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Abstract
Orienteering has gradually changed from a professional sport to a civilian sport. Especially in recent
years, orienteering has been widely popularized. Many colleges and universities in China have also set up
this course. With the improvement of people's living conditions, orienteering has really become a leisure
sport in modern people's life. The reduced di�culty of sports enables more people to participate, but it
also exposes a series of problems. As the existing positioning technology is relatively backward, the
progress in personnel tracking, emergency services and other aspects is slow. To solve these problems, a
new intelligent Orienteering application system is developed based on the Internet of things. ZigBee
network architecture is adopted in the system. ZigBee is the mainstream scheme in the current wireless
sensor network technology, which has many advantages such as convenient carrying, low power
consumption, and signal stability. Due to the complex communication environment in mobile signal, the
collected information is processed by signal ampli�cation and signal anti-interference technology. By
adding anti-interference devices, video isolators and other devices, the signal is guaranteed to the
maximum extent. In order to verify the actual effect of this system, through a number of experimental
studies including the relationship between error and tra�c radius and the relationship between coverage
and the number of anchor nodes, the data shows that the scheme studied in this paper has a greater
improvement in comprehensive performance than the traditional scheme, signi�cantly improving the
accuracy and coverage. Especially the coverage is close to 100% in the simulation experiment. This
research has achieved good results and can be widely used in Orienteering Training and competition.

1. Introduction
Orienteering, also known as walking orienteering means that competitors use the map and North needle
to choose their own route, and then �nd the points marked on the map in turn, and the person with the
shortest time wins. Orienteering is a kind of sports activity which combines the ability of map recognition,
map application and running. It is usually carried out in forest, suburb and city park, but it can also be
carried out in school campus. The army is the forerunner of orienteering. In order to distinguish the
direction under the complex terrain conditions such as mountains, forests, mountains and forests, the
army is the forerunner of orienteering. They need to choose the road, improve the cross-country ability,
maintain the correct direction, and perform the duty of defending the motherland. The term "direction" �rst
appeared in 1888, referring to the participants' crossing of unknown territory with the help of map and
North needle. In history, the real orienteering competition was held in the barracks of Stockholm, Sweden
and Oslo, Norway in 1896, which marked the birth of Orienteering as an operation. Orienteering began in
1918, when a Swedish Boy Scout leader named guillant organized a "treasure hunt game", which aroused
great interest of the participants. The �rst o�cial orienteeringwas held in Scandinavia in 1919, and the
sport has a history of nearly 100 years. Orienteering, as a sport, began in northern Europe at the beginning
of the last century. By the 1930s, orienteering had established itself in Finland, Norway, Sweden, Denmark
and other countries. The �rst world orienteering competition was held in 1932. In 1961, the International
Orienteering Federation was established in Copenhagen, Denmark. It has 63 member countries.
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At present, there are many researches on Orienteering at home and abroad, but as a kind of sports, the
current research focus is still on the training program. In recent years, the training program of Orienteering
has made a great breakthrough, gradually making the sport more civilian, rather than exclusive to
professional athletes. For the entertainment oriented cross-country sports, it is faced with different
physical �tness and sports experience of participants, especially in different environments, people's
response and coping ability are different. When it comes to a wide range of maps with complex terrain,
this is often a test for novice participants. Orienteering can exercise our will and enhance our friendship,
but at the same time, it faces various risks. When the participants are injured or unable to continue for
other reasons, we should quickly locate the players in time. At present, there is little research on cross-
country positioning, and the scheme used now is relatively backward. There are often problems such as
inaccurate positioning and untimely information transmission. To solve these problems, this paper will
develop a set of intelligent applications based on the Internet of things architecture, which is suitable for
orienteering.

First of all, the core concept of orienteering is described in detail. This paper introduces the origin of the
sport and its current development, and analyzes the form and characteristics of orienteering. The core of
the intelligent system studied in this paper is the Internet of things technology. With the rapid
development of this technology in recent years, it has been widely used in various �elds, and the
positioning service of the Internet of things is one of the core of this technology. Location service plays
an important role in many applications of the Internet of things, from personnel tracking, emergency
services to asset management, driving navigation, it can cover almost all aspects of the Internet of things
applications. For the development of intelligent system, ZigBee network architecture is adopted in this
paper. This technology has many advantages in wireless sensor network design, such as convenient
carrying, low power consumption, and signal stability. In this paper, the design and implementation of
intelligent Orienteering of the Internet of things are described in detail, and its advantages and
disadvantages are shown while the technical principle is explained. In order to verify the actual effect of
the system, the relevant experimental research is established in the end of this paper. In the experiment,
the traditional BP neural network system and the system in this paper are used for comparative analysis.
The experimental data shows that the coverage and accuracy of the system in this paper have been
greatly improved, and the comprehensive performance has been further optimized [1-3].

2. Related Concepts And Basic Theories Of This Paper

2.1 Orienteering
Orienteering can be traced back to the 18th century. It has a history of 100 years. At that time, orienteering
mainly focused on outdoor activities. By the 1930s, orienteering had been established in Finland, Norway,
Sweden, Denmark and other cities. In 1961, the International Federation of mentoring organizations was
established in Copenhagen, with 63 member states. The actual competition was held in Stockholm,
Sweden, and Oslo, Norway, in 1895, marking Orienteering as a sporting event. Early orienteering is mainly
a means that people are forced to take for survival. With the improvement of people's living conditions,
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orienteering has really become a leisure sport in modern life. As a new sport, orienteering refers to
athletes using North needle and map to �nd the location of each point on the drawing, and reach all
points in the shortest time to win the game. Orienteering is not only an entertainment activity, but also a
competitive sport. In addition to carrying maps and directions, orienteering does not need any special
equipment, and there are no restrictions on participants. Compared with other sports, this is a relatively
economic sport, and it is suitable for different people of different ages [4-6].

2.2 Development Form and Characteristics of Orienteering
Nowadays, there are various forms of orienteering, but the most basic ones are walking orienteering, relay
orienteering, skiing orienteering, night orienteering, 100m orienteering, special route orienteering, �ve-day
Orienteering [7-9]. At present, orienteering has the following four characteristics:

(1) Universality of participants
The purpose of sports is to let the whole people participate, share health and happiness, and choose a
meaningful and valuable sport to meet the requirements of sports. Orienteering can be held at different
levels according to the gender and age of each athlete. Because the duration of Orienteering can be long
or short, orienteering is a mass sport with comprehensive physical strength and intelligence, suitable for
men, women, old and young. Generally speaking, as long as a certain physical quality can participate, the
di�culty can also be adjusted at any time according to the participants.

(2) Entertaining and social
In orienteering, athletes search each checkpoint in the order of points on the map. In this process, each
athlete can choose his own route or cross the terrain, which is more interesting and initiative than
running. In addition, orienteering competitions are often arranged in parks, wild areas and forests, so
athletes can not only enjoy the charm of orienteering, but also enjoy the natural scenery. At the end of the
competition, athletes exchange experience in the direction and route selection of the whole competition,
further reducing the friendly relationship between athletes. At present, this kind of sports mode is also
widely used in team building and friendship competition, which is a good communication sport.
Especially in international competitions, international sports exchanges have been strengthened and
personal international friendship has been established.

(3) Fierce competition
The charm of sports competition is to win in the competition �eld through the competition among
athletes. The competition characteristics re�ected in the competition process are basically all sports.
However, orienteering depends not only on physical strength, but also on intelligence and skills. The
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speed and endurance of running depend on the strength of the body, and the right direction and route
selection depend on the ability to see a map and use a pointing needle. Therefore, orienteering not only
tests a person's physical quality, but also exercises his psychological and comprehensive judgment
ability. Especially the people who play the leading role in the team often need higher comprehensive
quality to lead the team to win.

(4) Popularization of knowledge
Orienteering is of great signi�cance to improve people's ability to read and use pictures and enhance their
international competitiveness. Li KaShing once said: knowledge changes fate, struggle can achieve the
future, young people must strengthen the cultivation of knowledge ability in their learning career.
Teenagers' Orienteering can not only adjust their learning mood, strengthen their physique, enrich their
geographical knowledge, but also cultivate their self-survival ability in outdoor activities or strange cities.
It has certain military signi�cance for the military police, police and rescue personnel to carry out this
campaign and help them to complete the tasks of marching, �ghting, reconnaissance and search and
rescue. It can be said that orienteering is a very practical sport, which is more comprehensive for the test
of participants, rather than a single force, or speed, which is more bene�cial for young people, especially
for their character growth.

2.3 Overview of the Internet of Things
In 2009, the Chinese government proposed the "PERCEPTION of China" plan, vigorously supported the
development of the Internet of things industry, and promoted the development of the Internet of things
industry chain as a new industry to the strategic position of China's development. On August 7, 2009, Wen
visited the Internet of things technology research and development center of the Chinese Academy of
Sciences in Wuxi. He especially pointed out that the core technology should be broken as soon as
possible, and the sensor technology should be combined with China's 3G technologies. At the 2010 NPC
and CPPCC sessions, Premier Wen Jiabao proposed to "accelerate the development and application of
the Internet of things" in the work report of the government. Due to the attention of the government, the
Internet of things began to enter the public life gradually. Internet of things is a network based on
computer technology, which connects all things through RFID tag technology, wireless data
communication and other technologies. Its essence is to realize the automatic identi�cation of goods
(commodities) and the Internet sharing of information through the Internet of things by using radio
frequency identi�cation technology. The timely sharing of information is one of the core technologies of
the Internet of things [10-12].

2.4 Overview of Location Services of the Internet of Things
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Location service of the Internet of things is one of many applications of the Internet of things. Location
service plays an important role in many applications of the Internet of things. From personnel tracking,
emergency services to asset management, driving navigation, it can almost cover all aspects of the
Internet of things applications. Location service, also known as location service, is a kind of value-added
service related to location information, which combines mobile communication network with various
location technologies. The location information of Internet of things terminals (such as altitude,
longitude, latitude, etc.) is obtained through certain positioning technology, and transmitted to location
service users or management system, so as to realize various services based on location information. At
present, the Internet of things positioning service has been applied to various scenarios, including asset
management, personal positioning, tracking query, etc. the service can identify the location information of
a person or asset, such as determining the current location of a speci�c person or asset, or querying the
current vehicle location information and its track in a speci�c time. In addition, businesses can also push
targeted information through different locations of current users, including personalized weather
information, local consumption information, appointment information, etc. In short, with the rapid
development of the Internet of things industry, the rapid growth of the global smartphone market and the
growing maturity of the mobile Internet market, the demand for location-based services has exploded [13-
15].

 

3. Design And Implementation Of Internet Of Things Intelligent
Orienteering

3.1 Design Principles
Because the communication environment of mobile signal is relatively complex, the technology of
positioning by communication signals measurement is interfered, which affects the accuracy. Therefore,
this paper adopts the design principle of �rst analyzing CDMA multiple access interference. Because
each user in CDMA system uses the same frequency band, it will cause multiple access interference and
near far effect. The problem of multiple access interference will have a great impact on the location
signal. Usually, power control and other methods are used to reduce the near far effect. However, since
multiple base stations are needed to monitor mobile objects, power control is only effective for service
base stations. To reduce the in�uence of NLOS, one of the basic factors affecting wireless location is
NLOS, through which more accurate measurement results can be obtained. However, it is di�cult to
realize Los propagation. In most cases, they are transmitted in the form of refraction and re�ection, which
affects the characteristics of signal propagation time, arrival �eld strength and receiving signal arrival
direction. The multipath effect is another important factor to reduce the in�uence of multipath effect. In
the process of wireless signal transmission, due to the existence of re�ector and scatterer, the energy
amplitude, phase, delay and other indicators of wireless signal change, results in errors in the process of
signal transmission. Different multipath components will cause the change of signal value, which will
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lead to signal fading and increase the number of base stations. It is di�cult to have multiple positioning
base stations at the same time in bad conditions. Even in the environment with many base stations, the
line of sight signal cannot be received due to the occlusion of buildings. How to overcome these adverse
factors and achieve the technical indicators of value-added services is the premise for the sustainable
development of wireless positioning [16-18].

3.2 Architecture of Positioning System
Based on the characteristics of ZigBee network, a new architecture of mobile device and personnel
positioning system is proposed. This chapter mainly designs the hardware of wireless positioning
system. Mobile points in wireless sensor networks need to be carried by mobile objects, so mobile points
are powered by batteries. According to the requirements of effective con�guration and debugging, the
gateway node and reference node are designed for FFD. With the combination of wired and wireless
communication, considering that the monitoring center is far away from the wireless personal area
network, and the optical network has strong communication ability and better anti-interference ability, so
the location data of the substation can be transmitted through optical �ber, ZigBee wireless sensor
network positioning website. At the same time, it plays the role of coordinator. The router of wireless
personal area network is the reference point of the network, and the terminal location is the mobile point
[19-21].

3.3 Design of ZigBee Network
Some simple data is exchanged between the moving point and the reference point. The reference point
passes the collected data to the coordination module as the input of the server-side positioning module,
and the positioning control module runs on the server. According to the function, it is divided into three
sub modules as shown in the �gure below, and its structure is shown in Figure 1:

The serial port receives the data collected by the distance measurement module to the PC, and the
distance measurement module integrates and processes the distance measurement data received by the
serial port according to the algorithm. The positioning calculation control module receives the output of
the measurement distance ion module, processes the processed positioning data according to the
improved RSSI algorithm, and �nally obtains the coordinates of the moving points. In ZigBee wireless
sensor location network, there are three types of nodes: mobile node, reference node and gateway node.
Firstly, the location area is selected according to the design requirements, and the reference points are
arranged. The router module can route data in the network and provide the terminal with its own location
packet containing RSSI value as a reference point. The positioning terminal is carried by a mobile object,
which regularly sends packets containing its own ID bits to ZigBee network [22-23].

3.4 Mobile Node
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The positioning terminal can monitor the environmental parameters by itself with the sensor, which has
the characteristics of real-time and mobile. The mobile point is small in size, easy to carry by mobile
equipment or waiting personnel and the terminal is powered by battery. CC2530 chip module is used for
the mobile point. Although CC2530 has a 16 MHz RC oscillator, it needs an external crystal oscillator
module to ensure the accurate operation of the clock and the stable operation of the RF. When the
oscillation is not stable or it is di�cult to start, the capacitance of XO terminal can be increased, the
ground capacitance of Xi can be reduced, and the feedback can be increased. It can be powered by USB
or adapter with few external components, and the prog pin end of tp4056 can be set as constant current
charging and current detection terminal [24-26].

3.5 Reference Node
The reference node has a RF front end and a sensor, and the sensor is randomly arranged to transmit the
environmental data obtained, and its position is determined. These nodes can be used as reference
coordinates for mobile node positioning, and can be used for data collection and routing functions,
usually powered by batteries. The theoretical transmission power of CC2530 can reach 4.5dbm, but
sometimes it cannot reach 0dbm. ZigBee router is a fully functional device in the network, which needs to
work continuously, so uninterruptible power supply, is used to power ZigBee router.

In this paper, the high integrated RF front-end CC2530 is used to fully meet the application requirements
of the devices in the wireless network and expand the communication range of the wireless network. The
main characteristics of CC2530 are shown in Table 1:

Table 1. CC2530 key characteristics

Accessible to most RF chips Up to 12dbm output

LNA noise coe�cient: 4.6dB 25mA transmission current

115mA transmission current Improved reception sensitivity

Low consumption receiving current
mode

Low power consumption, static current in power saving
mode

 

3.6 Signal Ampli�cation
Because the collected signal is weak and unstable, it is necessary to amplify the weak or unstable signal
through the ampli�er to make the received signal stable and reliable. The signal ampli�er is mainly
arranged in the movement of the mobile station, which is used to amplify the transmission signal of the
mobile station. Due to the longer propagation distance in the air, there are more sources of signal
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interference, so as to ensure the distortion of the received signal at the base station receiver, amplify the
signal processing of the signal ampli�er, and then pass through the mobile station of the base station
[27-28].

In order to realize the "ampli�cation" of the signal, in essence, it is "control". The small energy signal is
used to control the power supply to drive the "large energy" so that it changes according to the same
change law of the small signal. Thus, the small energy signal is transformed into the large energy signal
to realize signal ampli�cation, in other words, information ampli�cation. The circuit that can amplify the
current signal is called current ampli�er, and the circuit that can amplify the voltage signal is called
voltage ampli�er. The function of the ampli�er is to drive the load, which is called power ampli�er. The
signal ampli�er in this paper is used in the front end of the wireless signal transmitter. In the noise
environment, it needs to transmit the signal with high impedance and high common mode suppression
ability, so the isolation ampli�er circuit is selected.

3.7 Signal Anti-Interference Technology
Because there are more than two ground con�icts in the system, there is a certain voltage difference
between the ground and the ground. This voltage forms interference current and image interference
through the shielding network outside the signal cable. The solution is to use anti-interference equipment
with isolation function, such as anti-interference device, video isolator, etc., or isolate the front-end
equipment from the ground, but to avoid the risk of lightning or electric shock [29-30].

3.8 Optical Fiber Transmission Network
Considering the wide range of cross-country movement and the need of long-distance data transmission,
the Gigabit Ethernet passive optical network (GEPON) is used to achieve the Gigabit network bandwidth.
After the relevant information is collected, it is transmitted to GEPON through technical processing and
optical �ber interface, and then GEPON transmits the data to the control platform.

4. Simulation Experiment And Result Analysis
In the simulation experiment, the unknown nodes and anchor nodes are randomly distributed in the
relevant region 150 × 150. This method is compared with the traditional BP neural network location
method. 100 unknown nodes are selected and the radius of the node is 30 m. The average positioning
error of the two positioning methods is simulated and tested with different anchor nodes, and compared
with the average value of 50 simulation experiments.

4.1 Relationship between the Error Rate and the Number of
Anchor Nodes



Page 10/20

According to the results of Table 2 and Figure 2, with the increase of the number of anchor nodes, the
positioning error rate of the two algorithms shows a downward trend. In this paper, the intelligent
positioning error rate of the Internet of things is signi�cantly lower than the traditional BP neural network
positioning method. Compared with the traditional BP neural network positioning method, the positioning
method proposed in this paper increases the average positioning error of nodes to a certain extent.
However, with the increase of the number of anchor nodes, the error difference between the two methods
decreases gradually, and it is almost the same at 50 points. By comprehensive comparison, the intelligent
way of Internet of things in this paper has more advantages.

Table 2. Comparative analysis of average positioning error rate

Positioning method Average error rate of different anchor nodes (%)

25 30 35 40 45 50

BP neural network 45 38 35 30 25 20

Internet of things intelligence 25 24 22 20 19 18

 

4.2 Relationship between Coverage and Number of Anchor
Nodes
It can be seen from Table 3 and Figure 3 that with the increase of the number of anchor nodes in the
network, the coverage of these two positioning methods is increasing. However, the coverage of the
intelligent location method of the Internet of things in this paper is always higher than that of the
traditional BP neural network location method. In addition, when the number of anchor nodes is 50, the
�nal location coverage of this method is close to 100%. Therefore, the Internet of things intelligent
positioning technology proposed in this paper can improve the shortcomings of traditional BP neural
network in positioning coverage, compared with the traditional way, the accuracy has been greatly
improved.

Table 3. Comparative analysis of average location coverage

Positioning method Average coverage rate under different anchor nodes (%)

25 30 35 40 45 50

BP neural network 35 48 56 67 75 82

Internet of things intelligence 89 92 93 95 96 99
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4.3 Relationship between Error and Passing Radius
It can be seen from Table 4 and Figure 4 that with the increase of the communication radius of the nodes,
the average positioning error rate of the two positioning methods shows a downward trend. When the
communication radius is low, the traditional BP neural network location method has a large error, which
shows that the location is completely inaccurate. However, with the increase of the number of anchor
nodes in the network, the average error value of BP neural network location method began to decline
gradually. When the communication radius is greater than 30, the average error value of the algorithm is
not much different from that of the Internet of things intelligent positioning proposed in this paper.
However, it is worth noting that the intelligent positioning of the Internet of things proposed in this paper
is always better than the traditional method in error rate, which can be improved to prove that this method
is signi�cantly better than the traditional method in accuracy rate.

Table 4. Comparative analysis of the relationship between error rate and communication radius

Positioning method Average error rate under different communication radius (%)

14 20 24 28 30 32

BP neural network 100 89 72 46 26 20

Internet of things intelligence 70 63 51 32 25 18

 

 

4.4 Relationship between Coverage and Communication
Radius
It can be seen from Table 5 and Figure 5 that the average location coverage of the two algorithms
increases with the increase of communication radius in the network. The average location coverage of
the Internet of things intelligent location method proposed in this paper is always higher than that of the
traditional BP neural network location method. When the communication radius of the network is low, it
can achieve better location effect. When the communication radius increases to about 30, the location
coverage rate of the intelligent location method of cultural relics networking is almost 100%. However,
when the coverage of the traditional BP neural network location method is the highest, there is still a big
gap between this method and the traditional BP neural network location method. It can be explained that
the intelligent location method of the Internet of things in this paper greatly improves the location
coverage of traditional methods.
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Table 5. Comparative analysis of the relationship between coverage and communication radius

Positioning method Average coverage rate under different communication radius (%)

14 20 24 28 30 32

BP neural network 35 52 61 73 81 85

Internet of things intelligence 85 88 90 93 97 99

 

5. Conclusions
Orienteering is suitable for different age groups. After entertainment, orienteering has become a popular
leisure sport in daily life. It can not only exercise people's will and enhance friendship between partners,
but also improve people's bad mood and treat depression. The application system of Orienteering based
on the Internet of things can solve the di�cult problem of positioning people in the process of sports and
provide convenience for emergency services. The system makes full use of the unique sensing layer and
transmission layer in the Internet of things technology, and processes the collected information quickly
and e�ciently, and feeds back to the terminal system. It has the advantages of convenience, easy
architecture, low power consumption and stable signal. In this paper, a comparative experiment is used,
and the reference object is the traditional BP neural network system. After a number of comparative
experiments, through the analysis of experimental data, we can see that the Internet of things technology
in this paper has obvious advantages over the traditional technology. In the aspect of error rate, it is
always better than the traditional method, and improves the shortcomings of traditional BP neural
network in the aspect of location coverage. In this paper, when the coverage is the highest, it almost
reaches 100%, which improves the coverage of traditional methods signi�cantly. This experimental study
has achieved ideal results, and provides a good research basis for the research of orienteering related
positioning.
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Figure 1

Schematic diagram of module structure
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Figure 2

Comparative analysis of average positioning error rate
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Figure 3

Comparative analysis of average location coverage
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Figure 4

Comparative analysis of the relationship between error and tra�c radius
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Figure 5

Comparative analysis of the relationship between coverage and communication radius


