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With the booming development of tourism, more and more tourists visit scenic spots; followed by dense personnel in scenic spots,
tourists’ comfort is not high. This paper introduces the structure diagram, function structure diagram, and database design of an
intelligent tourism navigation system based on a wireless sensor network in detail and explains each function module of an
intelligent tourism system based on a wireless sensor network in detail. Through the wireless sensor network to obtain the
positioning data of tourists in tourist attractions, this article realizes the intelligent traffic navigation in the intelligent tourism
navigation system and finally realizes the diversion of tourists. An intelligent travel navigation system based on the wireless
sensor network is implemented on Android. Finally, the intelligent travel navigation system based on the wireless sensor
network is tested. The results show that the system can meet the real-time demand, the system positioning accuracy is high,

and the system can effectively realize the flow analysis and public security warning.

1. Introduction

With the development of tourism, more and more tourists
visit tourist attractions, which will lead to the phenomenon
of crowded tourists and often stranded tourists, which will
bring extremely bad experience to tourists and reduce their
comfort [1]. In smart phones and other terminals, tourists
often use navigation software such as Baidu Maps and Auto-
Navi for navigation. Although Baidu Maps, AutoNavi, and
other navigation software can provide traffic data, they all
have a prerequisite requirement that they must have a good
network in the process of use. However, there may be some
problems with network signals on the way of tourism. For
example, the intensity of network information has a great
relationship with the geographical location of tourist attrac-
tions. Network signals in tourist attractions in cities are often
better than those in tourist attractions with high mountains.
Like the Golden Map navigation software, the route of tour-
ist attractions in Baidu Maps may not provide accurate
detailed information. It is easy to get stuck in the tourist
attractions of the query time, and the software cannot pro-
vide real-time traffic information and navigation informa-

tion. This also has some problems for the real-time
effectiveness of navigation within the scenic area. Therefore,
it is necessary to provide an intelligent tourism navigation
system with a good network for tourists to query and use
in real time.

At present, the statistics of people flow mainly rely on
base station positioning, and the low positioning accuracy
leads to a large error in the statistics of people flow, which
cannot well support more refined park management, such
as reminding tourists of the waiting time in line and the
safety situation and prediction of the park [2]. Compared
with the traditional base station positioning and three-
point positioning technology, the real-time intelligent posi-
tioning system will use wireless sensor network technology
to collect a large amount of longitude and latitude and signal
strength information data in real time. The information base
of signal intensity at different positions is constructed, and
the end user will continuously report the time series mea-
surement information in the process of use. The most
matched information is selected from the information base,
and weighted average, clustering, and other techniques are
used to denoise the location results. Determining the
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geographical location of mobile terminal users can effec-
tively improve positioning accuracy for more accurate geo-
graphic information services [3]. The establishment of a
real-time positioning system will be used in fine-grained net-
work optimization analysis, tourist flow analysis, and public
security early warning, which is bound to have a wide range
of application value and practical significance.

A collection of all independent sensor nodes in the area
is called the wireless sensor network (WSN); because of the
specialty of wireless sensor network application scenarios,
basically these sensor nodes are low-power devices and
nodes can communicate with each other, so that the whole
network would have perception, computing, and communi-
cations capacity [4]. WSN has a wide range of applications,
including environment monitoring, task monitoring,
machinery control, medical monitoring, industrial monitor-
ing, and tracking. Wireless sensor networks can not only
make people perceive the world objectively but also explore
the potential of mobile Internet and artificial intelligence.
The communication modes of the wireless sensor network
mainly include Zigbee, WiFi, and LoRa. Zigbee is a short-
distance and low-rate wireless communication technology.
In the general frequency band of 2.4 GHz, WiFi and Blue-
tooth are also used, which are prone to interference. In addi-
tion, Zigbee has a high frequency, which degrades quickly in
the process of wireless signal transmission, and has complex
networking and poor penetration. The maximum likelihood
estimation legal position algorithm has a great application in
RSSI-based ranging location. Da Costa Liberato et al. com-
pare the routing reference node to consider whether ranging
error is considered or not, and the obtained results can
better reflect the positioning effect [5]. Without considering
other parameters in the positioning model, Gretzel and Koo
calculate ranging values based on the principle of dimen-
sionality reduction and then integrate the maximum likeli-
hood estimation positioning algorithm and Taylor series to
calculate the location of unknown nodes, but this method is
relatively complicated [6]. Liao uses the maximum likelihood
estimation algorithm to roughly estimate the coordinate
positions of unknown nodes and then uses the weighted
centroid localization algorithm to estimate and refine the
coordinates of unknown nodes, so as to reduce the estimation
error [7]. Liao and Nong adopt the extended Kalman filter
method (EKF), but the initial state of the EKF filter is difficult
to determine, and the calculation is complex and error-
prone, resulting in unstable or even error filtering [8]. A wire-
less network sensor is an embedded device with limited
resources. Compared with the traditional network and tradi-
tional sensor acquisition system, it has different characteris-
tics and performance. As a new research technology, it
presents a large number of challenging research tasks to
scientists and technologists in both basic theory and engi-
neering technology.

2. Knowledge of Wireless Sensor Network
Localization Theory

2.1. Wireless Sensor Network Technology. With the rapid
development of global electronic information technology,
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especially microelectronic system, sensor technology, and
wireless communication technology, wireless sensor network
technology has made a breakthrough. The wireless sensor
network is a collection of independent sensors and neighbor
sensor nodes with sensing, computing, and communication
functions distributed in a certain area. Basically, these sensor
nodes are memory devices with low power consumption.
Wireless sensor networks are widely used in environment
sensing, task monitoring, machinery control, healthcare
monitoring, industrial monitoring, tracking, and other fields
[9]. The cluster head node will summarize the data collected
by the sensor node and then send the summarized data to the
base station, which will transmit the information to the
aggregation node of the network. The wireless sensor net-
work (WSN) is also a connected framework that provides
network communication for sensor nodes distributed within
the network area by wired or wireless means. Sensor nodes
are organized into sensor networks in the form of clusters.
In sensor networks, nodes with a high clustering degree are
called cluster head nodes. Cluster head nodes are bidirec-
tional propagation channels between the sensor nodes and
network, and data collected by sensor nodes are transmitted
to the network. Wireless sensor networks are composed of
a large number of sensor nodes, which are mainly composed
of sensor modules and processing modules.

The wireless sensor network (WSN) is a wireless net-
work without infrastructure. It integrates the sensor actua-
tor, controller, and communication device and integrates
the sensing, drive control, computing, and communication
capabilities [10]. The network made up of these tiny sensors
is called the wireless sensor network. This kind of sensor
network integrates sensor technology, embedded computing
technology, distributed information processing technology,
and communication technology. It can monitor, perceive,
and collect various environmental object information in a
network cooperative distribution area and process this infor-
mation. After detailed and accurate information processing,
it is provided to users who need this information.

2.2. Overview of the Location Algorithm. Wireless sensor
networks have various positioning methods. According to
whether the actual distance between nodes needs to be
measured in the positioning process, the positioning system
can be divided into a range-based positioning algorithm and
range-free positioning algorithm [11]. Location algorithms
based on distance measurement include the following: loca-
tion technologies based on received signal strength indication
(RSSI, R), signal arrival angle (AOA), signal transmission
time (TOA), and signal transmission time difference
(TDOA). Location algorithms without ranging include the
following: centroid location algorithm and DV-hop location
algorithm. Based on the principle of RSSI ranging and posi-
tioning technology, the range model is used to convert the
received signal strength into the distance between nodes.
This process does not require additional hardware equip-
ment support and data exchange. The advantages of this
technology are low power consumption, simple operation,
and obvious effect [12]. In consideration of the need to sim-
plify the algorithm, improve the node utilization efficiency,
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and improve the data processing ability in the process of
positioning, this paper proposes an improved positioning
algorithm based on RSSI maximum likelihood estimation:
firstly, the collected RSSI values were denoised and opti-
mized. Then, in the process of solving the unknown node
positions, the maximum likelihood estimation algorithm
was used to solve the equations based on the least square
method of the Taylor series expansion, and the optimal solu-
tion was obtained to achieve positioning.

2.3. Principle of Algorithmic Ranging. There are many
influencing factors in the process of wireless signal transmis-
sion and communication. Signal strength will decay with the
increase in propagation distance, indicating that there is a
functional relationship between signal strength change and
propagation distance [13]. A large number of studies have
found that the reasonable mathematical model of the chan-
nel propagation loss model is the shadowing model:

P.(d)= P, (dy) +snlg () - X, 1)

0

where d, is the reference distance, # is the channel atten-
uation index (generally 2~5), P,(d,) is the path loss of the
node passing the reference distance d,), P, (d;) is the path loss
of the unknown node passing the distance d;, and X, is a
Gaussian random variable with mean value 0 and standard
deviation o (generally 4~10).

R=P, - P,(d). 2)

P, is the transmitted signal strength, let A =P, — P, (d,),
and the reference distance d, is 1m; then, the distance
between the unknown node and the beacon node can be
expressed as

d. = 8(A-R)/10n' (3)

1

2.4. Maximum Likelihood Estimation Localization Algorithm.
The RSSI value is processed by using the Kalman filter to filter
out the abrupt data in the measurement value and eliminate
the noise interference in the system itself and in the measure-
ment process. After processing, the system error is reduced
and the fluctuation of the RSSI data value is reduced [14],
which lays a good foundation for the next numerical optimiza-
tion processing.

Assume that there are n routing reference nodes and 1
unknown node in the positioning area, the coordinates of
the routing reference node are known, and the distance
between the routing reference node and the unknown node
can be calculated by the RSSI value after Kalman filtering.
The coordinates of the routing reference node are (x;,y,),
(%35 ¥5)> (%3, 93) -+, (x,,, ¥,,) the coordinates of the unknown
node are (x,y), and the calculated distance between the
route reference node and the unknown node is d,,d,, d,
---d,; the distance equation between the routing reference
node and the unknown node can be obtained.

3
(%1 —x)2 + (O _)’)2 = d12>
(% —x)2 + (1, _)’)2 = dzz’
(x5 =x)" + (1, —p)* = dy”, (4)

(%, = %)+ (v, -y) =d,’.

Subtract the last equation from each equation of formula
(4) to obtain

+ (=) = (5= %)= (r,-y) =d* —d,’,
(=% + (=) = (%= %) =y, =) =y’ = d, %,
(3 =) + (3 =)" = (6, = %) = (0, ~»)* =d* = d, %,

('xn—l - xn)(yn—l _yn)

(1 =2+ (=) = (% = %) = (7, = p) +dy* = d,7,
(=) + 0y =9 = (5= 9 = (0, =) 4 o =2
B=1{ (x5 =)+ (13 -9)" = (%, = %)’ = (0, —»)* + s> = d, %,

(xn—l - x)2 + (ynfl _y)z - (xn - x)2 + (yn _)})2 + dn—lz - dnz'
(7)

So formula (5) can be expressed as
AX =B. (8)

The least square solution of formula (7) can be obtained
by using the least square method:

X = (AA)"A'B. (9)

3. Design of the Intelligent Tourism Navigation
and Positioning System Based on the
Wireless Sensor Network

The hardware part mainly designs the electronic ticket and
its recognition system. The software part mainly designs
the monitoring interface and system database of the intelli-
gent monitoring system.
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3.1. System Hardware Design. The system hardware is
mainly composed of the NRF24LE1 module and multisensor.
The NRF24LE1 module is an integrated single chip micro-
computer, with a variety of functions; it is composed of a
radio frequency generator, MCU, memory, and 10 organiza-
tions. Including an electronic tag and reader module, the
information interaction between the two can realize the func-
tion of personnel positioning [15]. The multisensor system is
mainly used to collect the information of the scenic spot,
which mainly includes the personal information of visitors,
humidity, indoor and outdoor temperature, ultraviolet index,
PM2.5, and so on. Among them, the collection of the envi-
ronmental index should be realized through a system com-
posed of multiple sensors. The electronic ticket module
mainly includes a transceiver identification module and an
RFID identification module.

The transceiver identification module is in the radio
frequency identification transceiver, and the 2.4GH
NRF24LE1 transceiver not only has a high ratio but also
is an intelligent transceiver. In its internal high-speed 8-bit
microcontroller and memory, as well as a large number of
hardware resources, mainly used for multipurpose program-
ming input and output pins, its performance is very good and
the transmission rates are 250 kbps, 1 Mbps, or 2Mbps. The
FM time is very short, and there are low frequency, high
frequency, ultrahigh frequency, and four microwave resolu-
tions to choose from.

The RFID identification module needs to read and col-
lect tourists” identity information, and tourists’ information
is stored in the chip of the electronic tag, which requires
the reader to read the information from the village tag and
send the information inside the tag to the reader. This pro-
cess is similar to asynchronous communication. In system
identification technology using RFID technology, RFID is
easy to control, simple, and practical; for beginners, it is very
simple and easy to use in a technology.

Electronic tickets need to be recognized by the recogni-
tion system. The reader decodes and codes the received
information and then sends the sorted information to the
system database. Generally, readers cover a wide range of
work, and their functions make the price of readers naturally
not very low. However, there are many types of readers,
which can be selected according to the actual situation
[16]. Compared with tags, the number of tags is usually
small. The reader is usually a part of a single chip computer,
which receives the carrier signal sent by the card. The reader
will modulate and demodulate the signal and then send it to

the system database, and the main processor will make
corresponding control. The operation control flow is shown
in Figure 1.

E-tickets can strengthen the management of scenic spots,
improve the management efficiency of scenic spots, and
avoid counterfeiting, duplication, human release, impostor,
and other undesirable phenomena. Make tourism legalized,
standardized, and informationized. The core component of
the electronic ticket is the electronic tag. The electronic tag
can send out the stored information when prompted by
spontaneous or external energy. Generally, the performance
of an electronic label is evaluated by working distance, work-
ing frequency, anticollision capability, and read/write
capability.

3.2. Design of the Wireless Sensor Environment Information
Acquisition Module. With the popularization of the wireless
sensor in military and civil applications, the application of its
technology is more and more mature. In scenic spots, an
information acquisition system composed of multiple wire-
less sensors is mainly used to collect data information.
Therefore, data collection, analysis, processing, and display
are necessary steps in the study of wireless sensor networks
[17, 18]. The realization of scenic spot data collection relies
on the cooperation of multiple sensor nodes to form the
whole, and the data mainly includes temperature and
humidity, human flow, location, and other information.
The information is sent to the system database, processed
by the system center, and then resent to the terminal equip-
ment of tourists in scenic spots to provide tourists with
detailed reference information. The system uses the
CC2530 module, which has good wireless communication
ability, the performance of the transceiver is leading in the
industry, and the sensitivity and anti-interference ability are
very high but also have the characteristics of high perfor-
mance and low power consumption of the 8051 microcontrol
kernel. It can eliminate the state of the bus, reduce the waste
of the system, and speed up the efficiency of the system. This
module is very suitable when the system requires power con-
sumption, especially when the system power consumption is
reduced. If you want to store the sensor in a familiar path
library, you need to convert the A/D converter from analog
to digital, which can be stored in the system database for
other applications.

3.3. Visitor Positioning Module Design. This module
mainly realizes tourist flow display, tourist information
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management, and alarm information management. Tourist
flow and tourist information should be displayed on the
electronic map in real time, and tourist information
mainly includes electronic ticket number, real name, ID
number, and other information [18]. Tourist information
management mainly includes data collection and informa-
tion query. Data collection is completed by hardware
RFID equipment, and then, the data are stored in the
database after software analysis and real-time display.
The location of tourists can be inquired by entering infor-
mation such as their ID number and name. On the one
hand, the safety of tourists can be ensured, and the lost
tourists can also be located.

The real-time intelligent positioning system adopts the
C/S (client/server) architecture design mode and divides
the system into client and server. The overall architecture
of the system is shown in Figure 2. Among them, the client
is divided into a management client and user client and
the server is divided into a data server and positioning
server.

The management client is mainly used to report the sig-
nal intensity information received from the current location
and the longitude and latitude coordinates of the location to

the data server in the offline phase, which is the data source
of the fingerprint database. The user client is mainly used to
report the signal strength value of the point to be measured
to the data server for location during the online phase. The
data server is mainly used to respond to the client’s request
and desensitize the original data. The location server is
mainly used for in-depth processing of the requests received
by the data server and real-time return of the longitude and
latitude coordinates required by the user.

3.4. Tourist Traffic Navigation Module Design. Traffic navi-
gation path planning is mainly realized by software. Based
on the information related to tourist flow and congestion
in scenic spots obtained through electronic tickets, the infor-
mation is transmitted to the dynamic management database
of scenic spots for processing [19]. After tourists choose the
scenic spots to play, tourists can click the path planning but-
ton in the path planning interface to automatically plan a
reasonable visiting route. Figure 3 shows the main structure
of the module.

3.5. Design of the Tourist Information Collection Module.
The tourist information interface mainly uses the scenic spot



D

Wireless network
communication module

Electronic
ticket

Signal
receiver —

Journal of Sensors

User mode

Electronic
ticket

Signal

receiver

W4

Signal
receiver

Locating
server

Central wireless
communication module

Database

Central wireless sensor
transceiver module P

- - S - Control center system

\: B
NS Signal \\
Database receiver
Service /
Locating
server o

////7 -

Smart travel system based on wireless sensor network

FIGURE 4: Intelligent tourism management system overall framework diagram.

RFID identification system to read the tourist identity infor-
mation stored in the tourist electronic ticket and then uses
the wireless transmission technology to decode the read
information and then transmits it to the scenic spot manage-
ment system database and then through the management
center to sort out the information. Finally, relevant informa-
tion of tourists will be displayed through the information
interface of tourists [20]. The content includes real name,
user password, gender, phone number, and user description.

3.6. System Database Design. The database is very necessary
to realize the forecast and estimation of passenger flow. If
accuracy is very high, the amount of data stored in the data-
base needs to be very large. A collection of services running
on a server is responsible for receiving data collected by all
collection terminals, storing all data in the database by
region, and then providing a web server function externally.
The system uses the B/S architecture, and users can access
the data on the server anytime and anywhere through a spe-
cific terminal. The data analysis terminal can run in various
popular browsers such as Internet Explorer and Firefox.
Therefore, users can access the server data from a PC with
a web browser installed. In addition, the data stored in the
database can make it more convenient and fast for managers
to sort out data [21]. The database includes the following:
user information table, scenic spot information table, and
sensor information. The user information table is mainly
used to store the basic information of tourists, including user
name and password. The scenic spot information table is
mainly used to store the scenic spot information, path-
related information, congestion information, etc.

4. The Realization of the Intelligent
Tourism System

Based on the research of positioning algorithm, traffic nav-
igation, sensor, RFID, ZigBee, and other technologies, the
personnel positioning algorithm and maximum likelihood
estimation positioning algorithm in scenic spots are
designed, as well as the software and hardware of the man-
agement system for collecting information in scenic spots.
On this basis, the design and implementation of an intelligent
scenic area management system are mainly from the overall
framework of the system, the use of system functions, and
the performance of related hardware tests.

4.1. Overall System Framework. In Figure 4, electronic tickets
are used to transmit RFID positioning signals. The service
base station is used to receive the RFID positioning signal
and analyze the location characteristic parameters of the
electronic ticket. The control center system is used to calcu-
late and analyze the real-time position information of the
electronic ticket according to the position characteristic
parameters of the electronic ticket. A communication termi-
nal, corresponding to the e-ticket, is used for obtaining
real-time location information of the e-ticket wherein the
electronic ticket is connected to the service base station
through the RFID signal. The service base station is con-
nected to the control center system through the WiFi net-
work. The communication terminal is connected to the
control center system through a wireless network.

4.2. System Development and Operation Environment. The
system development environment operating system is
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TaBLE 1: Test results of the data processing functional module.
Identifier Description Use cases Enter text Consequence
1001 Service connection 10 User information entry Pass
1002 Information acquisition time 10 The server generates new data Pass
1003 Abnormal network connection 10 Network interruption Pass
1004 Check input data 10 Data already exists Pass
1005 Data storage 20 Data needs to be stored Pass
1006 Data filtering 30 Inconsistent data format Pass
1007 Data concurrency capability 20 Huge amount of data Pass
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FIGURE 5: Android system analysis error chart.

Microsoft Windows7 Service Pack 1; the monitoring devel-
opment platform is LAB VIEW; development languages
are C, C++, VB, and G; the database is the Microsoft SQL
Server 2005 database; other software and platforms include
the Chengdu Wireless Dragon CC2431 positioning system
and MATLAB.

The operating environment of the system is Microsoft
Windows; the CPU frequency is above 200 MHz, and above
500 MHz is recommended; the minimum memory (RAM) is
2 GB; the resolution is not less than 800600 pixels.

4.3. The Realization of the Intelligent Tourism System
Module. Based on the overall framework of the intelligent
scenic spot and the functions to be realized, the text is
designed for the intelligent tourism system. The system con-
sists of four parts: scenic spot environment monitoring
interface, tourist positioning interface, tourist path planning
interface, and tourist information interface. The personnel
location function can be used in any situation, especially in
the case of lost personnel, personnel accident, personnel
encounter, or being separated from travelers. Visitors will
be able to choose which attractions they want to visit by
checking their congestion levels in real time.

4.4. System Function Test. The use case test is used to evalu-
ate the satisfaction degree of functional requirements. It will
conduct detailed use case tests on the main functional mod-
ules of the system. The test of the data prepossessing module
mainly tests the ability of data prepossessing with different
forms, including the test of missing value and outline value
processing, the test of data transformation function, and
the back filling of neighborhood information for fingerprint
that lacks neighborhood information. The test case diagram
of the intelligent positioning module mainly tests the posi-
tioning function of the algorithm model, including database
retrieval, similarity calculation, and location prediction. The
test of the module is shown in Table 1. The test of this part
mainly includes the test of remote data acquisition function,
real-time monitoring test, data filtering, and storage test.

4.5. System Performance Test. The performance test mea-
sures the real-time performance and accuracy of the system
to observe the degree to which the nonfunctional require-
ments of the system are met and provides a direction for
system optimization. Through the implementation of the
system function use case test, we can see that the system
basically meets the requirements in terms of functions. In
terms of performance, the system will be tested in terms of
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FIGURE 6: ISO system analysis error chart.
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systems.

real-time performance and accuracy. It is found that the
average processing capacity of positioning data can reach
1M/s through real-time measurement of the positioning
system. 1M data file contains about 2000 lines of data to
be located, which meets the real-time requirements of the
system.

Due to the differences of terminals, terminals are classi-
fied into the Android operating system and ISO operating
system. Firstly, different types of terminals are selected to
test the performance of system accuracy. To further deter-
mine the accuracy of the system, a mixture of the two types
of terminals will be used to measure the accuracy. The error
distribution of the Android system is shown in Figure 5. It
can be seen that the sample data is 46814, among which

the valid data is 36946, accounting for 78.9%. Errors within
30 meters accounted for 63.8%, and errors within 50 meters
accounted for 75.5%; the average error was 51.2 m, basically
meeting the system expected requirements.

The error distribution of the IOS system is shown in
Figure 6, from which it can be seen that the sample data is
69065, among which the effective data is 50872, accounting
for 73.7%. Errors within 30 meters accounted for 52.9%,
errors within 50 meters accounted for 68.2%, and errors
within 70 meters accounted for 78%; the average error is
58.2m, also basically meeting the system requirements.

In order to further determine the accuracy of the system,
two types of terminal data are used for positioning at the
same time, and the error distribution is shown in Figure 7.
It can be seen that the sample data is 93889, among which
the effective data is 70158, accounting for 74.7%. The errors
within 30 meters accounted for 41.7%, those within 50
meters accounted for 58.9%, and those within 120 meters
accounted for 75.5%; the average error is 72.3m, and there
is still some room for improvement.

5. Conclusion

With the booming development of tourism, more and more
tourists visit scenic spots; followed by dense personnel in
scenic spots, tourists’ comfort is not high. In view of the cur-
rent development status of tourism industry, an intelligent
tourism traffic navigation system based on a wireless sensor
network is designed, and each function module of the intel-
ligent tourism system based on the wireless sensor network
is explained in detail. The main functional modules of the
system were tested in detail, and the test results of data func-
tion, real-time monitoring, data filtering, and storage func-
tion were good. Through the wireless sensor network to
obtain the positioning data of tourists in tourist attractions,
an intelligent tourism navigation system based on the
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wireless sensor network is realized on Android. It is found
that the average processing capacity of positioning data can
reach 1 M/s through real-time measurement of the position-
ing system. Due to the difference of terminals, the Android
operating system and ISO operating system are tested, and
the test error meets the basic system requirements. As the
data storage and analysis system in the WSN system uses
B/S architecture extension, due to time constraints, B/S
architecture has not been implemented in the whole naviga-
tion system design. In the next step, we need to refer to rele-
vant systems to realize corresponding functions and meet the
requirements of practical applications.
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