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Abstract. According to the high-precision positioning capability with Beidou navigation and the
angular momentum conservation of gyroscope, this paper presents a real-time trajectory tracking
system based on embedded wireless three-dimensional space. The system used by the application
which based QT-cross-platform C ++ graphical user interface. And it is used the OpenGL to achieve
real-time trajectory record and precise positioning. And data integration use of Qlite database
technology. Experimental results show that simulation results of this system basically consistent
with expected results. It has advantages of the long positioning and strong spatial expression.

Introduction

Compass/Beidou Navigation Satellite System is being implemented by the independent
development and independent global satellite navigation system. In 2012, it is the ability to cover
the Asia-Pacific region positioning, navigation and timing, short-message communication service at
first [1]. And will be in 2020, it will be completion the Beidou satellite navigation system which
cans global coverage. After the completion of the Beidou system, it will provide users with
positioning, timing and packet communications integration service [2]. And Beidou system is
compatible with other satellite navigation systems. That is allows users to simultaneously use
multiple systems observed data [3-4]. It is greatly improved observation redundancy, improve
navigation and positioning accuracy.

On this basis, this paper presents a trajectory tracking systems that based on three-dimensional
space. Systems to achieve are based on MEMS strap down navigation system. There in, MEMS
strap down navigation system is using the gyroscope to measurement Spatial Data of the vector. In
the last, we can get the athletic stance, velocity and trajectory. At the same time, this paper is
combined with Compass/GPS navigation system that can improve the accuracy of the data.

The overall structure of the Compass/GPS navigation

Beidou satellite navigation system consists of three parts, such as the space side, the ground and the
clients.it can provide services for all types of users across the globe around the clock and all-time.
And it has the ability to high precision and high reliability positioning, short packets in
communication. Nowadays, China has initially with area navigation, positioning and timing
capabilities. The accuracy of the data meet the following data, Positioning accuracy of 10 meters,
velocity accuracy of 0.2 m/s, timing precision is 10-nanosecond. Ground terminal is made up of the
master station, injection stations and several ground stations. The client is made up of various types
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of receivers and the signal processor. Close coordination between the three together forms the
Beidou navigation architecture receiver module [5-6].

Hardware Design

Hardware circuit. Circuit is mainly design by integrated gyroscope module of L3G4200 and
accelerometer module of ADXL345 integration [7-8].

Figure. 1 Schematic diagram L3G4200 module

Power supply decoupling capacitors (100 nF ceramic or polyester +10 pF) should be placed as
near as possible to the device (common design practice). If Vdd and Vdd_IO are not connected
together, power supply decoupling capacitors (100 nF and 10 uF between Vdd and common ground,
100 nF between Vdd_IO and common ground) should be placed as near as possible to the device
(common design practice). The L3G4200 IC includes a PLL (phase locked loop) circuit to
synchronize driving and sensing interfaces. Capacitors and resistors must be added at the PLLFILT
pin (as shown in Figure 2) to implement a second-order low-pass filter.

Selection of MPUG6050. The system uses a six-axis module MPUG6050, it combines a
high-precision gyroscopes and accelerometers. It is read the measurement data through the
processor MPUG050, and through serial output the data. That is eliminating the need for users to
develop their own MPUG6050 complex 12C protocol. It also has a strong anti-jamming capability, the
measurement accuracy.

The MPU-60X 0 Motion Tracking devices, with its 6-axis integration, on-board Motion Fusion™,
and run-time calibration firmware, enables manufacturers to eliminate the costly and complex
selection, qualification, and system level integration of discrete devices, guaranteeing optimal
motion performance for consumers. The MPU-60XO0 is also designed to interface with multiple
non-inertial digital sensors, such as pressure sensors, on its auxiliary 12 C port. The MPU-60XO0 is
footprint compatible with the MPU-30X 0 families.
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Figure. 2 Chart of MPU6050
The MPU-60X0 features three 16-bit analog-to-digital converters (ADCs) for digitizing the
gyroscope outputs and three 16-bit ADCs for digitizing the accelerometer outputs. For precision

tracking of both fast and slow motions, the parts feature a user-programmable gyroscope full-scale
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range of 250, #500, #1000, and *2000Fsec (dps) and a user-programmable accelerometer
full-scale range of #2¢g, #4g, 289, and +16g.

Selection Module. The system uses Compass/GPS dual-mode module is BD-288 models. It is
high-performance module support Beidou and GPS. And it has a full range of capabilities of
satellite positioning receiver. Not only to meet the stringent requirements of professional orientation,
but also able to meet the experience needs of the individual consumer. The product has been used in
the development of a number of areas. Such as automotive safety systems, vehicle navigation and
vehicle monitoring, etc.

Software Design

Acceleration. Based on the principle of mathematical physics, By calculating the acceleration
double integral of the moving object, we can get motion displacement of objects. In the tracking
module, we use high-frequency acceleration sensor continuously checks the destination. At the
same time, acceleration data of the three groups was integrated to get the space trajectory. Method is
as follows.

Assumed to begin sampling from t0, this paper is according to the principle of integration. We
can obtain the following functional [9].

s@t) = j v@)dt + st,); vie) = j at)dt + v(t,)
Therein, s(t0) is the cumulative displacement from 0 to t0. v(t0) is the instantaneous velocity of the
system at time t0.Make it satisfies the initial conditions s(t0)=0, Get functional as follows.

s(t) = Jy(t)dt = M(tl — zfo) + M (tz — tl) 4ot W(tn — tn?l)
Due to t1-t0=t2-t1=...=tn-tn-1=At, therein At is an acceleration sensor interval.

n

st = 3 BN 4,

k=1

In the discrete domain is rewritten as: s(n] = Z w At

k=1

When n> 1, Discrete domains satisfy the following function.

vl = XMM _ 0] + é@[o} wn]) Af+ all) 4 Al2] 4+ aln — 1) - At

k=1

slal] = XWAt = %(V[O] +vlal) - At + G+ vI2] + - + vin - 1]) - At

Thus we can be obtained the uniaxial moving distance as follows.

k=1

sln] =n-v0] - At +[(n -1 -all+n—-2)-a2]l+--+vin-171-A¢* +i(a[0] + aln]) - At?

Eliminate gravity component. Because the process of target tracking space objects will appear
flipped, the acceleration of gravity caused by the offset component in the acceleration sensor X, Y,
Z-axis. Therefore, we should eliminate the acceleration component of gravity [10].
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Figure. 3 Coordinate frames

According to Euler angles theorem, we can get attitude transformation matrix.

x, cosy 0 —siny|1 0 0 cosy siny Ofx
v, | = 0 1 0 0 cos@ sinf|-siny coswy Oy
z, siny 0 cosy |0 —siné cos@ 0 0 1| z

cosycosy +sinysin@siny —cosysiny +sinysinfsiny —sinycos@| x

cos @ siny cos 8 cos i sin 8 v

sinycosy —cosysinf@siny —sinysiny —cosysin@siny cosysind |z

This conversion matrix with gravity on the carrier coordinate offset component.Therefore, As
long as the rotation matrix is calculated, we can elimination of gravity component.We calculated the
Euler angular velocity, which make the rotation matrix changes with the gyroscope. Thus we can
eliminate the effects of gravity at any time.

g, cosycosy + sinysin@siny cosysiny —sinysin@siny —sinycosf |0

g, | = —cos@siny cos 6 cos sin @ 0

g, sinycosy + cosysin@siny sinysiny —cosysin@siny cosysinf |g
Simulation

In this paper is choice of location for the experiment a school dormitory downstairs space. It is
about 100 square meters. Meet the requirements of the experiment because of it is fewer people and
larger space. In order to facilitate observation, this paper is design of a simulated environment. It is
draw a square three-dimensional space to real-time recording and display the path.

Start test, we let a people walk around and holding the device in this open space. This paper is
make two paths tracking test. Observe the following simulation. We can see that system drawing a
square like the Figure 4 and Figure 5. At the Figure 4, the student is according to the plan of not go
back to the origin. We can see that there is no return to the origin of the three-dimensional software.
At the Figure 5, we let the students walking one round. We can see that there is depicts a circular
image of the three-dimensional software. Therefore, by experiment it can be concluded which
system can accurately draw the route taken by the user.

—

Figure. 4 System drawing a square. Figure.5 System Drawing a circle.
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While the system tests, the system will generate the corresponding data. As shown below.
Through the user's real-time monitoring, system will be timely updates and records. Including the
path coordinates, walking speed, displacement, the current temperature. System can be integrating
the data to store in the database. In the last, the collected data will be fed back to the client on the
phone. And it is easy to observe the user's own location and surroundings.

Figure. 6 Database

Conclusion

This paper presents a wireless three-dimensional trajectory tracking system that is based on Beidou
navigation and gyroscope embedded. By accordance with good directional characteristics and
positioning features of Beidou navigation and gyroscopes, we proposed navigation system based on
MEMS inertial. After the software and hardware design of the system, gets the dimensional space
trajectory tracking system which has many advantages, such as low cost, small size, high reliability,
and strong anti-jamming capability. It can make up for the problems that unable to locate a long
time and unable to provide accurate latitude and longitude.
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