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[Abstract]

The Global Positioning System (GPS) was developed for military purposes and developed as it is today
by opening civilian signals (GPS L1 frequency C/A signals). The current satellite orbits the earth about
twice a day to measure the position, and receives more than 3 satellite signals (initially, 4 to calculate even
the time error). The three-dimensional position of the ground receiver is determined using the data from the
radio wave departure time to the radio wave Time of Arrival(TOA) of the received satellite signal through
trilateration. In the case of navigation using GPS in recent years, a location error of 5 to 10 m usually
occurs, and quite a lot of areas, such as apartments, indoors, tunnels, factory areas, and mountainous areas,
exist as blind spots or neutralized areas outside the error range of GPS. Therefore, in order to acquire one's
own location information in an area where GPS satellite signal reception is impossible, another method
should be proposed. In this study, IMU(Inertial Measurement Unit) combined with an acceleration and gyro
sensor and a geomagnetic sensor were used to design a system to enable location recognition even in
terrain where GPS signal reception is impossible. A method to track the current position by calculating the
instantaneous velocity value using a 9-DOF IMU and a geomagnetic sensor was studied, and its feasibility

was verified through production and experimentation.

» Key words: Global Positioning System (GPS), Civilian Signals, Trilateration,
Inertial Measurement Unit(IMU), Satellite Signals
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I. Introduction
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Fig. 1.

Military boots developed at the
University of Utah, USA
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II. System Configuration

1. Configuration
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Fig. 2. System configuration for speed measurement

7R|0] o] Sof Tt £7F 4

LIS LG B

T 27A0] Hulo A7
AH0] M ol ol XAECH2]. o]s ARE £X5

1 o 53E7] HshAle K}Oli‘l} 7HsEAC 244 ol
HE ol&eh 292 A3 &t £=9f 4&3 Aol 28
it} & Zwef £=27F oz gt o5 F=2. o5
&, oI5 Azlso] AR mhzoloy. Ty Aoz

>

i

—_

RAje] 749 "zt AelojAie] gro] wish Drit #4fo]
wstol AR kS ZIfsb] o, HaEAle %S

aznte] olol Be wolxst EQElo] glojx AlA



A Study on the Design and Implementation of a Position Tracking System using Acceleration-Gyro Sensor Fusion 51

A= EEFo] Tasith o b
) 2rg Alshe WeroR 1A glol

FEEE E= AR EE7E QITH3) 2
Apoit JUBES 8% o2l 22 ANl
[4]. & ALofIM = AIA SollME =2 et YAIEE
S @71 sl Aolz-7h4E=rt A 9-DOF IMUCL A
AP ANE Aoz olsidh RS
Weke ATsIAT 27lo] BWEE AR Aolz-714
& AWK Aoz el oolelg ASsb] Slsl Ay
oE|S A-8sto] 7R AP HQI Roll, Pitch, Yaw 2}
ToF 35X, Y, 2)9 £45ES A & QicHs]. =
g A7) ANE Foletea AP S4uolEet vl
% 4 5l00] 15 S| SIS WY Hu o 150/

Aoz 39 AlAEl] Rksieich

o] Zakst 72 @7 9l
ol 7hEstel A %
AR EL ydio

Eﬁﬁ}—

=
=
FoF A Y.
o ‘o

III. Complementary Filter
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IV. Experiment and Evaluation
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Item Target Test Methods
i_aXItz Sine wave vibration, (3 axes: XY Z
Vibration 58Hz50 axes) 10 to 50 Hz, 50m/s, 2,number
of sweep cycles: 10 times
m/s
3 axes
Shock up to | Shaped half-wave pulse: (3 axes: X
15gn11 | Y Z axes) 15gn, 11ms, 3times
ms
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+0.05".
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Fig. 4—a. Sensor system
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Fig. 4-b. Sensor Control Circuit
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Fig. 5—A. X-axis velocity data before applying filter
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Fig. 5—B. X-axis velocity data after filter application
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Fig. 6—A. X-axis velocity data before filter application
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Fig. 6—B. X-axis velocity data after filter application
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V. Conclusions
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