In this paper, a new optimization model for rural leisure
travel flow scheduling is proposed. This model considers
factors of all stakeholders in rural tourism so as to protect
the interests of most tourists, operators and the destination
management organization. In order to obtain a reasonable
scheduling scheme, we design an iterative optimization algo-
rithm based on PSO, which aims to maximize the overall
travel experience and operating profit. After the iteration,
a scheme is determined and it explains the number of tourists
in an over-loaded spot need to be transferred and the carrying
capacity of under-loaded spots. The model pays more atten-
tion to the quality of the whole region. Under the guidance of
calculation results, the destination management organization
can obtain tourist information of all spots and make a proper
dispatch scheme in time.

The remainder of this paper is organized as follows.
Section 2 describes the constrained optimization model. The
iterative optimization algorithm based on PSO are presented
in section 3. Section 4 presents the experimental results and
evaluations. Section 5 discusses the conclusion and the fur-
ther works.

II. OPTIMIZATION MODEL DESIGN
Assuming that A is a collection of n tourist operation points
in the region, then the tourist load rate of the tourism oper-
ation spot i at the t0 moment r t0i is defined as follows, just
as in [10]:

r t0i =
N t0
i

ci
(i ∈ A; r t0i ; i = 1, 2, . . . , n) (1)

where N t0
i is the number of tourists of spot i at the t0 moment

and ci is the tourist capacity of the spot i.
In order to consider the interests of tourists and operators

in the scheduling, two variables are defined: the tourist expe-
rience E t0i and the operator profit Pt0i .

The tourist experience represents the interest of visitors.
It is influenced by many factors which can be summarized in
two aspects according to the length of affecting time. From
a short-term perspective, the number of tourists has a great
impact on the tourist experience. If the number reaches a
certain threshold, the tourist experience begins to reduce.
From a long-term perspective, tourism resources, such as spot
reputation, traffic environment and quality of service, are the
key to guaranteeing the good tourist experience [12]–[14].
Among the resources, a good reputation is the prerequisite of
attracting tourists [15], [16]. There are three terms determin-
ing the spot reputation, identity, brand and image. Argenti and
Druckenmiller [17] give an illustration on the difference of
these terms, that is, identity addresses the scenic assessment
of itself; brand reflects the future development direction and
image replies the public impression of the spot. Darwish and
Burns [18] propose a model of tourist destination reputa-
tion definition which considers the experiences and emotions
of internal, peripheral and external stakeholders. The above
terms as well as the model give an accurate perception of
a spot reputation and help minimise the risk of unsatisfac-
tory tourist experience. As for other resources, if a spot has
convenient traffic conditions and can provide tourists with
comfortable accommodation and delicious food, it also can
improve the tourist experience. Thus, the spots with such
resources usually attract more tourists and make more profits.

The tourist experience function of the tourism operation
spot i can be defined as:

E t0i = fi(r
t0
i ) =


0, r t0i < 0

Li ·
1

σ
√
2π

e−
(r
t0
i −x0)

2

2σ2 , r t0i ≥ 0
(2)

Li = w1res1 + w2res2 + w3res3 (3)

As shown in formula 2 and formula 3, Li is related to the
tourism resources of the operating spot. res1, res2 and res3
separately represent the spot reputation, the traffic environ-
ment, the quality of service, and wi is the weight of each
kind of tourism resource. Generally, Li is set to a constant
because tourism resource will not be changed a lot over a
long period of time. Except for Li, the rest part of function
describes the relationship between tourism experience and
the number of tourists, where σ is the standard deviation of
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FIGURE 1. Tourist experience function (Li = 100, x0 = 0.7, σ = 0.7).

tourism experience value and x0 is the best experience load
rate.

Figure 1 is an example of the tourist experience func-
tion where the best experience load rate is 0.7 and the
value decreases when the load rate becomes higher or lower
than x0.
For rural leisure tourism, the operator profit mainly

depends on offering food and accommodations with local
characteristics for tourists. So, the profit is closely related to
the number of tourists. When the tourists are in a suitable
amount, the individual operators have the ability to provide
high quality service and they can make profit in an effi-
cient way. However, the food and accommodations they can
prepare are limited. If the number of tourists continues to
increase, these resources will be quickly exhausted. Mean-
while, the profit will begin to decline. When the number
exceeds the load rate, the operators have no conditions to
make more profit.

So, the operator profit function of spot i is also defined as
a function of tourist load rate:

Pt0i =


k1r

t0
i , r t0i < τ

k1 · τ + k2ln(r
t0
i − τ + 1), τ ≤ r t0i < ω

k1 · τ + k2ln(ω − τ + 1), r t0i ≥ ω

(4)

This function reflects the trend of the tourism profit of the
operating point with the increase of the load rate. k1, k2 are
tourism profit increment parameters and their values may be
different in every operation point. τ is the tourist load rate
when tourism profit begins to fade. ω is the tourist load rate
when tourism profit reaches the maximum. An example of
tourism profit function is shown in Figure 2.
E t0a and Pt0a represent the total tourist experience and total

tourism profit of the area A at the t0 moment respectively,
which are defined as:

E t0a =
n∑
i=1

E t0i
Em

(5)

Pt0a =
n∑
i=1

Pt0i
Pm

(6)

where Em and Pm are the max values of Ei and Pi(i ∈ A),
respectively.

To ensure the profit of tourism operation spots, the scheme
seeks the maximization of the whole regional tourist experi-
ence and economic profit, while keeping the tourist load rate
in a reasonable range. Based on different values of load rate
r t0i , the set A of tourism operation spots can be divided into
three subsets:

Ain = {i ∈ A|r
t0
i < α}

Aout = {i ∈ A|r
t0
i > β}

A0 = {i ∈ A|α ≤ r
t0
i ≤ β} (7)

Operation points in Ain have low tourist load rates where
tourists can be diverted in. Operation points in Aout have
high tourist load rates where tourists need to be diverted out.
Operation points in A0 have moderate tourist load rates.
Here α, β(0 ≤ α ≤ β ≤ 1) are thresholds which affect not

only the tourist experience and operation profit of the specific
spot, but also the overall tourist experience and profit of the
whole region.

From the point of view of the visitors, it is necessary to
limit the experience loss to an acceptable level after dispatch-
ing. From the point of tourism operators, it is also necessary
to keep the load rate in a reasonable range after scheduling to
ensure the profit.

ThereforeNi,out represents the number of tourists who need
to be diverted out from spot i and it is defined as follows:

Ni,out=


0, r t0i < α

θ · (r t0i − α) · ci, α ≤ r t0i < β

θ · (β − α) · ci + (r t0i − β) · ci, r t0i ≥ β

(8)

As shown in this formula, the tourism operation spot needs
no adjustment when its tourist load rate is less than α. Tourists
in an operation spot should be diverted out with the proportion
of θ when tourist load rate lies between α and β. When tourist
load rate is higher than β, the exceeding part needs to be
diverted out completely.

Therefore, considering the individual operators and the
overall tourist experience and operating efficiency of the
region, the optimization model of this scheduling program is:

max z = E t1a · P
t1
a

s.t. E t1j − E
t0
i > −δ

α ≤ r t1i ≤ β (i ∈ A) (9)

FIGURE 2. Tourism profit function (τ = 0.6, ω = 1.1,k1 = 15,k2 = 5).
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where t1 is the moment after the scheduling, i ∈ Aout , j ∈
Ain, δ ≥ 0, δ is a constant, which determines how much the
tourism experience loss can be accepted after the scheduling.

III. OPTIMIZATION ALGORITHM DESIGN
In order to get the optimization result of the tourism travel
scheduling, an iterative optimization algorithm based on PSO
is constructed to find the Pareto solution.

A. PARTICLE SWARM OPTIMIZATION
Particle Swarm Optimization (PSO) is an evolutionary algo-
rithm inspired by the movement of the bird flocks in nature,
which is proposed by Eberhart and Kennedy [19] and
Kennedy and Eberhart [20]. In PSO, a number of particles
are initialized and moving in the search space to find the best
solution. PSO was mathematically defined as follow:

vt+1i = ωvti + c1 × rand × (pbesti − x ti )

+ c2 × rand × (gbesti − x ti ) (10)

x t+1i = x ti + v
t+1
i (11)

where vti is the velocity of particle i at iteration t , ω is the
inertia weight parameter, c1 and c2 are acceleration constants,
which are respectively self-experience weight and group-
experience weight, respectively. rand is a random number
between 0 and 1. x ti is the current position of particle i at
iteration t . pbesti is the best value achieved by particle iwhile
gbesti is the best one achieved by the population so far.
Compared with traditional optimization algorithms such

as gradient descent method [21], linear programming [22],
dynamic programming [23], using PSO for optimization,
there is neither need to construct a complex functional rela-
tionship between the objective function and the decision vari-
able, nor need to make the objective function differential. The
PSO has been widely used in many fields today, because it is
suitable for the optimization problem of complex scenes.

In this paper, we also apply PSO to optimize the schedul-
ing of passenger flow. However, considering the restrictive
factors of the decline in tourist experience and the decline in
operators’ interests, we need to carefully consider the design
of the optimization algorithm.

B. ITERATIVE OPTIMIZATION ALGORITHM
BASED ON PSO
In this paper, an Iterative optimization algorithm based on
Particle Swarm Optimization Algorithm (IPSO) is designed
to complete the tourist scheduling scheme.

As a heuristic optimization algorithm, PSO cannot be
directly applied to constraint optimization problems such as
the optimization of tourist scheduling problems. It should
also be combined with constraint processing methods in
application.

In the optimization of rural leisure tourist flow schedul-
ing, the decision variable is the specific number of tourists
transferred from an overloaded operating point to each

under-loaded point. The scheduling objective function is
defined in Equation 9.

The goal of the scheduling is to maximize the product of
the regional tourism experience value and regional tourism
revenue after scheduling. However, the realization of this goal
is based on a prerequisite to ensure that the constraints can
be met. In the scheduling, an under-loaded operating point
accepts tourists from multiple overloaded operating points,
which may be difficult to meet the load rate constraints of
the under-loaded operating point. At the same time, after the
scheduling, the experience value of the tourists in the under-
loaded area is related to the number of original tourists and the
number of transferred people. Because tourists are transferred
frommultiple overloaded points, these overloaded points will
have different experience values. However, it is a reasonable
scheduling result that the value of the tourist experience
of the under-loaded point is higher than the highest tourist
experience value of all the call-out points.

Therefore, it is quite significant to design a suitable tourist
scheduling optimization algorithm. In this paper, the PSO
based on iterative optimization method is designed to deal
with the scheduling problem. In this algorithm, the operating
points in Aout are first sorted according to the number of
people who need to be dispatched. From high to low, for
each overloaded point, the method selects destinations that
can be scheduled based on the distance between the current
overloaded point and other under-loaded points, the schedul-
ing capacity of the under-loaded points, and other factors.
Then the PSO calculates the numbers of dispatched tourists
from the overloaded point to each under-loaded points. In this
process, the above-mentioned constraints are considered to be
satisfied at each iterative step. The feature of the algorithm is
that the overall schedule optimization process of the region
is decomposed into an iterative process. In each iteration,
the optimization is performed only for one overload point
and its corresponding acceptable scheduling operation points.
This method can simplify the constraints and reduce the
impact of scheduling among operating points.

The main process is described as follows:
(1) Determine Ain and Aout .
As described in Equation 7, according to the parameters α,

β and the current load rate in each point, the set of overloaded
point Aout and the set of under-loaded points Ain are deter-
mined. For each operation point in Aout , the max number of
tourists that need to be exported is calculated, then the spots
are sorted based on this number.

Suppose Aout contains M operating points, for each point,
the upper bound of the tourists number that needs to be dis-
patched, which is donated as Oi(i ∈ Aout ), can be calculated
by the following formula:

Oi = (ri − α)× ci, i ∈ Aout (12)

Here, α is the lower limit of the load rate after the overload
operation point is scheduled. The result of ri − α shows the
maximal proportion of tourists needed to be dispatched. And
ci is the tourist capacity of the spot i. The concrete dispatching

125298 VOLUME 8, 2020



F. Su et al.: Optimization Model and Algorithm Design for Rural Leisure Tourism Passenger Flow Scheduling

number of each over-loaded spot can be calculated according
to formula 7 and the result can not be greater than Oi in the
above formula. Oi guarantees that the tourism revenue will
not be excessively reduced due to the transfer of too many
tourists.

In the iterative scheduling method, operating points with
more overloaded people are given priority for scheduling,
therefore, the elements in Aout are sorted based on Oi.
(2) For each overloaded point in Aout , the most suitable k

operating points are selected as scheduling targets.
In the dispatching of tourists, every under-loaded operating

point can be taken as the dispatching target. However, such
calculations will make it difficult to reasonably consider fac-
tors such as scheduling distance, which may cause the total
scheduling distance of the final solution to rise. And when
there are many under-loaded operating points, the calculation
time will also be affected.

Therefore, by defining a new gravitational function,
we evaluate the under-loaded operating points, screens out
the k most matching under-loaded operating points, and uses
them as the scheduling target.

The development of the gravitational function is to cal-
culate whether the overload and under-loaded points in the
tourist distribution can be matched [24], [25]. When expand-
ing the model, this paper not only considers the matching of
the number of dispatchers, but also considers resistance fac-
tors such as distance and the decrease of tourism experience.

Our new gravity model is shown as follows:

Fij = G
r t0i · k

t0
j

zt0ij
(i ∈ Aout , j ∈ Ain) (13)

Fij represents the matching degree between operating point
i and j, in the above formula, G is gravitational constant,
r t0i and r t0j are the tourist load rates in overloaded spot i
and under-loaded spot j, respectively, k t0j = (r t0j )

−1 and Zij
is designed as the dispatch resistance factor between spot
i and j:

zij = µ · dij · ρ
t0
ij + ϕ(E

t0
i − E

t0
j + Em) (14)

where µ and ϕ are weights of distance cost and tourist expe-
rience respectively, ρt0ij is the dispatch cost of unit distance,
dij is the physical distance between two spots. To ensure the
value of Zij is positive, max value of experience Em is added.
Then the above calculation is performed on the overloaded

operation point i, the k points with the largest Fij values
are selected as the scheduling targets. These targets set is
recorded as Di, and the specific number of people transferred
into the k points is calculated to find the best scheduling
solution.

(3) Constraints processing
At each step of the iterative process, constraints are taken

into account.
Constraint 1: For the overloaded operating point i and its

target Di, the number of people who need to be dispatched

from i is equal to the total number of people who are dis-
patched into Di, that is:

No,i =
∑
j∈Di

Ni,j (15)

No,i represents the number of people dispatched from
operation point i, and Ni,j indicates the number of people
dispatched from operation point i to operation point j.
Constraint 2: In scheduling, it is necessary to ensure the

tourist experience value does not decrease too much, that is:

E t1j − E
t0
i ≥ −δ, if Nij ≥ 1, j ∈ Di (16)

In this paper, take δ = 0.1.
Constraint 3: For the place where tourists are transferred

out, it is necessary to ensure that the value of local tourism
revenue will not be excessively reduced due to the transfer of
too many tourists. So, we have the following constraints:

r t1i ≥ α (17)

In this paper, α is set to 0.8.
Constraint 4: For the transfer destination of tourists,

the number of transferred tourists needs to be controlled to
avoid new scheduling requirements. So, we have:

r t1j < 1, j ∈ Di (18)

Therefore, for each overload point i in Aout and its corre-
sponding destination Di, the number of tourists dispatched
to the candidate spots is used to construct a k-dimensional
decision variable. Then the following decision matrix can be
constructed:

Q =

Q1
1 · · · Q1

k
...

. . .
...

QN1 · · · QNk

 (19)

Qij represents the number of tourists transferred from the
i-th overload point to the j-th target point.
In each step, the objective function max z = E t1a · P

t1
a and

the PSO algorithm is used to determine the dispatch plan.
The whole specific process of the algorithm is as follows

and shown in Algorithm 1.

C. COMPLEXITY ANALYSIS OF OPTIMIZATION
ALGORITHM
Suppose Ni, No represents the number of people who need
to be dispatched, M is the population particle number and
T is the maximum number of iterations. D is the dimension
of each particle, which is equal to the value of selected top
k spots. Therefore, the complexity of PSO is O(M · T · D).
The calculation of matching degree and the process of sorting
are parallel with PSO, the complexity of which are O(Ni)
and O(Ni · logNi) respectively. The whole complexity can be
defined as O(No · (M · T ·D+Ni +Ni · logNi)). Considering
that O(M · T · D) is much greater than the other two items,
so the final complexity of the algorithm is O(No ·M · T ·D).
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Algorithm 1 The Pseudo Code for IPSO
1: Determine Ain and Aout according to Equation 7
2: for each overloaded spot i, i ∈ Aout do
3: Determine the number of people (Oi) need to be

scheduled
4: for each under-loaded spot j, j ∈ Ain do
5: Calculate matching degree Fij between operating

spot i and j according to Equation 13
6: end for
7: Sort the under-loaded spots by the matching degree

in descending order
8: Select the top k spots as dispatching targets Di
9: Use PSO to find a scheduling solution for overloaded

spot i with Equation 9 as objective function
10: Delete the spots from Ain that are not under-loaded

after dispatch
11: end for
12: Combine the dispatching results and get the final dispatch

plan

IV. SIMULATION AND EVALUATION
A. SIMULATION ENVIRONMENT AND
EXPERIMENTAL DATA
Simulation environment is described in Table 1.

TABLE 1. Simulation environment.

As the tourist diversion scheme is still in the research stage,
it cannot be implemented until it is mature, so at present, only
simulation data can be used to prove the effectiveness of the
scheme. Table 2 shows the initial tourist flow data of 20 spots,
which is randomly generated.

In this paper, it is assumed that the actual geographical
distribution among different places is ignored and the dis-
tances among spots are Euclidean Distance. Based on this
assumption, simulation has been made to prove the feasibility
of the scheduling model.

In this section, our scheme is compared with two other
schemes, a scheme that based on gravity model [10] and a
scheme in which distance is the only consideration.

The parameters in Table 2 are described as following:
• ID is the identifier of a spot.
• Coordinates is the coordinates of a region, which is
used to characterize the actual geographical location.

• Capacity is the maximum of tourist number a spot can
serve.

• Ni is the current amount of tourists.
• ri is the tourist load rate of the tourism operation spot i
before shunting.

• Ei is the tourism experience value of a operation spot,
which is calculated through formula 2, where Li = 100.

• σ is the standard deviation of tourism experience value
in formula 2.

• Pi is the operation profit which is calculated through
formula 4, where k2 = 1, τ = 0.8.

• k1 is the parameter in formula 4.
• ω is the tourist load rate when spot tourism profit reaches
the maximum in formula 4.

B. EXPERIMENTAL RESULTS AND ANALYSIS
As described in Table 2, The spots are divided into 3 subsets
according to its current load rate.

• The spots that have low tourist load rate. These spots
can receive the diverted tourists, and the maximum of
their load rate will be limited to β.

• The spots that have over load rate. In our scheme, they
have to dispatch out some tourists.

• The spots with proper load rate. These spots do not
need to make any scheduling.

In Table 2, the overloaded spots include spot 2 (load rate is
1.460), spot 8 (load rate is 1.166), spot 9 (load rate is 3.250),
spot 12(load rate is 1.586), spot 13 (load rate is 2.210), spot
14 (load rate is 1.814), spot 15 (load rate is 1.119).

The concrete scheduling scheme is generated via the itera-
tive calculation of the overall load rate and tourist experience
under the constraints discussed above. The simulation results
of the scheduling scheme are shown in Table 3.

The simulation results of shortest distance scheme and
gravity model are shown in Table 4 and Table 5.

In the simulation, the filtering of the tourist dispatch desti-
nation is completed by gravitational model. The parameter
k was set to 5. The reason that the number of dispatch
destinations in the dispatch result less than 5 are:

• The number of under-loaded spots is less than 5.
• After the optimization process of PSO, the number of
people dispatched to certain spots is 0.

Simulation results show that the above scheduling strate-
gies can play the role of scheduling diversion at macro
level and make the load of tourists balanced in the whole
leisure travel area. However, due to their different scheduling
optimization goals, the final scheduling solutions are obvi-
ously different. The shortest-distance-based traffic schedul-
ing scheme and the gravity-model-based scheme only take
the traffic load balancing in the area as the optimization
goal. While the scheme proposed in this paper not only
consider the balanced distribution of the load of tourists in the
whole region, but also consider the overall business interests
of the region and the maximization of the overall travel
experience.

Taking the high-load spot 13 as an example, it can be
seen from the tables that the shortest distance-based traffic
dispatch solution selects only the point 0 and 3 for diversion
so as to pursue a balanced distribution of all the tourists in
the area, gravity model based dispatch solution select only the
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TABLE 2. Simulation data.

TABLE 3. Simulation results of passenger flow scheduling (α = 0.8, β = 1, θ = 0.3).

nearest operation spot 3 for diversion. The scheduling scheme
proposed in this paper chooses more operation spots 16, 0,
1, 18, and 7 for diversion considering not only the balanced
distribution of the load, but also the overall regional business
interests, as well as the overall tourist experience.

In order to evaluate the performance of our tourists
scheduling scheme, the following indices are defined or used
for a comprehensive comparison and analysis.

• z. The optimization objective of the scheduling, which
is the product of the regional overall tourism experience
value and the tourism profit value, is calculated accord-
ing to formula 9.

• Ea. The total tourist experience of the region, which is
calculated according to formula 5.

• P t0a . The total tourism profit of the region, which is
calculated according to formula 6.
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TABLE 4. Simulation results of passenger flow scheduling based on shortest distance.

TABLE 5. Simulation results of passenger flow scheduling based on gravity model.

• E6 . The general tourist experience, which is calculated
as following:

E6 =
19∑
i=0

Ei · Ni (20)

• S2. The differences of the number of tourists of all spots,
which is the variance of the tourist load rate after dis-
patching. The smaller the value, the better the scheduling
scheme.

• Ni,j . The number of people scheduled from point i to j.∑
i,j∈A Ni,j is the total number of people been scheduled

in the area.
• Cr. The relative cost during the dispatch. Dispatching
cost C is defined as below. C0 is the cost of gravity-
model-based scheme as the standard value which is
1 as shown in Table 6. dij below is the distance from

spot i to j.

C =
∑

i,j∈A,i 6=j

dij · Ni,j (21)

Cr =
C
C0

(22)

To avoid the influence of randomness, 5 simulations were
carried out for each group of parameters, and the average
value was used as the final result.

The comparison result of different scheme is shown
in Table 6 which indicates that our scheduling can achieve
obviously the better z, the optimization objective, than other
schemes. This means that our scheduling can greatly improve
the regional tourist experience and tourism profit, whether
from the scenario that a large number of visitors are scheduled
(IPSO, α = 0.4, β = 1.0, θ = 0.3) or the one that relative
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TABLE 6. Comparison of different scheduling schemes.

TABLE 7. Comparison of different parameters with high load rate.

little amount people are diverted (IPSO, α = 0.8, β =
1.0, θ = 0.1).

Our program always manages to keep or enhance the
visitor travel experience after the diverting. So we can see
from Table 6 that although the number of people dispatched
in our plan and the total tourist experience of the region
are all comparable to the other two plans, but our scheme
can also get remarkably better performance in E6 than the
scheme based on gravity model and distance-based schedul-
ing scheme, which means more tourists can benefit from our
scheme. It shows that our scheme can also get obviously
better performance in S2, which means better visitor load
distribution balance.

In Table 2, the actual number of tourists in each spot is
generated randomly, which represents a situation in a real
scene. Beyond that, the tourist number will increase sharply
when some popular holidays come. Therefore, a simulation
with high load rate is taken to verify the performance of
the optimization model and the result is shown in Table 7.
It can be concluded that after the dispatching, the load rate
of each spot is located in proper section. Comparing with
the original data, the overall tourism experience and operator
profit increase to some extent, which proves the performance
of the model in such an extreme scene. In addition, the setting
of the parameters counts a lot. If the value of α is too small,
the number of under-loaded spots will decrease. It is possible

VOLUME 8, 2020 125303



F. Su et al.: Optimization Model and Algorithm Design for Rural Leisure Tourism Passenger Flow Scheduling

FIGURE 3. Simulation results based on different initial conditions.

to select some spots far from the current spot so as to increase
the dispatching cost. Similarly, if β > 1, some spots still
maintain over-loaded after dispatching. Therefore, when the
load rate of the whole region is high, the value of β is set to
1 as far as possible. As for α, its value can be increased to
provide more under-loaded spots nearby.

However, IPSO has a higher value of Cr than the other two
schemes. It can reach 1.912 when the parameters α, β, and
θ are set to 0.4, 1.0 and 0.3. It means tourists needs to be
scheduled to farther places. This is the cost of the dispatching.
But it can be accepted in most circumstance because in rural
leisure tourism, people usually prefer to driver a little further
to get better experience.

The simulations above are all based on the same original
data. To verify the generality of the scheme, we carried out a
comparative experiment based on different initial conditions
that having different tourist load rate in the region. The related
results are shown in Figure 3.

From the results, we can see that in different visitor loads,
our algorithm can get better and more stable scheduling
result. The value of the objective function z is higher than the
other two scheduling schemes. It shows that our algorithm
can ensure that tourists will get better experience both in
Ea and E6 after the scheduling, comparing with the other
two algorithms. The Figure 3(d) also shows our algorithm
can make tourists distribution more balanced than the oth-
ers in low tourist load rate. However it is difficult for our
algorithm to get further improvement in higher load rate
situation, because the space that can be used to accommodate
the diverted visitors become much smaller.

V. CONCLUSION
In this paper, a new traffic scheduling scheme for the
problem of unbalanced distribution of tourists is presented.

The purpose of our plan is to improve the overall business
interests and tourism experience of the region on the basis of
protecting the interests of tourists and operators. Simulation
results show that our approach outperforms the shortest-
distance-based traffic scheduling scheme and the gravity-
model-based scheme in most common situations. For each
over-loaded spot, the scheme can find the most suitable
under-loaded spots to divert tourists and minimize the influ-
ence on tourist experience and operator profit. During the
process of dispatching, although some tourists need to spend a
little time driving to other under-loaded spots, they can avoid
crowded conditions, even can get higher quality of service,
which is meaningful for all stakeholders. In addition, it is
proved that the scheme is also efficient under an extreme con-
dition where most spots are over-loaded. However, the model
also has some limitations that the parameters are difficult to
be set properly. For example, if the value of α is too small,
the under-loaded spots might be located in long-distance
places, which takes more dispatching cost.

For the future work, it is considerable to follow the
two aspects. First of all, the model proposed in this paper
took an overall objective based on tourist experience and
operator profit. The future research could consider multi-
objective model which will regard tourist experience and
operator profit as two individual objectives. It will be more
convenient and flexible to calculate the optimal value of
each objective. Secondly, our model provided suitable dis-
patching scheme for administrators and tourists with a
low demand on real-time performance. For further study,
the parallel computing will be a possible direction to
improve real-time performance. The number of dispatch-
ing tourists of over-loaded and under-loaded spots will
be calculated together to accelerate the entire dispatching
process.
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