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Abstract: An integrated system with multi-sensor is designed for pedestrian navigation. Magneto-resistive
sensor is used to measure the heading angle for determining the track. Acceleration sensor is used to calculate
walking distance by double integral via a threshold step detection algorithm. The new coordinate can be
obtained by integrating the heading angle and the walking distance. Federal Kalman algorithm is used in the
processing of solving location and orientation, which can combine with GPS to complete the design of
pedestrian navigation monitoring system. Generalized extended approximation (GEA) is put forward to use in
the processing of multi-sensor integration, which can reduce error brought by the sample data at different time
between magneto-resistive sensor and acceleration sensor. The track of pedestrian integrated navigation
monitoring system will be clearly determined with stability and reliability. Copyright © 2013 IFSA.
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1. Introduction

The integrated navigation system of GPS and
multi-sensor can compensate for each other's
shortcoming [1]. In the integrated navigation system,
the number and type is increasing, all sensors have
different measurements and noise characteristics [2],
which need to be comprehensively processing. An
integrated system of multi-sensor is not only
hardware combination, but also more innovation of
combination method.

Sensor is sensing the measured information and
can detect the information which is converted into
electrical signal or other forms of information to be
output according to certain rule. Different sensor is
with different sensing function.
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In pedestrian integrated navigation monitoring
system, Dead-Reckoning (DR) is an important
performance indicator. It includes heading angle and
walking distance. Magneto-resistive sensor is used to
measure heading angle [3-6], however how to
combine with accelerometer in algorithm for
reducing system error is not described clearly.

For pedestrians, its movement feature 1is
complicated [7-8]. In most cases, pedestrians are all
walking on the sidewalk or boulevard [9-10]. In
addition, its motion path of different people is with
unpredictability. Therefore improving positioning
accuracy and determining the systematic movement
track is very important for improving performance in
pedestrian integrated navigation monitoring system.
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In order to reduce systematic error in combination
of heading angle and walking distance in the
pedestrian integrated navigation monitoring system.
We describe data fusion of multi-sensor from the
perspective of method, analyze the performance
impact on the combined system from the sensitivity
of sensor, use magneto-resistive sensor to measure
heading angle and use acceleration sensor combined
with a threshold step detection algorithm to
determine the walking distance.

Because the sampling points (includes heading
angle and walking distance) at different time, which
may result in systematic error. So Generalized
Extended Approximation (GEA) [11] is proposed to
be used in the integrated algorithm between heading
angle and walking distance. The integrated model can
combine the advantage of fitting and interpolation
and lock the latest data [12], which is easy to be
implementation in project. Experimental results show
that GEA has great referenced value for improving
positioning accuracy and tracking in pedestrian
integrated navigation monitoring system.

2. The Integrated System

A pedestrian navigation monitoring system is
designed by integration of GPS / magneto-resistive
sensor / accelerometer sensor, etc. The hardware
structure of this system is shown in Fig. 1.
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Fig. 1. Hardware structure of pedestrian navigation
monitoring system.

The voice module and wireless transmission
module are used to complete the function of
monitoring in the combined system, Keyboard and
display module complete the function of information
input / output, SD card and SDAM play the role of
data storage.

2.1. Data Fusion

We use magneto-resistive sensor and acceleration
sensor to solve for the routes heading angle and
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displacement distance of carrier, predict the two-
dimensional ~ coordinate  through  triangular
conversion, each sub-module has a separate
smoothing algorithm for filtering. We use GPS
system as a reference to constantly revise the
measurement parameter and then obtain accurate
output system using the Federated Kalman Filter. The
system data fusion processing is shown in Fig. 2.

GPS Reference
System Main Filter
: ______ State
Accelerometer L1 > Acceleration . Transition
Sensor 7 Filter > .
)(1 Pl Data Fusion
; 2
Ge(;magnenc L, > Heading Angle _ Data Update
ensor vier X P,

Fig. 2. Data fusion processing of the integrated system.

Each parameter filter independently update in
time and update in measurement [1], when GPS
completes to update in measurement each time, once
the main system make an information fusion, and
then according to the allocation factor for each
subsystem to reset correction, the Federated Kalman
Filter algorithm is shown [2].

Xk Xk Xok

Xy = P;{PA X+ P, sz} (1)

Xu=X, +K, (L, -4, X,) @)

The correction distribution factor of subsystem
(the No. i) is «; , then the correction distribution

factor of the noise variance ( 0 ) in this motion

system is the same as &, , namely

P(k/k)=a,P(k/k
{,( )=, P(k/k) 3)

0, =a,0

2.2. Sensitivity of Sensor

Generally, sensitivity is an important physical
quantity of the measuring instruments, improving the
sensitivity can achieve higher measurement accuracy.
However the higher of the sensitivity, the measuring
range is often narrowed, the stability is often worse.
Therefore, the sensitivity of design range is also an
important technical indicator.

Resistance silicon strain sensitive factor is of
50~100 times higher than the metal strain gauge, the
sensitivity of this type sensor is very high, which
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generally has an output full-scale about 100 mV. For
silicon piezoresistive sensor when the piezoresistive
change, the output voltage signal change as follows

AR .
AVout :?Vin :%72-44(51_51)’ (4)

where (51 —51) denotes the difference of orthogonal

stress, 77, is the constant. Therefore, enhance the

difference between orthogonal stress can increase the
sensitivity of such sensors and then improve the
measurement accuracy.

Under normal circumstances, we always hope
that the sensitivity is a constant, which is conducive
to the corresponding relationship between the input
value and the output quantity, for easy reading,
however in fact the sensitivity mostly only maintains
a constant in a measurement range. So we must
determine the linear range before we use it.
Therefore, in the application of the magneto-resistive
sensor and accelerometer, the sensor must be located
as far as possible to meet the linear range for
working.

2.3. The Heading Angle

Magneto-resistive  sensor is  with  typical
frequency bandwidth of SMHz, the reaction effect in
Magneto Resistance (MR) is very fast, which is not
limited by coil and oscillation frequency and
compatible to other equipment.

Magneto-resistive sensor has some advantages
such as high sensitivity, solid state, no moving parts,
high reliability and so on [3]. It can be used as the
current production of integrated circuits, which is
easy to install on the circuit board and the cost is very
low. Magneto-resistive sensor is used to measure the
direction of heading angle, which can provide critical
navigation parameters in navigation system. The
appearance of the Earth is surrounded by a strong
magnetic field [4], the strength of which is about 0.3-
0.6 Gauss, the horizontal component of the Earth's
surface always points to the magnetic north pole.

The geomagnetic field is filled with the whole
space of the earth [5]. Its distribution is on the surface
of the earth which is shown in Fig. 3.
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Fig. 3. The ideal geomagnetic field model.

According to the International Geomagnetic
Reference Field model (IGRF), the geomagnetic field
vector can be expressed as a negative gradient
function of the potential function of the magnetic
field. We can list systematically the tri-axial
geomagnetic field components as [6]

o n
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where  P"(cosg) denotes the Schmidt quasi-
normalized Associated Legendre function with 7

orders and m times; g, , h denote the Gaussian

coefficients; the highest order of n=13; R, denotes

the reference equatorial radius of the earth
(R, =6378.2km); 1 denotes the geocentric distance;

A denotes the geomagnetic longitude; @ denotes

latitude; (0' denotes  the

geomagnetic cclati-tude (¢ =90 —¢).

the geomagnetic

Assume that the angle & is between the direction
of magneto-resistive sensor and the direction of
magnetic north, and then

o = arctan(H I H ;‘) (6)

Geomagnetic field is a function with spatial
position and time, as the crust and the disturbance
magnetic field and other factors, there are some
measurement errors. In  order to improve
measurement accuracy, we use the acceleration

sensor to measure the elevation angle ¢, and roll

angle @, as the compensation in angle errors.
H; =H; cosé, +H: sing, sin@, — H. cosg, siné, @)
H',_:H" cos@, + H' sing, (8)

The HMC1022 magnetic sensor has the high
sensitivity (<0.1 °), bandwidth of 5 MHz, the
magnetic field resolution 8.5nT, fast response time
(<1 ps) and high frequency output (1 kHz), etc. We
can use the microprocessor and magneto-resistive
sensor to design a measuring instrument of magnetic
heading angle, which has certain advantages. This
measuring instrument output the geomagnetic
intensity with the differential voltage form which has
a higher robustness performance.

The largest measured geomagnetic value on any
electrical ~ sensor  bridge  approximately  is
0.625 Gauss, assume that HMC1022 sensitivity is
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1.0 mV/V/Gauss, the maximum possible swing value
of Electromagnetic Field (MF) on any one electric
field bridge is

Ve = 5.0 x (£1.0) x 0.625 = +3. 125mV  (9)

The output voltage of HMC1022 usually in the
level of mV, in order to ensure the precision of AD
sampling, we need to amplify the output voltage in
the level of 0~3 V, we use a differential amplifier
AD620 as a master chip and use second-order analog
low-pass filter circuit to reduce the high frequency
components of geomagnetic signal.

A SET-RESET pulse is used to resolve the
problem of the SNR reducing due to the use of the
magneto-resistive sensor HMC1022 in long time and
the impact by external magnetic interference in high
strength, which can ensure measurement accuracy in
a larger limit. Program control flow in reading count
is shown in Fig. 4. Fig. 5 shows a pair of SET-
RESET signal waveform.

Vout=(Vset-Vreset)/2S

T
_— —

YES _— ~—
—1f Time >= Time0 in Timer >

NO

Read Vreset

Fig. 4. Program control flow in reading count.

SET/RESET

Voltage /V

0 2 4 6 8 10 12
Time /ms

Fig. 5. A pair of SET-RESET signal waveform.
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The magneto-resistive sensor module is placed on
the position of 1 m from the origin to the coordinate
origin which is used as the center. It uniformly
rotated in counterclockwise direction with 90°, 180°,
270°, 360°, the sampling rate of data is 20 Hz, the

heading angle measurement curve is shown
in Fig. 6.
S

€ € 1

= 08 =

b= b=

o o

Z 06 z

8 8 05 /
o 0.4 [

o o

5 5

® 02 2 0

o o

0 0.5 1 -0.5 0 0.5
Distance for East/m Distance for East/m

0.5
-0.5 &
1 05 0

05 1 -1 05 0 05 1
Distance for East/m

0.5

-0.5

Distance for North/m
o

Distance for North/m
o

Distance for East/m

Fig. 6. Measurement curve of heading angle.

As can be seen from Fig. 6, the heading angle of
this system can well distinguish the running track
direction of the system, the interference is relatively
small and the measurement data can be very stable.

2.4. The Displacement Distance

Dead-Reckoning is the most important
component in pedestrian integrated navigation
monitoring system, the accuracy of which determines
the systematic performance [7].

Dead-Reckoning includes not only the
measurement of heading angle, but also the
measurement of walking distance in pedestrian
integrated navigation monitoring system. They are
both the important physical parameters in the location
information of user. Since GPS has itself error, in
order to obtain the accurate Dead-Reckoning
information, we need auxiliary method.

When an accelerometer is used to measure
walking distance, the phase state of sensor needs to
be divided firstly [8]. It includes static state and
movement state. In this paper, a threshold step
detection algorithm is used to determine state of the
sensor. The threshold includes average value
(Threshold AVE) and mean-square deviation
(Threshold MSD) of vector sum in a time interval T.

Provided that threshold Threshold AVE is T, ,
Threshold MSD is 7, , when AVE is less than 7|
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and MSD is less than 7, , the acceleration sensor can

be considered as a static state. Fig. 7 shows phase
detection in terms of vector sum.

¥ ﬂ
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Fig. 7. Phase detection in terms of vector sum.

In the movement state, schematic obtained Dead-
Reckoning is shown in Fig. 8. The heading angle 0,
is obtained via the magneto-resistive sensor. The
walking distance d ; can be obtained by acceleration

S€nsor.

North

()
A 4

East

Fig. 8. Schematic of Dead-Reckoning in pedestrian
navigation monitoring system.

According to Newton's second law, based on
acceleration measurement, speed V,-(t) and distance

d (¢) can be obtained.

Vv (1)
d (1)

v,(0) + [ a(c)dr
d,0) + [ v (2)r

(10)

In a movement state, the walking distance is
obtained by double integral of acceleration [9].

Because the system is severely affected by noise,
speed v, (f) may become negative by integral
accumulation. In order to reduce the displacement
measurement  error, a cyclically measured
acceleration value minus the average acceleration
with zero boundary conditions, the speed will be
obtained by integral with the revised acceleration.
The obtained speed minus the average speed with
zero boundary conditions, relative displacement with
less error will be obtained by integral with the revised

speed.
The direction angle 191. measured by the magneto-
resistive

sensor, the eastward displacement of

pedestrian isx; = d,cos6,, the north displacement
isy, = d,sinf,, assuming the initial position of the
pedestrian is (xo, yo), after the elapsed time Af, the

new coordinates of the location is [10]

X, = x, + z d.cos0.
=l (11)
yn = yO + zdiSinei

i=1

The data fusion processing of the combined
navigation system is shown in Fig. 9.

Location/Heading Angle

Location Solver

\ 4

GPS

Kalman Filter

Y o
L/HA

Fig. 9. Data fusion processing of the integrated
navigation system.

The parameters of heading angle and
displacement distance are obtained via magnetic
resistance sensor and acceleration sensor. Firstly, it is
with its measurement error, secondly is the sampling
rate between them may be different, so the heading

angle 0, and the displacement distance d;, may be

measured at two time or different time interval. If we
want to induce the error an interpolation method will

be used. The red dots (¢, F,)and (7 ,,, F, ) in
Fig. 10 are interpolation dots, which can ensure that

the heading angle 91’ and the displacement distance

dl. participated in calculating are measured values at

the same time.
General interpolation has some shortcomings
such as low accuracy and information loss. In order
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to overcome the shortcomings, generalized extended
approximation is introduced in this paper.

F#4 Magneto-resistive

sensor
FH+1

FH___,/ A

Fo Y
|~ —
Fp+i Acceleration
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v

0

tn tn+1

Fig. 10. Relationship between measurement and
interpolation value.

3. Generalized Extended Approximation

Generalized extended approximation can make
each unit nested in extended approximation unit
domain. It uses the node information in extended
approximation unit domain to improve approximation
precision in approximating function and coordinate
the approximation function between unit field and
adjacent field. This method is without increasing
degrees of freedom and scale. It only uses the
original nodes and the degrees of freedom to improve
the approximation accuracy with simple format
specifications.

3.1. The Interpolation Model

Assume that in Ae interval generalized

interpolating function is provided with U, (x) [11]
U,x) = a, + a,x + a;x*, x € [x, x,], (12)

where a, , a, , a;, & a, are the undetermined

coefficients, which can be
following model [11]:

determined by the

2

3
min /(a,, a,, a;) = Y. la, + ayx, + a;x} - U,]
g (13)

U,

2 _
a, + a,x, +ayx; = U,

2
a, + a,x, + asx,

S.t.

Piecewise boundary point of this model meets
interpolation condition, which ensures that the
changes between each section have a better
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coherence. In addition, nodes around the piecewise
interpolation region (including points) information
are used to achieve the best fitting between external
and internal area, which adequately combines the
advantages in interpolation and fitting-method.

3.2. The Extrapolation Model

Extrapolation equation after X, is provided with
[12]

F(x) = b, + bx +bx’,x =x,,,x (14)

n+2?

Where D, , b, & b, denote undetermined coefficients,

which can be determined by the following model [12]

n 2
min I(b,, by, by) = Y [b + byx, + byx} — F,]1 (15)
i=0
s.t. b, + b,x, + byx} = F,

For the extrapolation model, this model will fully
utilize more prior data and play good role of the latest
data point.

FA
Fn /
Fnui
e 0
- @
® o
0 Xn Xn+l X

Fig. 11. Sketch of data extrapolation.

Generalized extended approximation integrates
interpolation with extrapolation models. It not only
can take advantage of more prior data, but also can
lock the latest data point, which gives full play to the
role of updating in real-time of the latest data points.
Namely the latest data can be used for interpolation
constraint processing. During the data fitting
processing of using priori data, fitting points can be
caught weight value. It can be determined by the
update rate of data. Namely the data is newer, the
weight is larger. Therefore, generalized extended
approximation has a good performance in real-time.

Accelerometer and magnetometer are configured
to send data respectively at 50 Hz and 20 Hz. The
measured error is 3 mGs (16 ) in magnetometer. The
positioning precision is evaluated by ERROR
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between the real coordinates and the simulation
results. ERROR can be written as

1
ERROR = [(x -x,) +(y - y,,)ZF (16)

Where (x”, yn) denotes the user coordinate, (x, y)

denotes the simulation result.

We mainly focus on Dead-Reckoning and
positioning precision in the pedestrian integrated
navigation monitoring system, so elevation may not
be considered in this paper. Fig. 12 shows the
positioning results of original method and
Generalized Extended Approximation (GEA).

(b) The positioning error with GEA

(a) The original positioning error

Fig. 12. Positioning results of original method and GEA.

As shown in Fig. 12 we can know that positioning
error has been reduced and Dead-Reckoning is more
clearly.

6. Conclusions

Efficient sensor technology is used to assist
positioning system to complete combination
navigation, and then precise location information can
be obtained. This method in today's growing demand
for location information services will have a good
prospect for development. An integrated pedestrian
navigation monitoring system based on MEMS has
been proposed in this paper, which can realize the
continuous positioning function indoor and outdoor.
a) The acceleration sensor is used to assist

correction the measured magnetic field from the

magneto-resistive sensor which is calculated the
heading angle with stability and reliability.

b) A threshold step detection algorithm is used to
calculate the walking distance based on single
accelerometer, which can clearly detect phase
state including movement and static state. The
threshold value also can be self-adaptive for
more movement models.

¢) Generalized extended approximation has been
put forward to use in the processing of multi-
sensor integration, which can reduce error
brought by the sample data at different time

between  magneto-resistive sensor  and
acceleration sensor.
The design of pedestrian integrated navigation
monitoring system will have a certain value of in the

relevant navigation field.
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