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With the deep cross-border integration of tourism and big data, the personalized demand of tourist groups is increasingly strong.
Precision marketing has become a new marketing mode that the tourism industry needs to pay close attention to and explore.
Based on the advantages of big data platform and location-based service, starting from the precise marketing demand of tourism,
we design data flow mining technology framework for user’s mobile behavior trajectory based on location services in mobile
e-commerce environment to get user track data that incorporates location information, consumption information, and social
information. Data mining clustering technology is used to analyze the characteristics of users’ mobile behavior trajectories, and
the precise recommendation system of tourism is constructed to provide support for tourism decision making. It can target the
tourist group for precise marketing and make tourists travel smarter.

1. Introduction

1.1. Research Background. Location-based service (LBS) is a
kind of value-added service provided by the combination of
mobile communication network and satellite positioning
system. It obtains the location information of mobile terminal
such as latitude and longitude coordinate data through a set of
positioning technology and provides it to the communication
system, mobile users, and related users to realize various
location-related services in military and transportation. As a
new mobile computing service in recent years, 80% of the
world’s information has time and location tags, and location
services have developed to the big data stage [1]. Developing
location services requires two capabilities: the ability to
provide location and the ability to understand location.

The precise marketing information pushed by LBS lo-
cation service can effectively tap the potential consumer
demand and make a scientific and reasonable network
marketing strategy based on this, which can further improve
the ability of e-commerce enterprises to tap the target cus-
tomers and potential customers. According to the 2017 China
Mobile e-commerce Industry Research Report, the transaction

scale of China’s e-commerce market reached 20.2 trillion yuan
in 2016, an increase of 23.6% compared with the same period of
the same period of the year. China’s e-commerce market is
developing steadily. Among them, the online shopping has a
good momentum of development, up from 23.3% in 2015.
Huge market potential tempts all walks of life. In 2016, online
shopping and B2B e-commerce of small and medium-sized
enterprises and enterprises above scale still dominate the
Chinese e-commerce market, while online tourism and local
life service O20 emerge as bamboo shoots, accounting for
3% and 1.6% of the market, respectively. From 2015 to
2016, the proportion of online tourism market in China’s
tourism market has greatly increased, the process of
product informatization has accelerated, the penetration
rate has further improved, the mobile online tourism
market has developed rapidly, and consumer un-
derstanding and demand and experience of tourism are
changing imperceptibly and pursuing higher quality of
tourism. With the further development of “Internet+”
information technology, the tourism industry has huge
room for development, and online travel penetration will
also gradually increase.
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According to the Statistical Bulletin on National Eco-
nomic and Social Development of 2016 issued by the State
Statistical Bureau, in the whole year of 2016, the number of
domestic tourists’ trips reached 4.4 billion, an increase of
11.2% over the previous year, and the income of domestic
tourism increased by 15.2% to 39390 billion yuan. The
number of inbound tourists reached 138.44 million, an
increase of 3.5%, and international tourism revenue in-
creased by 5.6% to $120 billion. The number of domestic
residents in China has reached 135 million 130 thousand, an
increase of 5.7% [2]. With the continuous promotion of the
strategic pace of building a well-off society in an all-round
way, tourism has become an important part of the people’s
daily life in China, marking that China’s tourism industry
has entered the era of mass tourism.

Based on this background, in the mobile e-commerce
environment, based on LBS location service, research and
analysis of user’s mobile behavior trajectory can extract
valuable user’s mobile behavior features from a large
number of mixed dynamic data and integrate the mobile
behavior and consumer behavior of tourism users. Based
on LBS location, services will integrate the mobile be-
havior and consumer behavior of tourism users, then
excavate the marketing value of consumers, and timely
achieve the marketing objectives of enterprises on the
appropriate media, so that mobile e-commerce marketing
becomes more accurate and effective. Through the re-
search of this subject, the interests of enterprises, con-
sumers, and media can be maximized at the same time,
providing personalized products and services for mobile
e-commerce, improving consumer loyalty and core
competitiveness of mobile e-commerce and bringing
higher profits for e-commerce enterprises [3].

1.2. Presentation of Problems. The data of mobile terminal
users’ historical consumption behavior and location
movement process are recorded and stored according to
the time series, forming the user’s mobile behavior tra-
jectory data, which can be collected by multiple device
terminals. The user’s mobile behavior trajectory data
contain a lot of useful information. Mobile behavior tra-
jectory can express the behavior activities of mobile users in
the real world. These activities imply user’s interests,
hobbies, experiences, and behavior patterns [4]. For ex-
ample, a user’s activities in a week may start from home to
work every day, and a user may go to shopping malls, parks,
and other places on weekends. Therefore, how to effectively
utilize the user’s mobile behavior trajectory and extract
useful information from the user’s mobile behavior tra-
jectory data is very important for the realization of per-
sonalized recommendation service.

From the view of consulting a large number of docu-
ments, there are more papers on location services than on
mobile marketing. However, most of the previous articles on
location services focused on the application of natural science,
such as surveying and mapping technology, network devel-
opment, geographic information, and so on. In recent years,
the number of cross-research articles on management science,
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medicine, and agriculture combined with location-based
services has begun to increase, most of which are the com-
bination of location-based services and related industries to
study the application or technology development of specific
industries. For example, the combination of location services
and logistics technology can track the journey of packages.
Combining location services with electronic maps can pro-
vide catering, entertainment, discounts, and other in-
formation within a certain range according to the location of
users. Combining location service with utility technology can
quickly find information such as tap water, gas explosion, and
so on. The main keywords of literature research include lo-
cation service technology, location service system, location
service terminal, location service strategy, mobile location
service, and so on. Based on location, the services industry is
currently considered one of the most dynamic industries.
With the rapid development of mobile Internet and Internet
of Things technology, more debris time has been transferred
to mobile phones, tablets, and smart products [5].

The characteristics of mobile marketing, such as pre-
cision, interaction, novelty, and effective delivery, are more
and more concerned and recognized by various industries.
This paper focuses on the main characteristics of the end-
users of the tourism industry, such as frequent location
movement, strong sense of sharing, and rich demand for
services. First of all, the users of online travel must be
mobile users who usually do not stay in a location for a long
time, and a high probability of frequent location changes
will produce a large number of location data. Moreover, in
general, traveling users arrive at an unknown location or
move in a series of unfamiliar geographical environments,
which makes travel users’ demand for location-based
services take precedence over personal privacy pro-
tection and enable them to obtain real-time user location
information. These location data provide favorable con-
ditions for our research. Secondly, the behavior of tourist
users is quite different from that of ordinary people. In
beautiful scenery and not very familiar environment, users
will spontaneously produce self-awareness. Most people
share location, photos, and moods through social platforms
and micromessaging, and travel companies can access these
social data to accurately portray users and provide accurate
services for them. Third, travel users need high-quality
services to obtain high-quality tourism experience. Sce-
nic spots, accommodation, restaurants, transportation, and
finance, including tour guides and their fellow travelers, are
also important factors in achieving a high-quality tourism
experience. These rich demands for services will generate
enormous commercial value [6]. Therefore, this article
adopts top-down overall analysis to design ideas from
bottom to top. By analyzing the user’s characteristics
through the trajectory of user’s mobile behavior, this paper
constructs a travel recommendation system in the mobile
point-to-point environment and a precise marketing model
in the tourism industry based on the trajectory of user’s
mobile behavior, so as to provide appropriate services for
the appropriate users at the right time and place, in order to
provide reference for relevant tourism enterprises to
achieve precise marketing.
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2. User’s Mobile Behavior Trajectory

2.1. User’s Mobile Behavior Trajectory Definition. User’s
mobile behavior trajectory is based on the path that users find
frequently in the location mobile path generated by daily life.
The location information generated by user’s daily behavior is
acquired by GPS equipment sampling at a certain time in-
terval, and the spatial position of moving object is represented
by Euclidean space coordinates, discrete display in electronic
map. Through moving sequence pattern mining, we can find
the correlation among these discrete location information
points and obtain the user’s moving behavior trajectory. This
will provide effective support for precision marketing in
mobile e-commerce [7]. In this paper, we make the following
definitions for user’s mobile behavior trajectory.

Definition 1. Location information point: the position in-
formation points generated by the user’s movement can be
obtained by receiving devices such as GPS of mobile ter-
minals. Each position information point indicates a position
that the user has arrived at. Suppose an independent location
information point is represented as two tuple P = (Z,T),
among them Z is the position coordinate, and its structure
contains longitude Z. x and latitude Z. y; T is the time in-
formation of arrival position Z.

Definition 2. Mobile behavior trajectory: mobile behavior
trajectory can be obtained by GPS log. A mobile behavior
trajectory consists of a sequence of position infor-
mation points arranged in order of time attribute T.
Suppose L is user’s mobile behavior trajectory, then
L=P — P, — --- — P,, where P;(0<i<n) denotes
any sampled position information point. Mobile behavior
trajectory L satisfies any 0<i<n, P;-T<P;,, -Ta; n rep-
resents the number of location information points and
represents it as the length n of mobile behavior trajectory.

Definition 3. Mobile behavior subtrajectory: represents the
inclusion or inclusion relationship between two
moving behavior trajectories. Suppose that L, and L,
have two trajectories of moving behavior, where L, =
al _>a2_) _)ai’Lzzbl _)bz_)
If there exists a positive integer m,, m,, ..., m;, satistying
l<m;<m,<--- <m;<n, making a, =b,,,a,="b,,,...,
a; =b,,, then L, is said to be the moving behavior sub-
trajectory of L,, or L, is said to be a moving behavior
supertrajectory of L,. It can be writtenas L, CL, or L, 2 L,.
The location information points are adjacent to the mobile
behavior subtrajectory and are allowed to be nonadjacent in
the original mobile behavior trajectory.

— b,

Definition 4. Support degree: the collection of all location
information points of moving behavior trajectories
constitute a database of mobile behavior trajectories.
DB ={L,,L,,Ls,...,L,}, where L,(0<i<n) is mobile be-
havior trajectory and |DB| is the number of mobile behavior
trajectories in the database. The number of mobile behavior
trajectory t contained in DB is t of the support in DB:

support(L;) =|{L|L € D,L;c L}|. (1)

Definition 5. Frequent Trajectories: when the support
degree of the mobile behavior trajectory is greater than or
equal to the minimum support threshold, the mobile
behavior trajectory is called the frequent trajectory.
FT = {I|support(l) >min,/CL,L € D}, L represents the
mobile behavior trajectory sequence and D represents the
mobile behavior trajectory sequence set.

The user’s mobile trajectory records the user’s activity
status in the real world, which can reflect the user’s behavior
preferences and potential intentions to some extent. For
example, if a user moves a lot every day, he may be an
outdoor sports enthusiast. Through more fine-grained
analysis, we can identify users’ occupations, taste habits,
and so on from their frequent locations and restaurants.
Therefore, mining hot spots and planning roads through
multiuser mobile trajectory data sharing is an important
research content of this paper.

2.2. Classification of User’s Mobile Behavior Trajectory.
User’s mobile behavior trajectory data refer to the sequence
of changes in geographic location information caused by
user’s own motion behavior in a certain time and space
environment. These geographic location information points
which change with time series can form a user’s mobile
behavior trajectory data according to the order of occurrence
time [8]. According to the different sampling methods, we
can classify these user’s mobile behavior trajectory data into
three categories.

2.2.1. Location Sampling-Based User’s Mobile Behavior
Trajectory. A trajectory formed by a change in position
during the movement of a user can be sampled sequentially
according to the change in position. It focuses on the in-
formation of location change when the user moves. The data
obtained by this method have abundant semantic in-
formation and very detailed location change information.
We can record the trajectory data of user’s mobile behavior
based on position sampling by recording discrete variables.
The trajectory of user’s mobile behavior can be represented
by the sequence of sampling points with the change of
moving object’s position, and it can be formally expressed as

L={(x, Yot )seeor (Xp Yirtine o )sevos (X Vo s - - ) -
(2)

The location (x;, ;),1<i<n denotes the geographical
location of the mobile user at the time of ¢;, and the location
(x;, y;) of the mobile user at the time of ¢; and the location
(X415 ¥iyp) of the time of t;,, are not the same.

Trajectory can be divided into three segments according
to the information of stopping point, boarding point, and
alighting position, and the trajectory can be preserved
according to different semantics and application segments.
For example, in the prediction of travel time, it is necessary



to delete the stopping point, which may be the vehicle
parking or waiting for passengers, in order to measure the
trajectory travel time more accurately. For some tasks that
analyze the similarity between two users, it is often necessary
to use the residence trajectory to reflect the user’s region of
interest.

2.2.2. Time Sampling-Based User’s Mobile Behavior
Trajectory. The change of mobile user’s behavior is sampled
by definite time interval to form the trajectory data of user’s
mobile behavior, which is called the trajectory of user’s
mobile behavior sampled according to time. This kind of
sampling focused on the change of location information
points caused by the change of mobile user’s behavior at the
same time interval, which has the characteristics of large data
volume and wide range. The time-sampled trajectory data of
user’s mobile behavior is formalized as follows:

L={(xp ot )sees (X5 Vistin oo )sevos (X Yooty - - )}
t; =t + (- 1)At,
(3)

where L is a trajectory data of mobile behavior, At is equal
interval time, (x;, y;), and 1<i<n denotes the location of
the mobile user at any time of ¢;. If the time interval between
the two sampling points is larger than the threshold value,
the trajectory can be divided into two segments through the
two sampling points.

2.2.3. User’s Mobile Behavior Trajectory Triggered by Events.
The trajectory of mobile user’s mobile behavior, which is
recorded by the system after the sensor event is triggered, is
obtained by the event triggering [9]. This sampling method
focuses on the event set that triggers the sensor to work. It
has the characteristics of short update period and repre-
sentative sampling objects. Although the behavior of mobile
users changes with time, the system does not record the
trajectory according to time or position, but only records the
trajectory information of mobile users when they produce
some specific behavior and trigger sensor events. We can
also use discrete variables to record the behavior trajectory of
mobile users and formalize it as follows:

L={(xp, Yot ) (Xp Virtine o )sevos (X Vo b - - ) -
(4)

The location (x;, ¥;), 1 <i<n, denotes the location of the
mobile user at the time of t;, and the location of the mobile
user at the time of t;, (x;, y;) and t;;, can be the same
(xi+1’ yi+1)'

When the trajectory direction changes beyond the
threshold value, we can mark the key points according to the
direction changes and divide the trajectory into two segments.

2.3. User’s Mobile Behavior Pattern Decision. According to
the trajectory data of user’s movement behavior, the speed of
completing the trajectory is calculated by time, and then the
user’s behavior pattern is determined. Many problems still
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need to be considered, such as road congestion, construc-
tion, and even traffic accidents, which will affect the speed of
user behavior. Vehicles travel much faster than people’s
walking speed on normal roads, but in congested or ab-
normal roads, the speed difference between vehicles and
people’s walking speed is not obvious. Therefore, the
identification accuracy of trajectory velocity can only be less
than 50% through time calculation [10]. In addition, the user
may change several different behavior patterns in the same
trip, which makes the same user’s moving behavior track
contain a variety of different speeds. In the overall calcu-
lation, if the average speed is obtained, it is obviously not
correct to determine the user’s behavior patterns. Therefore,
it is necessary to divide the user’s moving behavior trajectory
into several trajectory segments reasonably. By comparing
different trajectory segments, we can analyze whether the
user has changed the behavior pattern and further improve
the recognition accuracy.

How to realize the reasonable division of user movement
behavior segments is the problem we want to study. As
shown in Figure 1, the walking user and the driving user
travel the same way, but the trajectory data of the user’s
movement behavior are obviously different. We can analyze
the following three aspects:

(1) Because the trajectory data of user’s moving behavior
produced by walking often produce direction change
or reciprocating motion, we can divide the trajectory
segments according to the change of the trajectory data
direction of user’s moving behavior. In mobile scenes,
people get off a bus, walk to another station to con-
tinue to take the bus process, and must pass through a
section of walking, although the walking section is
short, but still can show obvious direction changes.

(2) The trajectory data of mobile behavior produced by
driving users do not change significantly in direction.
This kind of characteristic is not affected by traffic
conditions. We can train a classification model by the
supervised learning method. For example, drivers do
not change their direction as freely and frequently as
pedestrians do, resulting in a straight line in the
trajectory of the user’s movement behavior, and the
direction of change is not obvious [11].

(3) We can also judge user behavior patterns by the
shape of user behavior trajectory data, especially the
trajectory of user behavior generated by different
user behavior patterns in a journey, which will have
obvious morphological changes of trajectory.

3. Analysis of User’s Mobile Behavior
Trajectory Data

This paper studies the trajectory of user’s mobile behavior
generated by online travel users during their mobile process.
It contains a lot of information to express the personalized
behavior of mobile users. We can use data mining methods
such as classification, clustering, frequent itemsets, cycle
discovery, and anomaly detection to mine and analyze the
trajectory of tourism users’ mobile behavior.
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Figure 1: Differences in movement behavior between (a) walking users and (b) driving users.

3.1. Dividing Trajectory Segments. Each user movement
behavior trajectory can be regarded as an image data.
Structural Similarity Index (SSIM) can effectively measure
the similarity of two trajectories, and clustering based on the
similarity index is more accurate than traditional clustering
based on Euclidean distance index [12]. The accuracy of
structure similarity matching is closely related to the rea-
sonableness and validity of the segmentation of user motion
trajectory. Therefore, this section mainly studies how to
detect the large-angle mutation points in the user’s moving
behavior trajectory, and how to partition and store the user’s
moving behavior trajectory records at the mutation points,
so as to obtain some trajectory fragments which tend to be
stable before clustering.

Each user movement behavior trajectory cannot be a
straight line. As the precision of position coordinate re-
cording is higher and higher, the direction of each track will
change more and more, especially some subtle direction
changes, and the angle of rotation can reflect the degree of
change of the track direction. The division of track segments
is determined according to the size of the track angle.
However, if every corner is stored, it is not conducive to
reduce the storage of the corner, and it is not conducive to
extract it to divide the trajectory segments. Therefore, by
storing the large turning point, we can discover and identify
the changes of user behavior or abnormal conditions, which
is also conducive to retaining the relatively stable local
structure features of user trajectory segments.

We define the turning angle of user’s moving behavior
trajectory as the turning angle caused by the change of di-
rection of adjacent trajectory segments, which can reflect the
movement trend of trajectory and the change of user’s be-
havior [13]. As shown in Figure 2, the angle between the
direction changes of the user’s moving behavior trajectory can
be expressed as «, and the angle of rotation can be divided into
outer angle and inner angle, expressed as 0, and 6,, re-
spectively. We set the outer rotation angle 0, as a positive
value and the inner rotation angle 0, as a negative value to
facilitate the similarity calculation of the trajectory segments.

As can be seen from Figure 2, the formula for calculating
the angle alpha of the direction change is shown in Formula
(5), where a, b, and c represent the adjacent and opposite
sides of the angle a, respectively.

a’+b*-c?

a = arccos ——— . (5
2ab

Corner

FiGUure 2: Corner of user’s mobile behavior trajectory.

According to the above formula, the formula for cal-
culating the angle theta can be obtained (6):

{180—05, if (axb>0), )
a—180, if(axb<0).

This is the first step to partition the trajectory segments
of user’s mobile behavior. Using formulas (5) and (6), the
trajectory segment partitioning algorithm can be imple-
mented (Algorithm 1).

Some trajectory fragments obtained by calculating
rotation angle, setting threshold, and partitioning trajec-
tory fragments can be expressed as a set of several feature
attribute vectors. These feature attributes can compre-
hensively express the local features of a trajectory fragment
and the global features of user’s moving behavior trajec-
tory. In this section, the trajectory fragment is not simply
the expression of coordinate information of the position
information points, but extracts the speed, shape, position,
rotation angle, acceleration, and other characteristic vec-
tors from it. Using these eigenvectors, we can enhance the
accuracy of analyzing the trajectory of user movement. We
formally represent the trajectory fragment structure as
follows: TS = (D, S, A,L). In addition to the above four
teatures, we should also calculate the distance, time, and
other features, using vector W = {W, W W, W,} to
represent the weight of the four feature vectors.

Since the weights of feature vectors correspond to the
eigenvectors of the trajectory segments, their values should
be greater than or equal to zero, and the sum of their weights
should be 1; we can generally assume that the weights of all
feature vectors are equal probability, and we can take the
average value of 0.25 as the weights. Similarly, we can adjust
the weights of each feature vector according to the sensitivity
of the feature vectors of the trajectory fragments in the actual
scene. For example, when analyzing the position-sensitive
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Step 2: formula (5);
Step 3: formula (6);

algorithm is O (n).

Step 1: one by one, scanning the location information point sequence in the user movement behavior track;

Step 4: Set a threshold w for corner 6, store the corner satisfying |6] > w as a mutation point, and then divide the track segment
according to the position information point of the corner. n is the number of sampling points, and the time complexity of the

ALGORITHM 1

trajectory fragments, we can focus on the position vectors, and
the weights W, = Wg=W, =0,W, =1 are also feasible.

According to the feature vector and its weight to complete
the structural similarity comparison, mainly through the
analysis of the differences between the feature vectors of the
trajectory segments to complete the comparison [14], according
to the definition of the trajectory segment structure, we can
define two trajectory segments are L;,L;,1<i# j<n. The
comparison function of two trajectory segments is D(L;, L)),
velocity vector is S(L;, L;), angle vector is A(L;, L;), and po-
sition vector is L (L;, L;). The four comparison functions above
constitute the calculation of structural similarity of the trajectory
segments, as shown in the following Formulas (7) and (8). The
function N (---) denotes the normalization of the distance.
Because the range of each eigenvector in the trajectory segment
is different, the normalization of the distance is the normali-
zation of the distance of each eigenvector. The SSIM of structural
similarity is represented by 1 minus the normalization of the
distance:

S(LyL;) =(DXxWp+Sx W+ AXW , +LxW,),
(7)

SSIM(L;, L;) = 1-N(S(L;, L;)). (8)

The structural similarity comparison of trajectory frag-
ments can express the structural differences of each tra-
jectory fragment on the feature vectors. Therefore, the
smaller the SSIM value of the trajectory fragments,
the greater the SSIM value of the trajectory fragments.
Moreover, the distance between the structural similarities
of the trajectory fragments is symmetrical, that is,
SSIM (L;, Lj) = SSIM (Lj, L;). Therefore, it can be found that
the method based on structural similarity can well reflect the
structural differences between trajectory segments.

According to structural similarity, the direction in-
formation, speed information, angle information, and po-
sition information are compared [15].

(1) The direction vector comparison function D (L;, L]-)
denotes the degree of similarity of two similar trajectory
segment L;, L; in the direction of motion. As shown in
Figure 3(a), ¢ is the angle between the direction of the
trajectory, and the formula for calculating direction
vector comparison function is as follows:

“L | sin ¢, if(0°<90%),

D(L.L;) ||L || if (90° < 180°). ©)

If two similar trajectory fragments have the same di-
rection and the angle ¢ is small, the two trajectory fragments
tend to be parallel in the same direction, which is called the
best state, then the Dir Dist value approaches zero. If two
similar trajectory fragments are in opposite directions and the
two trajectory fragments with larger angle ¢ tend to be in
reverse parallel, the worst condition is that the Dir Dist value
is the length of the trajectory fragments involved in the
comparison.

(2) The speed vector comparison function S(Li,Lj) ex-
presses the trend of user mobility. The velocity vector
comparison function is shown in Formula (10), where
Simax (Li» Lj) 18 [V o (L) = Vi (L))], - representing
the absolute value of the maximum velocity difference
between the trajectory segments. Similarly,

Savg (Li»L;) and S, (L;, L;) represent the absolute
value of the difference between the average velocity
and the minimum velocity, respectively. We can judge
the difference of velocity vectors from the three as-
pects of maximum, minimum, and average velocity:

L;) + Smin(Li L))

(10)

1
(L) = & (Sl 1) (1

(3) The angle vector comparison function A(L;L;)
expresses the degree of eigenvalue change caused by
the change of direction in the trajectory segment. As
shown in Formula (11), where the angle of rotation
0 is calculated according to Formula (6), the in-
ternal rotation angle is positive and the external
rotation angle is negative, the angular distance of
the trajectory segment is the cumulative value of
many internal corners of the trajectory, and the
direction of change within the trajectory segment
can determine the value of each angle:

Pty ((|e o] )(led el (11)
P(L,)+P(L)) .

Figure 3(b) shows that if each corner of the two tra-
jectory segments rotates to L; and L; matches, the value of
the angle vector comparison function is 0, which is the best
case. If the two trajectory segments turn to L; and L; in

opposite directions, that is, the two trajectory segments are

A(L»L;) =
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FiGure 3: Comparison of track direction and rotation angle: (a) direction contrast; (b) corner contrast.

in opposite jagged shape, and the value of the angle vector
comparison function is 1, this is the worst case.

(4) For the position vector comparison function
L(L;, Lj), we can use Hausdorff distance to measure
the location distance of the trajectory segment, as
shown in the following formula:

L(L;, L;) = max(h(L;, L;), h(L;, L;)), (12)
where h(Li,Lj) = meaix(lgiiLn(dist(a, b))) is the direct
acl; bel;

Hausdorff distance between L; and L;, i.e., the maxi-
mum distance from a point in L; to the nearest L; and
dist(a, b) represents the Euclidean distance function
between points.

3.2. Similarity Computation of User’s Mobile Behavior
Trajectory. At present, we collect and store the trajectories
of tourism users’ mobile behavior, cluster the typical
similar trajectories from these trajectory data, analyze the
behavior patterns of user’s mobile behavior trajectories,
and predict the personalized needs of tourism users based
on structural characteristics. Clustering analysis is to divide
user behavior trajectory into several groups with high
cohesion and low coupling. It requires high similarity of
user behavior trajectory in the same group, and low sim-
ilarity of user behavior trajectory in different groups. The
goal of clustering analysis is to find out the trajectory data
with the same or similar behavior patterns from the tra-
jectories of some users’ mobile behaviors, analyze the
personal preferences, consumer demands, and behavior
characteristics of the trajectories of tourism users’ mobile
behaviors, and accurately determine the similarity between
trajectories of users’ mobile behaviors. At the same time,
the trajectories of users’ mobile behaviors with high sim-
ilarity are gathered into one class [16].

Most of the online travel users are in the same scenic
spot, similar routes to carry out activities, and most of the
resulting mobile behavior trajectory data have local
similarity and global dissimilarity. It is difficult to find the
personalized characteristics of tourism users by analyzing
the complex and large number of users’ mobile behavior
trajectories and effectively extract users. The analysis of a
part of the mobile behavior trajectory is more conducive
to finding the information contained in it [17]. Therefore,
the trajectory analysis method based on the whole tra-
jectory in traditional research is easy to cause the inac-
curacy of trajectory analysis. In this paper, we use

structural features to calculate the similarity of user
movement behavior. This method needs to calculate every
corner of the user’s mobile behavior trajectory and find
the sampling point with larger rotation angle, which is
regarded as the sudden change point of the user’s mobile
behavior, and then divides the trajectory segment by the
sudden change point. In this way, the rotation angle of
each trajectory segment obtained will not change sig-
nificantly, and the trajectory structure tends to be stable.
Then, a trajectory model of user’s mobile behavior is
constructed, which is characterized by trajectory di-
rection, trajectory speed, trajectory angle, and trajectory
distance. Taking these features as parameters, threshold
values are set to express and adjust the weights of each
feature according to the actual application scenarios, and
a trajectory similarity algorithm is constructed to calcu-
late the user’s movement behavior. The object of this
paper is to calculate the structural similarity of some
trajectory segments which are divided according to the
sudden change points of large turning angles by using the
trajectory similarity algorithm constructed with structural
features as parameters. It is used to judge the similarity
degree of each user’s moving behavior trajectory and then
completes the feature analysis of user’s moving behavior
trajectory. The simulation results show that the trajectory
similarity calculation algorithm is efficient, the weight
adjustment of each structural feature is flexible, and the
trajectory analysis results are more in line with the needs
of practical application scenarios and have higher ap-
plication value and practical significance.

On the basis of obtaining the feature vector distance of
user’s moving behavior trajectory segment, the trajectory
segment with high similarity is analyzed, and then the
clustering algorithm is used to complete the clustering of
user’s moving behavior trajectory. By comparing the
structural similarity between the trajectory segments and
other trajectory segments which are not on the same tra-
jectory, a number of e-nearest neighbor sets of trajectory
segments are formed. The number of e-nearest neighbor sets
is used to determine the midpoint of trajectory segment
clustering, and then the trajectory segment clustering is
realized. A trajectory segment clustering algorithm based on
structural similarity is constructed.

The steps of clustering algorithm based on structural
similarity are given in Algorithm 2.

From the analysis of the above algorithms, it can be seen
that, in the trajectory segment clustering algorithm based on
structural similarity, it is very important to determine the
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trajectory fragments to a new node in the index tree.

trajectory fragments are traversed.

Step 1: first calculate the corner 6 of each track segment sampling point P;;

Step 2: according to the corner threshold w, we divide the trajectory of user movement into TS of some track segments.

Step 3: calculate the distance between the trajectory feature vectors based on the weight of the trajectory segment feature vectors.
Step 4: calculate the e-nearest neighbor set of the track segments with high similarity.

Step 5: the distance clustering segment is centred on the similarity track segment e-nearest neighbor set.

Step 6: initialize clustering ID and track segment clustering markers.

Step 7: traverse the trajectory fragments, find the core clustering and set the clustering ID, and then add the pointers of these

Step 8: determine whether the set center of e-nearest neighbors meets the specified distance. If it meets the requirement, then add the
cluster ID marker to the trajectory fragment, expand the clustering, construct the index tree node, and repeat steps 7 and 8 until all

ALGORITHM 2

threshold value of w, e-nearest neighbor, and the threshold
value of ¢ nearest neighbor number, which can directly affect
the time complexity and space complexity of the algorithm.
It needs to be verified repeatedly and determined according
to the actual application fields. Therefore, we mainly analyze
the algorithm qualitatively.

Through repeated verification of the algorithm, in the
data analysis of trajectory of travel user’s movement be-
havior, the value of w cannot be set too small, and if set too
small, some characteristic details of trajectory segments will
be lost. On the contrary, the value of w cannot be set too large
and cannot effectively identify the abrupt change point or
sampling abnormality of the trajectory segment, which di-
rectly affects the structure of clustering analysis. Similarly, if
the threshold value ¢ of the number of neighbors is set to be
large enough, then no trajectory segment can satisfy the
requirement of [N, (L)| > o, and all trajectory segments will
be marked as abnormal conditions. On the contrary, if o is
set too small, all the trajectory segments may become the
clustering center, so that the trajectory segments will be self-
contained and the number of clusters will be too large.

3.3. Discovery of Popular Tourist Attractions. By effectively
identifying the location information points in the trajectory
data of users’ mobile behavior, the feature vectors of the
trajectory segments can be extracted, and the semantics of
these location information points can be expressed as the
route, the scenic spots, and the behavior patterns of an
online travel user in the past period of time. By clustering
and analyzing the trajectory fragments containing loca-
tion information points, we can find that the traveling
users have a longer time in a certain area, which can be
interpreted as the tourist users have a higher degree of
interest in a certain scenic spot. Semantic expression is a
popular tourist spot with longer stay time for online travel
users. In practical scenarios, many traveling users will visit
the same or similar scenic spots. From the trajectory of
users’ mobile behavior and the region of interest, traveling
users with similar trajectory and the same region of in-
terest can predict their similar preferences or similar
behavior characteristics. These regions of interest fre-
quently stayed by tourist users will appear as overlapping
regions in the trajectory of user’s mobile behavior. If these

overlapping regions are found, the popular scenic spots
concerned by tourist users can be found and the users who
like these scenic spots can be clustered. And then, dig out
the other characteristics of these users to complete the
personalized tourist attractions recommendation of
similar tourists. We extract the feature parameters of these
overlapping areas, such as overlap time and overlap times,
which can reflect the similarity between the traveling users. It
can identify the tourist attractions that the tourist users are
interested in during the mobile process and recommend the
most likely popular tourist inventory for other tourist users
who have a higher similarity with their user’s mobile behavior
trajectory, so as to tap the potential preferences of the tourist
users [18]. Assuming that travel user A and travel user B share
a higher degree of similarity in the trajectory of users’ mobile
behavior, it can be found that some scenic spots are visited by
users A but not by users B. Through mining, it is known that
these scenic spots may be of interest to users B. Then, we can
recommend these scenic spots to B users through A users, so
that these scenic spots become the potential and most likely
scenic spots for B users to visit. We can also use the activity
sequence to express the popular scenic spots that tourists
often visit, and the trajectory of nearby tourists is more in-
structive [19].

In the process of analyzing mobile user behavior tra-
jectory data with structured eigenvectors, it is not difficult to
find that the moving speed of user behavior trajectory is not
the same in different time periods, or it is slower in a certain
time period, or it is faster in a certain time period. Figure 4
shows the moving speed of the user in different periods of
time, in which the trough is formed during the period when
the user moves slowly and the peak is formed during the
period when the user moves fast, but both trough and peak
can indicate the user’s continuous generating activity. And,
the slow moving trough time contains more user behavior
characteristics, so this paper focuses on the behavior
characteristics of mobile users in trough situation.

As shown in Figure 4, by comparing the speed, distance,
and time of user’s moving behavior trajectory, the structured
features of mobile users and the behavior differences of
tourist users can be clearly analyzed. We focus on the
analysis of two dimensions: the speed and the time of the
slower wave trough. As shown in Figure 5, the slower the
traveling speed of the tourist user, or the less the change of
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FIGURE 4: Mobile speed of user behavior trajectory.
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FiGure 5: Two-dimensional trajectory analysis of user movement
behavior.

the active area in a period of time, the most likely the
predictable user behavior characteristic is; that is, the
traveling user stays at a certain scenic spot for browsing,
resting, or taking photos. The longer the trough, the more
attractive the scenic spot is. The more tourists are staying at
the same scenic spot, the more scenic spots can be designated
as popular tourist attractions.

For example, when a tourist visits a scenic spot, he or she
forms a trajectory of the user’s movement behavior. Three
troughs appear in the trajectory, indicating that the user may
have experienced three scenic spots or rest areas, of which
the first trough has a shorter experience. It shows that
tourists spend less time visiting the first scenic spot, travel
faster, continue to move forward at a faster speed after the
tour, and spend a little more time watching the tide or taking
pictures when they meet the scenic spot of interest. So
tourists will slow down, move in a more fixed area, and travel
at a slower speed, thus appearing the second trough period,
after the tourists continue to move forward; when the
formation of the third trajectory speed reached trough state,
semantic expression may have two situations. The first is that
the tourists reach a certain degree of fatigue or meet a rest
area, stop and rest; the second is that the tourists arrive at a
well-known scenic spot, gather more tourists, people will
stay in a certain position, waiting for sightseeing and
photography, moving slowly, and almost stop. The above
two semantics can be distinguished by whether the location
in the electronic map is a resting area or a scenic spot.
However, in the actual tourist attractions, the situation may
be more complicated. For example, a tourist is an outdoor
sports enthusiast who has good physical strength and likes
natural scenery. Because of his fast moving speed, there is
little difference between the wave crest and trough of the
waveform trajectory formed by the speed and distance.

Although his tour speed is fast and his stay time is short, the
location he stays in is still the area of interest. In this way,
moving objects with similar frequencies in the velocity-
distance waveform can be found not only in the known
hot spots of the users, but also in the scenic spots that the
potential users may be interested in, even in the preferences,
occupations, and personality characteristics of the tourist
users. It helps to gather tourists with similar preferences and
similar personalities to achieve the confluence module [20].

Popular scenic spots refer to scenic spots with long
staying time after arrival [21]. In the user’s mobile behavior
trajectory, the hot spots can be marked as H =
{Hi,Hy,...,H,},H; = {L;, Ly, ..., L, }, H is used to de-
note a trajectory fragment. When the traveling user passes
through a hot spot area with high interest and stays for a long
time, the trajectory fragment moves at a speed close to or far
below the normal trajectory speed. We can think that the
tourist user has conducted a deep browsing in the scenic spot
or some behavior activities have taken place in the scenic
spot area. We can analyze the information such as the time
of arrival, the time of stay, and so on. The region with dense
user access points can be expressed as a popular tourist
attraction area with high user access frequency [22].

Because GPS receiving equipment receives satellite signals
in vast and open areas with high intensity and good posi-
tioning effect, satellite signals in indoor areas will be shielded
by the wall, resulting in weak positioning signal and reduced
positioning accuracy [23]. Therefore, when analyzing tourists’
preference for scenic spots through the status of stay, it is
necessary to distinguish between outdoor and indoor scenic
spots. The positioning signal of outdoor scenic spots is good
and has high precision. It can acquire the location in-
formation points at sampling frequency in real time and form
the locus of user’s movement with dense location information
points. The positioning signal of indoor scenic spots is weak,
which affects the positioning accuracy. Even when the signal
is lost, the location information points cannot be obtained in
time according to the sampling frequency requirement, and
the space area of the indoor attractions is small, which makes
some location information points overlap. This repetitive
activity can also find that the tourists are visiting a certain
indoor attractions regularly. The popular scenic spots are
divided into two types: one is the outdoor scenic spots, such as
natural landscape, gardens, playgrounds, and other broad
areas, in a longer period of time, can obtain more dense
location information points formed by the user’s mobile
behavior trajectory, recorded as HR;;; Another kind is indoor
scenic spots, such as restaurants, shopping malls, tourist
centers, and other closed areas, in a long period of time, may
lose a certain location information point sampling in-
formation, but after leaving the area, they can get the location
information point again, recorded as HR;. Firstly, the tra-
jectory data of user’s mobile behavior are obtained by sam-
pling the location information points, and then the trajectory
data of user’s mobile behavior is denoised. Finally, according
to the characteristics of the location information points, the
HR; and HRy; popular scenic spots domain are divided by the
density clustering method. The steps for finding popular
scenic spots is given in Algorithm 3.
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MT.
Output parameters: collection of popular scenic spots HR.

Step 2: D [i—1]-T=cal T (p;—1, p);
Step 3: D [i—1]-S=cal D (p;— 1, p)/D [i—-1]-T;
Step 4: HR={}; C={}; CO =false;

Step 6:if (D [j—1]-T>Tand D [i—1]-S<n xS) then
Step 8: if (not CO) then CO = true;

Step 10: else if (CO) then

Step 13: C={p;};

Step 14: if (not CO) then CO = true;
Step 15: else if (CO) then

Step 16: last Index =look Ahead (MT, S);
Step 17: if (last Index<j+MT) then
Step 18: for k=last Index downto j do
Step 19: C={py};

Step 20: j=last Index;

Step 21: else if (time (C) > T) then
Step 22: HE={C}; C={}; CO = false;
Step 23: return HR;

Input parameters: user movement behavior trajectory Q, minimum speed S, minimum time 7, and maximum disturbance threshold

Step 1: for (i=2, i<|Q|, i++)/# | Q| represents the number of location information points=/

Step 5: for (j=2, j<|T|-1, j++) /*cycle search indoor attractions area HRI*/
Step 7: C={p;— 1, pj}; /*record location information point stay areas/
Step 9: else C=Update {p;~ 1, p;}; /*merge the location information points closer to the collection HRx/

Step 11: HR={C}; CO =false; C={} /*search outdoor attractions area HRII*/
Step 12: if (D [j—1]-S<S) then/+determine activity intensive areas*/

ALGORITHM 3

Because the location information points sampled by
GPS are affected by the factors of region, space, and
weather, it is easy to have inaccurate positioning or in-
terruption of positioning [24]. When the user enters the
indoor scenic spots from the outdoor scenic spots, the short
signal interruption will occur, and the positioning data
receiving error will easily occur. In order to adapt this
error, a maximum disturbance threshold MT is set in the
hot spot detection algorithm to enhance the accuracy of
location information points.

The outdoor and indoor scenic spots are divided according
to the location information of popular scenic spots. The density-
based hot spot discovery algorithm is used to retrieve two
different types of user residence areas, outdoor and indoor, in
the trajectory of user’s mobile behavior, and define them as hot
spots [25]. The algorithm has four input parameters: trajectory
of user’s mobile behavior, minimum speed, minimum time, and
maximum disturbance threshold. Among them, the threshold
of minimum speed is related to the activity speed of tourist users
in the scenic spot area. If walking tour, the general speed is 2 to
3 meters per second. If the sudden reaction speed of the location
information points slows down significantly, it indicates that the
tourist users have arrived at the scenic spot area, and specific
user behavior has taken place. On the contrary, if the sudden
response speed of the location information points increases over
a period of time, it indicates that the travel users have changed
their behavior patterns. For example, we can leave the scenic
spot and take a sightseeing bus to the next scenic spot, so we can

set it according to the sampling time. There is no absolute fixed
value in the setting of the minimum time threshold.
Generally, if a tourist user stays in a certain area for more
than 30 minutes, it can be considered that the tourist user
arrives at a scenic spot or rest area, and changes in user
behavior have taken place, resulting in a specific activity.
The maximum perturbation threshold is only used to ex-
press the number of continuous perturbations when the
abnormal location information points are sampled. If the
number of abnormal location information points is smaller
than the perturbation threshold, the abnormal sampling
information points can be merged into the normal location
information points of the user’s mobile behavior trajectory
data set. If the number of abnormal location information
points sampled in the former HR is larger than the per-
turbation threshold, it is necessary to preserve the current
user’s mobile behavior trajectory and then detect the new
hot spots after abnormal location information points
sampled to form a new user’s mobile behavior trajectory.
The settings of the minimum time threshold and the
maximum disturbance threshold are related to the sam-
pling frequency of the location information points. In the
popular scenic spot area detection algorithm, the trajectory
of the user’s movement behavior is traversed twice. The
algorithm complexity is linear order O(n). Among them, n
denotes the number of location information points in the
trajectory of the user’s mobile behavior, and the algorithm
can retrieve the hot spots with frequent activities.
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4. Travel Recommendation Model

4.1. Application Scene

(1) Tourist Attractions Recommendation. In the mobile
scenario where the user completes the tourist at-
traction tour, the tourist user will generate multi-
dimensional information to realize the application
scenario recommended by the tourist attraction,
which can hide the rarely used dimensions. Focus on
the user’s city, mobile behavior trajectory in the
corner location information points, hot spots and
user behavior patterns and other dimensions, ac-
curate analysis of user preferences, the same char-
acteristics of the user recommend the most likely
favorite tourist attractions [26].

(2) Hotel Catering-Related Recommendation. Tourist
users need to visit other applications frequently in the
process of touring, such as electronic map applica-
tions, O20 applications, restaurants, e-commerce,
outdoor equipment, etc., a single visit to each ap-
plication, users need to frequently exit one application
login another application, will cause user in-
convenience, inefficiency, etc. According to the ap-
plication relevance assessment model, we analyze the
application of tourism users’ preferences. Establish
the relationship between these applications, so that
users can access a travel APP directly related to other
applications they are used to daily life, making travel
APP a personalized all-round service platform [27].

(3) Tourism User Preference Content Recommendation.
Tourist users may often inquire about certain contents,
such as outdoor equipment, fitness and health care,
restaurants and entertainment, and surrounding scenic
spots in the process of using the application. According
to the content retrieval evaluation model, users can
retrieve keywords, learn user preference content, and
discover their hobby characteristics and behavior
characteristics. According to these preferences, travel
APP can construct a personalized interface for users,
giving priority to the information, articles, and news
that travel users are interested in [28].

4.2. Travel Recommendation System. With the combination
of Bluetooth, WIFIL, and other RF communication tech-
nologies and mobile terminal devices, mobile point-to-point
communication environment has been derived, and many
different research topics have also emerged. This research
talks about the relationship between mobile attraction
recommendation system and social software from the
perspective of mobile social software and completes in-
teraction through user comment sharing in mobile point-to-
point environment. In this paper, an interactive system of
tourism comment information sharing and social net-
working software is established, which includes three
functions: recommendation, reunion, and comment. It is
used to explore the interaction between users in mobile
point-to-point environment. The preliminary test has been

1"

completed in this paper. The experimental results show that
the recommendation, convergence, and comment functions
of the system can provide precise services for users and
provide a basis for further research on the wide application
of user behavior trajectory in precise marketing.

This paper focuses on the problem of information
sharing and social interaction of tourism mobile recom-
mendation system in mobile point-to-point environment.
The system mainly includes three functions: recommen-
dation, convergence, and information sharing. In the rec-
ommendation function section, we assume that users will
leave comments and other information after visiting a scenic
spot. When other users meet with them, they can exchange
comments through RF communication technology. These
comments are calculated by system algorithm to recom-
mend scenic spots that meet users’ interests. In addition,
users can also actively send requests to other people to join
the information and find similar interests around users to
visit a scenic spot. Of course, users can also actively share
location, comments, traffic conditions, tourist density, and
other related information.

In order to enable the interaction and sharing of in-
formation between remote users, the relay mode under
mobile point-to-point can be adopted. Every user in the
system plays the role of information transmission, that is to
say, each user’s mobile terminal is a relay node for in-
formation transmission and constantly transfers the in-
formation they have mastered to the users at a long distance.

4.2.1. System Architecture. The mobile peer-to-peer envi-
ronment mainly transmits information through the direct
transmission between peer-to-peer users and the relay mode
assisted by the third party. Using this feature, the system
proposed in this paper mainly provides three services:
recommendation, convergence, and review. First of all, the
main purpose of recommendation service is to recommend
scenic spots similar to user’s interests to users through user’s
evaluation information, so that users can have a reference
direction for the next destination in the journey, so that
users can travel more smoothly. Secondly, the convergence
service allows users to initiate a convening activity, gather
other interested users around, visit the scenic spots together,
or buy specialty goods together, through group buying to get
a better price, or to strive for preferential services. Thirdly,
evaluation services are divided into general information and
specific information. General information is simply the
transmission of personal information and specific in-
formation, so that the use of convergence services conveys the
convening activities of the department of the offensive,
through short messages, and the expression of personal in-
formation is incompatible; specific information is only for
convening activities issued information. To provide the above
services, the system architecture is presented in Figure 6.

(1) Interface Module. This module is responsible for the user
and the system function docking; through this module, the
system function interface is expressed and the user is guided
to carry out the operation of various functions.
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FIGURE 6: Mobile point-to-point tourism recommendation system architecture.

(2) Scoring Module. At present, the commonly used rec-
ommendation system is based on the scoring mechanism,
which collects user’s scoring data to calculate and provide
recommendation services. The scoring module proposed in
this study is mainly responsible for recording the user’s
evaluation of scenic spots. At the initial stage, the recom-
mendation system often faces the problems of incomplete
user scoring information, too many items not scored, and the
difficulty of calculation caused by the noise of data, resulting
in the decline of recommendation accuracy. Therefore, this
study classifies scenic spots, requires users in the initial stage,
must be based on the type of scenic spots scoring to ensure
that individual users in the initial stage, and needs to score for
the type of scenic spots to ensure that individual users’ scoring
information has been scored by the common column.

(3) Transport Module. Because this research system is built in
the mobile point-to-point environment, user scoring, in-
formation, and other need to be obtained and transmitted
through the transmission function; this study uses Bluetooth
transmission technology to achieve the transmission of re-
lated functions. This module enables the system to auto-
matically exchange scoring data through Bluetooth without
interfering with the user when they meet, so as to achieve the
purpose of collecting data. In terms of scoring exchange
mechanism, this study currently uses unlimited scoring ex-
change method, when users meet, the exchange of all the
scoring data held by both sides. However, information that
has not yet been scored is not helpful to the recommendation
system. Therefore, in the scoring exchange module, it is as-
sumed that only the user has scored more than five scenic
spots before the exchange, while the other scoring data

obtained by others is more than five items before passing on
to other users. On the other hand, the transmission module
has the search function and can discover other users around
the user; when the user wants to pass its ideas to the sur-
rounding users, it can be completed through this module.

(4) Recommendation Module. This study analyzes the rec-
ommended operation by exchanging accumulated score
data. This recommendation module uses collaborative rec-
ommendation and Pearson correlation coefficients to per-
form recommendation operation. The formula is shown in
(13). Suppose that U (i,a) is used to predict the possible
degree of preference of i to a scenic spots. F; (a) is the score
of user j for a attractions and F; is used to score the average
score of holder i. F_] is the average score of user j, and
sim (i, j) is the similarity between user i and user j calculated
by Pearson correlation coefficient:

¥ jsim (i, j) ><|Fj (a) —F7|
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ZjSim(i) 7 ()

Ui,a) =F, +

In the process of recommendation, the recommendation
module first calculates Pearson correlation coefficient, cal-
culates the first 20 items of scoring data which are most similar
to users, and then runs the subsequent recommendation al-
gorithm. Finally, the user’s predicted value of a certain scenic
spot is obtained by weighted average of these scoring data and
similarity, and five scenic spots with the highest predicted
value are recommended to users for reference.

(5) Position Module. This module can use Bluetooth GPS
receiver to receive satellite signals and select the local latitude
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and longitude values to determine the location of the user.
Finally, combined with the processing results of the recom-
mendation module, the electronic map shows the location of
each recommendation site and the location of the user.

(6) Information Module. The concept of user’s active com-
ment can be added in the system; through the transmission
of information, users can express their personal ideas to
other users around. Adding the function of transmitting
information in this part, the user can not only transmit the
new information but also transmit the received information
to other users in the transmission range.

(7) Convergence Module. Since the system is designed in a
mobile peer-to-peer environment, a mobile convergence
function is derived from the concept of mobile social net-
works. Through this function, travelers can dynamically
search for other users with the same goals and preferences.
Through the transmission of information, travelers can share
the requested information to the surrounding users and thus
find travelers willing to act together.

(8) Privacy Module. One of the focuses of mobile social
software is to explore the interaction between users, but not
everyone is willing to interact with others, so this study adds
privacy considerations. This module can provide users
whether to allow all other users or only allow some friends to
search their own location through the system; through the
privacy settings, users can not be disturbed by other users to
carry out system operations but also to observe whether
there is a willingness to interact between users.

J2ME can be chosen as the development platform of the
system, and Bluetooth technology is the basic wireless
transmission technology commonly available in mobile
terminals. Therefore, it is feasible to use Bluetooth tech-
nology as a transmission tool. In order to expand the scope
of information transmission, WIFI wireless network can also
be considered as a transmission medium, which can effec-
tively solve the problem of short transmission distance and
unstable signal of Bluetooth.

5. Conclusion

Advanced GPS devices enable people to record their location
histories with GPS trajectories. The trajectory of users’
mobile behavior means to a certain extent that a person’s
behavior and interests are related to their outdoor activities,
so we can understand the users and their locations and their
correlation according to these trajectories. This information
enables accurate travel recommendations and helps people
to understand a strange city efficiently and with high quality.
By measuring the similarity of different user location his-
tories, the similarity between users can be estimated and
personalized friend recommendation can be realized. The
user stereoscopic user portrait can be portrayed through the
integration of user movement behavior trajectory and social
information. This paper takes the trajectory data of tourism
users’ mobile behavior as the research object and constructs
the tourism precise marketing model. In the process of
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obtaining the trajectory of user movement, the character-
istics of mobile user behavior track data are taken into
account. The sensitivity of various features in the trajectory
analysis process is adjusted by weight. The structured feature
vectors and popular scenic spots discovery methods of user’s
mobile behavior trajectory are fully studied by clustering and
collaborative filtering techniques, which lay a foundation for
constructing the application model of tourism precision
marketing.
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Urban social civilization and the quality of life of residents are gradually improved, and the development scale and trend of the
leisure tourism industry have been growing. This paper constructs a multi-source data fusion model based on an ensemble
learning algorithm, uses Ctrip 2020 open data set to train the model, and then obtains the tourism information data processing
and prediction results. This paper takes the data of Ctrip as the training set and compares the trained model with the data of
tunic and Feizhu. In this paper, sensor detection technology is used to analyze many famous scenic spots in China, including
tourist type, gender, and location. The results show that tourism feature extraction results are consistent with data from
trending flying bamboo, tunics, and other websites, according to the results of a multi-source fusion of tourism information.
Among them, in the data of the first half of 2020, the prediction accuracy of the model after data processing is about 62%.
Affected by the epidemic situation, the accuracy of the model is low. In the second half of the year, the prediction accuracy is
78%, which can be used to fuse tourism information in a short time. Therefore, the data show that the model has high learning
ability and high trend prediction ability in tourism data processing, which can provide necessary information support for tourists.

1. Introduction

Tourism information processing technology usually uses a
POI model related to specific human social activities to rep-
resent a group of points in arc tourism information. This
paper analyzes the distribution and agglomeration character-
istics of leisure tourism space and discusses how to coordi-
nate the relationship with wurban construction and
development, which plays a vital role in the construction of
livable cities, the development of tourism, and the sustainable
development of cities.

At present, many studies refer to the urban landscape and
tourism data. For example, Chen y divides the urban leisure
space into four categories by analyzing the world’s major
parks [1]. Shang CF discusses and analyzes the research sta-
tus of the concept of leisure tourism at home and abroad.
As a new data source and research idea, it can further analyze
the urban leisure tourism space [2]. Oberoi analyzes the dis-
tribution characteristics of tourism information services in
Guangzhou by using the nearest neighbor distance method

and other spatial analysis methods [3]. In terms of coupling
analysis of tourism information data and scenic spot data,
Bernardi PD uses landscape pattern index, gravity model,
gravity model, and coupling analysis to analyze the urban
spatial distribution structure of Anhui Province Based on
DMSP/OLS image, statistical data, and tourism information
data [4]. PON W C selects tourism information data and
NPP remote sensing data for kernel density analysis and fur-
ther analyzes the characteristics of the urban spatial structure
of Wuhan City [5].

In data fusion, a new artificial intelligence technology
proposed by poetry y a proposes that multi-source data
fusion is that a central server coordinates multiple clients to
complete a learning task without disclosing data [6]. Ramad-
han GR proposes a user-level differential privacy training
algorithm, which effectively reduces the possibility of recov-
ering personal information from the transmission model by
adding privacy protection to the aggregation algorithm [7].
On the other hand, Huyan w proposed a differential privacy
hybrid model, which partitions users by their trust
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preferences, to reduce the size of the required user base [8].
Oezturan m combines gradient selection and secret sharing
algorithm, which greatly improves the communication effi-
ciency while ensuring user privacy and data security [9]. In
terms of resource optimization in multi-source data fusion,
Liu P considered multi-source data fusion through the wire-
less network and proposed the problem of optimizing energy
consumption and global multi-source data fusion time [10-
11]. The above research in the data source processing is not
fully integrated, so the tourism data prediction cannot
achieve accurate prediction.

This paper constructs a multi-source data fusion model
based on an ensemble learning algorithm, uses Ctrip 2020
open data set to train the model, and then obtains the tour-
ism information data processing and prediction results [11-
12]. This white paper uses Ctrip data as a training set and
compares the trained model with tunic and flying bamboo
data. This treatise mainly analyzes some of China’s famous
scenic spots, such as tourist type, gender, and location.
According to the results of the multi-source fusion of tourism
information, the results of tourism feature extraction are
consistent with the data of Feizhu, tunic, and other websites
in the trend.

2. Tourism Data Processing and Multi-Source
Data Fusion

2.1. Distributed Tourism Data Processing Method. In the
information age, massive tourism data will bring many prob-
lems to the centralized data processing mode with the cloud
computing model as the core [13]. First, the processing mode
of uploading all data to the cloud will not only cause low effi-
ciency but also cause additional bandwidth overhead, at the
same time, the network delay will also increase [14]. Second,
due to the improvement of users’ privacy awareness, the data
of edge devices are likely to leak in the upload link, and the
security of personal privacy cannot be guaranteed [15]. The
distributed data processing mode can effectively solve the
delay and efficiency problems of traditional cloud computing
[16]. At the same time, aiming at the problem of “data
island”, Google proposed a new concept of “multi-source
data fusion” for the first time [17]. The model is individually
trained on multiple edge devices using training samples, and
sharing of multi-source information is achieved by aggregat-
ing model parameters without disclosing user privacy. In
addition, due to the diversity of edge devices, the data col-
lected by the devices exhibits diversity in annotations,
semantics, and existing formats [18]. For example, for the
description of the same object, there are text class, picture
class, video class, and audio class data, and multi-modal data
widely exists [19]. Different modal data can describe the tar-
get object from many aspects [20]. By eliminating redundant
data and fusing various data sources for correlation and sup-
plementary analysis, more valuable new information can
emerge from the data, to achieve the effect of 1 +1>2. Mul-
timedia data collected from the Internet and mobile devices
are typical unstructured data, which is significantly different
from the traditional structured data format [21]. Therefore,
the processing of multi-source heterogeneous data collected
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by different edge devices becomes an urgent problem in big
data research [22]. In the traditional multi-source heteroge-
neous data fusion algorithm, data centralized processing
has the risk of data privacy leakage in practical application
[23]. Therefore, there are still many problems in multi-
source heterogeneous data processing without disclosing user
privacy: first, due to enterprise competition and user privacy
protection awareness, data exchange is blocked for a long
time, and information sharing cannot be realized, so the
value of heterogeneous data cannot be fully exploited. Sec-
ondly, the neural network is used to process the data, and
the model designed according to the data cannot be changed
once it is determined [24]. However, in edge computing,
there are differences in data structure and the number of
types collected by edge devices. If we design a neural network
for the data of each network edge device, the workload is
huge [25-26]. At the same time, the model can only be
applied to a single node or the edge device with the same data
characteristics as the node, the universality is not high, and it
can not give full play to the value of other heterogeneous data
in the Internet of things [26]. To solve the problem of multi-
source heterogeneous data fusion without disclosing user pri-
vacy in edge computing, this paper proposes a multi-source
heterogeneous data fusion algorithm based on multi-source
data fusion [27-30]. Starting from the data structure charac-
teristics collected by edge devices, combined with tensor
tucker decomposition theory, this paper studies the adaptive
processing of multi-source heterogeneous data model on dif-
ferent edge devices, and solves the single adaptability prob-
lem caused by the disunity of the heterogeneous data model
in multi-source data fusion.

2.2. Multi-Source Data Fusion System Model. In this paper,
we aim at the problem of heterogeneous data fusion without
data exchange, consider the introduction of multi-source
data fusion to edge computing, and learn the potential char-
acteristics of multi-user without invading user privacy. The
basic architecture of its intelligent sensor system is shown
in Figure 1.

In this framework, the system is composed of an edge
node, Internet of things, and cloud server. The edge node
connects with the cloud server through the Internet of things
(such as gateway and router). Multi-source data fusion is a
distributed learning framework, in which the original data
is collected and stored on multiple edge nodes, and the model
training is performed at the nodes, and then the model is
gradually optimized through the interaction between node
n and cloud server h. The formula is as follows

k k nj
Zj=1 o121 P

2n2u

B Vi = Vnr

(1)

Based on the above framework, multi-source data fusion
can use local data from multiple independent edge nodes
sharing model, and use model transmission instead of data
transmission to avoid the risk of user privacy leakage in the
process of transmitting the collected original data from mul-
tiple edge nodes to the cloud server.
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FIGURE 1: Multivariate data fusion framework diagram.

The multi-source heterogeneous data fusion algorithm
proposed in this paper is mainly divided into feature extrac-
tion modules, feature fusion modules, and feature decision
modules. The feature extraction module is composed of fea-
ture extraction sub-networks corresponding to various het-
erogeneous data. In the initialization stage, the central
control node randomly initializes the network parameters
of the feature extraction module, feature fusion module,
and feature decision module, and sends them to the edge
node T, where the fusion parameter is C.

Z = C(max (0},v,0))
T

(2)

Vi = Vir

n n;
1/2“,‘21‘:]1Zri1

Ei= "

J

In the model training stage, after receiving the model
from the central control node, the edge node selects the cor-
responding feature extraction module according to the data
set structure of the local node and uses the local data set to
train the feature extraction module, feature fusion module,
and feature decision module. The termination condition of
a new round of edge node training is that the number of local
node training rounds exceeds the given number of training
rounds. After training, the training model is returned to the
central control node for model aggregation. The first practice
test is to use the average aggregation algorithm for the func-
tion fusion module and the function determination module.
For the feature extraction module, the average sub-module
is extracted according to the corresponding feature extrac-
tion submodule to ensure that the same mode data extract
features are similar. Finally, the updated model is redistribu-
ted to the edge nodes for a new round of training. This paper
assumes that the heterogeneous data to be processed are
audio, visual, and textual data. In the feature extraction mod-
ule, according to the features of different modes, different fea-
ture extraction sub-networks are used to extract the features
of audio, visual, and text information. Audio and visual fea-
ture sub network: for audio information and visual informa-

tion, covered acoustic analysis framework and face facial
expression analysis framework is used to sample and extract
features from MoSi data sets (sampling frequency is 100 Hz
and 30 Hz, respectively). In this section, it is assumed that
the heterogeneous data features to be processed are audio
data features

hi
Y12 Vi = Vhr

nny, (uj + uh)

V=

Visual data features:

Text data features:
co y
Vo “ar0)] - x)am 0
0 0

After the feature fusion module, the feature output is v0.
Next, taking the above assumption as the basic condition, the
basic principle of the proposed heterogeneous data fusion
algorithm based on tucker decomposition is described. The
first mock exam module introduces a high tensor W with
heterogeneous data feature space, and each mode of the ten-
sor corresponds to spatial mapping of heterogeneous data
characteristics. Therefore, when fusing the features of each
heterogeneous data, the high-order tensor w can not only
introduce the features of other heterogeneous data modes
for correction but also memorize the ongoing heterogeneous
data modal features. When the features of the heterogeneous
data to be processed are P and S, the memory unit W is a
third-order tensor, and the three dimensions of the tensor
corresponding to the feature spaces of the three heteroge-
neous data features. In the heterogeneous data feature fusion
proposed in this section, the memory unit with the heteroge-
neous data feature can be obtained by modular multiplica-
tion of the heterogeneous data feature and the feature space
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corresponding to the memory unit, and further feature fusion
operation can be carried out. The fusion operation is mainly
divided into three stages. The memory unit W is modulo
multiplied with the heterogeneous data feature AZ along
the first order to obtain a new memory unit with AZ feature.

AZ, - P.
W, h 6
M AZy, + Py, ©)
Secondly, memory unit W is modulo multiplied with het-
erogeneous data features along the second-order to obtain
memory unit w with AZ features. Finally, the memory unit
W is modularly multiplied with the heterogeneous data fea-
tures along with the third order, and finally, the fusion tensor
with the three features is obtained Z. The specific process
can be expressed as follows:

k
Exz= ) Gipys; (7)
il
Among them:

p= | ar)[ o-2ar0) ®)

0

For the fused data, this chapter uses the traditional full
connection layer to make decisions based on the global char-
acteristics, including the prediction of regression model and
the probability prediction of a classification model. In this
module, the L1 norm loss function is used to measure the
error between the target value and the predicted value. Its
et expression is

k j-1

Er Y Y Gy (pjsh +phsj)Djh (1-L1,) (9)

j=2 h=1

The expression of NL is:

NL, = tanh (w,, x, + u.(r,®h,_,) + b,) (10)

Then, it is assumed that n edge nodes participate in the
training of the shared model, and all edge nodes collect m
kinds of heterogeneous data. In the initialization stage,
according to the collected m kinds of heterogeneous data,
the cloud designs the corresponding feature extraction mod-
ule F, feature fusion module I and feature decision module C.
Then the shared model G can be expressed as:

VUMY (1~ 1,
Iit

G=F=f/C= (11)
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Where # represents the model splicing operation. Specifi-
cally, in the feature extraction module F, the corresponding
feature extraction sub-network MF is designed from kinds
of heterogeneous data, which can be expressed as:

MF,
1n m :oc+ﬁ1nMFit—l+(pX,~t—Tt (12)
it

Where x is the feature extraction sub-network of the I hetero-
geneous data. In feature fusion module I, a high-order tensor
with spatial dimension characteristics of heterogeneous data
is constructed. After training, the parameters of the tensor
expanded along the I module can reflect the spatial dimen-
sion characteristics of the I heterogeneous data. In the feature
decision-making module C, through the training of the fused
heterogeneous data features, the potential relationship
between heterogeneous data is mined in a deeper level, and
the feature expression of the model in multi-source heteroge-
neous data is improved. Due to the diversity of data collected
by edge devices, the data processed by each edge node is dif-
ferent. Therefore, in the premise of not disclosing user pri-
vacy, multi-source heterogeneous data fusion has the
problem of insufficient adaptability. The size of the tensor
after fusion is consistent with that of memory unit W. There-
fore, when the factor matrix satisfies the square matrix con-
straint, there is an identity relationship between the core
tensor and the original tensor in the spatial dimension. Using
this feature, in the initialization phase, the global is further
set, and the feature extraction sub-network fi feature graph
is defined

FI,
In ! _)=a+BInFl,-1+v;+3, (13)
FI, -1

Thus, the problem of heterogeneous data fusion caused
by the uncertainty of heterogeneous data in edge computing
is solved. In the model training stage, n edge nodes partici-
pate in the training according to the heterogeneous data
types they have

N,z,0h, | + (1 -z,)Oh, (14)

The corresponding feature extraction sub-network FZ is
adaptively selected for training. In the feature fusion module,
because the feature graph of the feature extraction sub-
network r is set to FR in the global initialization definition
stage, the tensor size after heterogeneous data fusion is con-
strained to a fixed value

FR
R=
1-FZ

) (15)
FR = - In(1+ f)

Suppose that all the heterogeneous data types to be proc-
essed are N, X, and H, respectively, and the three dimensions
of the corresponding memory unit w correspond to the fea-
ture spaces of the three heterogeneous data. The
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heterogeneous data types collected by node 1 and node n are
different. In the model training stage, the features are
obtained, respectively

According to the number of heterogeneous data types on
the node, the feature fusion stage is divided into two parts:
first, memory unit W is modulo multiplied with AF feature
along the first order to get a new memory unit w with AF fea-
ture. Secondly, the memory unit w multiplies the VF features
along the second-order to obtain the fusion tensor with the
above two heterogeneous data features Z, The process can
be expressed as follows:

lezcifu(AF\AV) (17)

W1 is the fusion of VF features based on AF features. In
this process, the model first uses the memory unit to memo-
rize the AF features, and obtains the model with AF features,
and takes this as a priori condition for the fusion of VF fea-
tures. Thus, in the process of model training, the memory
unit can not only learn the spatial dimension features of each
heterogeneous data but also capture the potential relation-
ship between different heterogeneous data. The training
mechanism on node n is similar to that on node 1. The above
process can be expressed as follows:

k[N = Zcos (w}, wf)/K (18)

Where n is the node K in the j-round global iteration, using
the heterogeneous data collected locally, the learning rate is
n The gradient descent algorithm is used to get the local
model. In the model aggregation stage, because each edge
node uses the adaptive selection mechanism of feature
extractor to train the feature extraction module, it is neces-
sary to merge the feature extraction sub-networks selected
and trained by each edge node, and then use the average
aggregation algorithm to get the shared model with global
heterogeneous data features

"

Where a is a shared model with global characteristics
obtained by aggregating the local models on n edge nodes
through the joint average algorithm. J is the number of all
heterogeneous samples and the total number of all heteroge-
neous samples on the edge node.
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3. Multivariate Fusion Data Model

3.1. Methods. This paper constructs a multi-source data
fusion model based on an ensemble learning algorithm,
uses Ctrip 2020 open data set to train the model, and then
obtains the tourism information data processing and pre-
diction results. This paper takes the data of Ctrip as the
training set and compares the trained model with the data
of tunic and Feizhu. In this paper, sensor detection tech-
nology is used to analyze many famous scenic spots in
China, including tourist type (youth, adult), gender, and
location.

3.2. Data Acquisition and Processing. Through a comprehen-
sive comparison of other online tourism service platforms
such as tunics and Hitake, this paper has the highest num-
ber of online comments on http://Trip.com/‘s Saikei Wet-
land, and Ctrip’s online comments are rich in content
and have interference factors. Few, positive and negative
comments, and most of them are the true feelings of tour-
ists. Therefore, it is common and effective to choose Ctrip
online game reviews as your data source. Through Python
technology, this paper grabs the online comments of tour-
ists in Xixi Wetland scenic spot on Ctrip from May 1,
2020, to May 1, 2021, removes the invalid online com-
ments that deviate from the research theme, and collates
3052 effective online comments, and makes specific
research and analysis of the collected online comments.
In addition, in cooperation with Xixi Wetland Tourism
Development, the research group carried out an offline
questionnaire survey on tourists’ comprehensive satisfac-
tion of Xixi National Wetland Park during the long holi-
days of May Day and national day in 2020, and obtained
102 valid questionnaires, which fully investigated the cus-
tomer source market and tourists’ satisfaction of Xixi
National Wetland Park, as a supplementary means of net-
work big data survey, this paper puts forward more rele-
vant and targeted suggestions for the future development
of Xixi National Wetland Park.

According to the text data of tourists’ online reviews
and the comprehensive satisfaction offline questionnaire,
the research results of Xixi Wetland Park’s tourism image
perception are relatively consistent. When analyzing the
influencing factors of tourism perception experience, there
are many overlapping problems, that is, the important
concerns when improving the tourism brand image. For
example, given the insufficient setting of public toilets, rest
chairs, and free drinking water points, drinking water, and
lunch supply points should be added accordingly; For the
lack of a single tour line of battery car and battery boat in
the park and long waiting time for tourists to enter and
leave the park, we should provide parking guidance ser-
vice; Continuously improve service awareness and man-
agement level, and focus on ticket and catering prices,
safety management of cruise terminal, queuing guidance,
increase the number of sanitation personnel, increase rec-
reational equipment, strengthen the integration of tourism
formats and products, and improve the effective supply of
products.
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FIGURE 2: Word frequency statistics for comment texts of famous scenic spots.
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FIGURE 3: Overall NNI of leisure and tourism space.

4. Results and Discussion

4.1. Multi-Source Information Fusion Tourism Information
Processing Method. Use Python to perform word frequency
statistics on the comment texts of scenic spots and famous
scenic spots in China, and extract the top 50 high-
frequency feature words, as shown in Figure 2. Key terms
such as “travel” and “attractions” are ranked high, indicating
that projects that attract tourists to Tiger Beach are primarily
special venues and ropeways across the ocean. The most
attractive to tourists is the third-ranked “performance”, such
as “dolphin show”. In addition, the characteristic words such
as “getting tickets”, “buying tickets” and “tickets” indicate
that tourists pay great attention to the purchase of tickets,
and the innovation and improvement of tourist ticket pur-
chase methods in scenic spots should be highly valued. Com-
pared with China’s famous scenic spots, “shows” ranked first,
indicating that watching performances are the main activity
of tourists in Shengya.

As shown in Figure 3, the overall NNI (neural network
intelligence) of leisure tourism space is less than 1, and the
NNI of different types of space is also less than 1, among
which catering services and commercial services are lower,
indicating that these two types are more inclined to cluster

development, and the cluster scale is larger. Catering and
business services have a strong economic effect on agglomer-
ation and are affected by factors such as economic level, pop-
ulation density and convenience of transportation. The NNI
of sports leisure and cultural entertainment services were
0.35 and 0.52, respectively, which also showed a general trend
of agglomeration. The NNI of scenic spot service is the larg-
est, which is 0.46. Because of the influence of natural ecolog-
ical conditions and urban open space, the agglomeration
degree of all scenic spots is relatively low.

As shown in Figure 4, it has passed the significance
test at the level of 5%, and the influence coeflicient is pos-
itive, indicating that the innovation and technological
progress of the tourism industry will play a promoting role
in the growth of local tourism consumption without con-
sidering other factors. As the main platform of scientific
and technological innovation in the industry, tourism col-
leges and research institutes, represented by coastal areas,
have formed a certain scale. A large number of tourism
colleges and universities have formed mature curriculum
and perfect talent training systems, with rich research
results, which are applied to the development and design
of tourism creative products and tourism service supply
management.
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Under the special evaluation content, the target layer, cri-
terion layer, and index layer of urban physical examination
are established, and the index system reflecting the urban
natural background and the operational signs of tourism
information is constructed, as shown in Table 1. At the same
time, according to the national standards of relevant indica-
tors, the vertical establishment of planning expectation value
and the horizontal comparison of the level of cities at the
same level, the standard value and reference interval is deter-
mined, and the evaluation and calculation are carried out
according to the positive and negative direction of the indica-
tors. According to the data sources and evaluation contents
of each index, the calculation methods can be divided into
two categories: tourism information spatial analysis and sta-
tistical data analysis. For the smaller-scale spatial data of
urban districts and counties and below, the methods of tour-
ism information computing geometry, buffer analysis and
overlay analysis can be used, such as calculating the coverage
of public service facilities through buffer analysis and overlay
analysis. Using the statistical data, we can summarize the
static data of the basic elements of the city, calculate the aver-
age value, per capita value, proportion, number statistics, and
coverage analysis.

As shown in Figure 5, the distribution and total amount
of tourism information are always increasing. To analyze
the change direction and trend of the center of gravity of
urban space and leisure tourism space more intuitively, the
migration trajectory of the center of gravity of urban space
is drawn by using tourism information. It shows that the
overall development of urban space and leisure tourism space
is first to the northwest, then to the southwest, and the spatial
growth is mainly in the southwest cities.

TaBLE 1: The Index System of Tourism Information Operation
Signs.

Item Summer Huangshan Lushan Datang Furong
palace garden
Business 4.8 3.78 3.89 3.28
Food 4.55 2.68 1.5 5.62
Landscape 3.73 2.62 391 1.09
Place of 323 1.87 428 3.06
interest
Physical 1.61 1.32 3.08 5.39
education

Among the famous scenic spots in China, there are
“dinosaur museum”, “Ocean Museum” and “undersea tun-
nel”. The reason why the “dinosaur museum” ranks high is
that it is far away from the other four museums, which is also
one of the important reasons why “walking” ranks high. As
shown in Figure 6, the second-highest frequency word in
the two scenic spots is “children”, which indicates that the
two scenic spots have a strong attraction for children and
are the choice of many families for parent-child travel. In
addition, “a lot of people”, which ranks third among the
famous scenic spots in China, ranks 50th among the charac-
teristic words of tiger beach. The main reason is that Tiger
Beach covers a large area and tourists are more evacuated.
China’s famous scenic spots are more attractive to tourists.

As shown in Table 2, tourists have a higher perception of
tourism attractions and experience of tiger beach and Shen-
gya, but a lower perception of tourism environment and
facilities and services, and there are obvious differences
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TAaBLE 2: Perception of tourist attractions and tourist experience.

TaBLE 3: Tourists’ cognitive evaluation and emotions.

Item Landscape Place of Phys1§a1 Casual
interest education

Summer 0.8 0.12 1.62 0.86

palace

Huangshan 2.06 3.46 2.95 3.87

Lushan 523 3.86 347 3.19

Datang 41 5.08 455 2.36

Furong

Jiuzhaigou 1.64 1.76 3.54 443

Zhangjiajie 4.66 2.31 2.96 5.06

between the two scenic spots. In the overall perception of sce-
nic spots, tiger beach and Shengya have little difference. The
two scenic spots belong to marine theme scenic spots, in
which leisure and entertainment are all around the ocean,
which is a romantic ocean trip for tourists; Children are

Datang unnan
Item Furong Jiuzhaigou Zhangjiajie ...
Lijiang
garden
Place of 4.96 3.17 5.02 3.18
interest
Physical 1.23 4.69 531 4.83
education
Casual 49 2.32 3.46 3.28
Culture 6.68 1.48 2.19 6.02
Entertainment 2.52 5.95 3.79 3.68

attracted by all kinds of interesting marine creatures and per-
formances in the scenic area, which is also a good choice for
parent-child travel. Among the tourist attractions, tiger
beach and Shengya are quite different, which indicates that
tourists pay more attention to the tourist attractions, and
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Shengya is more attractive. Tourists have a higher perception
of Shengya theme venues and special performances.

As shown in Table 3, among the famous scenic spots in
China, tourists’ cognitive evaluation is more positive and
there are not too many negative emotions. This shows that
tourists are more satisfied with the service of famous scenic
spots in China. Tourists’ perception of the tourism environ-
ment and facilities of tiger beach and Shengya is weak. In
the level of tourism environment perception factors, there
are obvious differences in social environment perception.
Among them, China’s famous scenic spots are located in
urban areas and are very close to Xinghai Square, which
makes “Xinghai Square” stand out. Dalian Xinghai Square

itself is one of the scenic spots that Dalian must visit. Tourists
will take two scenic spots as a one-day tour plan, while Tiger
Beach Ocean Park is relatively remote, this is also one of the
important reasons why tourists sometimes choose Shengya
when they choose two marine theme scenic spots.

As shown in Figure 7, through the coupling analysis of
tourism information data and scenic spot data, it can be
found that the overall tourism information is gradually
decreasing from the central urban area to the surrounding
areas, and there is a high coupling between the two data,
and the areas showing coupling differences can also reflect
the buildings with the same nature, such as stations, airports,
industrial development zones, and other large areas. There is
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a wide range of low low coupling around the central city
because the economic construction of suburban towns is rel-
atively backward, so the value of tourism information and
various leisure tourism service facilities are low, which is in
line with the reality.

The center of gravity of urban space and leisure tourism
space is shown in Figure 8. This paper finds that with the
increase of human activity intensity and urban construction,
the area of tourism information increases year by year, and
the direction of gravity shift is from southwest to northwest.
The results show that the multi-method comprehensive anal-
ysis based on big data can better describe the spatial distribu-
tion attributes and spatiotemporal evolution characteristics
of the region. For example, this paper objectively and com-
prehensively reveals the agglomeration characteristics of lei-
sure tourism space and provides indispensable reference
information for land space planning. But at the same time,
there are some limitations. The analysis of the characteristics
of regional spatial agglomeration in this paper is more about
the results, and the analysis of its driving factors or influenc-
ing factors is still lacking.

As shown in Figure 9, according to the results of the
multi-source fusion of tourism information in this model,
the results of tourism feature extraction are consistent with
the data of Feizhu, tunic, and other websites in the trend.
Among them, in the data of the first half of 2020, the predic-
tion accuracy of the model after data processing is about 62%.
Affected by the epidemic situation, the accuracy of the model
is low. In the second half of the year, the prediction accuracy
is 78%, which can be used to fuse tourism information in a
short time. Therefore, the data show that the model has high
learning ability and high trend prediction ability in tourism
data processing, which can provide necessary information
support for tourists.

4.2. Discussion. Given the target redundancy in the recon-
struction results of specific scenic spots, this paper constructs
a multi-source data fusion model based on an ensemble
learning algorithm. In the field of 3D reconstruction, the
irrelevant objects in a specific scene are eliminated by data

fusion to achieve 3D scene reconstruction! Firstly, the light-
weight algorithm is used to extract and match the features
of different types of feature points, and the point clouds at
different times are fused to complete the reproduction of
the point cloud map. Then, for the irrelevant targets that
may exist in the constructed point cloud map, with the help
of multi-source sensor data and deep learning application
technology in the field of computer vision, the target detec-
tion and elimination are carried out in three-dimensional
space. For the two different processes of point cloud map
modeling and target detection, the point cloud registration
method is used to fuse them, and finally, the scene reappear-
ance in the scenic spot environment is completed! The exper-
imental results show that the method based on multi-source
data fusion can effectively combine the two processes of 3D
modeling and target detection, and complete the construc-
tion of a point cloud map without redundant targets in scenic
spots.

By comparing the online comment text data of tourists
and the offline comprehensive satisfaction survey question-
naire, it is found that the survey results of the tourism image
perception of West Wetland Park are relatively consistent.
Based on multi-source data integration of leisure travel space
based on tourist information data and tourist attraction data,
it is found that the leisure travel space in the central city area
is distributed in a clear central multipoint layout, and the
overall leisure travel is there. In the urban area, there is a
trend of high agglomeration of scenic spots, which shows that
scenic spots are the most concentrated areas of leisure tour-
ism, while the agglomeration effect of peripheral counties is
weak. In addition, the overall distribution pattern of leisure
tourism space shows obvious characteristics of denseness
and sparseness and a trend from northwest to southeast.

5. Conclusions

The multi-source fusion of tourism information of this
model shows that the results of this model are consistent with
the data of Feizhu, tunic, and other websites in the trend.
Among them, in the data of the first half of 2020, the
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prediction accuracy of the model after data processing is
about 62%. Affected by the epidemic situation, the accuracy
of the model is low. In the second half of the year, the predic-
tion accuracy is 78%, which can be used to fuse tourism
information in a short time. Therefore, the data show that
the model has high learning ability and high trend prediction
ability in tourism data processing, which can provide neces-
sary information support for tourists. Based on the online
comments on Ctrip, combined with the survey results of
tourists’ comprehensive satisfaction in the same period, the
online tourism big data and offline questionnaire verify each
other, comprehensively analyze the tourism image percep-
tion of Xixi National Wetland Park, and innovate the means
and methods of tourism image perception research, How-
ever, there are still some deficiencies in the number and
period of tourists’ online comments. In the follow-up
research, it is necessary to further increase the number of
online tourism big data and offline questionnaire survey sam-
ples, and enrich the correlation analysis of tourists’ attributes,
temporal and spatial behavior characteristics and tourism
image perception, try to reduce the error caused by the differ-
ence of online and offline survey samples.
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Tourism has developed into an industry with a powerful momentum of development in the world today. With the development of
information technology, information has become a powerful driving force to promote the prosperity and development of the
tourism industry and the entire society. The introduction of the tourism information system can significantly improve the service
level, operation level, and management level of the tourism industry, thereby accelerating tourism development. The research of
this article is to help villages establish a set of MVC-based rural tourism information service systems that can promote the
development of rural tourism. First of all, this article conducts demand research on tourists, rural scenic spots, and ancient villages
to discover the problems in rural tourism development. Secondly, this paper combines the problems existing in constructing the
various subsystems of the rural tourism information system, combined with the fuzzy comprehensive evaluation method. In this
paper, we propose the rural tourism system architecture based on MVC. The system architecture consists of the user layer, service
layer, business layer, and data layer. It describes the system’s implementation process from two aspects: the system’s interface
design and its deployment model. Finally, the network topology structure of the rural tourism information service system based on

MVC is drawn. Finally, the system’s deployment is implemented according to the network topology structure.

1. Introduction

With the accelerated pace of urbanization and the intensi-
fication of competition, urban residents increasingly prefer
to travel to the countryside. These are coupled with the
continuous construction of rural roads and transportation
facilities, providing unprecedented convenience for rural
tourism. Rural tourism can be divided into traditional rural
tourism and modern rural tourism [1, 2]. Traditional rural
tourism appeared after the industrial revolution. Urban
residents from rural areas mainly embodied it by going
home to visit relatives [3]. Traditional rural tourism has a
particular economic impact on the local area. However, it
has not effectively promoted the economic development of
the local rural villages. It cannot provide local employment
opportunities and improve the local rural financial envi-
ronment [4].

In today’s society, in the western developed countries,
high and new technology is widely promoted and applied in
tourism development, tourism management, etc. It has
improved the work efficiency of tourism areas and the
tourism experience of tourists [5, 6]. Concepts such as
electronic maps, satellite guides, ticketless travel, and virtual
travel were quickly adopted by the tourism industry [7].
Grezel proposed the critical design elements of the smart
tourism system, which mainly include related background
information such as tourism resources, culture, and lan-
guage. Therefore, to better understand the needs of tourists
and design the smart tourism system according to the needs
of tourists [8], Ricci proposed a web-based travel recom-
mendation system, using a use-case-oriented approach to
provide quality services for tourists to make plans [9]. IBM’s
“Smart Hotel” project pursues humanized brilliant experi-
ence service. It proposes four robust solutions, including
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systematic monitoring and management, electronic keys,
network unsubscription, and desktop cloud [10].

At present, smart tourism, mobile tourism, and rural
tourism have flourished in a certain way. However, tourists
can only passively perceive tourism information during the
travel process [11]. Moreover, the information transmitted
between the government, various tourism-related enter-
prises, and tourists is not smooth. It weakens the tourist’s
sense and interactivity [12]. In order to tap the needs and
pain points of tourists’ travel information services, it is
necessary to meet the needs of users. Tourism has developed
into an industry with a robust development momentum in
the world today [13]. The research of this article is to help
villages establish a set of MVC-based rural tourism infor-
mation service systems that can promote the development of
rural tourism. In order to tap the needs and pain points of
tourists’ travel information services, it is necessary to be
guided by user needs. It can be achieved by combining with
the network information technology developed by the times
to provide tourists with a full range of services before,
during, and after travel.

The rest of the paper is in accordance with the following
pattern. In Section 2, network informationization is studied.
In Section 3, network informationization of rural tourism
based on the MVC model is given. In Section 4, the rural
network tourism system testing is elaborated. Finally, the
paper is concluded in Section 5.

2. Network Informationization of Rural
Tourism Based on MVC Model

2.1. Informatization of Rural Tourism Network. Rural tour-
ism began in the 1830s, and after the 1980s, rural tourism
began to develop on a large scale. Now, it has a considerable
scale in some western developed countries. In some highly
urbanized regions and countries, rural tourism can account
for 10%-25% of all tourism activities [14-16]. The devel-
opment of rural tourism has effectively changed the phe-
nomenon of rural economic downturn. The contribution of
rural tourism to the local economy and the significance of
local development have been well proven. In many coun-
tries, it is agreed that rural tourism is the driving force of
economic development and economic diversification in
remote rural areas [17, 18].

In addition to the support of national policies, rural
tourism development also has a profound background.
Nowadays, the economic level of urban residents has im-
proved, and their leisure time has increased. Also, urban
residents’ physical and mental needs to return to nature are
more urgent [19, 20]. The open space, fresh air, beautiful
environment, and rich local culture in the rural areas can
meet the desire of urban tourists to return to nature and
return to the basics. Rural tourism is rapidly formed and
developed under such conditions [21, 22]. Today, rural
tourism is in the ascendant. After a long development pe-
riod, rural tourism has developed from the initial sponta-
neous stage to the present conscious stage. Rural tourism can
greatly promote rural economic development. Rural tourism
development actively utilizes the agricultural natural
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environment, agricultural production and management
activities, and human resources [23, 24]. After planning and
design, the formation of leisure tourism and holiday park
with pastoral pleasures can effectively perform agricultural
production functions and increase agricultural income.

2.2. MVC Model. The MVC pattern is a software architec-
ture pattern. It is a software architecture pattern that sep-
arates the three modules of view, controller, and model. The
advantage of this design is that system developers and system
designers can perform their maintenance [25, 26]. Therefore,
it improves the reuse rate of system code and also improves
the scalability of system applications. The most significant
advantage of the system is that it brings great convenience to
system development. MVC is the ideal way to use three
different parts to construct a software or component. It
provides a powerful object separation mechanism, makes
the program more object-oriented, and handles the design
of the software architecture and the development of the
program. The core idea of the model is to combine ef-
fectively “model,” “view,” and “controller” [27, 28]. The
model is used to store data objects. The view provides the
data display object for the model. The controller is re-
sponsible for specific business logic operations and is re-
sponsible for matching various operations performed by
the “view layer” to the corresponding data of the “data
layer” and displaying the results. The structure of the MVC
model is shown in Figure 1.

The user interacts with the view page, and some requests
input by the user are first received by the controller. Then, it
is responsible for selecting the corresponding model for
processing. The model processes the user’s request through
business logic and returns the processed data [29, 30]. Fi-
nally, the controller selects the appropriate view to format
the returned data. The separation between the three com-
ponents allows a model to be displayed in multiple different
views. When the user changes the data in the model through
the controller of a particular view, all other views that de-
pend on the data should reflect these changes. In short, no
matter what data changes occur at any time, the controller
will notify these changes to all associated views and update
the related displays [31, 32]. It is a change propagation
mechanism of the model.

3. Network Informationization of Rural
Tourism Based on MVC Model

The rural tourism information service system is designed
from functional design, class design, and database design.
For the functional design of the system, first, analyze the
system structure of rural tourism. Then, draw the overall
functional structure diagram of the system. Finally, de-
compose the subsystems of the rural tourism information
service system [33, 34]. To design the class of the system, first
determine the class of the system and then determine the
relationship between the system classes to draw a class di-
agram. The conceptual design and the logical design carry on
the database design to the system using the database ER
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Data: database file

Request processing data Read

Controller: consists of

View: consists of one or one or more servlets

more JSPs

Request JSP display data
Store data
Model: consists of one
or more Javabeans

FiGure 1: MVC model structure diagram.

diagram and the database table to design the system database
[35, 36]. A theory provides a very effective tool for intelligent
information processing. It is a new mathematical method for
dealing with inaccurate, uncertain, and incomplete data.

In the fuzzy comprehensive evaluation method, deter-
mining the weight is mainly based on the AHP analytic
method. The weight calculation results in more accurate
values [37, 38]. The AHP analytic hierarchy process is a
decision-making method that combines quantitative and
qualitative analysis. This method is mainly proposed for
problems with multiple structural layers and is affected by
multiple factors. First of all, we must determine the eval-
uation indicators, and then, calculate the weights of indi-
cators at all levels. Then, measure the degree of influence of
the changes of each factor on the overall system to com-
prehensively detect the effectiveness of the evaluation results
[39, 40]:

d' (%) = J iz - px, x)dp,
Nx (1)
u(r, p) = Z d(t = 1+ px;, x;)Ax;.

When the fuzzy comprehensive evaluation method is
used in this paper, firstly, AHP is used to establish an analytic
hierarchy model for the effectiveness of internal control
operation, which is divided into 5 first-level indicators and
17 second-level indicators:

|f(f) _f(j—1)| <,
|f(j) _f(b)| <71

A detailed description of the secondary indicators is used
as the specific question of the questionnaire. The degree of
membership of the indicators at all levels is calculated based

(2)

Q(x,q) =fi+ pu(x;) +a| X py(9;) +
0 j j
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on the questionnaire results [41, 42]. At the same time, the
evaluation set is established. Then, the index comparison
matrix is established according to the analysis model. Invite
experts to score the importance of the comparison matrix,
use the AHP analytic method to calculate the weights of
indicators at all levels, and check the consistency of the
weight values [43-45]. Under the premise of consistent
inspection results, the evaluation results of the indicators at
all levels are calculated through the fuzzy comprehensive
evaluation mathematical formula. They combine each in-
dicator’s weight and the evaluation results to comprehen-
sively calculate the index scores of the effectiveness of
internal control operations at all levels. Take the column
corresponding to each indicator in the scoring table as the
comparison sequence of factors:

D) =Y C(v,v)),

The correlation degree represents the relationship be-
tween the comparison sequence and the reference sequence.
The formula for solving the correlation analysis is as follows
[46]:

where Vv €V. (3)

D(vy)<D(v,)<D(v,) <L<D(v,). (4)

Because the dimensions of many selected evaluation
indicators are not the same, it is more difficult to compare. It
requires dimensionless processing for all initial indicator
values:

wherev; e U,w e V -U.
(5)

After the cascade structure is constructed, the evaluation
indicators of each level are compared with each other to
determine the importance of the factors contained in each
level. Then, the judgment matrix is determined according to
the Saaty 1-9 scale method:

D(Vn+1) = min{D (Vn) + C(Vi’w)}’

x]'-nggx}', (j=12,..,n),
9;<9;, (j=12.,n), )
Bj<h(x), (j=1L2..n),

! "
w-<wj(x)§wj,

i< (j=12,..,n).

According to the above steps, scoring each indicator
factor of the TV drama evaluation is weighted and summed
for each level:

NACHEDW AT (7)

j j
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It is possible to finally calculate the total score of each index
factor that affects the running status of the TV series, which also
reflects the degree of influence of the index factor on the
comprehensive evaluation of the running status of the TV series:

x(j+1) _ x(j) +de(j)' (8)

The construction of the evaluation index system is the
basis for evaluating the image of a tourist destination.
Different subjects have significant differences in the selection
of evaluation indexes for the same evaluation object.
Therefore, when constructing the evaluation index system,
the following principles should be followed. According to
the process mentioned above, after obtaining the fuzzy
evaluation matrix of various aspects and the weight of each
index, a multilevel fuzzy comprehensive evaluation should
be carried out on the evaluated object.

4. Rural Tourism Network System Test

4.1. Test Environment and Program. The testing method used
in this article is the unit testing method, which is a method used
in many software testing processes now, i.e., when the func-
tional module of a certain unit is designed. It is tested, and if a
problem is found, it is immediately modified. After the design
of the entire system is completed, it will be tested as a whole. It
is often the content of functional testing, performance testing,
etc., that the user needs to perform. Software testing is a process
with strict procedures and should follow specific rules. In a
nutshell, software testing should meet the following basic
principles. The design work of the spatial database of the rural
tourism network system is shown in Figure 2.

A very important job before system development is
spatial database design, which is mainly used to record the
spatial information of data and the primary attributes of
primitives. The spatial system database mainly includes two
aspects: one is the primary geographic database, and the
other is the tourism thematic spatial database.

4.2. Test Results. A system function test is a test for the
analysis of user functional requirements. It is the most basic
design requirement of the entire system. In the previous
design process, we have introduced the functions of each
unit, and here is the overall function of the system: testing
and analysis. In the function test of rural electric tourism
based on MVC mode, we mainly test the main function
modules of the system.

According to the principle of performance response time,
the user’s response speed to the page is divided into four
evaluation levels. Here, less than 2 seconds indicates that the
page response is fast, while 2-5 seconds indicates that the
response speed is okay. The 5 seconds indicates the response
speed plodding but acceptable. After more than 8 seconds, the
page does not respond, and the user may send the request
again or leave the site. From user behavior, the increase in
page response speed is conducive to improving user expe-
rience. The test environment sends 5 requests with priority 1
and 5 requests with priority 2 on the page. Figure 3 shows that
the priority request scheduling strategy is compared with the
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FIGURE 2: Spatial database of the rural tourism network system.
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FiGure 3: Comparison between the priority request scheduling
strategy and the case of sending requests at the same time.

case of sending requests simultaneously, and the request with
priority 1 is responded to the time required.

Figure 4 is based on the front-end framework imple-
mented in this article, sending 50 requests to the server and
comparing the time required for the page to get the server’s
response and load to complete.

A geographic information system (GIS) is a computer
system that collects, displays, stores, analyzes, manages, and
applies geographic information. It is a general technology for
analyzing and processing massive geographic data. A variety of
geospatial entity data and their relationships are the objects of
GIS processing and management. It includes spatial positioning
data, attribute data, graphic data, and remote-sensing image
data. It is mainly used to analyze and process various phe-
nomena and processes to solve complex management, decision-
making, and planning issues. Figure 5 shows the test results of
the regional spatial distribution of the rural tourism network.



Information Technology in Tourism

40

30

Range

10

*

31

a b

[ Content

[ Number of papers

I Scale

FIGURE 4: The page gets the server’s event response result.

0.9 '1

0.8

1000

0.9580
0.8984
0.8388
| 0.7792
' 0.7196
f 0.6600
' 0.6004
0.5408
0.4812
0.4216

0.3620

0.5

FIGURE 5: Test of the regional spatial distribution of rural tourism network.

Data maintenance users can import, create, draw, and
electronic export maps in various formats for the database in
the map control management module. On the client side,
visitors can zoom out, zoom in, pan, and display all types of
travel-related maps they need. The system has an eagle-eye
navigation function.

5. Conclusions

Tourism is an industry with intensive information demand.
The unprecedented development and advancement of mo-
bile information technology have promoted the

development of mobile tourism information services. The
ways of tourism information services have become more
diverse and intelligent. Due to the continuous increase of the
urban population, social pressure and life pressure is
gradually increasing. People are more willing to choose the
form of rural tourism to pursue the experience of returning
to nature and relaxing the body and mind. With the im-
provement of living standards, people expect the scenery of
scenic spots during travel and receive high-quality services
and get a good experience in obtaining travel information.
This article studies the development of rural tourism in the
context of smart tourism, starting from the three stages of
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tourism, including food, housing, transportation, travel,
shopping, and entertainment. Entertainment is starting
from the three stages of tourism. Experience is the starting
point, exploring the needs of tourists for rural tourism in-
formation services. Combining the overall framework of the
information service system provides a reference for the
tourism management and tourism information service de-
sign of rural scenic spots. Tourism has developed into an
industry with a powerful momentum of development in the
world today. The introduction of the tourism information
system can significantly improve the service level, operation
level, and management level of the tourism industry, thereby
accelerating tourism development. The research of this ar-
ticle is to help villages establish a set of MVC-based rural
tourism information service systems that can promote the
development of rural tourism.
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On the basis of ecological footprint theory and tourism ecological footprint theory, the sustainable development indexes such as
ecological footprint, ecological carrying capacity, ecological deficit, and ecological surplus of the research area were calculated and
the long-term change pattern of each index was analyzed. This paper shows that the ecological footprint of the research area
increases year by year, but the ecological footprint is always smaller than the ecological carrying capacity, indicating that the area is
still in the state of sustainable development. However, the per capita ecological surplus shows a decreasing trend year by year,
indicating that the sustainable development of the region is getting worse. This paper proposes a reordering method of tourist
attractions based on heterogeneous information fusion, and realizes the retrieval and reordering of tourist attractions based on
user query and fusion of heterogeneous information, so as to help users make travel decisions. In view of the shortage of tourism
commercial websites to passively provide scenic spot information, this paper puts forward a scenic spot retrieval method based on
query words to enable users to obtain scenic spot information according to their needs, and constructs a tourist consumer data
analysis system. The preprocessing methods and methods adopted by the data preprocessing module are analyzed in detail, and
the algorithms used in the travel route analysis and consumer spending ability analysis are described in detail. The data of tourism

consumers are analyzed by this system, and the results are evaluated.

1. Introduction

Tourism information is the basic data guarantee of
tourism informatization, so it is particularly important to
obtain high-quality tourism data resources. Tourism in-
formation not only exists in a large number of government
tourism departments and tourism companies, but also
with the rapid development of social media in recent
years, and there are also a large number of tourism in-
formation resources available on the major social media
websites. However, it is difficult for people to accurately
obtain data from the vast amount of travel information,
especially for the diversity of travel destinations or daz-
zling many travel routes. The current tourism information
service simply displays the information of tourist at-
tractions on the Internet, and its disadvantages are mainly
reflected in the following aspects: (1) the information is

not comprehensive enough, and the rich tourism infor-
mation shared on social media is not fully utilized; (2)
information is only passively presented to users and
cannot be searched and filtered according to users’ needs;
(3) ignore user needs, fail to consider user context in-
formation, and fail to achieve customized and personal-
ized services for users. Without intelligent consideration
of the comprehensiveness and preferences of the infor-
mation, it is often impossible to recommend satisfactory
results for users. These disadvantages have seriously re-
stricted the acquisition of high-quality tourism infor-
mation, the recommendation of destinations in line with
the needs and personalized planning, and customization
of a series of tourism behaviors. Therefore, in addition to
mastering huge tourism information resources, tourism
informatization also needs to deal with mine and analyze
these massive data professionally.
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No matter at home or abroad, tourism route planning is
an important part of tourism planning and design [1, 2] and
the core of travel agency management. With the continuous
development and innovation of tourism, many new tourism
modes have emerged, such as self-help travel, self-driving
travel, and experiential tourism. Tourists can choose scenic
spots and routes according to their preferences, and their
tour preferences are more personalized. However, tourist
routes planned by travel agencies are mostly for the purpose
of making profits, and the design of relevant tourist routes is
mainly based on factors such as time, traffic, and scenic
spots, and other factors in specific profit space in specific
areas [3, 4]. At present, tourism route planning mostly
focuses on regional tourism planning [5, 6], which is aimed
at a large tourist scenic spot. Within the scenic spot, there are
a set of scenic spots located in different spatial positions.
Different sightseeing modes can be obtained through tour
sequence design of these scenic spots. However, the route
planning method for scenic spots is not applicable to the
planning of a large area such as scenic spots in the city [7]. In
the field of tourism, users usually share their experiences and
comments after a trip, forming a large number of user-
generated content including user comments, photos, travel
notes, and other information. These data provide great
convenience for trip planning [8, 9]. While there may be
noise or bias in a single comment or travel note, incorpo-
rating a large amount of user-generated content as a whole
can effectively capture the essence of a site. Therefore, in an
increasing number of studies, spatial analysis and data
mining technologies are used to analyze these contents
[10, 11], to obtain users’ relevant preferences and historical
track information, and to find the similarity between
tourists, so as to realize the recommendation of tourist
routes [12, 13]. With the advent of Web 2.0 era, online
multimedia sharing websites have become popular. The
information uploaded by users contains a large number of
travel-related contents, which can be widely used in the
tourism system. Therefore, in recent years, many intelligent
tourism systems have been established to achieve accurate
retrieval or personalized recommendation functions
through the analysis and mining of tourism multimedia
information, thus making travel more convenient and faster
[14, 15]. Wikitravel is an early tourism information system
before the advent of Web 2.0 era, providing users with open,
complete, real-time, and trusted tourism information
[16, 17]. It provides online travel services, devotes itself to
mining high-quality travel photos from image sharing
websites, and designs a user interface with search function
and map positioning function, which can provide help for
users to plan their path and travel [18, 19]. By analyzing
more than 110,000 images with geographical marks on
Flickr, the visual perspective of scenic spots is generated by
using the images, and the diversity of scenic spot search
results is satisfied [20, 21]. Combined with text, geotagged
images, and video, the scenic spot summary is generated,
and then personalized scenic spot summary is recom-
mended to users by means of query [22, 23]. Another type of
system focuses on the retrieval and recommendation of
tourism multimedia information. Through the analysis of
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photos and text information, as well as the relevant
knowledge in Yahoo travel, the popular scenic spots are
recommended for users, and the summary information of
scenic spots is returned to users [24]. Through the acquired
images and travel notes, the routes within and between
scenic spots are mined, so as to provide users with travel
route planning [25, 26]. A mobile travel search framework is
proposed, which can display multiple perspectives of scenic
spots based on image information to users through com-
pression transmission technology [27, 28]. Low resolution
query images are processed by remote server, and then
scenic spots are identified and searched, and the corre-
sponding scenic spots are reconstructed from the 3d per-
spective based on the photo set [29]. In order to improve the
performance of the system and overcome the limitations of
traditional recommendation algorithms, a hybrid recom-
mendation algorithm has gradually become popular. It uses
two or more recommendation algorithms by mixing,
weighting, switching, cascading, and feature combination to
make full use of the advantages of each recommendation
algorithm to obtain higher performance. The most common
examples of hybrid recommendation algorithms are the
hybrid collaborative filtering algorithm and other recom-
mendation algorithms to alleviate cold start and data sparsity
problems.

A reordering method of tourist attractions based on
heterogeneous information fusion is proposed. For analysis
of the current attraction retrieval method and the deficiency
of the need to solve the problem, this chapter then intro-
duces the algorithm implementation of the block diagram;
then, it is introduced based on the content and the het-
erogeneous information mining method based on the score,
as well as to the scenic spots, based on the query of the initial
sorting method, based on the content of the resort sorting
method, and based on the score of the reorder adjustment
method. Finally, the objective and subjective experiments
verify that the proposed method of scenic spot reordering
based on heterogeneous information fusion can efficiently
obtain scenic spot information based on user query. Data
stored in the database may reflect noise, anomalies, or in-
complete data objects. These objects may have some adverse
effects on the analysis process, resulting in the over-
adaptation of data to the constructed knowledge model or
the failure of mining analysis. As a result, the patterns found
can be very inaccurate. Data cleaning methods and data
analysis methods to deal with data noise and outlier mining
methods to find and analyze abnormal situations are
required.

2. Optimization Method and Framework of
Tourism Information Big Data Analysis

The ecological carrying capacity and sustainability of an area
are affected by many aspects, such as meteorology, hy-
drology, geology, environment, social economy, and other
industries and fields. The change of ecological carrying
capacity and sustainability is not only related to the state of
each single factor, but also to the result of the interaction of
all factors. This chapter will introduce the monitoring
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methods and principles of all aspects of the scenic and
historic interest area and its surrounding areas in detail from
three aspects of ecological carrying capacity and sustain-
ability assessment. Among them, the three aspects mainly
include the mining and analysis of the laws of the long time
series of tourism ecological environment elements, the
evaluation of ecological carrying capacity and sustainable is
based on the ecological footprint theory, and the trend
prediction and early warning based on the big data tech-
nology. The specific frame system is shown in Figure 1. First
of all, the long time series multisource heterogeneous
original data are collected and sorted. On this basis, the
typical tourism ecological environment elements are
extracted based on the extraction principles and methods of
thematic information. Secondly, for extraction of tourism
ecological environment factors of single factor, long time
series, the trend of the discussion, and analysis, the main
tourism ecological environment factors, including land use
cover, vegetation coverage, biodiversity, landscape vulner-
ability, climate comfort level, the level of economic devel-
opment, the industrial support ability, tourist reception
capacity, swim in proportion, and attractive tourism re-
sources, lay the foundation for subsequent driving force of
the ecological footprint analysis. Thirdly, the ecological
footprint theory, which is widely adopted and highly rec-
ognized in the world, is used to discuss the long-term
changes of sustainable development indicators such as
ecological footprint, ecological carrying capacity, and eco-
logical deficit or ecological surplus in the research area.
Finally, the big data analysis method is adopted and two
kinds of time series prediction models (the ARIMA model
and LSTM model) are used to predict and warn the future
sustainable development status of the research area.

2.1. Analysis of Tourism Ecological Environment Elements.
Vegetation coverage is the ratio of the vertical projection of
stems, leaves, branches, and other vegetation onto the
ground to the total area of the statistical area, which is
usually expressed by percentage. Like the normalized dif-
ference vegetation index, it is one of the important indicators
to measure the growth status of surface vegetation, and it is
of great significance to the regional ecological environment
assessment. The calculation methods of vegetation coverage
mainly include pixel dichotomy model, regression model,
and vegetation index method. Among them, the vegetation
coverage calculated based on binary pixel model has been
widely used by researchers. The assumptions in the binary
model divide each pixel into two parts, one with vegetation
coverage and the other with no vegetation coverage. The
electromagnetic spectrum information observed by the re-
mote sensor is calculated by the linear weighted sum of the
two parts, and the weight of each part is related to the area
proportion of the part in the whole pixel, then the vegetation
coverage of the pixel is equal to the percentage of the surface
covered by vegetation in the whole pixel area.

Because the change of land use cover type directly affects
the change of biodiversity, the land use cover map obtained
by remote sensing can reflect the difference of regional
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biodiversity to a certain extent. The weights of various
surface feature types are shown in Table 1, including cul-
tivated land, construction land, woodland, water area wet-
land, grassland, and unused land.

The ratio of tourists to residents refers to the ratio be-
tween the total number of tourists to the scenic spot and the
total number of local residents, which is an indicator
reflecting the psychological carrying capacity of local resi-
dents. The development of tourism influences the social
culture of local residents to a certain extent, which has
positive and negative effects. On the positive side, more
tourists will promote the local economic development, in-
crease the employment rate of local residents, and greatly
improve people’s life. The negative aspect is that the increase
of tourists will put pressure on the local ecological envi-
ronment resources and make the living environment of local
residents worse than before. In general, the greater is the
density of tourists, the stronger the impact. From the per-
spective of tourism development, the most essential value of
tourism resources lies in its attraction to the whole tourism
market, that is, its ability to attract tourists. The core
competitiveness of tourism resources development is the
attraction of tourism resources, which is affected by many
factors, including the quality and richness of tourist at-
tractions, tourist traffic conditions, reception facilities,
services, and accommodation. The quantitative expression
of the only objective standard to measure this value is the
number of visitors the tourist resource can attract.

In order to make up for the limitation of search engine
using text to retrieve images, visual features are used to
reorder images to make up for the semantic gap between text
and image. In addition, due to the different sensitivity of
images to different visual features, multivisual features are
combined to generate mixed features for reordering. At the
same time, in order to ensure the correlation between query
words and reordered images, a reordering framework based
on the graph model is adopted to complete the reordering of
image search results, so as to help users get the most relevant
images from a large number of search engine returned
images. The proposed image search reordering method
based on the mixed feature graph model is to mix the visual
features and then use the reordering framework based on the
graph model to complete the reordering. Figure 2 shows the
block diagram of the image search reordering method based
on the hybrid feature graph model, which is mainly divided
into two parts: learning hybrid feature and graph-based
reordering. In the offline learning stage, all images, after
visual features are extracted, use potential semantic analysis
to learn the mixed features based on visual feature fusion. In
the online sorting stage, a query word is given, and the initial
sorting result of the returned image is obtained after
matching with the text information of the image. Then, the
similarity between the images based on the mixed features is
calculated under the reordering framework of the graph
model to complete the construction of the graph model and
finally the reordering result is given.

In order to verify the proposed method and ensure the
higher correlation performance of the image in front, the
image number is selected here. In different cases, find its
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FIGURE 2: Block diagram of image search reordering based on the hybrid feature graph model.

NDCG value. The change in the NDCG value is shown in
Figure 3.

The NDCG value is the average of the NDCG values for
the 20 query words used in the experiment. It can be seen

from the figure that the effectiveness of the proposed method
is still higher than that of the comparison method, which
again indicates that the proposed method can ensure a
strong correlation between the reordering images and the
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previous ones. At the same time, it can be seen that as the
value increases, the NDCG value decreases. This is because
after reordering, images with low correlation are ordered in
the back, thus affecting the NDCG value, which also meets
the requirements of reordering.

2.2. Research on Big Data Analysis Algorithm of Tourism Route
Planning. In order to carry out short-time travel route
planning, this paper uses the basic idea map solution such as
short-time travel route planning algorithm. The detailed
solution steps are as follows:

(1) First, the user enters six input values according to
his/her own time arrangement and travel preference:
departure date, duration of visit, departure location,
must-see scenic spots, category of scenic spots of
interest, and transportation mode

(2) Secondly, use the input values in the previous step
and combine with the machine learning regression
algorithm to carry out the training of short-time
travel route scoring model

(3) Then, according to the input value of tourists, the
routes in the short-time tour route library are
conditionally screened and the routes in the
screening results are scored using the short-time tour
route scoring model

(4) Finally, sort the scores in the previous step and
output the top 10 tourist routes with the highest
scores

In view of the shortcomings of ID3 algorithm, our so-
lution idea is to record the number of records satisfying the
condition of the path from the node to the root node while
generating the node of the decision tree, so as to solve the
predictive ability problem of the decision tree in the case of
missing attribute values.

The data processing capacity of the ID3 algorithm is
reduced by introducing minimum support and minimum
confidence. In fact, the training sample data set have many
rules, but not all of the rules has practical application value,
therefore, through the association rules in the analysis of the
concept of minimum support and minimum confidence,
introducing part will not often appear data filtering for the
rest of the operating data of ID3 algorithm.

Rules extracted by the ID3 algorithm can solve the type
of data object attribute values are given identification
problem, but if not all, of the given attribute values, then the
rule is obtained by decision tree will not be able to give the
judgment result, and we are through at the node of decision
tree, at the same time record the content from the node to
the path of the root node of the condition number of records,
can effectively solve the missing attribute value of the de-
cision tree’s ability to predict:

(1) The support degree of decision attribute to category
identification attribute is used to reduce the scale of
training set processed by the ID3 algorithm

In the process of data processing, the results often
have a lot of redundancy. The most important
manifestation is that in the generated decision tree,
the decision tree has too many branches, which
makes the tree too large and too cumbersome. In this
way, the decision information obtained will be too
complex and complicated, and many unnecessary
rules will be generated. The minimum support de-
gree is used to effectively control the number of
possible branches of decision nodes layer by layer.

When the support degree is less than the specified
minimum support decision makers in the tuple filter,
its basic idea is the decision tree branch. If the
current layer corresponds to a subset of a tuple of the
category attribute support small, which is the next
layer of support smaller, the corresponding tuples in
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this group do not need to generate a new branch. It
can be seen that in the process of decision tree
generation, the pruning of branches that may be
generated but have less practical value is carried out
according to the value of each decision attribute.
Since the size of the child value to some extent
represents the amount of effective information
contained in the attribute, our processing work is to a
large extent based on the amount of information
contained in the decision attribute. Since the in-
formation contained in the discarded data is rela-
tively small, the above processing ensures the
information content of the data to a certain extent.

(2) The redundant branches of the decision tree gen-
erated by the minimum confidence level scavenging
D3 algorithm

By using the minimum support degree, we reduce
the amount of data processing in the process of
decision tree generation. However, in the con-
struction of decision tree, the knowledge contained
in some branches of the decision tree is too unre-
liable to have application value. We use the mini-
mum confidence to cut off the branches with low
confidence in the decision tree generated by the ID3
algorithm, so as to reduce the scale of the decision
tree and make the generated decision tree more
practical.

We combine the above two improvements on the ID3
algorithm in one processing process to obtain the following
ID3 improved algorithm, as shown in Algorithm 1.

3. Big Data Analysis and Forecast of
Tourism Information

Since the per capita ecological footprint reflects the amount
of resources consumed by a single individual in an area, the
per capita ecological carrying capacity represents the sum of
the amount of resources that the area can provide to each
individual and the amount of resources needed to deal with
the waste it produces. Therefore, from the perspective of
regional development, per capita ecological deficit and per
capita ecological surplus appear to be very critical and
important. In this paper, the time series prediction of the
calculated per capita is carried out by using the ARIMA
model to explore the regional sustainable development ca-
pacity allocated to each individual in the context of rapid
regional development and increasingly strong tourism trend.
In order to enhance the accuracy, science and rationality of
the ARIMA prediction model, input data sets were divided
into the training set (80%) and test set (20%).

The ADF test results are shown in Table 2, where the
ADF test result is —0.656688, which is greater than the
threshold value of significance level from 1% to 10% given.
Therefore, the null hypothesis of the existence of unit root is
accepted, which further verifies the instability of 1nXt se-
quence. Therefore, a first-order difference is made for 1nXt
to check its trend characteristics, as shown in Figure 4. It can
be seen from Figure 4 that the first-order difference series
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has no trend characteristics and the time trend is basically
eliminated, so it can be considered as a stationary series. The
unit root test was carried out on D (1nXt), and the results
showed that the null hypothesis of unit root was rejected at
the significance level of 0.01, indicating that the first-order
difference sequence was stationary series. The test results are
shown in Table 3. Therefore, d=1.

Figure 5 shows a block diagram of a tourist attraction
reordering method based on social media heterogeneous
information fusion. First, heterogeneous travel information
was taken from social media, building a database by scraping
user reviews and ratings from Tripadvisor, images from
Flickr, and site descriptions from Wikitravel. Then, data
preprocessing is carried out, denoising heterogeneous in-
formation and structural analysis. Secondly, when posi-
tioning city is given, users input query words according to
their own needs, and the initial ranking results will be given
according to text information matching. Then, by analyzing
the heterogeneous information of tourism in social media,
the reordering framework based on the graph model is used
to reorder the features of text and image fusion of scenic
spots, and finally, the final ranking of scenic spots is carried
out based on the numerical information.

4. Results Analysis

First, experiments are designed to discuss the influence of
content-based operations and vision-based operations on
the construction of video traceability relationship. Among
them, content-based operation detector can be used to find
the video of content change, while the visual-based opera-
tion detector can be used to find the video of visual per-
ception change from the perspective of human visual
perception. For the time-scale transformation detector, the
duration statistics are introduced to pseudoclassify similar
videos, which can improve the detection speed and accuracy.
Figure 6 shows the use of duration in time-scale transfor-
mation detection. Known videos (a) and (b) are divided into
a group according to the duration of the video, and the
detection results show that the video (b) has additional shots.
Since videos (a) and (b) have the same grouping in a group of
similar videos, they are considered to be the same version, so
there is no need to compare them with other groups of
videos to save detection time. And this will not detect a
slightly longer video (b) as an added shot. Therefore, without
the reference of original video, it is very necessary to detect
its preclassification.

In Figure 7, the recall rate and precision of the content-
based detector are plotted. Here, five thresholds are given for
each detector to observe the change of recall rate and
precision. Similarly, it can be seen that recall rate and
precision rate tend to change with the change of threshold,
and in the actual detection of video traceability relationship,
the threshold value can be set according to the demand for
recall rate or precision rate. There is still room for im-
provement in the recall and precision of spatial information
coverage detection and time scale transformation detection.
In the time-scale transformation detection, the matching
algorithm of similar video frames can be improved and the
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Input: R:a set of noncategorical attributes
D: the categorical
T: training set
Output: a decision tree
Begin
If T is null
Return empty flags or single data point flags
If the records in T all have the same classification mark
Return the classification value with a single node flag
Assign threshold and confidence
For all attribute X in D
Calculate the obtained value of (x, T)
Let g be the maximum value obtained by (x, T)
Let x=Xi
Let W be the attribute with the greatest gain

If the percent value < x then
Not counted in the queue
End if
End

Calculate the percentage of each class in the data set and the subset of different values of the decision attribute W;

ALGORITHM 1: D3 NEW AND ID3 IMPROVED ALGORITHM.

TABLE 2: Results of the 1nXt unit root test.

ADF test statistic —0.656677 1.5% critical value —3.808548
5.5% critical value —3.020683
10.5% critical value —2.650414
One-sided p values
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FIGURE 4: First-order difference sequence diagram.

matching accuracy can be improved. At the same time, in the
spatial information coverage detection algorithm, when the
coverage information block is very small, it is filtered as
noise, resulting in the failure to detect the information
coverage.

Table 4 shows the accuracy of some video detectors. For
the spatial information superposition detector, it is necessary
to find the appropriate threshold. Here, according to em-
pirical values, five different thresholds are selected to draw
the recall and precision of operational behavior detection.

The audio conversion detector also gives a good perfor-
mance value, because most audio conversions in video are
full audio replacement, which can be easily detected using
existing techniques. For visual based detection, including
detection of spatial color change, spatial scale transforma-
tion, and visual quality detection, the detector can easily
detect the change of spatial scale and spatial color, which has
a good accuracy. Moreover, the detector can easily detect the
change of spatial scale and spatial color, so it has a good
accuracy.

The test uses cross validation to avoid the overfitting of
the model. The test data set is divided into 10 parts, one part
of which is taken out as the test set and the other nine parts
are the training set. The average of the ten test scores is finally
output as the final score of the model.

As can be seen from Figure 8, due to the different styles
of scenic spots in different cities, the precision and recall
rates of the same query words are different. The results of all
reordering methods are better than that of the reference
method TF/IDF. The results of reordering based on multiple
hidden features and reordering based on heterogeneous
information fusion are better than that of single modal
information, which indicates that the reordering result of
multimodal fusion is better than that of single modal in-
formation in the reordering problem setting in this chapter.
The results of reordering based on the characteristics of
multiple hidden topics are good because recall and precision
are mainly used to examine content-based relevance. At the
same time, the reordering result of multihidden theme
features is superior to the reordering result of single mode
text or image and their mean value, which means that
multihidden theme features not only integrate the important
information of text and visual features, but also excavate the
potential information between the two kinds of information.
Heterogeneous information fusion based on social media
sites reordering mainly combines the hidden theme features
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TaBLE 3: Unit root test results.

ADF test statistic —0.686677  1.5% critical value = —3.82832
5.5% critical value —3.029683
10.5% critical value —2.655418

One-sided p values
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FIGURE 8: Precision and recall curves of all methods.

TaBLE 4: The recall rate and precision rate of the detection subset of
user operation behavior.

Audio conversion (%) Space scale (%) V1sua(10 /q)u ality
0
Precision 99.2 78.4 99.2
Recall 97.3 99.5 95.6

TABLE 5: Statistics of travel data of real and reliable users in different
cities.

Number of users

City . .
Total Number of tourist attractions over 5
Beijing 4255 326
London 16953 1258
New York 16172 1303
In Paris 14466 1392
Singapore 11578 503
Xi’an 3457 162

and user ratings reorder, which can be seen from the dia-
gram. Sometimes, more implicit characteristics of reorder
results are better than the result of the heterogeneous in-
formation fusion. Because the recall and precision of this
experiment are related to the content, the result of reor-
dering based on multiple hidden features is better than the
final reordering based on heterogeneous information fusion.

Table 5 gives a summary of the real and reliable user
travel data obtained in different cities. In this experiment, 80
users were selected from each city to test the proposed
model. For each user, that is, the user has been to the scenic
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spots and has not been to the scenic spots. In the scenic spots
that the user has been to, the scenic spots are classified into
two categories, one as marked scenic spots, and the other as
unmarked scenic spots mixed into the scenic spots that have
not been to. Similarly, in order to verify accuracy, the
comparison methods are PR and U-CF to compare with our
PAS model. Here, U-CF helps users find people who have
been to the same scenic spots as them, and similar users who
have been to other scenic spots are considered as the scenic
spots that this user may go to, and are recommended to him.
The percentage of the recommended data that contains the
sites the user has visited is used as the accuracy of the real
data authentication. So, precision N is the proportion of
positive samples are evaluated in the first N data. The
evaluation criterion is the proportion of the first N rec-
ommended results containing samples visited by users, and
the value of PrecisionL0 is calculated, where the number of
marked positive samples varies from 1 to 4.

5. Conclusion

For the first time, the collective wisdom that exists in travel
information has been harnessed to personalize recom-
mendations of attractions, as social media travel information
contains a wealth of experiences for travelers. In order to
make full use of the collective wisdom in the Internet,
structured knowledge can be extracted from the collective
wisdom. In order to solve the problem of sparsity and di-
versity of tourism data, the preferred scenic spots in the
current city are obtained by explicit feedback from users.
Combining with the attractions of collective wisdom and
user feedback, similar classification problem to solve the
problem of recommended is established, which can adap-
tively adjust the weights of multimodal information, get
similar sites, and interact with the user. Then, combined with
the user positioning information in one of the user contexts,
the candidate recommended scenic spots are screened again,
and the personalized scenic spots are recommended to the
user finally, so as to complete the personalized recom-
mendation of tourist scenic spots based on collective wis-
dom. The long-time series early warning and prediction
method of big data are used to evaluate the sustainable
development ability of the research area in the future. The
ARIMA model was used to predict the per capita ecological
surplus. The results show that the per capita ecological
surplus of the research area will decrease year by year in the
next 10 years; that is, the local natural ecological resources
are more and more difficult to meet the needs of human
society and economic development. Aiming at the task of
classification and discovery of big data, the ID3 algorithm,
the basic method of the travel recommendation decision tree
algorithm, is studied, and it has been improved from two
aspects to improve the effectiveness of the algorithm, reduce
the amount of data processing, and enhance the prediction
ability. The practical application proves the effectiveness of
the algorithm. The preprocessing methods and methods
adopted by the data preprocessing module are analyzed in
detail, and the algorithms used in the travel route analysis
and consumer spending ability analysis are described in
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detail. The data of tourism consumers are analyzed by this
system, and the results are evaluated.
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We investigate the multiple attribute decision making problems for evaluating the urban tourism management efficiency with
uncertain linguistic information. We utilize the uncertain linguistic weighted averaging (ULWA) operator to aggregate the uncertain
linguistic information corresponding to each alternative and get the overall value of the alternatives and, then rank the alternatives
and select the most desirable one(s). Finally, a numerical example for evaluating the urban tourism management efficiency with
uncertain linguistic information is used to illustrate the proposed model.

1. Introduction

China’s tourism industry has experienced the stages of for-
mation, rapid growth, and steady development since 1978 and
now has developed into one of the fastest growing industries
and a new growth point of China’s national economy. As the
core and foundation of the development of China’s tourism
industry, urban tourism has made an important contribu-
tion to the rapid prosperity and growth of China’s tourism
industry in the past 35 years [1, 2]. The industrial status of
tourism industry in the urban economy has risen to become a
key industry and one of the pillar industries of urban tertiary
industry and has also become the core of urban vigorous
development of tertiary industry so as to optimize the urban
industrial structure [3, 4]. So in-depth study of the devel-
opment of urban tourism industry is not only the objective
requirement of promoting the development of china’s tourism
industry but also the reality need of optimizing the allocation
of the tourism system so as to optimize the urban industrial
structure and promote the urban economic growth. Although
the overall urban tourism industry has shown a scene of
prosperity and development, we are concerned about the
differences in the development of urban tourism industry,
especially the regional differences in tourism industry of

the eastern, central, and western cities showing the different
characteristics of the development [5, 6]. The essence of these
different characteristics is the macroperformance under the
influence of microscopic mechanism of the development of
the tourism industry. Therefore, we can analyse the microin-
fluencing factors under the macroscopic characteristics of the
development of urban tourism industry in order to study the
breakthrough point to grasp, refine, and identify the mode of
development of urban tourism of the growth center of east-
ern, central, and western regions. To make out what factors
are the key factors which contribute to the urban develop-
ment of the tourism industry and what factors are the restric-
tive factors which hinder the development of the tourism
industry in different development modes [7, 8]. Distinguish-
ing the mode of development of urban tourism with a break-
through point of its factors and refining and summarizing the
characteristics of the development paths and effects of urban
tourism industry in the growth centers of eastern, central, and
western cities will play a demonstration effect for the other
cities with similar industrial development conditions in the
eastern, central, and western regions and provide reference of
development mode and development path selection for other
cities to improve the tourism industry system and enhance
and optimize the structure of tourism industry [9, 10].
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In this paper, we investigate the multiple attribute deci-
sion making problems [11, 12] for evaluating the urban
tourism management efficiency with uncertain linguistic
information. We utilize the uncertain linguistic weighted
averaging (ULWA) operator to aggregate the uncertain lin-
guistic information corresponding to each alternative and
get the overall value of the alternatives and then rank the
alternatives and select the most desirable one(s). Finally, a
numerical example for evaluating the urban tourism manage-
ment efficiency with uncertain linguistic information is used
to illustrate the proposed model.

2. Preliminaries

Let S = {s; | i = 1,2,...,t} be a linguistic term set
with odd cardinality. Any label, s;, represents a possible value
for a linguistic variable, and it should satisfy the following
characteristics [13, 14]: (1) the set is ordered s; > Sjs ifi > j;
(2) there is the negation operator neg(s;) = s such that
j=t+1-i. For example, S can be defined as

S = {s; = extremely poor, s, = very poor,
s; = poor, s, = medium, s5 = good, 1)
s¢ = very good, s, = extremely good} .
Definition 1 (see [15]). Let ULWA : §" — §;if

ULWA,, (5,55 ---55,) =@ X3, ® W, X3, ® - w, X3,

2)
where w = (0w, w,,...,w,) is the weighting vector of
uncertain linguistic variables §; (5; € S,i = 1,2,...,n) with

w; € [0,1], Y, w; = 1, then the function ULWA is called the
uncertain linguistic weighted averaging (ULWA) operator of
dimension #.

Definition 2 (see [15]). Let§s, = [Sal’sﬁl] ands, = [saz,sﬁz] be
two uncertain linguistic variables, and let len(5}) = f; — o
and len(s,) = f3, — a,, and then the degree of possibility of
5) =5, is defined as [14]

max (0,len (5,) +len (3,) — max (B, — «;,0))
len (5,) +len (5,) '

p(5,25)=
(3)

3. Research on the Evaluation Model of
Urban Tourism Management Efficiency with
Uncertain Linguistic Information

In this section, we investigate the multiple attribute decision
making problems for evaluating the urban tourism manage-
ment efficiency with uncertain linguistic information. Let
A ={A,A,,...,A,} be a discrete set of alternatives and
G =1{G;,G,,...,G,} the set of attributes; w = (w;, w,, ..., w,)
is the exponential weighting vector of the attributes G; (j =

1,2,...,n), where w; € [0,1], Z?zl w; 1. Suppose that

R= (3;) is the decision matrix, where 7;; € Sare the uncertain
linguistic variables.
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In the following, we apply the ULWA operator to MADM
forevaluating the urban tourism management efficiency with
uncertain linguistic information.

Step 1. Utilize the decision information given in matrix R and
the ULWA operator

7= ULWA,, (Fys P+ o2 Fiy) »

_ (4)
i=12,...,m,

to derive the collective overall preference values 7; (i =

1,2,...,m) of the alternative A;, where w = (v, w,, ..., wn)T

is the weighting vector of the attributes.

Step 2. To rank these collective overall preference values 7;
(i = 1,2,...,m), we first compare each 7; with all the 7
(j = L2,...,m) by using (2). For simplicity, we let p;;
p(7; > 7;), and then we develop a complementary matrix as
P= (pij)mxm’ where

.

pij 20,

hpll = 0.5,

pii+pii=1
j T Pj 5)

i,j=1,2,...,m.

Summing all the elements in each line of matrix P, we
have

pi:Zpij, i=1,2,...,m. (6)
=1
Step 3. Rank all the alternatives A; (i = 1,2, ...,m) and select
the best one(s) in accordance with p; (i = 1,2,...,m).
Step 4. End.

4. Illustrative Example

With the rapid development of world tourism, the phenom-
ena of cities “tourlized” and urbanization of tour destination
are becoming more and more prominent. All these promote
the function and facilities of cities to cater for a urban tourist
in the course of urban plan and construction, which meet the
requirement of tourism and meanwhile form the convergence
and development of tourist economic elements. As the carrier
of tourist development, tourist urban management is the
key problem to be solved in the urban development of
our country, and it would bring significant influence to the
development of economy and society of our country. In this
section, we present an empirical case study of evaluating
the urban tourism management efficiency with uncertain
linguistic information. There is a panel with five possible
urban tourism cities A; (i = 1,2,3,4,5) to select. The team
of experts must take a decision according to the following
four attributes: (1) G, is the informatization level; (2) G, is
the financial level; (3) G; is the service level; (4) G, is the
business level. The five possible urban tourism cities A; (i =
1,2,3,4,5) are to be evaluated using the linguistic term set
S by the decision makers under the above four attributes

(whose weighting vector w = (0.20,0.30, 0.40, 0.10)7) and
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construct, respectively, the decision matrix as follows: R =

(?ij)5><4 and
G, G, G; Gy
Ay [5456] [55:56] [53054] [52554]
R= A, [2054] [5283] [s4055] [s4:55] )
As [54’ 55] [53’ 55] [51752] [55’ 56]
Ay [55) 56] [54> 55] [54’56] [52) 53]
As [53:54] [55586] [53:55] [55556]

In the following, we apply the ULWA operator to MADM
forevaluating the urban tourism management efficiency with
uncertain linguistic information. To get the most desirable
urban tourism cities, the following steps are involved.

Step 1. Utilizing the ULWA operator, we obtain the collective
overall preference values 7; of the urban tourism cities A; (i =
1,2,3,4,5):

73 = 84720 Ss5.46] >

7= [53421>$5.18] > 7= [53.74’54.82] >

T, = [53436’55.57] > 5 = [54.62’56.03] .

(8)

Step 2. Rank these overall preference values 7 (i = 1,2, 3,4, 5);
we first compare each 7; with all the 7; (j = 1,2,3,4,5) by
using (3) and then develop a complementary matrix:

0.500 0.720 0.180 0.459 0.132
0.280 0.500 0.010 0.350 0.390
P =10.820 0.990 0.500 0.758 0.450 | . 9)
0.541 0.650 0.242 0.500 0.222
0.868 0.610 0.550 0.778 0.500

Summing all the elements in each line of matrix P, we
have

pL=2037,  p,=1108,  p,=3.564,

(10)

Py = 2246,  ps = 3.663.

Step 3. Rank all the urban tourism cities A; (i = 1,2,3,4,5)
in accordance with the values p; (i = 1,2,3,4,5): A; > A; >
A, > A, > A,. Thus, the most desirable urban tourism city
is As.

5. Conclusions

With the rapid development of tourism and city, the devel-
opment of tourism in promoting the city has also brought
a series of problems: the integration of tourism resources
among the cities is more difficult, lacking of urban tourism
regional planning, the chaos of urban tourism functions
and other features, tourism functional area is difficult to
develop and so on, and the internal region has also suffered
more severe competitive pressures. How to cultivate and
improve the tourist city of travel services functional areas, in
order to improve tourism services, and better development
of urban tourism are becoming the most urgent problems
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to be solved in each tourist city currently. In this paper, we
investigate the multiple attribute decision making problems
for evaluating the urban tourism management efficiency with
uncertain linguistic information. We utilize the uncertain
linguistic weighted averaging (ULWA) operator to aggregate
the uncertain linguistic information corresponding to each
alternative and get the overall value of the alternatives and
then rank the alternatives and select the most desirable
one(s). Finally, a numerical example for evaluating the urban
tourism management efficiency with uncertain linguistic
information is used to illustrate the proposed model.
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The development of global tourism has put forward new requirements for the construction of smart tourism. More and more
travel-related data have reached the level of TB or even PB, which has brought great difficulties to tourism management. This
article explores the use of big data technologies such as genetic algorithms to explore massive travel data and establish a
comprehensive tourism information service platform for governments, enterprises, tourists, and scientific research institutions.
The overall design of an industrial information service platform based on big tourist data is proposed. The overall function, data
source, data standard, and application scope of the platform are all focused on. The traceability and nontampering of blockchain
technology can also help passengers retain and verify their identity information. From the perspective of the design goals of the
system, in general, the time required for repeated authentication will greatly reduce air ticket bookings, accommodation
reservations, and bill verification, and improving efficiency is the only way to establish a “trust ecology.” Architecture design,
distributed architecture, and intelligent service design, as well as the key implementation technology of service platform
construction, route recommendation algorithm and tourism information big data mining, research and analysis on the

construction of tourism information intelligent service.

1. Introduction

At present, China has become the largest tourist market in
the world [1, 2]. Among them, outbound tourism consump-
tion ranks first in the world, and inbound tourism ranks third
in the world [3]. Driven by the new Internet information
technology such as mobile communication, large data ser-
vice, and cloud computing, especially the proposal of “intelli-
gent earth,” the concepts of “intelligent city.” “Intelligent
tourism” and “intelligent service” have come into being one
after another. At the same time, the rapid integration of these
new Internet applications and tourism industry will also pro-
mote the development of tourism information services to
intelligent services [4]. Based on the technology of large data,
cloud computing, and artificial intelligence, this research is
based on the users’ behavior analysis and realizes the infor-
mation analysis and processing of mass tourist users [5].
Through the mobile Internet and other media, real-time
online interaction is carried out with users, so as to provide

users with more intelligent and convenient route decision
travel information clothes, Business.

In recent years, the National Tourism Administration has
vigorously promoted the construction of intelligent tourism.
In 2011, intelligent tourism was listed as an important work
of tourism in the 12th Five-Year Plan; in 2012, 18 pilot cities
of intelligent tourism and 22 pilot units of intelligent scenic
spots were determined; in 2013, 14 intelligent tourist cities
were determined [6]. 2014 was identified as the year of wis-
dom tourism. According to studies, China’s tourism industry
began to enter the era of big data in 2013. In the rush hour,
the hotel has a daily booking capacity of several hundred
thousand and, at the same time, produces massive tourism
data such as information collection, consumer reviews, and
product recommendations [7]. Big data technology can dig
and analyze these huge amounts of data, which will make
wisdom travel like a duck to water. The impact of big data
on the tourism industry is all-around, and the whole industry
management  decision-making mode has changed


https://orcid.org/0000-0003-2557-1128
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/8877625

50

accordingly [8]. In 2015, the State Council issued the “pro-
gram for the promotion of big data development” and sys-
tematically deployed large data development work [9, 10].
In the same year, Gui Zhou started the construction of the
first large data comprehensive test area in China. Many
scholars began to study the integration of large data and
intelligent tourism. In this context, the author combed the
relevant literature in order to better clarify the relationship
between the two and provide reference for the further devel-
opment of intelligent tourism. In this paper, we show how an
iterative development process that incorporates client-
developer joint exploration of partial designs facilitates the
development of client understanding of their needs [11, 12].

The rest of this paper is organized as follows. Section 2
discusses the concept of large data and intelligent tourism.
The task joint release model based on a genetic algorithm is
discussed in Section 3. Construction of an intelligent tourism
application model under large data background is discussed
in Section 4. Section 5 concludes the paper with a summary
and future research directions.

2. The Concept of Large Data and
Intelligent Tourism

The concept of big data comes with the growth of unstruc-
tured data. In 2011, the McKinsey Global Institute defined
large data as a data group of data groups [13] that exceeded
the grasp, storage, management, and analysis capabilities of
the traditional database software tools. Processing large data
requires special technology, namely, large data technology,
including large-scale parallel processing database, data min-
ing grid, distributed file system, distributed database, cloud
computing platform, Internet, and extensible storage system.
Internet companies represented by Google, Facebook, Linke-
dIn, and Microsoft have gradually introduced various types
of big data processing systems. Smart tourism is a new con-
cept that evolved from the digital earth. Mole, an assistant
professor at the College of the Holy Cross, defines intelligent
tourism as the use of mobile digital connectivity to create a
more intelligent, meaningful, and sustainable association
between tourists and the city. Domestic scholars have also
formed several views on the concept of intelligent tourism
[14].

Relying on the accurate and advanced information data
platform, and integrating the tourism industry information,
according to the travel records and consumption preference
of tourists, it provides tourists with personalized tourism ser-
vices and realizes the private customization of tourism. The
smart tourism application model based on the big data per-
spective is shown in Figure 1.

The first view is that intelligent tourism is a variety of
changes brought by the application of some new technologies
to tourism; the second view is that intelligent tourism is a
modernization of promoting tourism service, improving
tourism experience, innovating tourism management, and
optimizing the use of tourism resources. Engineering; the
third view is that intelligent tourism is a high-level form
and stage of tourism; the fourth view is that intelligent tour-
ism is a new mode of operation to improve the experience
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FIGURE 1: Smart tourism application model based on the big data
perspective.

and participation of tourists; and there are other different
views. With regard to the relationship between large data
and intelligent tourism, most scholars regard big data as a
background of intelligent tourism and identify the role of
large data on the development of intelligent tourism. How-
ever, some scholars regard big data technology as one of the
components of intelligent tourism [15, 16]. Liang Changyong
believes that large data mining technology is intelligent tour-
ism. The core. Li Yunpeng and so on pointed out that intelli-
gent tourism is a large amount of real-time data formed by
tourists on the Internet. Using big data, it can further guide
the practice of tourism industry and better serve tourists
[17, 18].

3. Task Joint Release Model Based on a
Genetic Algorithm

3.1. Model Preparation. A genetic algorithm is a search algo-
rithm with self-adaptability and self-organization ability
developed based on the natural selection and evolution
mechanism of the biological world. It is widely used to solve
complex optimization problems. The genetic algorithm first
randomly generates a set of possible solutions to the optimi-
zation problem and encodes each possible solution [19]. The
set of possible solutions is called a population, and each pos-
sible solution in the population is called an individual. Each
individual has a corresponding fitness value, which is used
to measure the “good or bad” of the solution to the problem
represented by the individual. Imitating the principle of “sur-
vival of the fittest” in the biological world, according to the
size of fitness, select a number of better individuals from
the initial population to participate in crossover and muta-
tion operations [20, 21].

The crossover operation generates a new individual by
swapping and recombining a part of the codes of the two
individuals, similar to the offspring inheriting the parent’s
genes. The mutation operation generates new individuals
by randomly changing the coding bits of an individual,
thereby increasing the diversity of the population. The selec-
tion, crossover, and mutation operations are performed iter-
atively several times or until a specific termination rule is
met, and the individual with the highest fitness in the popu-
lation is the approximate optimal solution of the optimiza-
tion problem. In recent years, genetic algorithms have been
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successfully applied in pattern recognition, machine learning,
image processing, and intelligent control [22].

3.2. The Basic Idea of the K-Means Algorithm. The K-means
algorithm is one of the most widely used clustering algo-
rithms. The algorithm uses parameters to divide objects into
clusters so that the clusters have a high degree of similarity,
but the similarity between clusters is low. The algorithm first
randomly selects objects. Each object initially represents the
average value or center of a cluster [23, 24]. For each remain-
ing object, it is assigned to the nearest cluster according to its
distance from the center of each cluster, and then each object
is recalculated. For the average value of the cluster, the pro-
cess is repeated until the criterion function converges. The
criterion function is as follows:

E=) Y e-xf (1)

where E is the average value of the cluster. The description of
the K-means algorithm is as follows:

(1) Randomly select a record as the initial cluster center

W(u,v;) =

(2) Calculate the distance between each record and the
cluster centers, and use the closest cluster as the class
to which the point belongs [25]

Bo(upvy)  By(up>vy) By (up> vy)

- ‘BO(L_I.Z"VZ) P’1(L.“2.’V2) ﬁk('iZ"VZ) ’ 3)

ﬁo(un’vn) ﬁl(un’vn) ﬁk(un’vn)

where f3 is the estimated value, k is the number of indepen-
dent variables, n is the spatial sample, and u is the weight
given to the data point n when describing the model for posi-
tion i.

3.3. Weight Function and Bandwidth Determination. The
weight function is often determined by the Gaussian function
in practice, and the expression method is as follows:

Wij _ e—(l/Z)(d,-j/b)z, (4)

where b refers to the bandwidth. If the data of point i is
observed, the weight of other points will decrease with the
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increase of distance according to the Gaussian curve. Band-
width b, then the weight of points far enough away from
point i will tend to zero. The choice of bandwidth b can be
determined by the cross-confirmation method and calculated
for a given b value:

cv(b) = Z [yi - y;(b)r, (5)

i=1

where y is the dependent variable after the observation value
and the width b is removed, and then the weighted least
square method is used to obtain the fitted value of the depen-
dent variable y. The selection result is shown in the following
formula:

cv(by) = rgiglcv(b). (6)

Calculate the centroid of each cluster (the mean value of
the cluster point) and the distance between each object and
these central objects, and redivide the corresponding objects
according to the minimum distance. Repeat this step until
equation (3) no longer changes significantly [26].

3.4. Model Establishment. One advantage of the genetic algo-
rithm is that it does not require special knowledge of the
problem domain to be solved, so the process of solving the
problem with the genetic algorithm is basically the same.
The following figure shows the processing flow of the genetic
algorithm used in this paper for cluster analysis [27, 28].

The evolution process in genetic algorithms is based on
the coding mechanism, and coding has a great influence on
the performance of the algorithm, such as search capabilities
[29, 30]. Commonly used encoding methods include
floating-point number encoding and binary encoding. In
contrast, binary encoding has stronger search capabilities
than floating-point number encoding. In addition, binary
encoding has the advantages of simple crossover and muta-
tion operations. Therefore, binary encoding is used here.
The solution of the clustering problem is the center of each
cluster. For the clustering problem of points in space, each
individual in the genetic algorithm includes a binary compo-
nent corresponding to the real number component, and the
number of binary digits contained in each component is cal-
culated by the method [31, 32].

In this way, each individual includes binary bits. The first
binary code string of length in the individual is decoded by
the decoding function [33, 34].

Randomly select a point from the set of points to be clas-
sified as a solution of the problem and encode it. Repeat the
selection of Psize times, and Psize is the set population size
[35].

In the process of the genetic algorithm, the fitness func-
tion is used as the basis and the fitness value of each individ-
ual in the population is used to search [36, 37]. Therefore, the
selection of fitness function is very important and directly
affects the convergence speed of the genetic algorithm. For
each individual, use the same method as the K-means algo-
rithm to divide the cluster and recalculate the center of each
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cluster, and then use the sum of the distances between the
points in each cluster and the corresponding cluster center
as the judgment cluster division. The smaller the quality cri-
terion function, the better the quality of clustering. The
mathematical expression is [38]

=

A(Gy, Gy, Gg) = .

1

2 |l =<l )
1 x;€G;

The purpose of the genetic algorithm is to search for the
cluster center that minimizes the value, so the fitness function
[39]. In order to improve the search speed, after each cluster
division is obtained, the corrected cluster center is used to
replace the original cluster center in the individual [40, 41].

4. Construction of the Intelligent Tourism
Application Model under Large
Data Background

The foundation of smart tourism in the context of big data is
the smart tourism application model based on the big data plat-
form. The smart tourism application model based on the large
data platform can provide the latest tour route quotations, the
most favorable discount ticket information, the most reason-
able travel advice, and the most detailed tourist information.
In order to identify the relationship between tourism
stakeholders and their relations as a breakthrough point, the
intelligent tourism application model of the large data per-
spective is built around the application objects and the
demand for mutual relations for intelligent tourism. The
application objects of smart tourism mainly include govern-
ment tourism department, tourism enterprise, community
residents, and tourists. Compared with the traditional applica-
tion model, it only faces government, tourism enterprises, and

tourists. Smart tourism also includes community residents in
the application of smart tourism. Intelligent tourism not only
provides services for tourists, tourism enterprises, and govern-
ment but also promotes the coordination of tourism manage-
ment and service and the economic development of
destinations, so as to realize the friendly relationship between
tourists and community residents. Using the Internet of
Things technology, massive database, cloud computing tech-
nology, and scientific analysis, the intelligent tourism applica-
tion model collects a large amount of data produced in the
tourism activities in time, effectively integrates the tourism
information of the regional tourism destination in recent
years, establishes the related models, and predicts the future
of the region. Changes in blockchain performance indicators
under different consensus mechanisms are shown in Figure 2.

The flow of tourism, transmission to the server platform,
and setup of a monitoring and forecasting system for tourism
activity data can effectively predict the flow direction of tour-
ism destinations and the trend of future flow and rationally
guide the tourist attractions, tourism enterprises, and govern-
ment tourism departments to put the corresponding man-
power into service and prevent the group. The occurrence of
a sexual event. The framework of the intelligent tourism appli-
cation model based on big data is shown in Figure 3.

The virtual service platform of intelligent tourism is set
up in the provincial capital cities, and the information chan-
nels of tourist accommodation, travel agencies, tourism
enterprises, tourism colleges, and tourist attractions are used
to realize the information circulation of various stakeholders,
and the hidden value function of the large database will be
greatly played, and the information sharing platform will be
constructed. The model platform is based on the massive
data of various provincial tourism events at the provincial
level in recent years. The basic data are classified into basic
data, basic data of tourist attractions, basic data of
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government tourism departments, and basic data of commu-
nity residents, and then the standardized data are introduced
into the application of intelligent tourism.

The data platform system of the model. At the same time,
through the Internet of Things technology, all kinds of basic
data are accurately tagged on the map of each province, and
the provincial city is divided into several regional tourist des-
tinations. The spatial coordinates of all kinds of basic data
are tagged in various regional tourist destinations, and space
grid numbers are carried out, and a variety of related predic-
tion models can be used. It can realize real-time monitoring
and early warning for a certain area tourist destination and a
certain time period and predict the possibility of various
events in the region. The basis of the monitoring and early
warning system is that the basic data of tourism enterprises,
tourist attractions, government tourism departments, and
community residents include the type, time, and location of
events. The combination definition is a structure with recur-

sive nature; that is, the inventory can be combined repeatedly
to form a more complex and richer product system. The
inventory combination model is very suitable for the statistical
price and discount treatment. The basic information and nec-
essary attributes of the accommodation are shown in Figure 4.

The data processing platform of the application model
can be used to discover the time and time of various types
of events through the mathematical model of cloud comput-
ing. Location rules can automatically predict the flow and
flow of tourists in different periods of the region by the icon
of a number of axes, including the real-time tourist flow of
regional tourist destinations and the monitoring and early
warning of a specific day, week, month, year, or custom time
period. In order to achieve the above planning objectives, we
must first define a good inventory management basis, and the
inventory is the basis for the calculation of the whole tourism
level, and the inventory management hierarchy diagram of
the tourism system is shown in Figure 5.
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At present, the resource information provided by the  and resource attributes. The number of clicks carried by tour-
provider of resources is divided into four categories: admis-  ism information per unit time is shown in Figure 6.
sion, accommodation, catering, and transportation, of which The whole inventory system mainly uses the tree struc-
each element is subdivided into specific resource providers  ture to manage the data, and the inventory management
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interface determines the basic elements of all the tourism ele-
ments, including the name of the commodity provider, the
price attribute, the quantity type, the time attribute, the posi-
tion attribute, and the quality attribute of the product. The
definition of the inventory portfolio determines that those
goods can be combined and sold together to form a set of ser-
vices. The classification standard of the tourism information
index is shown in Figure 7.

The information of the specific inventory is classified
according to specific categories. This is the storage and pro-
cessing of specific data in inventory management. The
dynamic structure of the inventory management is to deal
with the inventory information of the dynamic goods. One
of the characteristics of the tourism inventory is that the
product produces new and effective products automatically
every day so that the product’s reservation and ability can
be calculated.

5. Conclusions

A smart tourism system is a highly complex cloud system
platform that can automatically help users set up travel plan-
ning. This choice is based on a series of priority selection
rules. The selection and setting of these rules have been stud-
ied by the market and the users, which have a fairly accurate
selection effect. After using the system, users only need to
enter their own travel plans. They can get out of the tedious
travel strategy and get a complete, efficient, feasible, and opti-
mized tour line immediately. It saves users valuable time and
helps users save costs and costs. The online implementation
of the system will bring a new user experience mode to the
tourism industry.
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With the rapid development of the Internet, text data has become one of the major formats of big data tourism and improves the
quality and promotes the optimization and upgradation of tourism English talents. This paper proposes a model of tourism
English talent resources based on data mining techniques using a big data framework. The characteristic distribution structure
model is built to identify and blend the characteristics of tourism English talent resources. Connection feature mining and
information fusion are combined to share data and schedule resources during the talent training process. Initially, the proposed
research work uses a cloud storage system for developing intercultural communicative competence of tourism English talents.
Next, the optimal scheduling design of tourism English talent training resource’s big data is carried out. Finally, the fuzzy
clustering method deals with the adaptive clustering of tourism English talent resource distribution big data. The simulation
findings show that the proposed method has high precision and big data computation efficiency. Moreover, it can successfully
mentor the development of a new framework of tourism English talent training.

1. Introduction

The training goal of tourism English talents is located in the
technical application of the tourism industry and the
compound management talents to cultivate the middle level
of the tour guide industry, the hotel industry and the middle
level, and the management talents above the middle level.
Therefore, the training target of the Higher Vocational
Tourism English talents is the technical nature of the talent
type, the professionalism of knowledge ability, and the
graduate’s direction [1]. At present, a lot of travel agencies
and hotel enterprises urgently need strong English listening,
speaking, reading, writing, translation comprehensive
ability, familiarity with the tourism industry-related policies,
policies, good tourism, hotel management, and other pro-
fessional knowledge and skills, with cross-cultural inter-
disciplinary talents. Tourism English majors must be closely
integrated into the market because the professional orien-
tation of the students is suitable for the needs of the current
society; it depends highly on whether the orientation of the

majors and the arrangement of the courses are reasonable
and whether they have the current travel agency and the
knowledge structure required by the hotel. Direct trade
relations are established with many countries and regions.
The number of the top five hundred multinational com-
panies in the world has been increasing. Also, the number of
multinational corporations and the amount of outbound
tourism in the world ranks are increasing [2]. Therefore,
there is a strong ability to express English, the managers who
are familiar with the tourism knowledge and tour guide
business, the tour guides, and the market demand. To im-
prove tourism English, the quality of talents needs to op-
timize the training mode of tourism English talents and
promote the improvement of the quality of tourism English
talents [3].

Given the strong practical characteristics of a tourism
English major, the most effective way to train its talents can
only be the combination of production and learning.
Therefore, in addition to strengthening the construction of
training rooms, internships, outside schools, and training
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bases, big data scheduling and integration of tourism English
talent resources should also be carried out according to the
requirements of the quality, knowledge, and ability of social
posts. The data mining methods for tourism English talents
mainly include blind convolution algorithm, feature ex-
traction method, time-frequency analysis method, and
statistical analysis method. These methods cannot eliminate
the convolution effect of the mining channel to singular
teatures. There are several data mining tools that companies
can use to translate raw data into actionable insights. These
include statistics, artificial intelligence, hidden Markov
models, metalearning, genetic algorithm, machine learning,
and decision tree. It affects the accuracy of big data features
mining in the distribution of big tourism English talent
resources. In [4], a new information mining and scheduling
algorithm for tourism English talent resources based on
differential cumulate function feature mining is proposed.
To improve the ability of information collection and feature
analysis of tourism English talent resources, the distributed
resources information of tourism English talent resources
under a big data environment is fused and processed.
However, the algorithm has high computational complexity
and a big implementation cost [5-7].

In this research work, an effective and intelligent
computational model is proposed. In view of the above
problems, a new model of tourism English talents training is
proposed based on big data, and it constructs a big data
mining model of tourism English talents. Data mining is
widely used in the field of artificial intelligence (AI), mar-
keting, government intelligence (GI), services, and adver-
tising. There are some other industries like crime agencies,
retail healthcare, e-commerce, telecom, biological data
analysis, and information retrieval like communication
systems. Data mining is used to examine or explore the data
using queries. These queries can be fired on the data
warehouse. In the cloud storage system, the optimal
scheduling design of tourism English talent training re-
source big data is carried out, and the fuzzy clustering
method is used to deal with the adaptive clustering of
tourism English talent resource distribution big data. This
research work adopts the attribute distribution structure
model to classify and fuse the features of tourism English
talent resources, and it combines the methods of association
feature mining and information fusion to share data and
schedule resources in the process of talent training. Finally,
the performance test is carried out through the simulation
experiment, which shows the superior performance of this
method in improving the big data analysis ability of tourism
English talents training.

The rest of the paper is organized as follows: tourism
English talent resource distribution model is explained in
Section 2; big data feature extraction is discussed in Section
3, and, in Section 4, experimental results and discussion are
discussed. Finally, we demonstrate a conclusion and future
work in Section 5.
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2. Tourism English Talent Resource
Distribution Model

In this section, we elaborate the new cross-cultural com-
municative competence model that is proposed in the book
titled “Intercultural Communication in Context” and the
elements of cross-cultural communicative competence of
tourism English talents.

2.1. The Formation of Cross-Cultural Communication Ability
Elements. The formation of cross-cultural communication
ability elements includes four elements, that is, knowledge
factors, emotional factors, mental activity characteristics,
and situational characteristics. Cross-cultural communica-
tion elements of tourism English talents are shown in
Figure 1. The knowledge in the cross-cultural communi-
cation skills mentioned in the figure refers to the degree of
understanding of the target’s culture in the party of com-
munication, and the cross-cultural communication ability is
directly proportional to its understanding. Among them,
knowledge factors include cultural values, beliefs and be-
haviors, verbal and nonverbal scripts, simplified and rigid
cognition, and ethnocentrism. These factors can have a
positive or negative impact on the communicators. Emo-
tional factors refer to the attitudes adopted by the com-
municators in dealing with communicative objects from
different cultural groups, that is, approaching or alienating.
In the intercultural communication activities, inevitably
there will be fear or anxiety. Therefore, if they are willing to
communicate, the motivation of their communication is a
more important emotional factor in cross-cultural com-
munication. The ability to deal with stress and tolerance is
positively related to intercultural communicative compe-
tence, and knowledge and affective factors in cross-cultural
communicative competences interact with and support each
other. The more knowledge, the less anxiety, and the more
cross-cultural, the more arguments. The stronger the
communicative motivation is, the stronger the communi-
cative motivation is, and the more chances of obtaining
relevant experience are, the more intercultural communi-
cation knowledge becomes more and more abundant.
Similarly, mental activity factors are a comprehensive
manifestation of knowledge and emotional factors, in-
cluding verbal and nonverbal communication and role play.
Having more opportunities to practice using the target
language is an important factor to enhance their abilities,
and attention should also be paid to a series of auxiliary
nonlanguage symbols such as body language, spatial lan-
guage, and time language of the communication partner in
communication. Role play is related to context. It is the use
of verbal and nonverbal symbols in the destination culture
according to their role identities. Moreover, for situational
characteristics, the environment has a great influence on
both sides of the communication. Situational characteristics
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FiGure 1: Cross-cultural communication elements of tourism
English talents.

mean the real context of cross-cultural communication. The
situational characteristics affecting their communicative
competence are environmental context, prior contact, status
differences, and third-party interference. Therefore, indi-
viduals have increased knowledge and experience in cross-
cultural communication, and, as a result, their motivation
has increased and they have actively participated in com-
municative activities, and vice versa, forming a learning
cycle of good success.

2.2. The Elements of Cross-Cultural Communicative Compe-
tence of Tourism English Talents. The cross-cultural com-
municative competency elements constitute the first element
of the domestic study’s cross-cultural communicative
competencies and are summarized into four communicative
competence systems: basic communicative competence
systems, emotional and relational competence systems, plot
competence systems, and strategic capacity system. The
elements of cross-cultural communicative competence of
tourism English talents are shown in Figure 2.

From Figure 2, basic communicative competence system
refers to the communicative ability that an individual needs
to have in order to achieve communicative purposes, in-
cluding language competence, and wants to connect with
social cultural norms. These include verbal skills, nonverbal
abilities, cultural abilities, interpersonal skills, and cognitive
abilities, where the tourism English talent cultivation model
believes that emotional competence refers to the commu-
nicator’s recognition and understanding of the other party.
Empathy needs to recognize the differences between indi-
viduals and cultures fully understand the self, suspend the
self, eliminate the separation of oneself from the environ-
ment, conceiving for others, and finally preparing for em-
pathy go through these six stages. Relational ability refers to
the communication strategies used by the communicating
parties in the process of communication. For example, the
need for mutual communication between the two parties
should be the basis for establishing relationships. The
generation of consensus is the prerequisite for communi-
cation, and it is also related to cultural orientation and
values.
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FIGURE 2: The elements of cross-cultural communicative compe-
tence of tourism English talents.

Similarly, the plot ability system comes to the plot
competence system; it generally refers to the fixed se-
quence of interactions in a particular cultural environ-
ment. There are unique verbal and nonverbal rules in each
plot. It proposes four aspects of ability, that is, common
sense in communication, and also refers to the ability of a
script communicator who directs behaviors to strive to
achieve communicative purposes. The ability to follow the
rules of communication in a particular context is ap-
propriate to handle social scene responses. Moreover,
strategy capability system proposed by the tourism English
talent training model is different from the general com-
munication strategy, but it is the remedial measures
adopted by the communicators in the face of language
barriers or verbal skills and clearly shows that strategic
competence is an important part of the communicative
competence.

3. Big Data Feature Extraction

In this section, we elaborate the big database model of
tourism English talent resources distribution and the
principles of big data mining for big-scale tourism English
talent resources distribution. The feature fusion of tourism
English talent resources optimized by big data fusion has good
information mining capabilities.

3.1. Big Database Model of Tourism English Talent Resources
Distribution. The big data characteristic information of
tourism English talent resources distribution is usually
expressed as a set of nonstationary broadband time series.
The big-scale tourism English talent database big data re-
source information mining and scheduling is realized by
using the method of time series detection [8]. Firstly, a big
database model of tourism English talent resource distri-
bution is constructed. In the construction of big data flow
model of tourism English talent resource distribution, the
task code is distributed to a number of data nodes by using
distributed code execution mode, and the result is returned
to the client after execution. It can effectively avoid the
movement and transmission of cached data in the big da-
tabase of tourism English talent resources distribution and
use single computer or network computer to access the big
amount of data and realize the evaluation and prediction of
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tourism resources information amount. The big database of
tourism English talent resources distribution uses I/O, USB,
and disk and other devices to achieve efficient read-write
access [9]. Thus, the access and management model of
tourism English talent resources distribution database is
shown in Figure 3.

According to the analysis of Figure 2, suppose that the
big database data set of tourism English talent resources
distribution is the number of big data sets
X ={x,%,,...,x,} of tourism English talent resources
distribution, and the joint distribution feature vectors in n
are all N-dimensional vector X containing ¢ big data classes
of resource distribution. The clustering center of the big data
class of v; = {vil,viz,...,vi } resource distribution is big
data. If the joint distribution function of nonstationary time
sampling {x(t,),...,x(t,)} and the joint distribution
function of {x(t; + 7),...,x(t, + 7)} are autocorrelation in
the big database of tourism English talent resources dis-
tribution, the big data features of tourism English talent
resource distribution are expressed as follows:

6, (k +1) = 6, (k) — uRe[y ()" (K)]. (1)

The spectral features of the big database of tourism
English talent resources distribution are analyzed by using
aliasing spectrum ambiguity function, and the function
relationship between the response variable and the forecast
variable X = (X,...,X,, ..., X,,,) is determined. (R}, +, X}
and (R,,®, ®) are closed loop of the two eigenvector sets.
Because the big data features of tourism English talent re-
source distribution database are combined with probability
distribution function mapping f: R;—R,, for any m; € R,,
the big data information feature extraction equation of
tourism English talent resource distribution can be obtained
as follows:

x =V cos 6 cos yy,
y =V sin 0,
z =-V cos 0 sin vy,

9= W, sin y + w, cos y, (2)

(a)y €OS Yy — w, sin y)

cos 9

y = w, — tan S(wy Cos y — w, sin y),

where x, y, and z indicate the initial frequency of big data in
the big database of tourism English talent resources dis-
tribution, y;, indicates the big data training set of tourism
English talent resources distribution, 6 denotes the solution
vector Q in the space of the talent resource distribution
variable, 9 is the instantaneous amplitude of the complex
signal z (t) of the big tourism English talent resource dis-
tribution database, and y represents the statistical charac-
teristics in the big tourism English talent database [10].

61

FiGure 3: Distribution structure model of tourism English talent
resources.

3.2. Principles of Big Data Mining. Based on constructing the
distributed data structure model of tourism English talent
training resources, the big data mining process is carried out
and the big data distributed structure model of tourism time
series algorithm provides regression algorithms that are used
for optimizing and forecasting of continuous values like
sales, overtime, and temperature. This algorithm can predict
the trends that are based only on the original data set that is
used to create a model. English talent resources distribution
is designed. The computer data set under the condition of
source distribution big data is fused and analyzed [11]. The
schematic block diagram of big data mining for big-scale
tourism English talent resources distribution is shown in
Figure 4.

Fast data and resource information mining and sched-
uling are carried out in the big database of tourism English
talent resources distribution to realize the integration of
resource distribution big data [12]. Let R be the trust relation
with quaternion (E;, E j,d, t) in the big data feature data of
big-scale tourism English talent resources distribution. The
information state equation of data classification attribute
A={A}, A, ..., A,} and the information state equation of
big data feature data integration of big-scale tourism English
talent resources distribution are obtained as follows:

N

A 1 _x
Pl(t) = z?e J rRin;e ! 1’)
n=1
(3)
AL v,
P;(t) =3 Ze g, eV,

Il
—

n

The time-frequency characteristics of the big database
signal of tourism English talent resource distribution are
calculated, and the big data structural model of the talent
training information base resource distribution is con-
structed [13]. The big data model of resource distribution is
obtained as follows:

P
x(t) =Y a(6,)s;(t) +n(t). (4)

i=0
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FIGURE 4: Principles of big data mining for big-scale tourism
English talent resources distribution.

The big data characteristic data of tourism English talent
resource distribution are sampled and updated in sequence,
and the spectrum of nonstationary broadband signal z (¢) in
the big database of tourism English talent resource distri-
bution is obtained. Furthermore, time-frequency analysis is
used to carry out transient analysis [14]. According to the
estimation of time frequency, the probability function
density expression of the accuracy of big data characteristic
data for the distribution of big tourism English talent re-
sources is as follows:

K
Pyla6) =Y api( g ) k). (5)
k=1

Big tourism English talent resource distribution big data
is a sample set composed of n samples. There are m indexes
in each big data sample of tourism English talent resource
distribution; then the index characteristic vector of j sample

. T . . .
is x; = {xlj, Xyjo e xmj} , tourism English. The a posteriori

probability of big data is estimated as p (x,):
(100 = 1 () )ny; (o

Y jen, (1 (R) = 1; (k) (k)
According to the results of big data mining, data sharing

and resource scheduling in the process of talent training are

carried out by combining association feature mining and
information fusion methods.

(6)

P, (k) =

3.3.  Optimization of Cross-Cultural Communicative
Competence. Constructing English for tourism in the
context of big data is not exactly equivalent to the Basic
English content. It has its uniqueness, except listening,
speaking, reading, writing, and translation of Basic English
training. In addition to their abilities, they must also develop
their professional English skills, relevant cross-cultural
thinking skills, and communication skills. Therefore, in the
tourism English curriculum, student’s cross-cultural com-
munication skills should be cultivated to meet the re-
quirements of the current society, disciplines, and students
themselves. From the study of intercultural communicative
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competence by various scholars at home and abroad, cross-
cultural communicative competence is a comprehensive,
multidimensional system such as knowledge system, rela-
tionship system, and behavior system. Based on these re-
searches on the elements of intercultural communication,
and combining the characteristics of the curriculum of
tourism English under the big data environment, a cross-
cultural communicative competence framework for tourism
English teaching in the context of big data is constructed.
The framework of cross-cultural communicative compe-
tence of English tourism talents is shown in Figure 5.

From Figure 5, we can observe that, for a student
majoring in tourism management, English communication
skills have become a core skill. Compared with other pro-
fessional students, English communication ability is a re-
quirement within the category of professional competence.
Therefore, colleges and universities pay great attention to
tourism English teaching in the context of big data. How-
ever, in practice, students find that they have a high level of
enthusiasm for learning professional English, but the results
are not obvious. The bigger reason is that travel professional
English is different. Basic English requires global awareness
and industry awareness, which is the basis for developing
cross-cultural communication skills. The global awareness
mentioned here includes cross-cultural awareness and cross-
cultural thinking. Cross-cultural awareness can also be called
cultural awareness [15]. Similarly, In the process of cross-
cultural communication, cultural conflicts occur every-
where. In order to shorten the conflict period, it is necessary
to adapt to the rapid recovery period. This is a process of
entering a steady state through a series of adjustments from a
relatively unstable state [16]. The theory of adaptation to
cross-cultural adaptation process can be summarized as a
model curve [17]. The adaptability plays an important role in
the exchange process. This is a turning point from uncer-
tainty decision rather than acceptance. Adaptability includes
two elements: psychological adaptability and cultural
adaptability [18, 19].

Moreover, in the reform of foreign language classroom
teaching, cultivating student’s communicative application
ability is the focus of foreign language circles in recent years.
The University English Classroom Requirements with a target
meaning also highlights language knowledge and application
capabilities. For the purpose of tourism English, language
knowledge and cultural knowledge are the basic teaching
contents of the teacher’s class. In addition, the ability of the
first three media is in communication practice. Communi-
cative practice ability is the highest level of intercultural
communication ability. It includes communicative compe-
tence, nonverbal communication, and communication skills.
The communicative practice ability emphasizes the use of
linguistic, nonverbal, and related strategies in practical situ-
ations to solve practical cross-cultural communication
problems. The ability of a large communication strategy is the
core competitiveness of tourism services.
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FIGURE 5: Framework of cross-cultural communicative competence of English tourism talents.

3.4. Feature Classification and Information Fusion of Tourism
English Talent Resources. The fuzzy clustering method is
used to deal with the adaptive clustering of tourism English
talent resources distribution, the attribute distribution
structure model is used to classify the features and infor-
mation fusion of tourism English talent resources, and the
time-frequency analysis method is adopted. By extracting
the big data feature of resource distribution, the information
state function of big data feature data of tourism English
talent resource distribution is presented as follows:

X = fi(x “i)D(X;" A, (L))

(7)
= mln{D(xi,Aj (L))},

where x; € R”, and the state vector of big data feature data
representing the distribution of tourism English talent re-
sources is presented. Based on the above analysis, the feature
extraction of resource distribution big data in the big database
of tourism English talent resources distribution is realized,
and the big scale is extracted. The big data training sample of
tourism English talent resource distribution in the database,
the time-frequency feature of the extracted tourism English
talent resource distribution big data is rearranged by sliding
time window, and the tourism English talent database dis-
tribution big data is carried out. The expression of the fre-

quency domain model is as follows:
x, = [x(0),x (1), ..., x(N - D]". (8)
The big data fusion algorithm of tourism English talents
training is improved by phase spectrum compensation, and
the attribute weights of random linear access channel for

resource big data fuzzy decision fusion of tourism English
talent training are obtained as follows:

r 0 0 0 0 A

o |

0<j<i<k-1

(o - ).

(9)

The vector model structure of big data fuzzy decision
fusion for tourism English talents training is expressed as
follows:

{ m; (t) = —a;m; (t) + b; (py (t = 0), p, (£ — 0), ..
pi (t) = —C;P; () + d,»m,- (t-1).

Pt —0)),

(10)

Combined with the association feature mining and in-
formation fusion method, data sharing and resource
scheduling are carried out in the training process, so that the
data fusion capacity is improved [15, 16].

3.5. Big Data Fusion and Optimization Mining of English
Talent Resource Distribution. In the tourism English talent
database, the prediction of packet information can be as
follows: {A;: 1<i<S$}, criterion {Rj: lsst}, and den-
sity prior information sliding time window rearrangement
of big data for tourism English talent resources distribution
calculation is expressed as follows:
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It can be seen that the nearest-neighbor matching
method using the time-frequency eigenvector can find out
the potential matching of the big data features of the tourism
English talent resources:

-1
(V@ sa,) @) W (b, b))

:((V(al""’am)IV(bl,...,bm))(“‘ o
(12)

The fuzzy feature balance metric of the differences be-
tween j and c categories in the big data sample of tourism
English talent resources distribution can be expressed as
follows:

s =3 L[S e -sf ]} o

h=1 i=1

The big data signal analysis of tourism English talent
resources distribution is extended to the disturbed envi-
ronment. For the time series of tourism English talent re-
sources {x(t,+iAt)}, i=0,1,...,N —1, the fast resource
information of the big database of tourism English talent
resources distribution is established. The mining and
scheduling model objective function is,

min{f (u,s,w) = f; (u, s, w), £, (U, s;w), ..., f, (U s, w)}
(14)

4. Result Analysis and Discussion

In this section, we compare the performance and utility of
the proposed model. The efficiency of the proposed model
was initially tested using the optimization of tourism English
talent training mode is realized. In order to improve the
ability of fast resource information mining and scheduling, a

(11)

) . (Sk_rl (Bu)j + rp) . kgmodn>)m0dn
B
A, +7p)- (B, +rp))modn
K »J

(Ai,u “B,; +(Ai,u + Bu,j) crp+ Vzpz)modn.

sliding time window rearrangement of big data prior in-
formation of tourism English talent resource distribution in
big tourism English talent database is carried out.

4.1. Experimental Setup. In this paper, each algorithm was
evaluated through experiments, and broad data computa-
tional approaches were used, that is, the open-source Apache
Hadoop and the Apache Spark platform. First of all, we
created a Spark cluster that uses physical nodes, that is, 80
nodes. To determine the basic software and hardware
specifications for the experiment, all computing nodes have
been simplified, and their configuration is shown in Table 1.
For example, operating systems Ubuntu 18, Spark 3.01, and
Hadoop 3.2 are used in experimental configurations. In all
80 nodes, one node was used as a master node or as a
processing node, and the remaining 79 nodes were used as
slaves in the cluster. Apache Hadoop’s software library is a
tool used in basic programming models to spread vast data
collection through computer clusters. For each local server
calculation and storage, it is scheduled to reach multiple
computers. Apache Spark is a hierarchical programming
engine for large-scale data processing that provides high-
level APIs for Java, Python, R, and Scala and is used as an
advanced map driver. Apache Spark enables a wide range of
high-level tools, including SQL Spark for structured data
analysis, MLIib for apprenticeships, and GraphX for
graphics processing.

4.2. Simulation Experiment and Result Analysis. In order to
test the application performance of this algorithm in real-
izing the big data mining of tourism English talent resource
distribution and the optimization of training mode, the
simulation experiment is carried out. In the experiment, 100
pieces of big data sample data of tourism English talent
resource distribution are selected, the number of talent
attribute samples is 50, and the dimension of time-frequency
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TaBLE 1: Configuration detail of cluster.

Number of cluster nodes 80
Hard disk 500 GB
No. of CPU cores 8
Hardware Processor 3.0GHz x4
Connectivity 100 Mbps ethernet LAN
RAM size 30GB
Data block size 256 Mb
Operating system Ubuntu 18
Java-JDK V-1.8
Hadoop V-3.0
Software Spark V-3.0.1
Open-PDC V-1.5
Python V-3.8
6000
) @
®
5000 5
4000 +
m
)
§ 3000 |
g
=%
“ 2000
1000 M :

o i 8
0 50 100

Big data sampling time points

F1GURE 6: Big data mining results of tourism English talent training.

feature state space of the big database of tourism English
talent resource distribution is 10, which is sampled
according to the characteristic data. According to the above
simulation experimental environment design and parameter
design, the big data feature extraction and resource infor-
mation mining of tourism English talent resource distri-
bution are carried out, and the data mining is obtained. The
effect of some parameters, that is, learning rate and acti-
vation functions, on accuracy is summarized in Table 1, that
is, performance of different phenotype. We have optimized
the parameters settings for all the learning algorithms for
accuracy-based analysis. The result is shown in Figure 6.
The results of the analysis of Figure 6 show that the data
mining of tourism English talent training resource dis-
tribution using this method is of high accuracy. The fast
resource information mining of big data for tourism En-
glish talent resources distribution can be realized. SQL
Server Data Mining offers Office 2007 data mining addi-
tives for the detection of data patterns and relationships.
This is also helpful in improving the analysis. The add-in
called Data Mining Client for Excel is used first to plan,
compile, analyze, handle, and forecast data. In order to
compare the performance of scheduling, different methods
are used to mine the big data of tourism English talent
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FIGURE 7: Big data analysis performance test.

resources distribution, and the recall test results are shown
in Figure 7.

The results of the analysis in Figure 7 show that this
method has good accuracy and big data clustering ability for
tourism English talent resource data mining, which can
effectively guide the construction of a new model for tourism
English talent training.

5. Conclusions

In this paper, a new model of tourism English talent training
based on big data is proposed, and the big data mining
model of tourism English talents is constructed. Traditional
methods use basic algorithms to predict the future. However,
it does not provide reliable findings as compared to data
mining. In the cloud storage system, the optimal scheduling
design of tourism English talent training resource big data is
carried out, and the fuzzy clustering method is used to deal
with the adaptive clustering of tourism English talent re-
source distribution big data.

Moreover, the attribute distribution structure model is
constructed to classify and fuse the features of tourism
English talent resources, and the methods of association
feature mining and information fusion are combined to
share data and schedule resources in the process of talent
training. Time-frequency features of tourism English talent
resource distribution big data are extracted to realize the fast
mining and positioning of the data. The simulation results
show that this method has good accuracy and big data
clustering ability, which can effectively guide the con-
struction of a new model of tourism English talent training.
This model has a good application value in promoting the
promotion of tourism English talent training model. In the
future, big data research needs to deal with the relationship
between data and theory. The combination of data driving
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and theoretical driving is conducive to the benign devel-
opment of the mutual promotion of theory and data.
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Tourism safety is the focus of the tourism industry. It is not only related to the safety of tourists’ lives and property, but also related
to social stability and sustainable development of the tourism industry. However, the security early warning of many scenic spots
focuses on the response measures and remedial plans after the occurrence of security incidents, and the staff of many scenic spots
have limited security awareness and information analysis ability, which is prone to lag in information release, and do not pay
attention to the information of potential security problems. Therefore, this paper studies the optimization algorithm of the
tourism security early warning information system based on the LSTM model and uses the recurrent neural network and LSTM to
improve the processing and prediction ability of time-series data. The experimental results show that the number of three hidden
layers in the tourism security early warning information system based on the LSTM model can reduce the training time of the
model and improve the performance. Compared with the tourism safety early warning information system based on the BP neural
network, it has better accuracy and stability, has better processing and prediction ability for time series data, and can monitor and

analyze data scientifically in real-time and dynamically analyze data.

1. Introduction

Tourism has gradually become one of the important in-
dustries. As people no longer meet the basic needs of life,
more and more people begin to pursue high-quality life.
Tourism has gradually become one of the important in-
dustries. More and more people begin to pursue tourism life
[1]. In addition, the tourism resources are constantly de-
veloped and utilized, and the tourism environment and
content are constantly changing. In recent years, in addition
to characteristic cultural city tourism, there are also natural
and cultural tourism, marathon competition in natural
tourism areas, etc. These emerging tourism projects not only
attract more tourists but also improve the economic growth
of the tourism industry [2, 3]. However, there are many
unfortunate events that tourists encounter in the process of
tourism, such as abrupt weather changes in marathon
competitions in natural scenic spots, stampede on the Bund

of Shanghai caused by too many tourists, tsunami, kid-
napping of tourists, and constant theft in tourist areas, which
have caused serious adverse effects on the tourism industry
and restricted the sustainable development of the tourism
industry [4, 5]. Therefore, tourism security has become a
highly valued and concerned issue in various countries and
regions, and tourism security early warning has become an
inevitable trend of tourism development. With the devel-
opment and application of intelligent information tech-
nology, many scenic spots will collect and release the safety
information and early warning information of scenic spots
through intelligent wearable products and corresponding
apps based on big data, such as the information of dangerous
areas of scenic spots and the number of visitors to scenic
spots. Although the danger that some tourists will encounter
in the scenic spots can be avoided to a certain extent, there
are some problems in many scenic spots, such as untimely
release of safety early warning information, low safety
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awareness of staff, and error in judgment of corresponding
information. At the same time, the focus of many tourism
safety measures, implementation plans, and methods in
scenic spots is that after the occurrence of tourism safety
events, the corresponding information release channel is
narrow, and there is a lack of relevant knowledge reserve and
mature and stable response plan in advance warning [6].
This shows that the development of tourism security early
warning in the tourism industry can no longer meet the
needs of the development of the tourism industry. Therefore,
the tourism security early warning information system that
the tourism industry needs to build can conduct accurate
and scientific information analysis on the collected security
information of relevant scenic spots in real-time and ef-
fectively, and output the information analysis results in time
and improve the efficiency of safety early warning infor-
mation in scenic spots.

This paper studies the optimization algorithm of the
tourism security early warning information system based on
the LSTM model. Compared with the traditional tourism
security early warning methods, the artificial neural network
has better fault tolerance and stronger robustness. It can
quickly process data and find the corresponding optimal
solution, and its nonlinear thinking can well deal with the
relationship between many factors. Compared with the BP
neural network, the LSTM model can better process tem-
poral information and realize the purpose of real-time
processing tourism safety early warning information. This
paper is mainly divided into the following three parts. The
first part introduces the development and related concepts of
tourism security early warning information system and the
development and application of the LSMT recurrent neural
network. The second part constructs a tourism early warning
information system based on the BP neural network and
introduces the recursive neural network and LSTM to op-
timize the algorithm of the tourism early warning infor-
mation system. In addition, the corresponding tourism
security early warning information indicators are con-
structed by integrating various factors of tourism security. In
the third part, the optimization algorithm of the tourism
security early warning information system based on the
LSTM model is trained and tested, and the simulation results
are analyzed.

2. Related Work

The tourism security early warning information system
contains a complex system of many influencing factors,
which can evaluate and analyze various security indicators of
tourism destination and determine the change trend of the
system composed of the overall environment of tourism
destination, so as to early warn and eliminate the security
incidents that may occur in the security system [7, 8]. The
tourism safety early warning information system can pro-
mote the sustainable development of tourism destination
and improve the satisfaction of tourists’ experience and
personal safety and has important guiding significance in the
long-term development of tourism industry and social
economy, natural environment, and social stability [9].
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Therefore, the research of the tourism security early warning
information system has always been the focus of attention.
Tourism safety factors are diversified, and their external
manifestations can be roughly divided into natural disasters,
diseases, crimes, traffic safety, and others. Many of them are
uncontrollable, but scenic spots can still analyze some po-
tential risk factors according to the analysis of relevant
information. Some scholars have proposed an Intelligent
Tourism early warning system for the stampede in scenic
spots, that is, to analyze and guide the monitored data
through intelligent services and processing functions [10].
This method is more suitable for use in urban scenic spots,
and its early warning focuses on the tourism safety problems
caused by human factors. According to the characteristics of
natural scenic spots, some scholars proposed to establish the
risk identification and evaluation model of natural scenic
spots through the combination of the GIS and Bayesian
network model [11]. This method has strong pertinence and
can clarify the scope of risk and improve the accuracy of
tourism safety early warning, but it needs long-term effective
data as the basis of decision-making, which greatly increases
the time cost. Some scholars proposed to build a safety early
warning system based on the BP neural network. Its
modeling is relatively simple and can obtain information
analysis results in a relatively short time [12]. However, the
BP neural network is weak in the analysis of time series
information, and its output early warning results tend to
static analysis. And with the increase of the types of risk
factors, its accuracy is also affected to a certain extent. In
addition, some research on tourism security early warning
mostly focuses on the application mechanism of the artificial
neural network in tourism security emergencies, which
provides theoretical support and lays a solid theoretical
foundation for tourism security research [13]. In addition,
according to the current situation of tourism environment,
researchers put forward to explore the ecological deterio-
ration and sudden environmental security problems caused
by tourism activities from an ecological perspective, predict
the ecological environment status of tourism destinations,
and make targeted preventive measures and rescue plans
[14]. However, from the aspect of tourism security crisis
early warning and management, the tourism security early
warning system based on the BP neural network still has
many deficiencies in processing time series data and needs to
be further optimized.

The main objects of tourism security early warning
system are tourists or local residents [15, 16]. Therefore, the
information it provides is more detailed, which has a good
effect in the security of outbound tourism. However, some
travellers ignore early warning information or do not pay
attention to relevant early warning information in time, and
they do not pay attention to early warning information and
suggestions [17]. It should be noted that the tourism safety
early warning information system does not specifically es-
tablish a long-term safety early warning information system
for tourism, but is issued by the relevant meteorological
bureau, and the Safety Supervision Bureau and other de-
partments carry out classified early warning for natural
disasters and social security events, and the information
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subject is not limited to tourists [18, 19]. A similar tourism
security early warning information system has been estab-
lished, and the warning language is relatively mild. This
paper briefly introduces the tourism destination countries,
but it does not clearly classify the contents of early warning
[20]. At the same time, citizenship does not connect tourism
services, so few people pay attention to the released tourism
security early warning information [21, 22]. Researchers
have been constantly trying and studying, hoping to build a
more scientific tourism security early warning information
system [23].

2.1. Construction and Optimization of Tourism Security Early
Warning Information System Based on LSTM. The tourism
safety early warning information system is used to predict
and warn the changes of scenic spots in the future from
multiple dimensions according to the reasonable index
system and scientific methods. Therefore, the influencing
factors of tourism safety early warning information are
diversified and nonlinear. In this paper, the LSTM model is
used to construct the tourism safety early warning infor-
mation system, which improves the processing ability of the
system to temporal information, so as to realize the purpose
of real-time dynamic information supervision and analysis.
Figure 1 shows the flowchart of the tourism security early
warning information system based on the LSTM model.

2.2. Construction of Tourism Safety Early Warning Neural
Network Information System. 'The artificial neural network
which simulates the connection between human neurons
can process the relevant signals, obtain the data signal
prediction model, and solve the nonlinear data prediction
and other related problems. Therefore, this paper selects the
BP neural network as the foundation of the tourism security
early warning information system and extracts the implicit
relationship of the static data that need to be analyzed and
predicted [24]. The neurons of the BP neural network can
connect multiple inputs but only have one output node, as
shown in Figure 2.

The input layer of the multilayer perceptron is repre-
sented as L, and x = (x,, x,, x;)", the hidden layer as Ly 3o,
and h = (hy,hy, hs,h,)", and the output layer as L, and
y = (¥1,¥2 ¥3). The process of data transmission from
input layer to output layer is forward propagation, as shown
in

h=f(W'x+b'), (1)

y=f(W'x+p%). (2)

The weight matrix of data transfer is expressed as
W' € R¥4; the weight of data transfer connection between
hidden layer and output layer is expressed as W2 € R*3,
and the bias of output layer is expressed as b? € R**!. The
activation function f is shown in

1
f

1+ exp (—x)’

(3)
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In the learning process of the BP neural network, the
weights and thresholds are modified by the gradient method.
The iterative formulas after the rest are shown in

AW (n+1)= _an(n) +a-AW (n),
(4)
AO(n+1) = _”ag(En) +a-A0(n),
AMWmn+1)=Wn+1)-W(n), 5)
{AO(n+ 1)=0(n+1)-0(n).

Although the BP neural network can solve the non-
linear problem, the data processed by the BP neural
network have no correlation on the time line; that is, it
cannot process the time series characteristic data related
to the last moment or earlier data. An LSTM is designed
based on the structure of the BP neural network. The
structure of function of network memory, that is, it can
effectively remember the data characteristics of time di-
mension in training data, and its structure is shown in
Figure 3.

The difference between the LSTM and BP neural
network is that the nodes between the hidden layers are
interconnected, so that the input of the hidden layer at
that time contains two parts, that is, the output trans-
mitted by the input layer at this time and the output of the
hidden layer at the last moment, so that the hidden layer
contains the information memory at this time and at the
last moment or earlier [25]. The transfer process is shown
in

he = f(Wx, + W"h,_, +b"), (6)

i = f(W*h, +0%). (7)

And b? represents the output layer offset. When the time
is t, the input is x,, the hidden layer output is h,, and the
output is y,; when the time is ¢ — 1, the hidden layer output is
h,_,. The activation function formula is shown in
sinhx " —e™

(8)

tanh x =

coshx e +e™

The sum of the losses is the total loss function. Let the
loss function be labeled as the negative log likelihood
function, as shown in

L'= —ytlog o 9)

Then, the total loss function of the sequence is shown in

L({xl,...,xt}, {yl,...,yt}) :ZLt. (10)

The development of LSTM can be transformed into the
corresponding BP neural network and trained by the
BPTT algorithm [26, 27]. If it is necessary to train ¢ time
data, the LSTM is expanded into a BP neural network with
t hidden layer. It can be seen from Figure 2 that the
parameters in the same position after the expansion of the
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FIGURE 1: Flowchart of the tourism security early warning information system based on the LSTM model.

LSTM are shared with each other, while the BP neural
network is not shared, so the LSTM greatly reduces the
learning and training parameters. According to the rel-
evant theory, it can be considered that the length of the
sequence data that can be processed by LSTM is infinite,
and the hidden layer of processing information is also
infinite. Therefore, in the actual information transmission
process, the information in the hidden layer neurons will
gradually weaken and lose due to the extension of time,
that is, the gradient vanishing phenomenon. This leads to
the decrease of prediction performance. In addition, the
length of the delay window needs to be determined in
advance when the LSTM is trained, which improves the
difficulty of automatically obtaining the optimal param-
eters in practical application.

2.3. Optimization of Tourism Security Early Warning Infor-
mation System Based on LSTM. In order to solve the above
problems of LSTM, so as to make its memory long-term,
Figure 4 shows the LSTM structure development diagram.

It can be seen from the figure that the LSTM neural
network introduces controllable, so as to avoid the gradient
disappearance problem of LSTM. There are four layers in
LSTM cell, including forgetting gate, input layer, output
layer, and update layer, which interact with each other in a
special way. And we provide corresponding continuous
writing, reading, and reset functions. That is to say, the
LSTM neural network adds a C state for long-term infor-
mation memory on the basis of the recurrent neural net-
work, which is the unit structure of LSTM. If the time at this
time is t, when the forgetting gate layer controls the amount
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of information transferred from the previous unit state c,_,
to the current ¢, state,

fi= U(wf # [hy_y> %, ] +bf). (11)

The main purpose of the input gate is to filter infor-
mation to avoid useless information entering the current c,
state. The sigmoid layer and tanh layer of the input gate can
update the state. The formulas are shown in

i, = o(w; +[h_, x| + 1), (12)

g, = tanh (w_ * [h,_;, x,] +b.), (13)

where ¢ is sigmoid function and the numerical range is
[0, 1]. After that, the last moment state ¢,_, and f, are
multiplied to update the state. The useless information is
filtered out, and a new value i, * g, is added. The corre-
sponding adjustment is made according to the individual
update state. The formula is shown in

¢ = frxcy tigx gy (14)

The output gate is used to control the current output
affected by long-term storage information. It mainly de-
termines the cell to be output through sigmoid layer, then
sets the cell in [-1, 1] range by tanh, and multiplies the
corresponding output gate. Finally, the determined output
part is output, as shown in

0, = 0 (wy * [h_y, %] + by), (15)

h, = o, * tanh(c,). (16)

It can be seen from the above formula that sigmoid
function is the activation function of input, output, and
forgetting gates with values in [0, 1]. The other activation
function, tanh, as shown in formula (6), is also commonly
used in the input and output gates of LSTM, and its
monotonicity is more consistent with the characteristics of
neurons in neural networks. Figure 5 shows two kinds of
activation function diagrams.

2.4. Index Construction of Tourism Security Early Warning
Information System. Tourism safety includes many influ-
encing factors. According to the relevant analysis and in-
duction, the index of tourism early warning information
system in this paper is three levels, that is, the first level is
tourism safety early warning, and the second level has four
indicators, that is, the stability of tourism natural disasters,
the safety of Tourism travel facilities, the safety of tourism
destinations, and the safety of tourism environmental pol-
lution. In addition, each first level indicator also contains
three levels of impact factors.

Tourism safety early warning mode is divided into
excellent level, good level, qualified level, and critical level.
Among them, the excellent level indicates that the overall
environment of the tourism destination has high security,
there is no hidden danger, and there is no need to worry
about the occurrence of emergencies. Good level means
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FIGURE 5: Two activation function diagrams.

that the overall environment of the tourism destination
has high security. Although there may be potential safety
hazards and the possibility of small-scale security emer-
gencies, the probability of occurrence is very small, and
there are sound and mature treatment plans and remedial
measures. From the perspective of realistic probability,
potential tourism safety accidents may occur. However,
the impact of such accidents can be effectively controlled
within the corresponding range, and there is a good re-
sponse plan, which requires tourists to have a certain
degree of cognition and knowledge of potential safety
hazards. Tourists who do not have this condition are not
encouraged to enter the tourist destination. The critical
level means that the tourism destination has a high
probability of serious tourism safety accidents, and be-
cause there is no corresponding treatment plan and
measures, once a safety accident occurs, it will have se-
rious or even catastrophic consequences for tourists and
the tourism destination. Tourists should be prevented
from entering the tourism destination within this level. In
order to show the four tourism safety early warning modes
more intuitively, the four level alarms are matched with
corresponding early warning signals, that is, the safety
level early warning signal is green, the good level early
warning signal is blue, the qualified level early warning
signal is orange, and the critical level signal light is red.
Figure 6 shows the warning value and discrimination
mode of tourism security early warning.
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Warning value and discriminant model of tourism safety
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FIGURE 6: Warning value and discriminant model of tourism safety.

2.5. Test Results of Tourism Security Early Warning
Information System Based on LSTM

2.5.1. Optimization Test Results of Tourism Security Early
Warning Information System Based on LSTM. In the LSTM
algorithm, the time step represents the length of the index
sequence that can be used, which has a certain impact on the
model. Therefore, under the condition that the algorithm
remains unchanged, the performance of the algorithm with
the step size of 4, 45, and 90 is tested, as shown in Figure 7.

It can be seen from the results in the figure that the
LSTM algorithm will continuously improve the corre-
sponding prediction performance with the increase of time
step. When the time step increases to a certain length, the
accuracy of LSTM algorithm decreases. In addition, the time
step can reflect the correlation length of the data in the time
series. If the time step is too short, the correlation infor-
mation between the data will be insufficient, which will
reduce the prediction effect of the algorithm. When the step
length is too long, it will reduce the correlation between the
data because of too much redundant data, thus reducing the
prediction accuracy of the algorithm, so the selection of the
step length algorithm is very important.

According to the LSTM recurrent algorithm, the in-
crease of the number of layers will improve the learning
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FIGURE 7: LSTM recursive neural network algorithm does not
synchronize the long performance test.

performance, but layers will also lead to the improvement of
the complexity of the algorithm system, affect its conver-
gence speed, consume more time in the sample training, and
increase the difficulty of training. Therefore, this paper tests
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the performance of the LSTM algorithm, as shown in
Figure 8.

In the figure that the convergence effect of LSTM
improves with the increase of layers, but the corre-
sponding training and testing time is also longer and
longer. And when the number of layers of LSTM increases
to four, the improvement of its performance is not ob-
vious, but it takes a long time. Therefore, considering the
needs of all aspects, the three-layer LSTM algorithm is the
most appropriate. As shown in Figure 9, the hidden layer
of LSTM algorithm contains different numbers of node
loss function values.

It can be seen from the figure that when the number of
hidden layer nodes reaches 520, the loss function value of the
LSTM algorithm reaches the minimum. Compared with the
loss function of the hidden layer with 130 and 260 nodes, it
can be seen that with the increase of the number of nodes,
the corresponding loss function value decreases signifi-
cantly. This shows that when the number of hidden layer

230 250 270 290 310 330 350 370 390 410 430 450 470 490 510
The serial number

—— BP neural network
——— LSTM neural network

FiGURE 10: The error comparison graph of the BP neural network
algorithm and LSTM recursive neural network algorithm for
tourism safety index prediction results.

nodes is large enough, the fitting performance of the LSTM
algorithm can be brought into full play.

2.6. Simulation Test Results of Tourism Security Early
Warning Information System Based on LSTM. As shown in
Figure 10, it is the error comparison chart of the BP neural
network algorithm and LSTM algorithm for tourism safety
index prediction results. In the results of the figure, the
prediction result of the LSTM algorithm is closer to the real
value. The algorithm has a large error in the prediction results
of individual values, mainly because the BP neural network is
prone to the problem of local optimal solution. Therefore, in
terms of accuracy and stability, the prediction accuracy of
LSTM for time series data is higher and the stability is better.

As shown in Figure 11, it is an early warning analysis
model information system based on LSTM. Tourism des-
tination security is a complex dynamic change, so the input
value of the tourism security early warning information
system can be not only discrete variables but also continuous
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TaBLE 1: Based on LSTM recursive neural network tourism security early warning information system simulation test results.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Alarm indication
1 0.95 0.74 0.089 0.06 0.02 0.72 0.44 0.04 0.03 0.12 (1000) green
2 0.87 0.61 0.06 0.11 0.05 0.67 0.36 0.15 0.06 0.11 (1000) green
3 0.74 0.66 0.14 0.16 0.08 0.67 0.44 0.20 0.09 0.16 (0100) blue
4 0.67 0.51 0.16 0.17 0.07 0.54 0.34 0.28 0.12 0.32 (0010) orange
5 0.82 0.67 0.08 0.11 0.05 0.68 0.39 0.15 0.06 0.14 (0100) blue
6 0.58 0.58 0.16 0.20 0.09 0.50 0.27 0.31 0.15 0.22 (0010) orange
7 0.62 0.48 0.27 0.20 0.12 0.50 0.25 0.36 0.22 0.32 (0001) red
8 0.57 0.41 0.21 0.22 0.15 0.42 0.28 0.44 0.27 0.51 (0001) red

variables, and the output value belongs to Boolean discrete
vector.

The security status of tourism destination is divided into
different levels, and the output value information system
based on LSTM is set as a vector between 0 and 1. When the
m-th index element represents 1 and the other index ele-
ments represent 0, the security of tourism destination is in a
certain level. The simulation test results the tourism security
early warning information system as shown in Table 1.

3. Conclusion

With the continuous development of economy, people begin
to see the difference of the world through tourism on the
basis of meeting the basic life. However, what is not matched
with the booming tourism industry is the tourism security
early warning information system. Tourism security is a
comprehensive problem composed of many factors, which is
not only related to the life and property safety of tourists, but
also related to social stability, and the development and
protection of tourism resources. At present, the tourism is
relatively backward, focusing on the remedial measures and
treatment after the occurrence of security incidents, which
cannot play the role of early warning to reduce disaster

losses. Therefore, this paper studies the optimization algo-
rithm of the tourism security early warning information
system based on LSTM. On the basis of the tourism security
based on the BP neural network, it uses recurrent neural
network and LSTM to optimize the system algorithm, so as
to improve the ability of the early warning information
system to process and predict the time series data. The
experimental results show that the learning ability and
convergence effect of LSTM model will improve with the
increase of the number of hidden layers, but when it in-
creases to a certain number, the increase of learning ability
and convergence effect is not obvious. Therefore, it is
necessary to set an appropriate number of hidden layers for
the LSTM model to improve its performance. The tourism
security early warning information system based on the
LSTM model has better accuracy and stability than the
tourism security early warning information system based on
the BP neural network algorithm, has better processing and
prediction ability for time series data, and is more in line
with the needs of the tourism security early warning in-
formation system. In addition, compared with other
methods, the tourism security early warning information
system based on the LSTM model can be applied to a wider
range, whether it is a tourist city scenic spot or a tourist
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natural scenic spot, or it can be combined with intelligent
wearable devices for data collection and analysis. However,
the experimental data in this paper are mainly for the
analysis of the indicators of the scenic spot, so the index
system needs to be further improved. In the future devel-
opment, the tourism safety early warning information
system between scenic spots should be connected with each
other to strengthen the information circulation. At the same
time, set up a tourism safety early warning information
subsystem for economically underdeveloped scenic spots to
reduce the cost of tourism safety early warning information
system on the basis of ensuring the safety of scenic spots and
tourists.
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Under the framework of smart city, starting from the demand for urban public tourism information services, drawing on the new
public service theory, customer perceived value theory, and basic information service theory, combined with previous research
results, using literature analysis, questionnaire survey, and other methods, and starting from the carrier level of the public tourism
information service system, this study analyzed the public tourism information services in detail. This study combed the current
status quo and problems of the public tourism information service system for qualitative analysis and summed up some common
shortcomings and deficiencies. Along with the results of the questionnaire, this paper analyzed the existing problems in the
current public tourism information service system and identified the demands of tourists for public tourism information services.
Based on this, the research puts forward the idea of constructing the public tourism information service system under the
background of smart city, including the system framework, characteristics, service media and mode, operation mode, man-
agement mechanism, and other aspects. The study concluded that there is a need to construct theoretical and research models of
the impact of public tourism services on the quality of destination from the perspective of smart city, to use the structural equation
model for quantitative analysis, to verify the model hypothesis, and to consider that public tourism services have a significant
positive impact on the behavioral and psychological responses of tourists. On the basis of combing the literature and starting from

the overall situation, this study puts forward a systematic integration idea, which is of theoretical significance.

1. Introduction

The rapid development of information technology has laid
an important material foundation for economic and social
development, made processing and dissemination of in-
formation more convenient, made the media more diver-
sified, changed the traditional service model, extended the
industrial chain, and stimulated some new industries [1].
Thus, information resources have increasingly become an
important factor of production, integrating with other in-
dustries. Tourism industry is one of the information-in-
tensive industries [2]. The comprehensiveness and
nonstorability of tourism products make informatization
important, especially for tourism enterprises. Since the
1980s, information technology has been applied to business
operations of China’s tourism enterprises. After the rise of a

large number of travel e-commerce sites, the independence
of the Tourism Information Center and the National
Tourism Administration “Golden Travel” is represented by
“Ctrip Travel Network.” The implementation of the “project”
has laid to a solid foundation for China’s tourism infor-
matization construction [3].

The development of informatization has opened up a
new development path for tourism. First, the promotion of
tourism through online marketing is different from the
traditional passive model that solely relies on travel agencies
and word-of-mouth. It actively promotes tourism resources
by providing information to every potential tourist who
needs relevant information through the Internet and ex-
pands the popularity of tourism resources; second, the
construction of tourism informatization enhances the re-
ception capacity of tourist destinations and increases the
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satisfaction of tourists; then, a large number of tourism
e-commerce sites have emerged in the construction of
tourism informatization, seize the gaps in market demand,
develop business management models, and enrich the
tourism market. In addition, tourism informatization also
plays an important role in protecting tourism resources,
facilitating tourism services, protecting the rights and in-
terests of tourists, and promoting the development of
tourism products. It has become an important way for the
transformation and upgrading of the tourism industry [4].

In the context of the rapid advancement of information
technology and the boom of smart city construction, this
study combs the status quo and problems of public tourism
information service system, analyzes and evaluates the de-
mand of tourists for public tourism information services,
and combines the concepts and practices of smart city
construction [5]. This study also provides ideas for con-
structing a public tourism information service system for
smart cities, provides new directions for the transformation
and upgrading of tourist cities, and lists some domestic cities
as typical cases. It also analyzes their construction practices
in the public tourism information service system in the
process of smart city construction and identifies deficiencies
and provides suggestions for countermeasures [6]. It pro-
vides important theoretical exploration and practical
guidance value. The innovation of this research lies in (1)
putting the tourists’ demand perspective on the dominant
position of the public tourism information service system.
The public tourism information service system has public
attributes, and general research focuses on the supply subject
and supply mechanism. Less attention has been paid to this
demand, which has caused repeated construction of the
public tourism information service system and waste of
resources. On the other hand, it has also lowered the sat-
isfaction of tourists, especially individual tourists, which has
affected the development of the local tourism industry [7].
This research starts from the reality and needs to be reflected
in the questionnaire and is based on the perspective of
tourists. (2) The theoretical model and the research model of
the impact of tourism public services on destination brand
relationship quality are constructed. A total of 36 factors in
three dimensions forming a rectangular factor relationship
structure model in the actual work of the tourism industry,
around its development scale, and exploring new paths and
methods for future research are constructed.

2. The Rise of Smart Cities and the
Transformation of Tourist Cities

As early as 1992, Singapore first proposed the construction
of a smart island, focusing on enhancing the city’s infor-
mation technology foundation [8]. In 2008, Industrial BM
Company proposed the concept of “smart earth,” thinking
that “the world is becoming smaller, flatter, and smarter.”
Thus, the concept of “smart city” has also evolved. “Smart
city” is built on the basis of “digital city,” along with the
wisdom concept of contracting BM, using advanced in-
formation technology for convenience and to communicate
and operate more efficiently, advocate economic health and
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reasonable sustainability, harmonious and safe, comfortable
life, and intelligent information management technology [9].

As soon as the smart city was proposed, it quickly gained
wide attention and recognition. The governments of the
United States, Europe, Singapore, South Korea, Japan, Hong
Kong, and Taiwan launched smart city construction [10]. For
example, as early as 2006, “Garden City” Singapore launched
aten-year “Smart Country 2015” (iN2015) plan; in July 2009,
the Japanese government proposed after “e-Japan” and “u-
Japan” [11] the updated version of the national informati-
zation strategy, the medium and long-term information
technology development strategy “i-Japan (Smart Japan)
Strategy 2015,” and designated Yokohama City in Kanagawa
Prefecture, Toyota City in Aichi Prefecture, Toyota City in
Kyoto Prefecture, and Toyota City in Fukuoka Prefecture.
Four districts in Kitakyushu City plan to pilot smart cities; in
October 2009, the European Union announced a new energy
research investment plan, which will invest 11 billion euros
for the “smart city” project and develop low-carbon housing
in 25-30 cities and transportation [12].

2.1. The Construction of Smart City. The construction of
smart cities in China presents four distinctive charac-
teristics: first, the development of smart cities is highly
valued and the enthusiasm for participation is increasing;
hence, the number is increasing; second, the overall de-
velopment among the cities is uneven, and the cities in the
eastern coastal areas have a clear lead; third, the foun-
dation of smart governance is solid, and the smart in-
dustry and infrastructure are steadily advancing. Finally,
the government’s service capabilities are more prominent,
but the construction of typical applications and organi-
zational systems lags significantly [13]. The rise of smart
city construction around the world has brought a quali-
tative leap to the improvement of the city’s overall
informatization level. From the “smart city construction
planning” and related documents issued by various cities,
the basic construction of smart cities can be seen. The
above all follow a certain model, combining the current
status and long-term development planning of the city
itself and constructing the three major systems of “bottom
base layer-intermediate exchange layer-upper application
layer” from the bottom up, which integrates citizens,
tourists, enterprises, and governments in the city.
Changing the traditional and backward operation and
service modes of various roles, the intelligentization of
life, production, and management is realized. The basic
architecture of a smart city is shown in Figure 1.

With the transformation of China’s economic devel-
opment mode and the tourism industry, especially the in-
creasing personalization and diversified needs of tourists,
China’s outstanding tourism cities have shown serious
shortages in the reception capacity of individual tourists; at
the same time, in the process of urbanization, problems such
as environmental pollution, waste of resources, and pop-
ulation expansion have also spurred the transformation of
China’s outstanding tourism cities in search of new devel-
opment methods.
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FIGURE 1: Basic architecture of a smart city.

The purpose of the transformation of China’s out-
standing tourism cities is to further optimize the urban
tourism environment and improve urban tourism functions
and the level of urban tourism management and service
quality. But, its essence is to promote urban construction by
expanding tourism consumption demand and to improve
the city’s opening degree, civilization quality, and interna-
tional level [14]. In order to pursue transformation and
achieve sustainable development, tourism cities have also
been actively explored. Development paths such as ecolo-
gicalization, cultural creativity, low-carbon type, and
informatization have become alternative directions and
breakthroughs in the transformation of many tourist cities.
The proposal of smart city provides a new path for the
transformation and upgrading of tourist cities.

Smart transformation is in line with the general trend of
tourism informatization development and is a concentrated
expression of the integrated development of tourism and
information technology industries. With the help of intelli-
gent concepts and means, the conditions and support that the

tourism industry of an excellent tourist city depends on can be
comprehensively and systematically improved, thereby cre-
ating a good environment for the development of tourism.

2.2. Construction of Smart City Information Service Platform.
In the construction of smart cities, in order to complete the
storage and processing of massive data, it is necessary to
build a processing platform that carries all applications. This
platform has become the “smart city core platform.” The
smart city core information service platform promotes
services such as triple play, office integration, intelligent
interconnected buildings, digital media, city management,
smart cards, collaboration, and centralized operation centers
in areas such as residence, business, medical, education, and
government affairs. Smart work spaces, smart trans-
portation, smart buildings, smart energy, and smart society
are connected together to form an overall smart system, as
shown in Figure 2.

A cloud computing integrated platform with powerful
data analysis capabilities is required to realize calculation,
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storage, analysis, processing, and decision-making of mas-
sive data. The “Smart City Core Platform” is different from
ordinary industrial DCs and cloud computing centers and
can achieve the following functions: providing running
server hosting for the operation of all application systems
and data space for the storage of all massive data. To meet the
needs of city management, the core platform must be
connected to the main administrative departments of the
government; to meet the needs of citizens services, the core
platform must be logically isolated from the Internet in order
to meet the needs of information services. Various channels
such as the Internet have established interaction mecha-
nisms with citizens. Based on the Internet, using various
information technologies, under the ubiquitous network
environment, through the efficient management and ap-
plication development of the city, the integrated application
of the smart city service platform and smart city service data
center is realized.

2.3. Construction Model Based on Internet of Things. As an
application of the Internet, the Internet of Things is regarded
as an important symbol of a “smart city.” The country has
proposed the Internet of Things strategy. After more than two
years of promotion and development, the Internet of Things is
no longer an abstract concept. The government and enter-
prises have gradually become more rational and clear in
understanding the Internet of Things and have accumulated
some construction experience. The core of the smart city is the
construction of the Internet of Things system, so the smart
city information service platform is divided into three levels:
“perception layer,” “network layer,” and “application layer.”
Among them, the “perception layer” is to assemble sensors to
real objects such as power grids, automobiles, buildings,
household appliances, and water supply systems to a certain
degree so as to achieve the connection of objects; the “network
layer” is connected to wireless networks through interfaces

and operates [15]. Through the integration of the city’s unified
network with telecommunications networks, radio grids, and
the Internet, the city’s unified network’s basic environment
and effective information transmission service highway are
provided to the smart city public platform and various
business application systems. The “network layer” is divided
into “nearby,” “transmission,” and “remote transmission,”
which has two sublevels; the application layer is an application
service system built on the smart city public platform, con-
necting the three major application sources of government,
enterprises, and the public and providing them with a livable
urban environment, security prevention and control, appli-
cation services in areas such as life security, public services,
and industrial optimization. The smart city construction
model based on the Internet of Things is shown in Figure 3.

The industrialization of the Internet of Things and the
development of R&D applications are accelerating, speeding
up the realization of real-time control and precise manage-
ment of the world of the Internet of Things, and its ability to
support economic operations and carry social public services is
further improved and expanded. Through intelligent infor-
mation equipment, efficient integration, interconnected
ubiquitous networks, education, medical care, social man-
agement services, entertainment, socializing, etc., the necessity
of life from “things” to “people” is as the center, from one-way
diffusion shifts to the direction of participation and interac-
tion. A new lifestyle with a wider range, a smarter, and a better
experience gives people fingertips.

3. Analysis of the Demand Survey Results of
Public Tourism Information Service System

The public tourism information services must rely on certain
carriers to realize its service function, and its service effi-
ciency is often reflected by the service level of these carriers
in reality [15]. The carriers of public tourism information
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services generally include website (official website group of
government part of tourism destination and public service
information of commercial tourism website), tourism dis-
tribution center (naturally formed tourism distribution
center and constructed tourism distribution center), the
tourism consulting service site (the free consulting site set by
tourism enterprises and the consulting site set by the
Tourism Management Department), and the tourism call
center. Reflecting the basic situation of the number, func-
tion, and intelligence of public tourism information service
carriers, we can see the basic level and existing problems of
public tourism information services [16].

3.1. Analysis of Tourism Information Demand. The demand
for public tourism information services is high, accounting
for 73.42%, but there is also information demand for
tourism, accounting for 26.58%, nearly a quarter
(Figure 4(a)). Therefore, information services in the process
of tourism activities are also necessary.

Among the respondents, food, accommodation, shop-
ping, bus routes, tourist attractions, language, and folk
customs are still the main contents corresponding to the six
elements of traditional tourism, such as food, accommo-
dation, travel, shopping, and entertainment. However,
71.34% accounted for environmental and meteorological
information (Figure 4(b)). It also becomes an important
concern. However, the popularity of information content is
very high, accounting for 55.25%. Only 13.24% of the re-
spondents preferred to customize the content of public
tourism information services, and the choice between the

two accounts for 32.51% (Figure 5(a)). On the one hand, it is
consistent with the public attribute of the public tourism
information services, and it also shows that tourists still have
a certain tendency towards customized services and do not
want to fully popularize them.

3.2. Analysis of the Ways and Forms of Tourists’ Demand for
Tourism Information Services. Among the existing public
tourism information service channels, tourists have the
strongest perception of the importance of the Internet,
reaching 10.5%. Mobile phones rank fourth, while the
tourism service hotline ranks last (Figure 5(b)). It can be
seen that tourists have a strong demand for tourism in-
formation on the Internet and mobile phones, but although
the tourism service hotline has been opened nationwide, it
does not get the attention of tourists. In contrast, tourists like
the form of network interaction the most, followed by on-
site consultation and telephone consultation (Figure 6). In
the survey, 88.5% of the respondents have such demands, so
the demands in this regard cannot be ignored.

3.3. Reliability Test and Data Purification. After ensuring the
validity, trend, and distribution of sample data meet the
requirements, this study also needs to test the reliability and
validity of the scale used in empirical analysis. In the reli-
ability test of the scale of the impact of public tourism
services on the quality of destination brand relationship, this
study uses the widely used corrected-item total correlation
(CITC) index and internal consistency Cronbach’s alpha
coefficient to analyze.
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In this study, after reliability analysis, the main standards
used for data purification are as follows: corrected-item total
correlation index (CITC) to purify the data and each item.
When the strict CITC standard a is less than 0.5, the
measurement item should be deleted, but it is also a rela-
tively loose standard. For example, Lu Wendai considered
that if the CITC index of the item is greater than 0.3, and the
line with the requirements need further analysis. In this
study, the scale of CITC is selected as 0.5, the test standard of
Cronbach’s « coefficient [17]. Bashynska considers that the
coefficient above 0.6 is acceptable, while others consider that
the coefficient above 0.7 is the minimum acceptable value. In
this study, the strict coefficient is more than 0.7 as the
standard [18].

Using the sample data collected in this survey, SPSS 20.0
software was used in this study. Firstly, the CITC index of
each item should be greater than 0.5; otherwise, the item
should be deleted. In Table 1, except the CITC index of S01
(0.518), all of them are greater than 0.5, and the deletion of
S01 here will lead to unsuitable analysis in the structural
equation model, and the CITC index of S01 is also too close
to 0.5, so we reserve it here [19].

Secondly, Cronbach’s a index of the whole scale is
calculated. The result shows that Cronbach’s a index is 0.938,
and the a index after removing a certain question item will
not change significantly. In addition, Cronbach’s « index of
12 factor variables in the scale was calculated.

It can be seen that Cronbach’s a index of the overall scale
of the impact of each factor of public tourism services on
each factor of destination brand relationship quality and the
scale of each factor is above 0.700.

4. Construction of Public Tourism Information
Service System Based on Smart Cities

4.1. Factor Analysis. In SPSS 20.0, factor analysis was con-
ducted again for reliability analysis and purified data. When
the factor loading of the item is greater than 0.5 and the
cumulative proportion of explanatory variance is greater
than 50%, it is up to the standard. According to the analysis
of the previous chapter and the design of the questionnaire
structure, all items are divided into three dimensions, four
parts, and thirty-six items. Factor analysis is carried out on
the public services of tourism, the behavioral response of
tourists, the psychological response of tourists, and the
quality of destination brand relationship. The factor loads of
each item, Kaiser-Meyer-Olkin value, Bartlett’s sphericity
test (Butler’s sphericity test), and Cronbach’s a index were
observed.

4.1.1. Factor Analysis of Public Tourism Services. Firstly, we
extract the main components. Secondly, the KMO test is
carried out. Finally, Bartlett’s sphericity test (Butler’s
sphericity test) was carried out. The testing results are shown
in Table 2.

Among them, factor F1 represents the traffic service in
public tourism services, and the factor load of the
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measurement items is A02 (0.956), A01 (0.924), and A03
(0.943), the KMO value is 0.765, Bartlett’s sphericity test
(Butler’s ball test) P value is significant at 0.001 level, and the
overall Cronbach’s « index (see Table 1) is 0.938. Factor F2
represents hotel service in public tourism services, and the
factor load of measurement items is B02 (0.918), B01 (0.922),
and B03 (0.873), the KMO value is 0.735, Bartlett’s sphericity
test (Butler’s ball type test) P value is significant at 0.001
level, and the overall Cronbach’s « index (see Table 1) is
0.889. Factor F3 represents tourism service in public tourism
services, and the factor load of measurement items is C02
(0.914), CO1 (0.913), and CO03 (0.872), the KMO value is
0.730, Bartlett’s sphericity test (Butler’s test) P value is
significant at 0.001 level, and the overall Cronbach’s « index
(see Table 1) is 0.824.

4.1.2. Response Factor Analysis of Tourists’ Behavior.
Firstly, we extract the main components. Secondly, the KMO
test is carried out. Finally, Bartlett’s sphericity test (Butler’s
sphericity test) was carried out. The results are shown in
Table 3.

Among them, factor F4 represents the reliability factor in
the tourists’ behavior response, and the factor load of the
measurement items is L02 (0.892), L0l (0.842), and L03
(0.823), the KMO value is 0.694, Bartlett’s sphericity test
(Butler’s ball test) P value is significant at 0.001 level, and the
overall Cronbach’s « index (see Table 1) is 0.825. Factor F5
represents the competency factor in the tourists’ behavior
response. The factor load of measurement items is MO03
(0.917), M02 (0.846), and MO1 (0.832), the KMO value is
0.661, Bartlett’s sphericity test (Butler’s ball test) P value is
significant at 0.001 level, and the overall Cronbach’s « index
(see Table 1) is 0.827. Factor F6 represents the communi-
cation factor in the tourists’ behavior response. The factor
load of measurement items is N02 (0.831), NO1 (0.782), and
NO3 (0.742), the KMO value is 0.634, Bartlett’s sphericity test
(Butler’s ball test) P value is significant at 0.001 level, and the
overall Cronbach’s « index (see Table 1) is 0.750.

4.1.3. Analysis of Psychological Response Factors of Tourists.
Firstly, we extract the main components. Secondly, the KMO
test is carried out. Finally, Bartlett’s sphericity test (Butler’s
sphericity test) was carried out. Table 4 shows the testing
results.

Among them, factor F7 represents the safety factor in
tourists’ psychological response, and the factor load of
measurement items is R02 (0.896), R0l (0.862), and R03
(0.840), the KMO value is 0.744, Bartlett’s globosity test
(Butler’s globosity test) P value is significant at 0.001 level,
and the overall Cronbach’s « index (see Table 1) is 0.814.
Factor F8 represents the trust factor in tourists’ psycho-
logical response, and the factor load of measurement items is
S02 (0.890), S03 (0.783), and SO01 (0.725), the KMO value is
0.592, Bartlett’s sphericity test (Butler’s sphericity test) P
value of is significant at the level of 0.001, and the overall
Cronbach’s « index (see Table 1) is 0.734. Factor F9 rep-
resents the politeness factor in tourists’ psychological re-
sponse, and the factor load of the measurement items is T02
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TaBLE 1: Reliability analysis.

Variables Item Total correlation corrected by item Cronbach’s « value after deleting the item Cronbach’s «
Smart transportation A01, A02, A03 0.882 0.930 0.938
Smart hotel BO1, B02, B03 0.893 0.881 0.889
Smart tourism Co1, Co02, C03 0.793 0.759 0.824
Reliability L01, LO2, LO3 0.649 0.768 0.825
Communication Mo01, M02, M03 0.626 0.719 0.825
Winning willfulness  NO01, N02, N03 0.503 0.771 0.750
Security RO1, R0O2, R0O3 0.742 0.801 0.814
Trustworthiness S01, S02, S03 0.518 0.829 0.734
Politeness To1, T02, TO3 0.612 0.817 0.792
TaBLE 2: Factor analysis of public tourism services.
Number Item F1 F2 F3
A01 The traffic at the destination is convenient and fast 0.924
A02 The process of purchasing this travel and transportation product is smooth 0.956 — —
A03 In this travel traffic, I feel the advantages of Internet plus 0.943
BO1 Destination hotel is clean and comfortable 0.918
B02 The process of purchasing the hotel accommodation product is smooth — 0.922 —
B03 I feel the advantages of Internet plus in this trip accommodation 0.873
Co1 Destination quality is high and intelligent 0.911
C02 The process of purchasing products for this tour is smooth — — 0.914
C03 In this tour, I feel the advantages of Internet plus 0.872
TaBLE 3: Response factor analysis of tourists” behavior.
Number Item F1 F2 F3
L0l The commitment of the tourism product or service provider of the destination has fulfilled 0.842
Lo2 The tourism products or services I buy can complete consumption or experience 0.894 - -
L03 The provider of tourism products or services at the destination is reliable 0.823
Mo1 When I have problems, I know whom to talk to and can communicate with 0.832
MO2 Internet and the social platform play a great role in my tourism communication - 0.846 -
Mo03 No problem of smooth or improper communication in my whole tourism activity 0.917
NoO1 The scenic spot of the destination can provide corresponding products or services 0.782
NO2 The service personnel at the destination is competent for his/her work - - 0.831
NO03 Internet plus or intelligent building of N03 destination can meet my needs 0.742
TaBLE 4: Psychological effects of tourists.
Number Item F1 F2 F3
RO1 The social security and safety facilities at the destination are good 0.862
R0O2 I did not feel any threat or danger in this tour 0.896 - -
RO3 The travel products and services I buy are safe 0.840
So1 The provider of tourism products or services at the destination is reliable 0.725
S02 I am treated equally and honestly in tourism activities - 0.890 -
S03 I did not encounter any dishonesty in this tour 0.783
T01 The tourism product or service provider of the destination is civilized and polite 0.802
TO2 I did not encounter any impolite or uncivilized events in this tour - - 0.837
T03 I feel that the civilization and politeness of the destination are very high 0.792

(0.837), T01 (0.802), and T03 (0.792) from large to small, the
KMO value is 0.659, Butler’s ball test P value is significant at
0.001 level, and the overall Cronbach’s « index (see Table 1)
is 0.792.

The problems and shortcomings of the public tourism
information service system are the factors that hinder the
development of tourism industry into a “modern service
industry more satisfactory to the people.” The main reason

lies in the inappropriate framework and mode of the
transformation and upgrading of tourism services, the
failure to fully consider the domestic environment and
conditions, the failure to find a good foothold and entry
point, and the lack of many ideas that are beneficial to
practice [20]. For example, although the international ex-
periential public tourism information service mode en-
hanced, international exchange activities were active. Some
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FIGURE 7: Public tourism information services for smart city.

tourist destinations learn a full range of foreign public
tourism information service modes and means, which are
applied to domestic construction, regardless of the envi-
ronmental conditions of the region, resulting in the mode
not applicable and not working. Therefore, the most im-
portant thing in the construction of the public tourism
information service system is applicability, which is based on
the existing basis and conditions.

4.2. Construction of the Public Tourism Information Service
System for Smart City. On the basis of the system, platform,
and operation management platform built for the con-
struction of smart city, the improvement of the public
tourism information service system is realized, the problems
existing in the traditional public tourism information service
system are changed, and the shortcomings are summed up.
The public tourism information service system of face-to-
face smart city is more humanized in terms of overall
construction and basic characteristics and service media and
methods intellectualization.

The traditional public tourism information service sys-
tem is based on the perspective of tourism supply, including
four parts: tourism website cluster, tourism distribution
center, tourism consulting service center (station), and
tourism call center. Each part has several subsystems or
divided into several forms. It is built, operated, and managed
by each department independently, lacking information
interoperability and cooperation. With the rapid develop-
ment of smart city construction, smart ideas provide new
directions and methods for urban management and services

and gradually get wide recognition and support. Smart cities
also provide system, platform, and operation management
support for the transformation and upgrading of the public
tourism information service system. Therefore, the con-
struction of the public tourism information service system
for smart city is of great practical significance and very
feasible.

From the analysis of the statistical results, it shows that
tourists’ dissatisfaction with the public tourism information
service is mainly concentrated in the aspects of incomplete
content, poor timeliness of updating, poor interoperability,
and single form; the demand for the quantity and quality of
public tourism information can be summarized as the
characteristics of desirability, timeliness, comprehensive-
ness, system, relevance, and accuracy. These characteristics
need to change the tradition. The public tourism informa-
tion service system of China has become a key target to
improve the satisfaction of tourists and a key index to build a
new service system.

4.3. Mode of the Public Tourism Information Service System for
Smart City. With the rapid development of smart city
construction, smart ideas provide new directions and
methods for urban management and services and gradually
get wide recognition and support. Smart cities also provide
system, platform, and operation management support for
the transformation and upgrading of the public tourism
information service system. Therefore, the construction of
the public tourism information service system for smart city
is of great practical significance and very feasible.
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To build a public tourism information service system for
smart city, with the help of the concept and construction
foundation of smart city, starting with the improvement of
the carrier of public tourism information services, improve
the channels of public tourism information services, opti-
mize the means of services, endow it with intelligent core,
and cover the needs of the public tourism information
service system reflected by the questionnaire. The public
tourism information service system for smart city is shown
in Figure 7.

5. Conclusion

This paper systematically analyzes and summarizes the
problems and shortcomings of the existing public tourism
information service system and, through the form of
questionnaire, realizes the information demand character-
istics of tourists, especially the individual tourists. Solving
these problems in combination with the needs is the key to
improving the public tourism information service system. To
solve these problems and deficiencies, the proposal and
construction of smart city is the key direction. With the
consideration of the current situation, this paper analyzes
the foundation platform of smart city for the construction of
the public tourism information service system, mainly in-
cluding the understanding foundation, physical foundation,
and management foundation. On the basis of smart city, it is
scientific and feasible to realize the construction of the public
tourism information service system. This paper presents a
systematic model, starting from the needs of tourists and
aiming at the characteristics of tourists’ demand for infor-
mation before, during, and after tourism; the tourism
supplier is extended to the whole society and tourism-related
industrial departments. The government departments, as the
main body of the service providers, realize the intercon-
nection of various suppliers and information under the
security mode and realize the intelligent communication
under the stimulation of the city, and the innovation of
service media, means, and management mode is constantly
realized.
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Smart tourism purposes symbolize a new idea of IT application to increased competition and satisfaction of all stakeholders,
including visitors as co-creators of tourism products and co-promoters of a destination. To improve the effect of smart tourism,
this paper improves the common big data technology through algorithm enhancement to improve the intuitive effect of big data.
We construct big data visualization technology and realize real-time online visualization of tourism data. In the spark-distributed
environment, we use the conventional K clustering technique to improve the final output utilizing clustering means. The research
results show that the smart tourism information system based on big data constructed in this paper can meet actual tourism
information needs and user experience needs. The outcomes of the experimental results show that the proposed predictor

significantly outperforms based on the improved algorithm.

1. Introduction

Smart travel is developed on traditional sightseeing services
which is new way of gathering information [1]. It encom-
passes the most modern computer technology in terms of
software and hardware. In the fields of e-commerce, online
banking, tourism, medical care, etc., we momentarily wit-
ness situations in which data mining is successful [2]. Many
data have been gathered in the tourism sector with the
popularization of tourist information. Data mining and
visualization technology is, therefore, required to process
tourist information to assess tourism effects thoroughly and
in detail and give efficient support for tourism industry. In
the field of scientific literature, [3] the concept of intelligent
tourism destinations has become a hot topic, and con-
structive arguments are not just in tourism. This notion is
largely linked to the development of modern IT, which
resulted in the changing of tourism purchasing behavior,
leading to the implementation of new information systems
for destination management organizations (DMOs), to
govern the destination efficiently. To exchange knowledge
and skills, the task is to provide visitors in real time a
personal service and link all parties. In smart travel, itis not a

passive way for users to be provided with what information
they browse. Rather, it is to provide users with correct scenic
spot information through a personalized recommendation
method, which is very important [4].

In literature, a number of articles [4, 5] have proposed
different smart travel system and guidance. For instance, in
[6], the author provides examples of this aspect to help the
user find the information if the user has insufficient
knowledge of a certain aspect of tourism resources. Similarly
in [7], the authors describe that how the knowledge-based
recommendation system replicates depending on the user’s
operational behavior and addresses trip knowledge. The
author also suggests an improvement strategy; however, it is
very difficult to apply it because this knowledge base needs
often to be updated. Moreover, the literature [8-11] con-
ducted an in-depth study on the navigation of the intelligent
itinerary based on research and design constraints. These
systems use technologies such as WebGIS and Apriori al-
gorithm. This is an interactive platform where users can
change the travel schedule according to their wishes until
they are satisfied.

In this research, we proposed an intelligent recom-
mendation system for travel services and introduced the
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analysis results to users using big data technology. The study
focuses on the function of large data algorithms in the in-
telligent tourism system. We also improve the visualization
of big data technologies on the intelligent tourist infor-
mation system. The functional structure of the intelligent
tourist information system is developed according to current
requirements. The proposed system performance is assessed
in combination with experiments to enhance the marketing
effect of intelligent tourism and the user experiences. The
major contributions of the paper are as follows to improve
the big data-based algorithms with the k-means algorithm.

(i) The proposed model examines the smart tourism
system using digital technology when traveling

(ii) The proposed model improves the visualization of
big data technologies

(iii) The proposed model analyzes a huge amount of data
with experiments to enhance the marketing effect of
intelligent tourism

(iv) The performance of the suggested model is thor-
oughly assessed using the powerful computing
abilities of the spark cluster to handle the intelligent
tourism system efficiency and quality

The rest of the paper is organized as follows. In Section 2,
a proposed system model is designed for smart tourism. The
big data application analytics analysis is conducted in
Section 3. The experimental results and discussion are
further summarized in Section 4. Finally, Section 5 con-
cludes the paper with a summary and future research
directions.

2. Tourism Distribution Model

In this section, we elaborate the framework of the smart
tourism platform, the improved mining algorithm for vi-
sualized data of tourism, and the paradigm of communi-
cation competence in the communicative capability of
tourist skills.

2.1. Framework of Smart Tourism. The smart travel eco-
system is built around the smart travel platform. The overall
framework of smart tourism is shown in Figure 1. From
Figure 1, the framework is composed of five parts i.e., smart
tourism platform, tourism management department, tour-
ism enterprise, traveler, and security system. The tourist
industry and the department for tourism manage the smart
tourism platform and manipulate tourism businesses using
the appropriate information received from tourism com-
panies on the platform. Tourism businesses, as the market’s
major body, receive different useful information from smart
tourism platforms to give visitors tailored tourism services
and product launches. Travelers, as customers, may easily
receive information and services supplied by travel firms via
smart travel platforms. The security system enables the
creation and subsequent safe and stable functioning of the
smart tourist system in terms of policies, money, skills, and
procedures.
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Technical framework of the smart tourism platform is
shown in Figure 2. From Figure 2, the technical framework
of the smart travel platform is divided into four levels i.e.,
data collection layer, network communication layer, data
center layer, and business application layer. The data col-
lection layer is the direct source of data information, which is
composed of cameras, sensors, smart phones, and other
information input terminals. The network communication
layer is the transmission path of data information and makes
the transmission of data information between layers pos-
sible. The data center layer is responsible for the preservation
of data information, classifying the data, and further mining
and analysis. The business application layer uses the valuable
information provided by the data center layer to provide rich
business functions to different users.

2.2. Improved Mining Algorithm of Visualized Data of Smart
Tourism. In the traditional coordinate system, all the axes
cross each other. Figure 3 shows the parallel coordinates in
the 6-dimensional space. Before displaying, the algorithm
first converts the source data. Generally, the data types can
be divided into two types: sequence data and actual data. The
sequence data is represented by real numbers. It can also be
represented by an integer, but in this case, the meaning of
continuity is different from the definition of mathematical
perspective. The view allows users to roughly identify the
data distribution of each attribute, especially different types
of data are displayed in different colors, and can more clearly
indicate the differences between different types of data.

Furthermore, parallel coordinates according to their
features are suited for continuous data and cannot be used
for discrete data. In the event of real and discrete data, the
processing of the data in the actual number type has to be
continuous. The so-called parallel coordination concept
consists of the mapping of N-dimensional reservoirs in
parallel N axes to line segments. The N-points that cross the
line and the N-axis represent the N-dimensional data of the
data point. A linear independent equation [12] can represent
the polyline produced by this line segment:

U, () u,
Among them, the slope is
Ui
m; = L’l : (2)

The following formula represents the intercept on the
x;,; axis in the x;,,x; plane [13]:

b; = (s, — ma;). (3)

Here, if the distance between parallel axes is 1, then the
coordinates of the intersection point are

i b i=1,2 1 (4)
(L= (L) 72

The point in the rectangular coordinate of the plane is
mapped to the parallel coordinate as a line segment. In
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planar rectangular coordinates, multiple points on a straight
line are mapped to parallel coordinates by multiple line
segments that intersect one point so that a point in parallel
coordinates can correspond to a straight line in planar
rectangular coordinates. The mathematical relationship
between rectangular coordinates and parallel coordinates,
mutual transformation, distance comparison, etc., has been
proved very early. In short, the above two-dimensional
situation can be expanded in a multidimensional space, and
these mapping relationships provide a basis for under-
standing the multidimensional dataset in the parallel co-
ordinate system [14]. Correspondence between parallel
coordinates and rectangular coordinates is shown in
Figure 4.

2.3. Intelligent Information System for Smart Tourism. The
advantages of the parallel coordinate method are mainly
obvious. Users can quickly convert from the traditional
rectangular coordinate system to the parallel coordinate

system and can better use the two-dimensional plane to
display multidimensional data, and compared with other
data visualization methods, such as scatter plots, it is simple
and intuitive for users to receive. Data preprocessing is an
important step of knowledge discovery in the database,
which helps to improve the quality of data and ensure the
accuracy and performance of the results. Data pre-
processing is a broad field that includes different strategies
and technologies related in many complex ways. In view of
the ongoing research and the unique characteristics of the
Iris data, the focus is on solving the data conversion
problem. Data conversion is the conversion of all values
used for variables. In other words, the variable value of the
object is used for the conversion of each object. Normal-
ization and standardization are general methods of variable
transformation. Moreover, the general normalization
method is to linearly transform the data, map the corre-
sponding value to a new interval, and perform the fol-
lowing minimum and maximum normalization, as shown
in the following formula [15]:
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FIGURE 2: Technical framework of the smart tourism platform.

new maximum and minimum values, respectively, which are

(newMax — newMin) + newMin.

(5)

two constants, and x; ; is the value in the new interval after

conversion. In the data mining samples, each variable

is the original data, Max; is the

ij j

J

represents various properties of the sample, and the mea-
surement unit is different. In this way, variables with large
absolute values are affected by it, while variables with small
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FIGURE 3: Parallel coordinates in the six-dimensional space.

absolute values may disappear. In order to ensure that the
variables are in the same position in the analysis, the data can
be centralized and standardized conversion [16]. Taking P as
the total number of variables and #n as the total number of
samples (records), the average value of the Jth variable is as
follows:

Xij» j=L2,...,p. (6)

S| =

n
X;=
i=1
The center transformation of the nth data of the jth
variable:

xl»'j:x~-—E~, i=12,...,n (7)

Through this conversion, the average value of each
variable is 0. In other words, the value of each variable is the
same base point. Standardization is based on centralization
and transformation to make the range of changes of various
variables equal. This paper mainly adopts standard deviation
standardization. The standard deviation of the ith variable is
as follows [17]:

1 ¢ _
S; = n_IZ(Xij‘Xf)Z- (8)

i=1
Deviation standardization:

i=12,...,n 9)

After the conversion, the average value of each variable is
0, and the standard deviation is 1.

The cluster separation point also substantially impacts
the average value and standard deviation, such that the
above conversion has to be adjusted. First, the average is
substituted with the average value. The standard difference is
then substituted with the absolute default. In the following,
you will find the median value of the jth variable:

n
pj=x i= 3t 1; N isan odd number,
(10)
1 . n .
wi= z(xij + xi+1j)’ 1= N iseven.

In a nutshell, if there are odd values, the central value is
the middle value. If there is an even value, the middle value is

the average of the middle two number s [18]. The average
absolute baseline deviation of the jth variable is shown
below:

Uj:%i'xij_k#j'. (11)

In the formula, y; is the mean or median. The multi-
plication factor k is used to stretch the distribution range
near the central value of the data, and since the number of
even numbers is even in the normalization of the data using
Iris, using k = 2 has a better effect. For the data n of the jth
varjable, the median absolute standard deviation is stan-
dardized [19]:

i=1,2,...,n (12)

2.4. Application Systems of Smart Tourism. In addition,
typical techniques of converting standardization include
very bad standardization and very poor standardization.
Some of the following typical methods for data conversion
are commonly used for visual mining. Moreover, similar
replacement conversions are needed for Iris data. Otherwise,
you will not get the intended outcome. It should be men-
tioned that when other sets of data are different, the standard
conversion of data preparation should be changed by the
circumstances of a given collection of data. In this experi-
ment, the dataset is utilized to conduct a unified digital
process in a category, while assessing the clustering algo-
rithm, and to differentiate the indistinguishable categories.
Generally, such processing does not impact clustering
method implementation and the visualization effect might
be extremely obvious. Similarly, this column’s value attri-
bute is prepared to prevent undue impact on other values of
the attribute. At this time, the processing procedure cannot
employ standardization. The smallest normalization process
will have a great impact on other dimensional attributes, so it
is necessary to use standard deviation conversion or absolute
standard deviation standard conversion. At the same time, it
must be ensured that the conversion method has the least
impact on other attributes. Of course, in the classification
algorithm, the category attribute is only used to identify the
category, so it does not require preprocessing [20]. Since the
quality of a cluster analysis process depends on the choice of
measurement standards, the measurement standards must
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FiGgure 4: Correspondence between parallel coordinates and rectangular coordinates.

be chosen carefully. The distance between classes is defined
to illustrate the relationship between the two types.

(1) The shortest distance method is as follows [21]:
D,(C,,C,) =min{d(x, y)lx € C,,y € C,}.  (13)

(2) The group average method is as follows:

For the group average version of hierarchical clusters,
the closeness of two clusters is defined as the average
closeness of all points of different clusters:

_2d(xy)
D,(C,,Cp) = WH?C €C,y e Gyl (14)

Among them, m;andm; are the size and number of
classes C, and C,, respectively. In addition to the above two
methods, there are methods for explaining the distance
between classes, including the sum of squares method, the
longest distance method, the center method, and the class
average method. Of course, when the data is complex, the
differential sum of the squares method can be considered
[22]. There are two most common methods for measuring
this proximity i.e., Euclidean distance and cosine similarity:

d(x,-,yj) = (15)

Among them, n is the dimension. It means that the
smaller the distance value, the greater the similarity in the
vicinity:

Dot XikY jk
n 2 n 2
Dkt xik)(Zk:l )’jk)

The nearest neighbor method is also called passive
learning, and its advantages are as follows:

(16)

Sim(x,-, yj) = \/(

(1) The distribution of attribute values does not need to
be known beforehand. Most alternative typing ap-
proaches nevertheless require previous knowledge of
the distribution of the property value.

(2) Suitable for gradual education.

(3) The classification precision of the KNN is typically
greater than other classification methods since there
is no requirement to create explicit rules.

3. Big Data Application Analytics

The beginning point and destination of smart travel con-
struction are various smart apps based on big data. Big data
is useful only via its discovery and analysis, and companies
can benefit only by applying big data to applications. As a
result, following the construction of the data collecting layer,
network communication layer, and data center layer, various
smart apps are built to provide relevant services for travel
management departments, travel firms, and travelers to
realize genuine smart travel. It is the smart travel application
system, as indicated in Figure 5. The overall structure of the
user recommendation system is shown in Figures 6 and 7,
which show the process of interacting with the user, and the
B/S mode is adopted.

4. Experimental Results and Discussion

During the construction of the aforementioned system, this
article validates the performance of the big data smart
tourism system built in this paper and performs system tests
based on the actual scenario of smart tourism. Furthermore,
as the system input, this paper collects huge tourist data from
the Internet to assess the data mining effect of the smart
tourism system developed in this research. Furthermore, this
article divides the data into 59 sets and assesses the influence
of system data mining in the form of expert grading. The
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FiGure 7: User interaction system architecture.

acquired findings are presented in Table 1 and Figure 8
below.

According to the study findings, the smart tourism
system developed in this article has a significant impact on
the smart mining of tourist data. On this premise, this paper
combines the actual scenario with simulation research to
validate the user experience satisfaction of the system

created in this article. The acquired findings are presented in
Table 2 and Figure 9.

According to the aforementioned results, the big data
smart tourism system built in this article has good data
mining effects, and the smart tourism system can effectively
improve user experience, with high user satisfaction. This is
also the unavoidable future path of tourism growth.
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TaBLE 1: Statistical table of evaluation of data mining effect of the smart tourism system.

No. Data mining No. Data mining No. Data mining No. Data mining
1 93.99 16 96.71 31 90.12 46 87.91
2 94.57 17 92.14 32 87.03 47 96.85
3 88.13 18 92.09 33 95.76 48 95.05
4 87.32 19 90.20 34 90.55 49 96.33
5 89.54 20 92.26 35 93.99 50 92.89
6 89.69 21 90.73 36 94.45 51 87.69
7 96.84 22 91.40 37 88.49 52 95.45
8 91.44 23 93.27 38 86.98 53 92.58
9 87.46 24 96.03 39 90.21 54 89.33
10 91.64 25 95.60 40 90.91 55 87.33
11 93.09 26 90.50 41 88.53 56 90.04
12 87.31 27 86.01 42 87.09 57 93.26
13 88.93 28 92.14 43 87.48 58 94.58
14 88.67 29 87.45 44 93.08 59 94.66

4 27
33 33737 30 29 28
Data mining

FIGURE 8: Statistical diagram of evaluation of data mining effect of the smart tourism system.

TABLE 2: Statistical table of user experience satisfaction of the smart tourism system.

No. Satisfaction No. Satisfaction No. Satisfaction No. Satisfaction
1 87.50 16 88.72 31 91.63 46 88.09
2 86.60 17 92.64 32 92.12 47 87.42
3 93.91 18 85.89 33 89.89 48 91.70
4 91.16 19 85.49 34 89.96 49 85.86
5 92.00 20 89.50 35 84.11 50 85.28
6 91.77 21 87.06 36 88.75 51 93.96
7 87.67 22 84.36 37 85.98 52 91.04
8 85.65 23 93.72 38 91.44 53 92.12
9 85.54 24 86.07 39 89.80 54 92.12
10 93.88 25 93.13 40 91.45 55 90.94
11 85.81 26 91.94 41 89.82 56 89.64
12 85.79 27 92.71 42 88.10 57 84.88
13 88.05 28 89.69 43 90.86 58 89.89
14 88.60 29 86.25 44 87.90 59 86.08

—_
[$3]

91.54 30 91.76 45 91.12
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FIGURE 9: Statistical diagram of user experience satisfaction of the smart tourism system.

5. Conclusion

In this paper, we propose a new tourism system model using
big data technology and create the large-scale tourist ability
mining model. We provide the new paradigm examination of
the management for tourism development. In terms of data,
traveling firms must rely on big data technologies if they are to
become better. Tourism is an information-intensive sector,
with information resources depending on the operation and
administration of companies. Therefore, an unanticipated
increase for companies by using big data technologies to in-
vestigate traveling data. Finally, the experimental investigation
also shows that the system built in this work has some effect.
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