American Journal of Information Science and Computer Engineering
Vol. 6, No. 3, 2020, pp. 15-18

http://www.aiscience.org/journal/ajisce

ISSN: 2381-7488 (Print); ISSN: 2381-7496 (Online)

American
Institute of
Science

£ AIS

Cooperative Localization Based on WiFi and
Geomagnetic Signals

Jiacheng Ni', Wenmin Xia’, Litong Sun', Chaogang Xu?, Yuqi Yang?,
Hao Yang' %~

'School of Information Engineering, Yancheng Teachers University, Yancheng, China
*Jiangsu Provincial Key Constructive Laboratory for Big Data of Psychology and Cognitive Science, Yancheng Teachers University, Yancheng, China

Abstract

The WiFi fingerprint location method is greatly affected by spatial ambiguity and temporal instability. Due to the practicability of
WiFi facilities and the widespread layout in various indoor scenes, indoor positioning based on WiFi fingerprint has become the
most attractive technical means. This paper combines WiFi signal and geomagnetic signals to achieve effective collaborative
positioning method and track tracking. In details, the main work of this paper is to design an effective location and trajectory
tracking method by cooperating with WiFi and geomagnetism. Firstly, we propose a robust localization algorithm for RSS signal
level; secondly, we propose a real-time trajectory matching algorithm for geomagnetic signals; finally, we design a particle filter
to realize the user's trajectory collaborative tracking. The ultimate goal is to achieve a high-precision and robust positioning
algorithm based on WiFi signal and geomagnetic signal, so that it can not only achieve high-precision single point static
positioning using WiFi, but also realize real-time trajectory tracking combined with IMU reading. This method can not only
realize high-precision single point static positioning with WiFi, but also realize real-time trajectory tracking combined with IMU
reading. Therefor, our approach provides a new idea to cooperatively employ WiFi and geomagnetic signals for future indoor
positioning research.
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1. Introduction

With the rapid development of Internet of things technology
and a variety of indoor location-based applications, the
demand for high-precision and real-time indoor positioning
services has become increasingly strong. In the past decade,
many indoor positioning technologies based on WiFi, RFID,
sound signal, magnetic signal and inertial sensor have
developed. Among all the above technologies, due to the
practicability of WiFi facilities and the widespread layout in
various indoor scenes, indoor positioning based on WiFi
fingerprint has become the most attractive technical means.
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Many big companies, including apple, Cisco, Huawei and
Baidu, have developed WiFi Based indoor positioning related
products. These methods use the signal strength of WiFi signal
as the fingerprint of the current location, and use smart phones
as the client, so that no additional infrastructure and special
hardware are needed, and large-scale deployment can be
realized.

In addition, the positioning based on geomagnetic signal is
becoming more and more prominent. The advantage of
ubiquitous geomagnetic signals lies in the fact that there is no
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need to deploy any facilities and the signal itself is stable and
anti-jamming. The reading of geomagnetic signal in the same
place but at different time or in different surrounding
environment is basically stable. At the same time, the
geomagnetic signal intensity curves collected by users under
different paths have obvious differentiation, which makes the
geomagnetic signals very suitable for the matching of user
trajectories.

Although there are many methods for indoor positioning using
WiFi and IMU data, these methods still face the following
problems:

(1) Fingerprint spatial ambiguity

Due to the complexity of indoor environment and multi-path
effect, the RSS fingerprints of WiFi signals at two remote
locations may be very similar, which leads to fingerprint
mismatching in the localization algorithm, resulting in large
error.

(2) Fingerprint time instability

Because the layout of indoor environment may change, and
even the widely deployed commercial AP will automatically
adjust the channel parameters according to the number of
connections, channel status and other external factors, these
reasons make the fingerprint collected at the same location at
different times will be significantly different, which brings a
lot of errors to positioning.

2. Method

The main work of this paper is to design an effective location
and trajectory tracking method by cooperating with WiFi and
geomagnetism. Firstly, we propose a robust localization
algorithm for RSS signal level; secondly, we propose a
real-time trajectory matching algorithm for geomagnetic
signals; finally, we design a particle filter to realize the user's
trajectory collaborative tracking.

(1) Robust localization algorithm for RSS signal hierarchy

In order to solve the spatial ambiguity and temporal instability
of RSS signal fingerprints, we proposed the concept of signal
spatial hierarchy based on the traditional WiFi fingerprint, and
designed an efficient and accurate signal spatial hierarchy
construction algorithm and matching algorithm, which

provided a new idea for the existing single fingerprint location.

At the same time, we used a number of mobile devices and
carried out a large number of experiments in the laboratory,
office building and classroom. The total number of
fingerprints tested was up to 100000.

(2) Real time trajectory matching algorithm for geomagnetic
signals

Cooperative Localization Based on WiFi and Geomagnetic Signals

In order to achieve the high accuracy and robustness of
fingerprint location, we design a high-precision geomagnetic
signal curve matching algorithm, which can help WiFi signal
track the user trajectory. The geomagnetic signal can maintain
stability and anti-interference, but it is greatly affected by the
orientation and diversity of the acquisition hardware. In order
to take advantage of the advantages of the geomagnetic signal
and overcome the disadvantages of the geomagnetic signal,
we combine the dynamic time warping algorithm and the
derivative dynamic time warping algorithm to match the two
magnetic induction intensity curves, which not only considers
the absolute signal strength of the curve, but also considers the
absolute signal strength of the curve The shape of the curve is
taken into account. At the same time, in order to reduce the
time cost of matching, we propose a real-time dynamic time
warping algorithm, which reduces the time complexity of the
algorithm from 2) to, ensuring the real-time performance of
the algorithm.

(3) Collaborative tracking algorithm for user trajectory

In order to realize the user's trajectory tracking, WiFi signal
and geomagnetic signal are processed together. So we can
effectively combine the advantages of the two methods in the
design of a single magnetic fingerprint filter to match the
signal effectively. Particle filter method is a process of finding
a group of random samples propagating in the state space to
approximate the probability density function and replacing the
integral operation with the sample mean value to obtain the
minimum variance distribution of the state. In the scene of this
project, particles are randomly generated in space. Each
particle is given a weight by calculating the signal space level
distance and trajectory matching distance between the signal
in the database and the measured signal. The user's real
position will be in the position with the most dense particle
weight, and each step of the user's movement will bring
particles In this way, the process can be carried out and the
track tracking is realized.

3. Technical Route

The technical route is divided into three parts:

(1) At the database side, we construct WiFi fingerprint
database and geomagnetic database by crowdsourcing or
pre sampling. According to WiFi fingerprint database, we
generate signal space hierarchical matrix database. In
addition, we can consider the limitation of map to provide
more accurate calibration for the later positioning system.

(2) At the user end, users will continuously collect WiFi
fingerprint, geomagnetic signal strength, accelerometer
and gyroscope data when walking or stationary, and use the
data of accelerometer and gyroscope to realize the user's
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motion state recognition. WiFi fingerprint and
geomagnetic signal strength are matched with the data in
the database respectively, and the user's position is
calculated.

(3) In the cloud server, according to the data collected by the
user, the user's motion state identification and user's rough
position (using WiFi Positioning results and moving
geomagnetic  positioning results respectively) are
completed, and all the data are input into the particle filter.
The output results of the particle filter can be used to
develop location-based applications or services.

4. Experiments

4.1. Comparison of Different Environments

Our positioning errors in small office area, medium-sized
laboratory and large teaching building are 1.74m, 2.30m and
3.04m. The results of experiments are in Table 1. The
environment, people walking, WiFi environment and other
factors of these three places are very different, but the actual
positioning accuracy of hierarchical distribution positioning
algorithm is not very different, which can reflect the universality
of our algorithm in different environments to a large extent.

Table 1. Effect in different environments.

Locations average error (m) Median error (m) Maximum error (m) <2m
office area 1.74 1.61 3.7 90%
laboratory 2.30 1.98 42 85%
teaching building 3.04 2.54 6.0 78%
observation point, and stores all RSS fingerprint

4.2. Comparison of Different Localization
Algorithms

In order to demonstrate the superiority of our WiFi
localization algorithm, we selected three classic RSS
fingerprint localization algorithms to compare with our signal
hierarchical distribution localization algorithm. Their brief
introductions are as follows;

1) Radar: it includes offline training and online position
estimation. In the offline training part, the main task is to
complete the fingerprint database construction and model
training. Radar collects the RSS spatial fingerprint
information of all WiFi access points (AP) in each

information into a multi-dimensional matrix into the
database to build a signal strength location database.

2) Horus: there are also two stages, offline training and online
position assessment. In the offline phase, the first step is to
establish a sampling map and RSS fingerprint collection.
Firstly, the corresponding sampling map is designed in the
room, and the sampling points are evenly distributed. The
RSS signals of all AP are collected at each collection point
to form fingerprint map. However, unlike radar, Horus uses
a probabilistic method to determine the signal strength
characteristics of each AP at a specific location.

Table 2. Effect of different localization algorithms.

Locations average error (m) Median error (m) Maximum error (m) <2m
Our method 1.52 0.98 3.7 2.84
RADAR 5.16 4.78 8.68 8.43
Horus 3.97 3.5 6.88 5.62

5. Conclusion

This paper focuses on the study and solution of the above
problems. The ultimate goal is to achieve a high-precision and
robust positioning algorithm based on WiFi signal and
geomagnetic signal, so that it can not only achieve
high-precision single point static positioning using WiFi, but
also realize real-time trajectory tracking combined with IMU
reading. To break the limitations of WiFi positioning, and then
provide new ideas for the future indoor positioning research.
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