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Numerous evaluation methods are used as eﬀective indicators for the cross-cultural communication of a regional image. However,
because these indicators are primarily in a foreign cultural situation, it is challenging to measure their attitudes and cognitions
across geographic distances and cultural diﬀerences. This challenge motivated us to combine cultural communication methods
and modern location service technology to carry out regional image communication research. First, this article examines the basic
process of cross-cultural communication and the generation of regional images from an information transmission and network
security perspective. It combines multimodal discourse to analyze inﬂuencing factors and establishes a hierarchical model of the
cross-cultural communication indicator system. Secondly, based on the location-based service (LBS), this article adds scene
information to develop a user tendency model. This model eﬀectively handles the conversion between two-dimensional scoring
space and three-dimensional tendency space and can adapt to the short-term changes of users’ tendency. The experimental results
verify that the location-based e-commerce recommendation algorithm proposed in this paper can better solve information
overload and obtain a signiﬁcant recommendation eﬀect.

1. Introduction
The division of physical space makes it possible to produce a
regional image, and it also creates a space of diﬀerent ideas
for the researchers [1, 2]. The cross-cultural communication
path aims to explore how to bridge the division of physical
space through the construction of information space and
adjust the conceptual space solidiﬁed by diﬀerent communication subjects with the provisioning of network security [2]. After the spatialization of philosophical and
sociological research, the academic circles have been lacking
in studying foreign land’s image from the perspective of
space, which is precisely a critical issue that is indispensable
in the study of foreign images [3, 4]. The problem of the
foreign image was initially the problem of space and then the
image [4].
In recent years, relevant scholars have carried out research around the aforementioned issues [4]. Wan-Shilu

Yang and Hung-Chi Chen [5] compared the information
keywords by initially calculating the similarity between the
content of each web page and the user’s interest, then introduced the location information, and constructed the
utility function. Finally, they calculated the result and sort
the web recommendation list. In [6], the authors have
carried out research on the application of dynamic user
analysis in mobile services by providing relevant services and
information based on a new user’s preferences. In [7], the
authors incorporated location and other contextual attributes into the common user interest model, further
enriching the user interest model. For each scenario, an
associated user interest needs to be generated [8, 9].
Therefore, the provision of services is suitable for the user’s
interest and can be better applied to the user’s current
scenario [10]. Reasonable evaluation indicators and methods
are an eﬀective indicator of the cross-cultural communication elements of a regional image. However, because the
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survey subjects are in a foreign cultural situation, it is extremely diﬃcult to measure their attitudes and cognitions
across geographic distances and cultural diﬀerences. Hence,
this article combines cultural communication methods and
modern location service technology to carry out regional
image communication [11–13].
The main contributions of this work are as follows:
(1) First, this article introduces the research overview of
location services and cross-cultural communication
of geographical image
(2) Next, we discuss the evaluation index analysis
methods based on location services and analytic
hierarchy from network security viewpoint
(3) Finally, we conduct a simulation test on the locationbased and service-based cross-cultural communication model, which will be established in this paper
The rest of this paper is organized as follows. In Section
2, a detailed literature review of related studies is provided.
In Section 3, image evaluation based on location service and
level analysis is discussed. In Section 4, the simulation test
results on the proposed approach are discussed. Finally, we
conclude the paper and provide future research directions in
Section 5.

2. Related Work
In this section, ﬁrst, we discuss the existing literature pertaining to location-based service (LBS) followed by crosscultural communication of geographical images. This will lay
a solid foundation for our proposed work and objectives.
2.1. Location-Based Service. Location-based service (LBS)
technology integrates Internet, wireless communication,
mobile positioning, and GIS [14–16]. As mobile phones
become an indispensable part of our lives, the mobile service
market has an increasingly urgent need for using mobile
phones to implement location information. An example of a
recommendation algorithm combining location and network security is shown in Figure 1.
LBS can use the software and hardware resources of the
telecommunication operator to obtain the geographic location information of the mobile terminal user. For example,
LBS can be used for obtaining geographic location coordinates. Next, collaborative ﬁltering is used at each layer
(where the user is located) to obtain multiple recommendation lists. Finally, LBS weighs the recommendation lists of
each layer to obtain the ﬁnal recommendation list. With the
support of GIS (geographic information system) platform, it
can bring about economic growth of corresponding services.
2.2. Cross-Cultural Communication of Geographical Image.
The cognition of the external world is inseparable from the
division of interior and exterior centered on the environment in which the cognition subject lives [17, 18]. The
problem of image actually involves the issue of the space
between the cognition subject and the image itself. One of

the sources of people’s cognition of space problems is caves.
One of the most primitive forms of human settlements is
caves. In Chinese myths and legends, primitive humans
before the Chao family lived in naturally formed caves
[19, 20]. The cave separates two completely heterogeneous
spaces inside and outside with solid objects and possesses the
most primitive functions of all spaces: belonging and separation. Physical separation also means separation in culture, identity, and cognitive norms. This separation treats the
subject’s culture and norms as authentic, conceals a certain
truth, and establishes the subject’s cognitive hegemony
through the establishment of rules for the inhabitants of the
space to understand the outside world [21–23]. The existence
of this hegemony strengthens the spiritual space of the
subject and makes it possible to separate all the spiritual
activities of the subject (including the construction of the
images) from the original face of the world. In other words,
after geographical space divides the “old and dead” foreign
country into two isolated and closed entities, imagine it as
the only way to ﬁll the “picture in the mind.” The information spaces interact with physical space to continuously
adjust the cognitive space of human beings [24]. Therefore,
the route of cross-cultural dissemination of regional images
is to study how the communication media, which is the
connection link, create an information space and use their
respective conceptual spaces as the scale of communication
to build a cognitive relationship between the interacting
parties.

3. Image Evaluation Based on Location Service
and Cross-Cultural Communication
In this section, ﬁrst, we discuss the location service model of
our proposed approach followed by the cross-cultural
communication of regional images based on multimodal
discourse analysis and network security.
3.1. Location Service Model. In order to satisfy the diﬀerent
preferences of users in diﬀerent regions, various researchers
have made attempts, and the most famous one is the LARS
model, which uses traditional collaborative ﬁltering at different spatial levels to recommend users with spatial attributes [25, 26]. Projects without spatial attributes have the
characteristics of high recommendation accuracy and high
system stability. However, the user’s spatial location distribution aﬀects the recommendation system. Moreover,
from the perspective of a larger spatial scale, the interests of
users are diﬀerent in diﬀerent countries and regions. For
each scenario, an associated user interest will be generated
[8, 9]. Therefore, the provision of services is suitable for the
user’s interest and can be better applied to the user’s current
scenario [10]. Reasonable evaluation indicators and methods
are an eﬀective indicator of the cross-cultural communication elements of a regional image. It is subdivided into
spatial scale of the city level; users in diﬀerent regions also
have diﬀerent interests and tastes, and they will also show
diﬀerent preferences for diﬀerent regional images [27, 28].
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Figure 1: An example of a recommendation algorithm combining location and network security.

In this paper, we consider the similarity of the user
distribution of the project based on the idea that if two
projects are similar, then their user distributions are similar
to each other. We propose an indicator called the distance
distribution coeﬃcient to measure the user distribution of a
given project. This article selects the best degree of competition for tasks in diﬀerent locations. The minimum positioning objective function corresponding to the optimal
radius is
N

1
1
min φ(a, b, e) � ωT ω + c  e2k .
w,b,e
2
2 k�1

(1)

M KB(I)

max π(p, y, x) �   pi − ci xij yi .
{pi ,yi }
j�1 i�1

(6)

In this paper, the similarity using the distance distribution coeﬃcient is called geographic similarity, and the
cosine-like similarity calculation method of geographic
similarity is as follows:
s.t. pi > ci ,
yi > xij ,
yi � 0 or 1 i � 1, 2, . . . , KB(I) , j � 1, 2, . . . , M.
(7)

The constraints are
yk ωT ϕ xk  + b � 1 − ek ,

k � 1, 2, . . . , N.

(2)

The LaGrange function is deﬁned as
L(w, b, e, α) � ϕ(w, b, e) − αk  αk yk ωT ϕ xk  + b − 1 − ek .

After obtaining the mixed similarity of the fusion location factors, the users are divided into levels of diﬀerent
heights by using a hierarchical structure according to the
user’s location coordinate information, as shown in equations (8) and (9):
KB(I)

k�1

(3)
The above equation is optimized, and the matrix
equation can be ﬁnally obtained as follows:
T

b
0
−Y
⎣0
⎡
⎤⎦  �  .
T
−1
I
Y ZZ + c I α

(4)

Bringing in the Mercer condition, the ﬁnal decision
function is obtained as
N

⎣  αk yk ψ xk , xl ⎤⎦.
y(x) � sgn⎡

(5)

k�1

After the user distance distribution coeﬃcient is obtained, the similarity calculation between items can be
similar based on the network structure:

max μj (x) �  rij xij ,
xij 
i�1

(8)

s.t. rij − pi xij ≥ 0,
xij ≤ yi ,
xij � 0 or 1 (i � 1, 2, . . . , KB(I) ; j

(9)

� 1, 2, . . . , M).
Next, we perform collaborative ﬁltering at each layer
(where the user is located) to obtain multiple recommendation lists; ﬁnally, weigh the recommendation lists of each
layer to obtain the ﬁnal recommendation list [29]. After the
spatialization of philosophical and sociological research, the
academic circles have been lacking in the study of the image
of foreign land from the perspective of space, and this is
precisely an important issue that is indispensable in the
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study of foreign image. However, because the survey subjects
are in a foreign cultural situation, it is very diﬃcult to
measure their attitudes and cognitions across geographic
distances and cultural diﬀerences. Based on this, this article
combines cultural communication methods and modern
location service technology to carry out regional image
communication research. The problem of the foreign image
is ﬁrstly the problem of space and then the problem of the
image. The speciﬁc process of the recommendation list will
be shown in Figure 2.
In order to improve the accuracy of the recommendation
system, this paper adds the user distribution of the item as a
feature parameter to the calculation of the recommendation algorithm on the basis of the traditional method
that only relies on the score data to calculate the similarity.
After the hybrid similarity is obtained through the improved similarity calculation, the clustering idea is used to
divide and generate the geographical user clusters, and
then, the collaborative ﬁltering recommendation is performed. The main contributions are as follows. After the
ﬁrst division is completed, traverse the user data in the
area to obtain the user item score matrix of each layer of
the area, and calculate the mixed similarity of the fusion
geographic factors according to the similarity calculation
method introduced above degree. Finally, a global recommendation list and several local recommendation lists
are obtained.
3.2. Cross-Cultural Communication Evaluation Based on
Analytic Hierarchy Process. After the hybrid similarity is
obtained through the improved similarity calculation, the
clustering idea is used to divide and generate the geographical user clusters, and then, the collaborative ﬁltering
recommendation is performed. Therefore, the provision of
services is suitable for the user’s interest and can be better
applied to the user’s current scenario. Reasonable evaluation
indicators and methods are an eﬀective indicator of the
cross-cultural communication elements of a regional image.
Subdivided into the spatial scale of the city level, users in
diﬀerent regions also have diﬀerent interests and tastes, and
they will also show diﬀerent preferences for diﬀerent regional images.
3.2.1. The Establishment of Hierarchical Analysis Structure.
First, perform collaborative ﬁltering in each layer where the
user is located to obtain multiple recommendation lists;
ﬁnally, weigh the recommendation lists of each layer to
obtain the ﬁnal recommendation list. By exploring the
potential impact of cross-cultural communication assessment, this article has identiﬁed eight inﬂuencing factors, and
the established hierarchical analysis structure is shown in
Figure 3.
3.2.2. The Construction of the Judgment Matrix. After the
ﬁrst division is completed, the user data of the area is traversed to obtain the user item score matrix of each layer in
the area, and the similarity calculation method is introduced
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based on the above degree. We can ﬁnd that the geographical
similarity value in the average ranking score is smaller than
the cosine similarity, and the accuracy and recall rate are
higher than the cosine similarity. This shows that the recommendation eﬀect of the geographical similarity is better
than the traditional cosine similarity, which shows that the
user location distribution can play an eﬀective role in
project-based collaborative ﬁltering. Table 1 shows the
matrix results based on the data items.
3.2.3. Matrix Consistency Check.
n

Mi �  aij ,

i � 1, 2, ..., n.

(10)

j�1

(1) Calculate the nth root:
Wi �
Wi �

n ���
Mi ,
Wi
.
Wj

(11)

nj�1

(2) Calculate the largest characteristic root of the
judgment matrix:
n

(AW)i
.
i�1 nWi

λmax � 

(12)

Through the calculation of each level of the judgment
matrix, Table 2 shows the judgment matrix results based on
the data items.

4. Model Effect and Simulation Test Results
In this section, ﬁrst, we provide the evaluation index of our
model followed by model test data and the ultimate experimental results.
4.1. Model Evaluation Index. Earlier, we discussed the
evaluation index analysis methods based on location services
and analytic hierarchy. This study uses precision to measure
the prediction accuracy of the generated recommendation
list [30]. The accuracy is deﬁned as follows:
Precision �

uεU |R(u) ∩  T(u)|
.
uεU |T(u)|

(13)

At the same time, we have also carried out the calculation
and comparison of the recall rate (recall), which is deﬁned as
follows:
Recall �

uεU |R(u) ∩  T(u)|
,
uεU |R(u)|

(14)

where T(u) is the list of items that the user actually likes in
the test set.
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Figure 2: The speciﬁc process of the recommendation list.

ri �

Li
.
N

(15)

In order to satisfy the broad interests of users, this study
uses diversity indicators, namely, internal diversity and
external diversity. Interuser diversity is measured by hamming distance, which is deﬁned as follows:
Hut (L) � 1 −

Qut (L)
.
L

(16)

Take the average of all users to get H(L) of the system. As
H(L) increases, the diversity of the recommendation system
increases.
And, the internal diversity of user u (intrauser diversity)
is deﬁned as
Iu (L) �

1
 sim(α, β).
L(L − 1) α ≠ β

(17)

4.2. Model Test Data. In the system testing phase, this article
will conduct a simulation test on the location-based servicebased cross-cultural communication model established in
this article. The dataset uses Gowalla data in the public
database. Gowalla is a website that provides location checkin. This article uses the Gowalla dataset, which contains

30,367 geographic reference points in a certain area, as well
as information about 357,753 visits by 19,183 users of
Gowalla. We selected at least 20 users to visit each location,
and each user visited at least 20 locations and ﬁnally obtained 85,862 times of 1962 users to 2063 locations [31].
Figure 4 shows a schematic diagram of partial location
information of the database.
In the experiment designed in this article, each dataset is
randomly divided, 80% of which is used for training. The
training set is regarded as known information, and the test
set does not allow any information to be used for prediction.
According to the test set, the performance of this algorithm
is evaluated from various aspects.

4.3. Model Test Results. This paper compares the three different similarity calculation forms, namely, cosine similarity,
Jaccard similarity, and Sorensen similarity, under the
combination of geographic similarity and traditional similarity under the change of the balance factor. The LARS
introduced in paper is used for comparison. Although the
LARS algorithm is not the best algorithm in the locationaware recommendation system, it takes into account the
accuracy of the recommendation system and the stability in
the actual system application. It is still a very practical
algorithm.
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Figure 3: A hierarchical analysis structure for measuring the potential impact of cross-cultural communication assessment.
Table 1: The matrix results based on the data items.
A

B1

B2

B3

B4

B5

B6

B7

B8

B1
B2
B3
B4
B5
B6
B7
B8

1
3
3
3
4
5
3
4

1/3
1
½
3
4
5
3
3

1/3
2
1
3
4
3
2
3

1/3
1/3
1/3
1
3
4
1/3
1/3

1/4
1/4
1/4
1/3
1
3
1/3
1/3

1/5
1/5
1/5
¼
1/3
1
1/3
1/3

1/3
1/3
1/2
3
3
3
1
1/3

1/4
1/3
1/3
3
3
3
3
1

Table 2: The judgment matrix results based on the data items.

0.0328
⎢
⎡
⎢
⎢
0.0542 ⎤⎥⎥⎥⎥⎥
⎢
⎢
⎢
⎥
⎢
⎢
0.0478 ⎥⎥⎥⎥⎥
⎢
⎢
⎢
⎥
⎢
⎢
⎢ 0.1465 ⎥⎥⎥⎥
⎢
AW � ⎢
⎢
⎥
⎢
⎢
0.2142 ⎥⎥⎥⎥⎥
⎢
⎢
⎢
⎢
⎥
⎢
⎢
0.3071 ⎥⎥⎥⎥
⎢
⎢
⎢
⎢
⎢ 0.1083 ⎥⎦⎥⎥
⎣
0.0891

Calculation result of judgment matrix
0.6144
0.1365
⎢
⎢
⎥
⎥
⎢
⎢
W�⎡
W � ⎡⎢⎢⎣ 0.6250 ⎤⎥⎥⎦
B1
⎣ 0.2684 ⎤⎥⎥⎦
B5
0.1172
0.2385
0.5278
0.1168
⎢
⎥
⎢
⎥
⎢
⎢
W�⎡
W � ⎡⎢⎢⎣ 0.6833 ⎤⎥⎥⎦
B2
⎣ 0.3325 ⎤⎥⎥⎦
B6
0.1396
0.1998
0.5469
0.1220
⎢
⎢
⎥
⎥
⎢
⎢
W�⎡
W � ⎡⎢⎢⎣ 0.3196 ⎤⎥⎥⎦
B3
⎣ 0.3445 ⎤⎥⎥⎦
B7
0.1085
0.5584
0.1095
0.0936
⎢
⎢
⎥
⎥
⎢
⎢
B4
W�⎡
W � ⎡⎢⎢⎣ 0.2797 ⎤⎥⎥⎦
⎣ 0.5816 ⎤⎥⎥⎦
B8
0.3090
0.6267

C-CF, J-CF, and S-CF appearing below are collaborative
ﬁltering based on user-item score data for cosine similarity,
Jaccard similarity, and Sorensen similarity calculations.
C-LARS, J-LARS, and S- LARS use three similarities for
collaborative ﬁltering calculations under the LARS algorithm. DC-CF, DJ-CF, and DS-CF are algorithms that
calculate the hybrid similarity under three similarity
forms and then perform collaborative ﬁltering. DC-LARS,

B1

λmax
3.0735

CI
0.0368

RI
0.5200

CR
0.0707

B2

3.0536

0.0268

0.52

0.0515

B3

3.0618

0.0197

0.100

0.0478

B4

3.0037

0.0018

0.5000

0.0036

B5

3.0183

0.0091

0.5300

0.0176

B6

3.0246

0.0123

0.5200

0.0236

B7

3.0183

0.0091

0.4900

0.0178

B8

3.0857

0.0428

0.4900

0.0825

DJ-LARS, and DS-LARS are algorithms based on user location distribution proposed in this paper. In the case of
similarity calculation, NBI is a recommendation algorithm
based on a bipartite graph network. Accuracy of cosine-like
form in cosine similarity and geographic similarity are
shown in Figures 5–7.
In Figure 5–7, Method A is the cosine-like method of
geographic similarity, and Method B is the traditional cosine
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Figure 4: Schematic diagram of partial location information of the database.
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(r)
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0.04
0.02
0.00
Method A
Method B

Figure 5: Accuracy of cosine-like form in cosine similarity and geographic similarity (r).

similarity method. The ordinate in the ﬁgure is the algorithm
index; from left to right are the average ranking score, accuracy, and recall rate. As shown in Figure 5–7, we compared the performance of the cosine form of item-based
collaborative ﬁltering and the cosine-like form of geographic
similarity in the dataset under the three indicators of average
ranking score, accuracy, and recall rate. We can ﬁnd that the

geographical similarity value in the average ranking score is
smaller than the cosine similarity, and the accuracy and
recall rate are higher than the cosine similarity. This shows
that the recommendation eﬀect of the geographical similarity is better than the traditional cosine similarity, which
reﬂects that the user location distribution can play an effective role in project-based collaborative ﬁltering.
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Figure 6: Accuracy of cosine-like form in cosine similarity and geographic similarity (Precision).
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Figure 7: Accuracy of cosine-like form in cosine similarity and geographic similarity (Recall).

5. Conclusion
After the spatialization of philosophical and sociological
research, the academic circles have been lacking in the study
of the image of foreign land from the perspective of space,
and this is precisely an important issue that is indispensable
in the study of the foreign image. The problem of foreign
image is ﬁrstly the problem of space and then the problem of
the image. Reasonable evaluation indicators and methods
are an eﬀective indicator of the cross-cultural communication elements of a regional image. However, because the

survey subjects are in a foreign cultural situation, it is very
diﬃcult to measure their attitudes and cognitions across
geographic distances and cultural diﬀerences. This article
combines cultural communication methods and modern
location service technology to carry out regional image
communication research. Due to the limited research
conditions of this article, the research on the geographical
image communication based on location services is not
perfect. In the future, we will continue to devote ourselves to
related research and to improve the progress of cross-cultural communication of regional image.
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