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DESCRIPTION
TITLE OF INVENTION
MAGNETIC MARKER SYSTEM
TECHNICAL FIELD
[0001] The present invention relates to a magnetic

marker system including magnetic markers laid on or in a road
so that they can be detected on a vehicle side traveling on

the road.

BACKGROUND ART

[0002] Conventionally, vehicular magnetic marker
detection systems using magnetic markers laid on a road have
been known (for example, refer to Patent Literature 1).
These magnetic marker detection systems have an object of
providing various driving assists, such as automatic steering
control or lane departure warning using the magnetic markers,

by taking vehicles including magnetic sensors as targets.

CITATION LIST
PATENT LITERATURE
[0003] Patent Literature 1: Japanese Unexamined Patent

Application Publication No. 2005-202478

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] However, the above-described conventional
vehicular magnetic marker detection systems have the
following problem. That is, since a magnetic sensor on a
vehicle side is attached at a high position on the order of

100 mm to 250 mm from a road surface, magnetic force of a
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magnetic marker is required to be intensified to some extent.
On the other hand, if the magnetic force of the magnetic
marker i1s intensified, a metallic object such as a nail or
bolt falling on the road surface is attracted to possibly
cause a trouble such as a blowout of a vehicle's tire.

[0005] The present invention was made in view of the
above-described conventional problem, and is to provide a
magnetic marker system for allowing a magnetic marker to be
detected with high reliability on a vehicle side while

magnetic force of the magnetic marker is reduced.

SOLUTION TO PROBLEM
[0006] The present invention resides 1in a magnetic
marker system for achieving assists for wvehicle driving
operation by a driver or vehicle control for automatic
driving independent from driver's operation, the system
including magnetic markers laid along a road so as to be
detectable by a magnetic sensor on a vehicle side, wherein
the magnetic markers are laid so that orientations of
magnetic poles are alternately reversed along the road and
arranged so that magnetic fields of the magnetic markers
adjacent to each other as being spaced with a gap along the

road interfere with each other.

Advantageous Effects of Invention

[0007] In the magnetic marker system of the present
invention, the magnetic markers are laid so that the
orientations of the magnetic poles are alternately reversed
along the road. Furthermore, the magnetic markers in this
magnetic marker system are arranged so that the magnetic
fields of the magnetic markers adjacent to each other as

being spaced with the gap along the road interfere with each
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other.

[0008] In the magnetic marker system of the present
invention, a magnetic field acting on the vehicle side 1is
intensified by using interference between the magnetic fields
of the magnetic markers adjacent to each other. If the
magnetic field acting on the vehicle side can be intensified
by wusing the interference Dbetween the magnetic fields,
strength of the magnetic force on a surface of a magnetic
marker can be relatively reduced with respect to strength of
the magnetic field required on the vehicle side for detection
of the magnetic marker.

[0009] As described above, the magnetic marker system
of the present invention is a system having an excellent
characteristic capable of detecting the magnetic marker on
the vehicle side with high reliability while reducing the

magnetic force of the magnetic marker.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a descriptive diagram depicting a state
in which a vehicle detects a magnetic marker in a first
embodiment.

FIG. 2 1is a descriptive diagram depicting a magnetic
marker system in the first embodiment.

FIG. 3 is a diagram depicting the magnetic marker in
the first embodiment.

FIG. 4 is a graph depicting a magnetic field
distribution of the magnetic marker in a vertical direction
in the first embodiment.

FIG. 5 is a Dblock diagram depicting an electrical
configuration of a magnetic sensor in the first embodiment.

FIG. 6 1is a descriptive diagram of changes in sensor

output at time of passing over the magnetic marker in the



10

15

20

25

30

first embodiment.

FIG. 7 is a descriptive diagram of an arrangement pitch
and gap G between magnetic markers in the first embodiment.

FIG. 8 is a descriptive diagram of laying
specifications for magnetic markers in the first embodiment.

FIG. 9 is a graph depicting a relation between an
attachment height of the magnetic sensor and sensor output
(p-p) in the first embodiment.

FIG. 10a is a graph depicting changes in sensor output
in a forwarding direction of the vehicle when the arrangement
pitch between the magnetic markers=100 cm in the first
embodiment.

FIG. 10b is a graph depicting changes in sensor output
in the forwarding direction of the wvehicle when the
arrangement pitch between the magnetic markers=50 cm in the
first embodiment.

FIG. 10c is a graph depicting changes in sensor output
in the forwarding direction of the wvehicle when the
arrangement pitch between the magnetic markers=30 cm in the
first embodiment.

FIG. 10d is a graph depicting changes in sensor output
in the forwarding direction of the wvehicle when the
arrangement pitch between the magnetic markers=20 cm in the
first embodiment.

FIG. 10e is a graph depicting changes in sensor output
in the forwarding direction of the wvehicle when the
arrangement pitch between the magnetic markers=10 cm in the
first embodiment.

FIG. 11 is a graph depicting a relation between the
arrangement pitch between magnetic markers and sensor output
(p-p) in the first embodiment.

FIG. 12a is a descriptive diagram of magnetic fields



10

15

20

25

30

-5.
formed by a single magnetic marker in the first embodiment.

FIG. 12b is a descriptive diagram of magnetic fields
formed by magnetic markers when the arrangement pitch=10 cm
in the first embodiment.

FIG. 12c is a descriptive diagram of magnetic fields
formed by magnetic markers when the arrangement pitch=20 cm
in the first embodiment.

FIG. 13a 1is a diagram depicting a data series
configuring a sensor output waveform in a second embodiment.

FIG. 13b 1is a diagram depicting a data series
configuring a sine waveform in the second embodiment.

FIG. 1l4a is a graph depicting a relation between the
arrangement pitch between magnetic markers and a coefficient
of correlation in the second embodiment.

FIG. 14b is a descriptive diagram depicting sensor
output (p-p) 1in a high correlation range in the second

embodiment.

DESCRIPTION OF EMBODIMENTS

[0011] Embodiments of the present invention are
specifically described by using the following embodiments.
(First Embodiment)

The present embodiment is an example of magnetic marker
system 1 including magnetic markers 10 laid along a road so
as to be detectable on a vehicle 5 side. Details of this are
described by using FIG. 1 to FIG. 12.

[0012] Magnetic markers 10 of FIG. 1 and FIG. 2 are laid,
for example, along the center of lane 530 where vehicle 5
travels. Magnetic markers 10 laid on road surface 53 in this
manner can be detected by magnetic sensor 2 attached, for
example, to vehicle body floor 50 forming a bottom surface

of wvehicle 5. Detection signal of magnetic marker 10 by
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magnetic sensor 2 is inputted to, for example, an ECU or the

like, not depicted, on the wvehicle 5 side, and can be used
for various controls on the vehicle 5 side, such as automatic
steering control for lane keeping, driving assist control
such as lane departure warning, and automatic traveling
control.

[0013] Magnetic marker 10 is, as depicted in FIG. 3, a
flat, circular marker having a diameter of 100 mm and a
maximum thickness of approximately 2.0 mm. Magnetic marker
10 includes a flat magnet sheet 11 having a diameter of 100
mm and a thickness of 1.0 mm. In magnetic marker 10, both
front and back surface sides of magnet sheet 11 are each
covered with resin mold 12 having a thickness of 0.5 mm.
Magnet sheet 11 is a sheet, made of isotropic ferrite rubber
magnet, obtained by molding a mixture of magnetic powder made
of iron oxide and rubber. This magnet sheet 11 has a maximum
energy product (BHmax) of 6.4 kJ/cubic meter.

[0014] In this magnetic marker 10, one surface of both
front and back surfaces is an N-pole surface, and the other
surface is an S-pole surface. This magnetic marker 10 does
not have a distinction between the front and the back, and
either one of a laying mode with the N pole serving as an
upper surface and a laying mode with the S pole serving as
the upper surface can be alternatively selected (refer to
FIG. 2).

[0015] Installation of magnetic markers 10 on road
surface 53 is performed by, for example, bonding and fixing
with a bonding agent. Note that resin mold may be applied
also onto an outer peripheral side surface of magnetic marker
10. Also, resin mold 12 on the upper surface side of magnet
sheet 11 forming part of road surface 53 may be a resin mold

reinforced with glass fiber.
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[0016] Here, shape specifications and magnetic

specifications of magnet sheet 11 included in magnetic marker

10 of the present embodiment are partially depicted in Table

1.
[Table 1]
Magnet type Ferrite rubber magnet
Outer diameter qS 100 mm
Thickness 1.0 mm(excluding resin mold)
Magnetic flux density Gs 1 mT
of the surface
[0017] Magnetic field distribution with which magnetic

marker 10 acts in a vertical direction is as in FIG. 4. The
drawing 1is a semilogarithmic graph indicating simulation
results by axisymmetric three-dimensional magneto-static
analysis using a finite element method. Note that to perform
this computer simulation, a simulation program whose
simulation accuracy has been confirmed in advance by
demonstrative experiments is used. Furthermore, as for part
of data indicated in the drawing, values have been confirmed
by demonstrative experiments.

[0018] FIG. 4 1is a drawing in which the logarithmic
scale for the magnetic flux density of magnetism acting in
the vertical direction is set on a vertical axis and a height
of magnetic marker 10 with reference to its surface in the
vertical direction (height from the marker surface) is set
on a horizontal axis. In the drawing, the magnetic flux
density when the height from the marker surface=0 mm 1is
"magnetic flux density Gs of the surface" in Table 1. 1In
this magnetic marker 10, in a range of 100 mm to 250 mm
assumed as an attachment height of magnetic sensor 2
(hereinafter referred to as a sensor height), the magnetic

flux density equal to or higher than 8 microtesla is ensured.
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[0019] Magnetic sensor 2 is a MI (Magneto Impedance)
sensor of one chip, with MI element 21 and a driving circuit
integrated together, as depicted in a block diagram of FIG.
5. MI element 21 is an element including amorphous wire (one
example of a magneto-sensitive body) 211 made of a CoFeSiB-
based alloy and having almost zero magnetostriction and
pickup coil 213 wound around this amorphous wire 211.
Magnetic sensor 2 measures voltage generated in pickup coil
213 when a pulse current is applied to amorphous wire 211,
thereby detecting magnetism acting on amorphous wire 211 as
the magneto-sensitive body.

[0020] The driving circuit is configured to include
pulse circuit 23 which supplies pulse current to amorphous
wire 211 and signal processing circuit 25 which samples and
outputs a voltage generated at pickup «coil 213 at
predetermined timing. Pulse circuit 23 1is a circuit
including pulse generator 231 which generates a pulse signal
as a source of the pulse current. Signal processing circuit
25 is a circuit which picks up an induced voltage of pickup
coil 213 via synchronous detection 251 which is opened and
closed in conjunction with the pulse signal and amplifies
the voltage by amplifier 253 with a predetermined
amplification factor. A signal amplified by this signal
processing circuit 25 is externally outputted as a sensor
signal.

[0021] Specifications of this magnetic sensor 2 are
partially depicted in Table 2.

[Table 2]

Measurement range +0.6 mT

Magnetic flux resolution 0.02 uT

Sampling frequency 3 kHz
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[0022] Magnetic sensor 2 is a sensor with high
sensitivity in which the measurement range of the magnetic
flux density 1is $0.6 millitesla and the magnetic flux
resolution in the measurement range is 0.02 microtesla. This
high sensitivity is achieved by MI element 21 using the MI
effect in which the impedance of amorphous wire 211
sensitively changes in response to an external magnetic field.
Here, as described above, magnetic marker 10 acts on a
position with the height of 100 mm to 250 mm, which is an
assumed range of the sensor height, with magnetism having at
least the magnetic flux density of 8 microtesla (refer to
FIG. 4). According to magnetic sensor 2 having the magnetic
flux resolution of 0.02 microtesla (refer to FIG. 2), this
magnetic marker 10 can be detected with high reliability.
[0023] Magnetic sensor 2 has sensitivity in a
longitudinal direction of amorphous wire 211. In a
configuration of the present embodiment, magnetic sensor 2
is wvehicle-mounted so that the longitudinal direction of
amorphous wire 211 goes along a longitudinal direction of
vehicle 5. This magnetic sensor 2 has sensitivity in a
forwarding direction of wvehicle 5, and can measure a
component of a magnetic field acting in this direction. Note
that magnetic sensor 2 of the present embodiment is
configured so that its output (hereinafter, sensor output)
has a positive wvalue when vehicle 5 approaches N-pole
magnetic marker 10.

[0024] As for the component along the forwarding
direction of wvehicle 5 of the magnetic field acting on
magnetic sensor 2, an acting direction is reversed between a
position before magnetic marker 10 and a position after
passing over magnetic marker 10. And, at the position

directly above magnetic marker 10, the magnitude of the
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component along the forwarding direction of vehicle 5 of the

magnetic field acting on magnetic sensor 2 becomes zero. For
example, when vehicle 5 passes over N-pole magnetic marker
10, as in FIG. 6, the sensor output with the positive wvalue
gradually increases to become a maximum value, and is then
changed to decrease before the position directly above
magnetic marker 10 and gradually diminish. Then, after the
sensor output becomes zero at the position directly above
magnetic marker 10, as the vehicle goes away from magnetic
marker 10, the sensor output with a negative value gradually
increases to a negative side and becomes a minimum value.
Then, as the vehicle further goes away from magnetic marker
10, the sensor output with the negative value becomes closer
to zero. In this manner, the waveform of the sensor output
when vehicle 5 passes over magnetic marker 10 (hereinafter,
sensor output waveform) exhibits a zero-cross at the position
directly above magnetic marker 10, and becomes a waveform
with both positive and negative ridges forming a point-
symmetric relation with respect to this zero-cross. Note in
a graph of FIG. 6 that positions of vehicle 5 in the
forwarding direction are defined on the horizontal axis and
sensor outputs are defined on the vertical axis. A unit of
sensor output in the drawing are minimum bit (LSB) when the
sensor output is digitized. All units of sensor output or
sensor output (p-p) in the drawings of the present embodiment
are these minimum bits (LSB).

[0025] In magnetic marker system 1 of the present
embodiment, as in FIG. 7, magnetic markers 10 are arranged
at an arrangement pitch of 20 cm along the road. Since each
magnetic marker 10 has the diameter of 100 mm (10 cm), a gap
(gap) G between two magnetic markers 10 adjacent to each

other along the road i1is 10 cm. Furthermore, in a
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configuration of the present embodiment, magnetic marker 10

with the N pole on its upper surface and magnetic marker 10
with the S pole on its upper surface are alternately arranged
so that orientations of magnetic poles are alternately
reversed along the road, and magnetic polarities of magnetic
markers 10 are alternately switched. In the present
embodiment, by setting a relatively narrow arrangement pitch
between magnetic markers 10 and alternately switching the
magnetic polarities of magnetic markers 10, intensity of the
magnetic field (magnitude of magnetism) acting on magnetic
sensor 2 is enhanced.

[0026] Next, described with reference to FIG. 8 and FIG.
9 is that the intensity of the magnetic field acting on
magnetic sensor 2 can be improved by laying mode of magnetic
markers 10 as described above. FIG. 8 depicts four types of
laying specification. FIG. 9 exemplarily depicts a relation
between the sensor height (horizontal axis) and the sensor
output (p-p) (vertical axis) for each laying specification.
Note that the sensor output (p-p) indicates peak-to-peak
(amplitude) of the sensor output waveform.

[0027] Four types of laying specification in FIG. 8 are
as follows.

(First Laying Specification) Laying specification of the
present embodiment in which magnetic markers 10 are arranged
every 20 cm along the road so that the magnetic polarities
of magnetic markers 10 are alternately switched. As
described above, since each magnetic marker 10 has the
diameter of 10 cm, length of gap G between two magnetic
markers 10 adjacent to each other along the rocad is 10 cm
(refer to FIG. 7).

(Second Laying Specification) Laying specification in which

S-pole magnetic markers 10 are arranged every 20 cm along
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the road without switching of the magnetic polarities of

magnetic markers 10.

(Third Laying Specification) Laying specification in which
magnetic markers 10 are arranged every 10 cm along the road
so that the magnetic polarities of magnetic markers 10 are
alternately switched. Since each magnetic marker 10 has the
diameter of 10 cm, the state becomes such that two magnetic
markers 10 adjacent to each other along the road are
circumscribed without the gap.

(Fourth Laying Specification) Laying specification in which
magnetic markers 10 adjacent to each other are arranged so
as to be sufficiently separated and each magnetic marker 10
is magnetically isolated.

[0028] According to FIG. 9, the sensor output (p-p) in
the above-described first laying specification is maximum.
In particular, at each of sensor heights 150 mm, 200 mm, and
250 mm which belong to 100 mm to 250 mm assumed as sensor
heights, it is significant that the sensor output tends to
become large in the first laying specification compared with
the other laying specifications.

[0029] As described above, in the first laying
specification, the sensor output tends to be larger than that
in the fourth laying specification in which magnetic markers
10 are magnetically isolated from one another. On the other
hand, in the second laying specification without alternate
switching in magnetic polarities, the sensor output is
minimum among the above-described four laying specifications.
Also, 1in the third laying specifications in which magnetic
markers 10 are arrayed without the gap although the magnetic
polarities are switched, the sensor output is smaller than
that in the fourth laying specification in which magnetic

markers 10 are magnetically isolated from one another.
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[0030] The inventors have considered that the sensor

output is varied as described above because the magnetic
fields of magnetic markers 10 adjacent to each other
interfere with each other. Furthermore, as for the first and
third laying specifications in which the magnetic polarities
of magnetic markers 10 are alternately switched, the
inventors have considered that the sensor output is varied
due to a difference in arrangement pitch. In more detail,
the inventors have considered that, when the arrangement
pitch is 20 cm, the magnetic field acting on magnetic sensor
2 1is intensified due to interference between the magnetic
fields of magnetic markers 10 adjacent to each other to
increase the sensor output. Furthermore, the inventors have
considered that when the arrangement pitch is 10 cm, the
magnetic field acting on magnetic sensor 2 is weakened due
to interference Dbetween the magnetic fields of magnetic
markers 10 adjacent to each other to decrease the sensor
output.

[0031] The inventors have conducted a simulation test
regarding sensor outputs to investigate a relation between
degree of mutual interference between the magnetic fields of
magnetic markers 10 adjacent to each other and magnitude of
sensor output. This simulation test is a simulation
regarding sensor output when magnetic sensor 2 (with the
sensor height of 200 mm) passes along a laying line where
magnetic markers 10 are arrayed. Results of the simulation
test are as in FIG. 10a to FIG. 10e and FIG. 11 described
below.

[0032] In the simulation test, first, by using the
above-described simulation program, the magnetic field
distribution formed by magnetic markers 10 is calculated.

FIG. 10a to FIG. 10e each depicts simulation result of the
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sensor output waveform predicted when magnetic sensor 2 moves
along the above-described laying line in this magnetic field
distribution when the sensor height=200 mm.

[0033] FIG. 10a to FIG. 10e each corresponds to the
laying specification for magnetic markers 10 in which their
magnetic polarities are alternately switched along the road.
On the other hand, the arrangement pitch between magnetic
markers 10 is varied for each of the drawings in FIG. 10a to
10e. The arrangement pitch is 100 cm in FIG. 10a, 50 cm in
FIG. 10b, 30 cm in FIG. 10c, 20 cm in FIG. 10d, and 10 cm in
FIG. 10e.

[0034] When the arrangement pitch is 100 cm in FIG. 10a,
gap G between adjacent magnetic markers 10 is 90 cm. In this
case, the state is almost such that each magnetic marker 10
is magnetically isolated, and it can be predicted that degree
of interference between the magnetic fields of respective
magnetic markers 10 become small as negligible. On the other
hand, when the arrangement pitch is 10 cm in FIG. 10e, the
state becomes such that magnetic markers 10 adjacent to each
other are circumscribed, and it can be predicted that the
degree of interference between the magnetic fields becomes
the highest.

[0035] In the sensor output waveform  when the
arrangement pitch is 100 cm in FIG. 10a, interference between
the magnetic fields of respective magnetic markers 10 hardly
occurs, and each magnetic marker 10 is magnetically isolated.
In this case, positive-negative ridges of the sensor output
when magnetic sensor 2 with sensitivity in the forwarding
direction of wvehicle 5 passes over magnetic markers 10
individually appear for each magnetic marker 10. Of the
positive-negative ridges configuring the sensor output

waveform, the position of a zero-cross corresponds to the
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position directly above each magnetic marker 10.

[0036] On the other hand, in the sensor output waveform
when the arrangement pitch is 10 cm in FIG. 10e, the appearing
sensor output waveform is close to a sine wave. In this
sensor output waveform, the positive-negative ridges of
respective magnetic markers 10 interfere with each other and
become indistinctive and integrated. Note that also in the
sensor output waveform in FIG. 10e, the position of each
zero-cross 1in the waveform corresponds to the position
directly above each magnetic marker 10.

[0037] Among intermediate arrangement pitches in FIG.
10b to FIG. 10d, in the sensor output waveform in FIG. 10b
when the arrangement pitch is 50 cm, interference occurs
between the positive-negative ridges of magnetic markers 10
adjacent to each other, but the sensor output waveform 1is
not a waveform of a sine wave. On the other hand, in FIG.
10c and FIG. 10d in which the arrangement pitches are 30 cm
and 20 cm, respectively, as with the case in which the
arrangement pitch is 10 cm, the sensor output waveform is a
waveform close to a sine wave.

[0038] As described above, in magnetic markers 10 of the
present embodiment, in a range in which the arrangement pitch
is equal to or smaller than 30 cm, the magnetic fields of
respective magnetic markers 10 mutually interfere with each
other and become integrated, and the sensor output waveform
is a waveform close to a sine wave. On the other hand, in a
range in which the arrangement pitch is equal to or larger
than 50 cm, mutual interference between the magnetic fields
of respective magnetic markers 10 is insufficient, and the
sensor output waveform 1is not an integrated waveform of a
sine wave.

[0039] FIG. 11 depicts simulation results indicating a
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relation between the arrangement pitch between magnetic

markers 10 (horizontal axis) and the magnitude of sensor
output (p-p) (vertical axis). While the magnitude of sensor
output (p-p) when the arrangement pitch is 50 cm is not much
different from that when the arrangement pitch is 100 cm, as
the arrangement pitch approaches 30 cm, the sensor output
(p-p) gradually increases. Then, the sensor output (p-p) has
a peak value when the arrangement pitch is 25 cm or so. When
the arrangement pitch is shorter, the sensor output (p-p)
again decreases. Then, when the arrangement pitch is shorter
than 20 cm, the sensor output (p-p) is even smaller than
those when the arrangement pitch is 50 cm or 100 cm. For
example, the sensor output when the arrangement pitch is 10
cm is significantly small compared with the sensor output
when the arrangement pitch is 50 cm or 100 cm.

[0040] The inventors have considered the reason why this
tendency of the sensor output occurs as follows. That is,
the inventors have considered that size of a loop of a
magnetic field formed around each magnetic marker 10 varies
(FIG. 12a to FIG. 12c) 1in accordance with 1length of the
arrangement pitch Dbetween magnetic markers 10, thereby
causing the magnitude of the sensor output to be varied.
Here, FIG. 12a to FIG. 12c are diagrams each schematically
depicting magnetic fields formed on a periphery of magnetic
markers 10. FIG. 12a corresponds to the arrangement pitch
of 100 cm, FIG. 12b corresponds to the arrangement pitch of
10 cm, and FIG. 1l2c corresponds to the arrangement pitch of
20 cm.

[0041] The loop of the magnetic field when the
arrangement pitch is 10 cm is smaller than the loop of the
magnetic field when the arrangement pitch is 100 cm, as in

FIG. 12a and FIG. 12b. Also, the loop of the magnetic field



10

15

20

25

30

-17.
when the arrangement pitch is 20 cm is larger than the loop

of the magnetic field when the arrangement pitch is 100 cm,
as in FIG. 12a and FIG. 12c. The inventors have considered
that with the loop of the magnetic field decreased when the
arrangement pitch is 10 cm, the intensity of the magnetic
field acting on magnetic sensor 2 positioned higher than road
surface 53 is impaired to decrease the sensor output. Also,
it has been considered that when the arrangement pitch is 20
cm, with the loop of the magnetic field increased, the
magnetic field acting on magnetic sensor 2 positioned higher
than road surface 53 1is enhanced to increase the sensor
output.

[0042] In the present embodiment, in view of the results
of FIG. 10 and FIG. 11, as the arrangement pitch between
magnetic markers 10, the arrangement pitch=20 cm is set,
which satisfies the following three conditions.

(Condition 1) With reference to Hmax=250 mm, which is an
upper-limit height of 100 mm to 250 mm assumed as the sensor
height, the arrangement pitch is within a range of Dbeing
equal to or larger than 2/3 Hmax and equal to or smaller than
3/2x Hmax.

(Condition 2) With reference to Hmax=250 mm, which is the
upper-limit height of 100 mm to 250 mm assumed as the sensor
height, the length of gap G between magnetic markers 10
adjacent to each other is within a range of being equal to
or larger than 1/3x Hmax and equal to or smaller than 1x Hmax.
(Condition 3) The magnitude of the magnetic field with which
magnetic markers 10 arrayed along the road including two
magnetic markers 10 adjacent to each other act on the vehicle
side exhibits a distribution of a sine waveform along the
road. Here, the magnitude of the magnetic field acting on

the vehicle side means a maximum value in the magnetic field
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distribution 1in a vehicle-width direction. Therefore,

"exhibits a distribution of a sine waveform along the road"
described above corresponds to the following: the sensor
output waveform by magnetic sensor 2 passing directly above
magnetic markers 1 arrayed along the road is a sine wave.
[0043] As for the above-described Condition 1, the
arrangement pitch smaller than 2/3x Hmax=167 mm belongs to a
left region of a peak wvalue in the graph in FIG. 11, and
magnetic markers 10 adjacent to each other are too close and
there is a possibility of a decrease in sensor output. On
the other hand, the arrangement pitch exceeding 3/2x Hmax=375
mm belongs to a right region of the graph in FIG. 11, and
magnetic markers 10 adjacent to each other are too away and
therefore there is a possibility of a decrease in sensor
output.

[0044] Also, as for the above-described Condition 2,
when the length of gap G between magnetic markers 10 adjacent
to each other is smaller than 1/3x Hmax=83 mm, magnetic
markers 10 adjacent to each other are too close and there is
a possibility that the sensor output becomes even small. On
the other hand, when the length of gap G between magnetic
markers 10 adjacent to each other exceeds 1x Hmax=250 mm,
magnetic markers 10 adjacent to each other are too away and
therefore there is a possibility of a decrease in sensor
output.

[0045] Furthermore, as for the above-described
Condition 3, when the magnetic field distribution
(distribution of magnitudes of magnetism) with which magnetic
markers 10 arrayed along the road act on magnetic sensor 2
is diverged from a sine waveform, there is a possibility that
magnetic markers 10 arrayed along the road are each

magnetically isolated. In this state in which each magnetic
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marker 10 is isolated, the degree of interference between

the magnetic fields of two magnetic markers 10 adjacent to
each other is not sufficient, and there is a possibility that
the sensor output becomes small, as in the right region of
the graph in FIG. 11.

[0046] As described above, in magnetic marker system 1,
the arrangement pitch between magnetic markers 10 (refer to
FIG. 7) is appropriately set so that the magnetic fields of
two magnetic markers 10 adjacent to each other and having
different magnetic polarities mutually interfere with each
other. In this magnetic marker system 1, by mutual
interference between the magnetic fields of magnetic markers
10 adjacent to each other, the size of the loop of the
magnetic field is expanded more than the case of a single
magnetic marker 10, and the magnetic field acting on magnetic
sensor 2 at the position higher than road surface 53 is
intensified.

[0047] According to magnetic marker system 1 of the
present embodiment, while reducing magnetic force (for
example, magnetic flux density of the surface or the like)
of magnetic marker 10 itself, the intensity of the magnetic
field acting on magnetic sensor 2 attached to vehicle 5 can
be improved. This magnetic marker system 1 1is a system
having excellent characteristics capable of detecting
magnetic marker 10 on the vehicle 5 side with high
reliability while reducing the magnetic force of magnetic
marker 10.

[0048] Note that while a sheet-shape one is exemplarily
described as magnetic marker 10 in the present embodiment, a
shape specification of magnetic marker 10 is not limited to
the sheet shape. For example, a columnar magnetic marker

having, for example, the diameter of 20 mm and the height of
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28 mm, may be used. Also, an upper-surface shape of the

magnetic marker is not limited to a circular shape, but a
triangular shape, a rectangular shape, a polygonal shape more
than a pentagon, or the like may be adopted. Furthermore,
the upper-surface shape of the magnetic marker may preferably
be a point-symmetric shape with respect to a center or
barycenter or a shape close to be point-symmetric. The
upper-surface shape of the magnetic marker may be a shape
having its outer perimeter formed at least partially with a
curve, and may be a shape exhibiting an outer-peripheral
shape smoothly configured only of a curve without a corner
part.

[0049] Also, while one using the ferrite rubber magnet
is exemplarily described as magnetic marker 10 in the present
embodiment, a type of magnet is not limited to the present
embodiment. The magnet may be a ferrite plastic magnet or a
magnet made of neodymium or the like. Furthermore, while
magnetic marker 10 without an accommodation case 1is
exemplarily described in the present embodiment, a magnetic
marker with a magnet accommodated in an accommodation case
may be used. For example, a magnet made of neodymium or the
like whose anti-corrosiveness is insufficient is required to
be accommodated in the accommodation case with high
airtightness or fluid-tightness.

[0050] Note in the present embodiment that three types
of conditions, the above-described Condition 1 to Condition
3, are exemplarily described as conditions for selectively
determining the arrangement pitch between magnetic markers
10 and the arrangement pitch satisfying all of Condition 1
to Condition 3 is set. Either one or two of the three types
of conditions may be adopted. The condition to be adopted

may be any of Condition 1 to Condition 3. However, as for
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Condition 3, there is a possibility that the lower limit of

the arrangement pitch is not defined only with this condition.

Thus, for example, a condition is preferably combined, such

as the condition in which gap G (G>0) can be
magnetic markers 10 adjacent to each other.
[0051] In the present embodiment, as
selecting the arrangement pitch, the

Condition 1 indicating that the arrangement

ensured between

conditions for
above-described

pitch is within

the range of being equal to or larger than 2/3 Hmax and equal

to or smaller than 3/2x Hmax, the above-described Condition

2 indicating that the 1length of gap G between magnetic

markers 10 adjacent to each other is within the range of

being equal to or larger than 1/3x Hmax and equal to or

smaller than 1x Hmax, and so forth are exemplarily described.

As a condition regarding the arrangement pitch, in place of

the above-described Condition 1, a condition may be set in

which the arrangement pitch has a length corresponding to a

length smaller than a double of the attachment height of

magnetic sensor 2. If the arrangement pitch is equal to or

larger than the double of the attachment height, the degree

of interference between the magnetic fields of magnetic

markers 10 adjacent to each other is small,

and there is a

possibility that the effect of intensifying the magnetic

field acting on magnetic sensor 2 is not sufficiently exerted.

[0052] Also, in the present embodiment, as the condition

regarding gap G between magnetic markers 10 adjacent to each

other, the above-described Condition 2

is exemplarily

described in which the length of gap G is within the range

of being equal to or larger than 1/3x Hmax

and equal to or

smaller than 1x Hmax. As the attachment height as a reference,

in place of Hmax, which the an upper-limit height of 100 mm

to 250 mm assumed as the sensor height,

an intermediate
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attachment height may be set. Furthermore, an attachment

height of magnetic sensor 2 in a general type of wvehicles
produced in the greatest numbers may be set as the attachment
height as a reference.

[0053] An RF-ID tag may be attached to at least a part
of magnetic markers 10 arrayed along the road. The RF-ID tag
can be used as an information providing part which provides
information for identifying magnetic marker 10. A wvehicle
including a tag reader unit communicable with the RF-ID tag
can obtain information wirelessly transmitted by the RF-ID
tag. This information may be identification information of
the RF-ID tag. For example, a database storing position
information of magnetic markers 10 linked to this
identification information may be provided in a server device
accessible from vehicle 5 via wireless communication, or in
vehicle 5. In this case, when magnetic marker 10 is detected,
by using the identification information received from the
RF-ID tag, the position of magnetic marker 10 can be
identified. As transmission information of the RF-ID tag,
the position information of corresponding magnetic marker 10
itself may be used.

[0054] When the configuration is adopted in which the
RF-ID tag is attached to a part of magnetic markers 10 to
allow a position of corresponding magnetic marker 10 to be
identified as described above, with reference to magnetic
marker 10 with its position identified, the number of times
of passing over magnetic markers 10 (the number of times of
detection) may be counted. If the arrangement pitch between
magnetic markers 10 is defined, the number of times of
passing over magnet markers 10 1s multiplied by the
arrangement pitch, distance travelled with reference to the

identified position can be calculated with high accuracy.
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[0055] While magnetic sensor 2 having sensitivity in the

longitudinal direction (forwarding direction) of vehicle 5
is exemplarily described in the present embodiment, a
magnetic sensor having sensitivity in the wvehicle-width
direction may be used, or a magnetic sensor having
sensitivity in the wvertical direction may be used.
Furthermore, for example, a magnetic sensor having
sensitivity 1in two axial directions of the vehicle-width
direction and the forwarding direction or two axial direction
of the forwarding direction and the vertical direction may
be adopted. For example, a magnetic sensor having
sensitivity in three axial directions of the vehicle-width
direction, the forwarding direction, and the vertical
direction may be adopted. With the use of a magnetic sensor
having sensitivity in a plurality of axial directions, the
magnitude of magnetism and the acting direction of magnetism
can be measured, and a magnetic vector can be generated. By
using a difference between magnetic vectors and a change
ratio of the difference in the forwarding direction, accuracy
of detection of magnetic marker 10 may be improved.

[0056] (Second Embodiment)

The present embodiment is an example based on magnetic
marker system 1 of the first embodiment, with changes in
conditions for determining the arrangement pitch between
magnetic markers 10. Details of this are described with
reference to FIG. 13 and FIG. 14.

In the magnetic marker system of the present embodiment,
to selectively set the arrangement pitch, an index value
indicating a degree of similarity between a sensor output
waveform and a sine wave is used. As the index wvalue, for
example, a coefficient of correlation between the sensor

output waveform and a sine wave, an error amount between the
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sensor output waveform and a sine wave, and so forth can be
used.

[0057] For example, as a coefficient of correlation, a
coefficient of correlation between data series xi (the number
of pieces of data is n), which is sampling data of a sensor
output waveform for one cycle in FIG. 13a, and data series
yi (the number of pieces of data is n), which is sampling
data of a sine wave for one cycle in FIG. 13b, can be used.
Here, the sine wave of FIG. 13b has its phase and cycle
matched with the sensor output waveform in FIG. 13a as a
target for investigating the correlation, and there is a
match regarding the interval and position of a zero-cross.
Note that FIG. 13a exemplarily depicts the sensor output
waveform when the arrangement pitch=50 cm.

[0058] Coefficient of correlation r between data series
xi of the sensor output waveform in FIG. 13a and data series
yi of the sine wave of FIG. 13b can be calculated by, for
example, the following equation. Here, Sxy is a covariance
between data series xi and data series yi, Sx 1s a standard
deviation of data series xi, and Sy is a standard deviation
of data series yi. xav 1is an average value of data series
xi, and yav is an average value of data series yi.

[Equation 1]

Sxy
r Sx X Sy
Where,
1 n
Sxy = TE ( xi—xav ) ( yi—yav )
i=1

n 2
Sx =J ! >, ( xi—xav )
L]

1 & ) 2
Sy = [— > (yi—vav )
n o
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[0059] If the sensor output waveform is a perfect sine

wave, the above-described coefficient of correlation r is 1.
When the difference between the sensor output waveform and a
sine wave increases, coefficient of correlation r gradually
decreases. As in FIG. l4a and FIG. 14b, when the difference
between the sensor output waveform and a sine wave is large
and coefficient of correlation r is small, the magnetic field
acting on magnetic sensor 2 is weak, and the sensor output
tends to decrease. Also, even if the sensor output waveform
is close to the waveform of a sine wave and coefficient of
correlation r is approximately 1, if the arrangement pitch
is too short, the sensor output is small. Thus, in a range
of arrangement pitches achieving coefficient of correlation
r of being equal to or larger than a threshold value such as
0.8 (a high correlation range depicted in Fig. 14), the
longest arrangement pitch may be set as the arrangement pitch
when magnetic markers 10 are laid. For example, it may be
determined that the sensor output waveform exhibits a sine
wave when coefficient of correlation r is equal to or larger
than a threshold value such as 0.8. Here, the sensor output
waveform corresponds to a distribution of intensities of
magnetic fields (magnitudes of magnetism) acting on the
magnetic sensor.

Note that it may be determined that the sensor output
waveform exhibits a sine wave when, for example, 0.9 is set
as the threshold wvalue regarding the above-described
coefficient of correlation r and coefficient of correlation
r is equal to or larger than the threshold wvalue. 1In this
case, compared with the case in which the threshold value is,
for example, 0.8, degree of matching between the sensor
output waveform and the sine wave can be more strictly

determined. Furthermore, for the purpose of eliminating, in
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advance, setting of the arrangement pitch which is too short

while coefficient of correlation r is approximately 1,
thereby decreasing the sensor output, for example, a range
of being equal to or larger than 0.8 and smaller than 0.9, a
range of being equal to or larger than 0.9 and smaller than
0.95, or the 1like may be set as a range of coefficient of
correlation r. By setting the threshold value smaller than
1 as an upper limit of coefficient of correlation r, a narrow
arrangement pitch which causes a decrease in sensor output
can be eliminated in advance.

[0060] Note that the sensor output waveform required to
calculate coefficient of correlation r can be calculated by
a simulation calculation. Alternatively, a test section
where, for example, ten magnetic markers 10 or so are arrayed
may be provided, and data series xi of the sensor output
waveform may be obtained by actual measurements by magnetic
sensor 2 in this test section. Data values of a sine wave
can be obtained by calculation or the like.

[0061] In the present embodiment, as the index wvalue
indicating the degree of similarity between the sensor output
waveform and a sine wave, coefficient of correlation r
between the sensor output waveform and the sine wave 1is
exemplarily described. As this index value, for example, an
error amount may be adopted, such as a sum total of minimum
square errors between the sensor output waveform and a
normalized sine wave. As this error amount is smaller, the
similarity between the sensor output waveform and the sine
wave 1s higher. When this error amount is subjected to a
threshold process and the error amount is smaller than a
preset threshold, it is preferably determined that the sensor
output waveform exhibits a sine-wave waveform.

[0062] Note that, for example, when a sensor output
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waveform of the magnetic sensor with its attachment height

of 20 cm and a sensor output waveform of another with its
attachment height of 10 cm are compared, the sensor output
waveform in the case of 20 cm may become a smoother waveform
close to a sine waveform. This is because a gap between the
magnetic marker and the magnetic sensor 1s appropriate in
the case of 20 cm. Thus, as for the threshold process for
determining whether the sensor output waveform is close to a
sine waveform, determination conditions for the threshold
process may be changed in accordance with the attachment
height of the magnetic sensor. For example, when the
attachment height of the magnetic sensor is low, the
determination conditions for the above-described threshold
process are preferably mitigated, compared with the case in
which this attachment height is high.

Note that other configurations and operations and
effects are similar to those of the first embodiment.
[0063] In the foregoing, specific examples of the
present invention are described in detail as 1in the
embodiment, these specific examples merely disclose examples
of technology included in the scope of the claims. Needless
to say, the scope of the claims should not be restrictively
construed based on the configuration, numerical values, and
so forth of the specific examples. The scope of the claims
includes technologies acquired by variously modifying,
changing, or combining as appropriate the above-described
specific examples by using known technologies, knowledge of

a person skilled in the art, and so forth.

REFERENCE SIGNS LIST
[0064]

1 magnetic marker system
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road surface

lane

.28.

(magneto-sensitive body)
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CLAIMS

1. A magnetic marker system for achieving assists for
vehicle driving operation by a driver or vehicle control for
automatic driving independent from driver's operation, the
system comprising magnetic markers laid along a road so as
to be detectable by a magnetic sensor on a vehicle side,
wherein

the magnetic markers are laid so that orientations of
magnetic poles are alternately reversed along the road and
arranged so that magnetic fields of the magnetic markers
adjacent to each other as being spaced with a gap along the

road interfere with each other.

2. The magnetic marker system in claim 1, wherein
magnitude of magnetism with which two of the magnetic markers
adjacent to each other along the road act on the vehicle side

exhibits a distribution of a sine waveform along the road.

3. The magnetic marker system in claim 1 or 2, wherein an
arrangement pitch, which 1is a gap between the magnetic
markers laid along the road, is a length corresponding to a
length smaller than a double of an attachment height of the

magnetic sensor assumed on the vehicle side.

4. The magnetic marker system in any one of claims 1 to
3, wherein a length of the gap between two of the magnetic
markers adjacent to each other along the road is equal to or
larger than 1/3 times and smaller than one time of an
attachment height of the magnetic sensor assumed on the

vehicle side.

5. The magnetic marker system in any one of claims 1 to
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4, wherein at least a magnetic marker, which is a part of

the magnetic markers laid along the road, is provided with
an information providing part which provides information for

identifying the magnetic marker.



