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Abstract

The autonomous driving method using magnetic sensors recognizes the position by measuring magnetic fields in autonomous robots or

vehicles after installing magnetic markers in a moving path. The Position estimate method using magnetic sensors has an advantage of

being affected less by variation of driving environment such as oil, water and dust due to the use of magnetic field. It also has the

advantages that we can use the magnet as an indicator and there is no consideration for power and communication environment. In this

paper, we propose an efficient sensor system for an autonomous driving vehicle supplemented for existing disadvantage. In order to

efficiently eliminate geomagnetism, we analyze the components of the horizontal and vertical magnetic field. We propose an algorithm

for position estimation and geomagnetic elimination to ease analysis, and also propose an initialization method for sensor applied in the

vehicle. We measured and analyzed the developed system in various environments, and we verify the advantages of proposed methods.
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1. INTRODUCTION

The autonomous driving method using magnetic sensors
recognizes the position by measuring magnetic fields in
autonomous robots or vehicles after installing magnetic
markers in a moving path. The Position estimate method
using magnetic sensors has an advantage of being affected
less by variation of driving environment such as oil, water
and dust due to the use of magnetic field [1].

It also has the advantage that we can use the magnet as
an indicator and there is no consideration for power and
communication environment [1, 2]. With such a reason,
non-contact position recognition technology using
magnetic field has been applied in various areas because a
magnet, which is the object for measurement, has an
excellent economy from autonomous driving to precision
equipment like wafer device. However, the method has a
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problem with the high cost because it has to use AMR
sensors and other expensive components [3, 4].

When we need to cover sufficient distance with magnet
like an autonomous driving, and requiring precise
measurement, we have to consider external noise. There
are also methods such as geometric mapping which are
inefficient due to nonlinearity between the measured value
and real position. It is also difficult to control and to
compute exact external noise values continuously because
we only know the differential value of both sensors as a
value of geomagnetism elimination.

Ryoo and Kim [3-9] estimated the position of a magnet
by using the geometrical method after which they get
maximum value of perpendicular components and values
of surrounding sensors. However, these methods have
disadvantages that complicate the algorithm and lead to
errors according to area.

In this paper, we propose an efficient sensor system for
an autonomous driving vehicle supplemented for existing
disadvantage. In order to efficiently eliminate geomag-
netism, we analyze the components of the horizontal and
vertical magnetic field. We propose an algorithm for
position estimation to ease analysis, and also propose an
initialization method for sensors applied in the vehicle. We
measured and analyzed the developed system in various
environments, and we verify the advantages of proposed
methods.
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2. METHODS
2.1 Position recognition of magnet

In order to form the magnetic field, we have to install
permanent magnet in the path of the tracking system or
autonomous driving system to use the magnetic field
sensor. The permanent magnet is laminated by several
sheets in order to achieve a magnetic field with the desired
size. The value of a magnetic field measured in sensor may
be different under various conditions [2].

To recognize the position of the magnet we can get the
precise value of position as calculating a difference value
of sensors located on both sides of a magnet, and typically
the perpendicular magnetic field has been used a lot.

In this paper, in order to estimate the position of magnet
we make use of the method that can estimate the position
with small amount of calculation by using the horizontal
magnetic field . The magnetic field in three-axis can be
represented like an equation (1), we know it has an inverse
proportion to 5 powers of the distance.

M
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M = magnetic moment | r=/x2+y2+ 72

Fig. 1 shows magnetic field for variation of x value after

B= (3xza, +3yza, + (222 - x2-y9a,)l G|

the value fix as y=0, z=10. Fig. 1 has a mean that
horizontal magnetic field forms a point symmetry and has a
linearity within approach distance. Thus we can know the
precise position of the magnet using a simple proportional
expression pass through x=0 point [1].
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Fig. 1. Distribution of horizontal component of magnetic field of
magnet.
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2.2 Geomagnetic elimination

The value of the magnetic field measured by a magnetic
sensor also contains a level of noise due to geomagnetism.
The value of geomagnetism in Korea is about 500 mG,
indicating magnitude between 200-300 mG per each axis.

Because it is such a large noise compared with the
position recognition values within the range of several
hundred [mG], we have to eliminate it.

This method can eliminate the effect of geomagnetism
and its disturbance using summation and difference of
values of two sensors. However this method cannot
estimate the position of the magnetic marker directly
because it may find summation and difference of value
between the two sensors. Therefore we estimate the
position of a magnetic marker by using complicated
algorithms.

Max.

8, +B, 7'/

Min

Fig. 2. Geomagnetism elimination using max-min value.

In this paper we propose to eliminate external
disturbance using the maximum and minimum of
measured value as a method to eliminate geomagnetism in
real-time. The curve shape of the horizontal magnetic field
component from the magnet make a point symmetric type
due to symmetry of the magnetic field; the value of
geomagnetism in one direction could be affected by both
sensors as centered magnet by opposite direction of each
other.

As a result, the graph measured for the horizontal
component happen shifting in the direction of vertical axis
only. We calculate the measurement value using such
symmetry. We know that the value by disturbance like
equation (2) is the difference between measurement value
and intermediate value, which is center between maximum
and minimum.
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Bmax:B+m+Bg+BV

Boin=B-n*Bg+B,

min

Where B
Byin 1s the minimum value of magnets, B, is geomagnetism

' nax €aNs maximum value of magnetic field,

and B, represents the effects of vehicle and environment.

From equation (2) if we assume - B,,, ~ B, we can
get equation (3).
Bmax+Bmin:2(Bg+BV) (3)

Thus we can find the exact value P, as in Fig. 2, which is
magnet position to eliminate external disturbance. If more
complicate calculation arrows of us, more exact analysis of
geomagnetism is possible by various methods through
segment analysis of curve of point symmetry.

2.3 Offset's elimination of hall sensor

In order to measure the offset value of a hall sensor
precisely, we need to use a standard device measuring
magnetic field which can compensate geomagnetism by
real time. However, in cases of a common precision
environment such as an AD environment, we can assume
that geomagnetism is constant for the earth pole and we
can get the offset value. Generally, in the case of sensors to
measure the magnetic field of a single axis only, we
measure the value from the sensor to the decided position
first, then we add this value and the measured value when
the sensor direction rotates 180 degrees at the same
position. This eliminated values measured in the oppose
direction to each other, only twice the value remains for
sensor offset.

In this paper we consider two view points. One point is
that the sensor module could be applied to autonomous
driving vehicle which is able to steer. Another point is
sensor contamination. We propose the simple method
without necessary exact measurement. We use in here, one
directional sensor. If the sensor and Geomagnetism
direction became 90 degrees, measured value is zero; only
noise value will be left. In order to achieve this method, we
propose the method that taking offset value with
orthogonal position between sensor and geomagnetism.
Here we measure the data from the sensor module rotating
more than 90 degrees from a reference point in the sensor
as shown in Fig. 3.
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Fig. 3. Offset elimination of the hall sensor by using rotation.

3. EXPERIMENTAL RESULT
3.1 Experimental results of sensor system

After we perform D/A conversion for receiving data as
an input from a hall sensor, we estimate the position of a
magnet using the position recognition algorithm. The
estimated position values of the magnet display a voltage
value converted using the D/A converter, and its value
transmits to the LCD and computer through RS-232
communications. We used an ATmega2560 in order to
process A/D conversion and for data processing of sensor
values.

A used hall sensor is HAL81 by made in MICRONAS
Company; measurement range is +30-150 mT. It is
designed to program for measurement range of magnetic
field, maximum and minimum voltage, and sensitivity etc.
The hall sensor HAL81 made by MICRONAS Company;
measurement range is £30-150 mT. It is programmed for
measurement range of magnetic field, maximum and
minimum voltage, and sensitivity.

This hall sensor arranges 32 units with lcm intervals like
Fig. 4. Those are kept at same interval with each other and
then we fixed another plate to identically to the other plate
in location.

Fig. 4. Sensor system.

We find the maximum and minimum values among
measured values of 32 unit hall sensors and then we
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eliminated the value that is influenced by an external
magnetic field such as geomagnetism. We calculated exact
positions of the magnet located among sensors using the
values of two adjacent sensors passing through the point of
y=0.

An existing sensor system was incongruent for the
mobile sensor system because it is designed to repeatedly
disturb the value that was obtained in the process of
initialization as fixed type. Because the AD sensor system
proposed in this paper has an object applying to the vehicle
that has a frequent directional switch, this system has been
designed to reflect and measure value of magnetic field for
disturbance by real time.

We measure and convert sensor voltage arranged with
32 chips and then compare the converted values. After
calculating the sensor values of left and right passing zero
point and magnetic field values due to external influence,
we calculate the position of the magnet located between
both sensors.

Measure sensor voltage of 32 unit

¥

Store A/D conversion value in array B[0]-B[31]
v

Find maximum value B[i_max]
and Minimum value B[i_min]

!

Estimate/eliminate value of
Geomagnetism and external effect

Y

Discriminate magnet polarization after compare
i max andi_min

v

Select two point B[i+], B[i-] where close to zero
pass point in B[i_max]~B[i_min]

¥

Calculate position of magnet using B[i+], B[i-]

Fig. 5. Algorithm of position recognition.

We performed experiments of position recognition using
a developed sensor system. We placed the sensor at a fixed
height as shown in Fig. 6. We fixed a micro plate on the
experimental table, and included a built-in magnet on the
micro plate in order to remain fixed.
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Fig. 6. Measurement device for position recognition of magnet.

A microplate used in the experiment shown in Fig. 7 can
be moved a minimum of 0.001 cm when it moves once,
and it can be moved to orthogonal 2 axis directions on the
plane. We processed an experiment when we fixed a
magnet on the upper center, moving a constant distance.
The sensor system had attached 32 chip hall sensors,
however we only used values of two sensors to estimate
position finally. The position estimate process applied
between two adjacent sensors repeated identically in
another section. Thus we performed measurements for 1
cm sections between two adjacent sensors of arbitrary
position.

Fig. 7. Microplate.

We display results of measurement to LCD (Fig. 6) after
we measured section with 0.01 cm spaces. Fig. 8 represents
the result of measurement as a graph at 8 cm heights. It
indicates reference value, real estimate value and the errors
between them. We get 0.015 cm as a maximum error,
which is less than the level of 0.01963 cm when we have a
2% noise error which means maximum error.
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Fig. 8. Position recognition and error.

Fig. 9 shows errors when we measure at several heights.
We switched between values 3, 5, 8, 10 cm as heights and
measured in two cases with 0, 5 cm on the y-axis direction.
The force of the magnet in each case is sufficiently large
that the hall sensor does not saturate.
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Fig. 9. Errors for several cases.

We know that the error increases more while height is
lower. It is the same result as the predicted result when we
analyze theoretically. However, if height raises by more
than 5 cm, there is no tendency for error size. We recognize
error size is less than 0.02 cm, a similar level compared to
when we measure within 5 cm. This is a similar level
when the maximum error of 2% noise level is 0.01963 cm.

3.1 Application of autonomous driving vehicle

In this paper we did not perform real motion tests for an
AD vehicle. However, in order to show practical use as a
sensor for position recognition, we performed an
experiment in an identical environment as a path for an AD
vehicle. In this paper we discuss a two wheel robot type
vehicle. Fig. 10 shows two variables that can classify the
position of a vehicle in an AD path. We define the
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deviation degree, the angle that the vehicle deviates from
the center of the path, as a lateral deviation (LD). It defines
the distance between the center of the path and the
vehicle’s center. Here the vehicle center is used as a center
point between two wheels.

We also define the heading angle (HA) as the degree
deviated from the forward direction in the vehicle path
direction. We find the difference between path direction
and vehicle direction.

Fig. 10. Arrangement of sensor module.

In Fig. 10, the small circle at the path is made to form the
necessary magnetic field by stacking several permanent
magnets as the magnetic marker. We have to control the
vehicle so that the two variables LD and HD become zero.
However, we cannot get the value of HA with only one
sensor. However, we cannot get the value of HA with only
one sensor. Thus we use one more sensor in order to

compute the value of HA as in Fig. 10.

MDDigiance between markers)
| |

Front Sensor J&/_
Center

Fig.11. Calculation of geometrical HA.
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After we arranged two sensing units with the magnetic
marker spacing in front and rear of the vehicle, we get LD
of front and rear sensor. We can find HA using the
geometrical equations. To get LD and HA, we can draw
with simplification from Fig. 10, and it becomes Fig. 11.
Using Fig. 11, we can yield equation (4) following as:

LD front LD rear

HA =sin! T @)

Fig. 12 represents the experimental method used. After
arranging two sensor systems on the identical plane with
the interval of the magnet in parallel, we measure the
position of the magnet with each other at constant height.

Fig. 12. Measurement method of LD and HD.

Fig. 13. Measurement of LD and HD.

We yield HA by applying the values measured into the
equation (4). We measured with providing change at LD,
HA and longitudinal direction. Then we compare the real
value with the computed value. We measured LD and
longitudinal direction for four cases as a combination of 0
cm and 5 cm. We measured from —30° to 30° changing
with 10° increments. We represent of measurement method
in Fig. 13 and also displays the result of measurement in
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Table 1. From Table 1 we can recognize that there are no
data in £30° for either case. It means that we cannot get
data because it is in the too far range of the sensor.

In table 1, we represent measured values located in front
and rear of the sensor; we also represent HA values
calculated after applying measured value into equation (4)
and error value. Typically, we know that there is a
correlation between providing value and calculated
estimate values; we also know that with larger error values,
HA value is larger. Once the AD vehicle begins to move,
the HA value change approaches zero. Thus we are noting
that for the case from 0° to 10°, we know the angle of error
is less than 1°. Consequently, the sensor system developed
in this paper sufficiently can be expected to be applicable
as a position recognition sensor for an AD vehicle.

Table 1. Experimental results

R Measurement Estimated
eference value o
value [em] value [°]
LD[cm] Y[em] HA[] Front  Rear HA Err
0 0 30 -11.294 11934  27.68 2.32
20 -8.273  8.015 19.01 0.99
10 -4.394 4263 9.97 0.03
0 -0.110  0.011 0.14 -0.14
-10 4138 -3915 -9.27 -.0.73
-20 8.102 -7.969 -18.75 -1.25
-30 12.004 -11.513 -28.06 -1.94
-5 0 30 - - - -
20 -2.783  13.131 18.56 1.44
10 0.844 9375 0.82 0.18
0 5.044  5.086 0.05 -0.05
-10 9.034 1.189 -9.03 -0.97
-20 13.050 -3.030 -18.76  -1.24
230 - - - -
0 5 30 -11.342 12.077 27.93 2.07
20 -8.237  8.040 19.01 0.99
10 4412 4242 9.97 0.03
0 1.200  0.500 -0.80 0.80
-10 3314 4779 931 -0.69
-20 7.170  -8940 -18.80  -1.20
-30 11.154 -11.994 -27.58 -2.42
-5 5 30 - - - -
20 -2.785 13.157 18.59 1.41
10 -2.785 13.157  9.99 0.01
0 5.005  5.093 0.10 -0.10
-10 9.028 1.298 -8.89 -1.11
-20 13.103 -3.080 -18.88  -1.12
230 - - - -
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4. CONCLUSIONS

In this paper we proposed a sensor system recognizing
the position of magnets using Hall sensors with cheap and
studied application for AD vehicle. We reviewed error
factors in the proposed algorithm and we estimated the
range of real error by its factor. Also, we verified the
effectiveness of the proposed system through an
experiment and analysis. Moreover, we proposed a more
effective control algorithm by applying a very simple new
method compared to the elimination method of existing
Geomagnetism by analysis of noise through the symmetry
of the horizontal magnetic field.

We confirmed that error size of measurement is 0.015
cm according to a linear analysis of the proposed position
recognition algorithm. We measured the value of position
recognition when moving the permanent magnet using
micro plates which can move by steps of 0.001 ¢cm using
the implemented system. For the experimental results for
various cases, we measured that error with 5-10 cm height
is less than 0.02 cm, proving that this system is very
precise in position recognition.

Through this result, we know that it coincides with an
error value of 2% by theoretical analysis. In addition, we
have experimented at similar environments with the path of
AD vehicles in order to show its potential practical use as a
position recognition sensor for AD vehicles. We deployed
two sensor systems on an identical plane with the same
distance for magnet spacing. We measured LD, HA and
longitudinal value in the variable conditions. As a result we
get a 1° error angle in the concerned area.

From these results, we verify that the developed sensor
system has excellent potential as a position recognition
sensor for AD vehicles.
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