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THREE-AXIS MAGNETIC SENSOR, AN
OMNIDIRECTIONAL MAGNETIC SENSOR
AND AN AZIMUTH MEASURING METHOD

USING THE SAME

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a measuring technique of
the earth’s natural magnetism, and 1t particularly relates to a
terrestrial magnetism detecting sensor which corrects the
error encountered 1n azimuth calculation, and also relates to
an azimuth measuring method thereof.

2. Description of the Related Art

The terrestrial magnetism detecting sensor 1s utilized to
measure the orientation of an observation spot. The terrestnial
magnetism detecting sensor also simply referred to as a mag-
netic sensor or a terrestrial magnetic sensor 1s placed on a
horizontal plane at the observation spot, and detects biaxial or
two-axis components of a terrestrial magnetic vector 1n the
horizontal plane. The magnetic bearing 1s calculated based on
the two axis components detected by the terrestrial magne-
tism detecting sensor. The terrestrial magnetism detecting,
sensor 1s used 1n the navigation system employed 1n an auto-
mobile, and 1s put on the market after certain calibration
procedure has been performed to correct the magnetic efiect.

On the other hand, 1t 1s widely prevalent that the map data
are displayed 1n the cellular phone and other mobile termi-
nals. In the light of this current situation, the applicant of the
present invention first propose that the terrestrial magnetic
sensor be built into portable equipment such as the cellular
phone and mobile terminal, and came to recognize the fol-
lowing objects 1 the course of examining the realization of
his proposal. Namely, the portable equipment may be held at
any position depending on the posture of an owner of the
portable equipment or how it 1s held by the owner, so that the
direction of the portable equipment 1s not stabilized and con-
stantly changes. Thus, the terrestrial magnetic sensor
equipped 1n the portable equipment may be inclined by any
possible tilt angle with respect to the horizontal position, and
its t1lt angle may constantly fluctuate. Therefore, under such
a usage environment, besides the removal of the static mag-
netic effect as described above, an etfect due to the change of
the posture and holding position need be eliminated so that
detection signals of the terrestrial magnetic vector can be
automatically corrected.

SUMMARY OF THE INVENTION

The present invention has been made by the applicant in
recognition of the above and an object thereof 1s to provide a
compact-size terrestrial magnetic sensor capable of automati-
cally correcting inclination, and an azimuth measuring
method utilizing the terrestrial magnetic sensor.

In Japanese Patent Application No. 2000-104689, the
applicant of the present invention proposed a portable termi-
nal equipment to which a two-axis magnetic sensor 1s built in,
and proposed a position data display system which can pro-
cess a map according to the orientation of the map displayed
in the portable terminal equipment. Moreover, the applicant
of the present mvention herewith proposes an omnidirec-
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2

tional magnetic sensor which incorporates a tilt sensor or
inclination sensor mnto a magnetic sensor and which 1s
capable of automatically correcting the inclination in order to
improve usability of the system.

According to an aspect of the present invention relating to
a three axis magnetic sensor, the three axis magnetic sensor 1s
so structured that the two axis magnetic sensor and a magne-
tism detecting element are integrally structured as a hybnd
IC. The two axis magnetic sensor 1s so formed that a base
serves as a main member and detects two axial components
specified by a plane parallel to the base. The magnetic detect-
ing element detects a component of a direction orthogonal to
the plane. Thereby, the three axis magnetic sensor can detect
three axial component of the magnetic vector of the terrestrial
magnetism. As the magnetism detecting element, a magnetic
induction element such as a Hall element which detects mag-
netism by the Hall effect may be used, or a magneto-resis-
tance elflect element such as an MR (magnetoresistive) ele-
ment which detects the magnetism by a phenomenon in
which an electric resistance varies relative to magnetization
of ferromagnetic body may be used.

The two axis magnetic sensor may be structured such that
a coil pattern for detecting the two axis components of the
magnetic vector 1s formed on a stacked base. The two axis
magnetic sensor may be a flux gate type magnetic sensor in
which an amorphous ring coil serves as a core, and a first coil
base for detecting a magnetic field component in the X axis of
a plane parallel to the base and a second coil base for detecting
a magnetic field component in the Y axis of the plane are
stacked on the outer surface of an exciting coil base.

As amounting embodiment 1n which the two axis magnetic
sensor and the magnetism detecting element are integrally
structured together, the base on which the two axis magnetic
sensor 1s formed may include a pattern for transmitting a
detection signal outputted from the magnetism detecting ele-
ment, so that the detection signal may be directly introduced
into the base via the pattern when the magnetism detecting
clement 1s mounted on the base.

According to another aspect of the present invention relat-
ing to an omnidirectional magnetic sensor, the omnidirec-
tional magnetic sensor 1s structured such that a three axis
magnetic sensor for detecting a three dimensional magnetic
vector and a t1lt sensor for detecting a tilt angle of the base are
integrally formed together. “Being formed on the base™ indi-
cates, for example, that at least part of a structural component
of the three axis magnetic sensor 1s so formed that the base
serves as a main member, and 1t includes cases where other
structural components of the three axis magnetic sensor 1s
mounted outside the base and where all structural compo-
nents of the three axis magnetic sensor are so formed that the
base serves as the main member. For example, the two axis
magnetic sensor which detects two axis components of a
magnetic vector specified by a plane parallel to the base, may
be formed with the base as the main member, while a mag-
netism detecting element which detects a component 1n a
direction vertical to the plane of the magnetic vector may be
so mounted that the magnetism detecting element 1s con-
nected to a pattern formed on the base.

The t1lt sensor may detect a tilt angle 1n the X axis and a tilt
angle 1n the Y axis specified by a plane parallel to the base.
The t1lt sensor may be an acceleration sensor which detects
displacement 1n the two axis direction or the three axis direc-
tion.

The base may include a pattern which transters a detection
signal outputted from the tilt sensor, so that the detection
signal may be directly introduced to the base via the pattern
when the tilt sensor 1s mounted on the base.
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The omnidirectional magnetic sensor as recited may fur-
ther comprise a film base mounted on the base 1n the form
externally extended from the base, where the tilt sensor 1s
mounted on the film base, the film base 1s folded toward the
base, and whole members including the tilt sensor are fixed.

Moreover, the three axis magnetic sensor may be so formed
that the base servers as a main member, and the three axis
magnetic sensor may include a two axis magnetic sensor
which detects two axis components of a magnetic vector
defined by a plane parallel to the base, and a magnetism
detecting element which detects a component corresponding
to a direction orthogonal to the plane of the magnetic vector.
The magnetism detecting element may be mounted on the
film base. A tlip chip method may be utilized to mount the
clement on the film.

According to still another aspect of the present invention
relating to an azimuth measuring method, the azimuth mea-
suring method includes the steps of: recerving a signal of a
three-dimensional magnetic vector detected by a magnetic
sensor; recerving inclination formed between three dimen-
sional coordinates specified by the magnetic vector and a
horizontal plane, from a tilt sensor; and calculating a mag-
netic vector which ought to be detected when the magnetic
sensor 1s placed horizontal to the horizontal plane, based on
the magnetic vector detected by the magnetic sensor and the
inclination detected by the tilt sensor. Moreover, the azimuth
measuring method may further include the step of calculating,
magnetic declination based on the calculated magnetic vec-
tor.

Moreover, any arbitrary combination of the abovemen-
tioned structural components 1n the present invention 1s still
cifective as an embodiment when applied as a method, a
sensor, and a system and so forth.

Moreover, this summary of the invention does not neces-
sarily describe all necessarily features so that the invention
may also be sub-combination of these described features.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows disassembly of a flux gate type magnetic
sensor 100 which 1s an example of the biaxial terrestrial
magnetic sensor.

FI1G. 2 shows the principle of a tilt sensor 22.

FIGS. 3A and 3B show the structure of a hybrid magnetic
sensor 200 which 1s an example of the omnidirectional sensor.

FI1G. 4 15 a schematic diagram showing a hybrid magnetic
sensor 200 according to another embodiment.

FI1G. 5 1s a functional block diagram of the hybrid magnetic
sensor 200.

FIG. 6 1s a flowchart showing the correction calculation
performed by the CPU 20 of the hybrid magnetic sensor 200.

FIG. 7 1s a top view of the hybrid magnetic sensor 200
according to still another embodiment.

FIG. 8 an explanatory chart of an azimuth measuring sys-
tem utilizing the hybrid magnetic sensor 200.

FIG. 9 1s a functional block diagram of the cellular phone
110.

FIG. 10 1s a flowchart of the azimuth measuring method
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The mvention will now be described based on the preferred
embodiments, which do not intend to limit the scope of the
present invention, but exemplily the invention. All of the
features and the combinations thereof described in the

embodiment are not necessarily essential to the invention.
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The structure of an ommnidirectional magnetic sensor
according to present embodiments will be described referring
to FIGS. 1, 2 and 3A and 3B. A structure of a biaxial magnetic
sensor used in the ommnidirectional magnetic sensor 1s
described 1n FIG. 1. A structure of a tilt sensor used 1n the
ommdirectional sensor 1s described 1n FIG. 2 whilst a struc-
ture of the overall omnidirectional magnetic sensor 1s shown
in FIGS. 3A and 3B.

FIG. 1 shows disassembly of a flux gate type magnetic
sensor 100 which 1s an example of a biaxial terrestrial mag-
netic sensor. The flux gate type magnetic sensor 100 1s the flux
gate type magnetic sensor which 1s disclosed 1n Japanese
Patent Application Laid-open No. He19-43322 (correspond-
ing to U.S. Pat. No. 5,936,403) and Japanese Patent Applica-
tion Laid-Open No. He1l1-118892. The flux gate type mag-
netic sensor 100 1s structured 1n a manner such that a ring core
9 formed by a ring-shaped amorphous core serves as a core
and 1n both directions upward and downward of the core there
are stacked a base 8 for use with an exciting coil, on which an
exciting coil pattern 12 1s etched, an Y-axis directional mag-
netic field detecting coil base 7 on which an'Y coil pattern 11
1s etched, and an X-axis directional magnetic field detecting
coll base 6 on which an X coil pattern 10 1s etched, 1n the order
shown 1n FIG. 1.

FI1G. 2 shows the principle of a tilt sensor 22. The tilt sensor
1s of a structure such that a weight member 34 1s supported by
piezo elements 32A, 32B, 32C and 32D (as an example of a
piezoelectric element) and a square pillar 30. Thus, 1nclina-
tion can be measured by displacement, of the weight member
34, detected by the piezo elements 32A-32D.

FIGS. 3A and 3B show the structure of a hybrid magnetic
sensor 200 which 1s an example of the omnidirectional mag-
netic sensor. FIG. 3A 1s a top view of the hybrid magnetic
sensor 200. FIG. 3B 1s a cross sectional view of the hybrid
magnetic sensor 200. The hybrid magnetic sensor 200 com-
prises: the flux gate type magnetic sensor 100 as a base; a
CPU 20, provided on a pattern formed on the base, as an
arithmetic processing portion; the tilt sensor 22 provided on
the base; a Hall element 24 which 1s an example of the
magnetism detecting element. The CPU 20, tilt sensor 22 and
Hall element 24 are mounted on the base 100 by bonding 28,
and are secured and covered with silicon resin 26 so as to be
integrally structured of the hybnd type. The hybrid magnetic
sensor 200 1s so structured that detection signals outputted
from the t1lt sensor 22 and the Hall element 24 are directly
introduced into to the base via the pattern, and the CPU 20
receives the detection signals of the tilt sensor 22 and Hall
clement 24 as well as a detection signal outputted from the
flux gate type magnetic sensor 100 and performs a correction
calculation (described later) so as to output a corrected signal.
The Hall element 24 detects a magnetic component in the
direction orthogonal to the base. A tri1-axial (three axis) mag-
netic sensor 1s structured which can detect a three-dimen-
sional magnetic vector, by thus combining the flux gate type
magnetic sensor 100 and the Hall element 24. It 1s to be noted
that as the magnetism detecting element a magnetic induction
clement such as the Hall element 24, and a magneto-resis-
tance eflect element such as an MR (magnetoresistive) ele-
ment may be used.

FIG. 4 1s a schematic diagram showing a hybrid magnetic
sensor 200 according to another embodiment. Flexible film
bases 40A, 40B and 40C are mounted on the edges of the flux
gate type magnetic sensor 100, so that the CPU 20, t1lt sensor
22 and Hall element 24 are mounted on the patterns formed 1n
the film bases 40A-40C. The film bases 40A-40C are folded
toward the flux gate type magnetic sensor 100 so as to be fixed
as a whole. A certain degree of freedom 1s allowed when
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designing 1n terms of elements arranged on the film bases
40A-40C. Namely, each of the CPU 20, talt sensor 22 and Hall
clement 24 may be mounted on any one of the film bases
40A-40C. Moreover, all of the CPU 20, tilt sensor 22 and Hall
clement 24 may be mounted on at least one of the film bases
40A-40C, thus all of bases 40A-40C 1s not necessarily used to
mount them. It 1s to be noted that a tlip chip method may be
utilized to mount the element on the film.

In both structures shown 1n FIGS. 3A-3B and FIG. 4, the
hybrid magnetic sensor 200 1s of a hybrid IC type structure
such that the magnetism detecting element which detects the
magnetic component orthogonal to the base and the tilt sensor
which detects the inclination of the base are integrally
mounted on the base on which the biaxial magnetic sensor
that detects the biaxial magnetic component 1n the second
dimensional plane 1s mounted. Thus, the compactness 1s real-
ized by combining a plurality of sensors in an integrally
mounted manner.

FIG. 5 1s a functional block diagram of the hybrid magnetic
sensor 200. The flux gate type magnetic sensor 100 outputs
magnetic components X and y 1n the directions of respective
second-dimensional coordinate axes X axis and Y axis speci-
fied by a plane of the base. The Hall element 24 outputs a
magnetic component z 1n the Z-axis direction orthogonal to
the plane of the base. The tilt sensor 22 outputs a tilt angle .
in the X-axis direction (also referred to as a pitch angle
hereinbelow) and a tilt angle 3 in the Y-axis direction (also
referred to as a roll angle hereinbelow).

The CPU 20 includes a coordinate transtformation unit 202
and a magnetic declination calculating unit 204. The coordi-
nate transformation unit 202 carries out a correction calcula-

it

ect caused by inclination,

tion by which to eliminate an ¢

based on a magnetic vector (X, vy, z), the pitch angle o and roll
angle p. Thus, the coordinate transformation unit 202 calcu-
lates a horizontal magnetic vector (xh, vh, zh) detected when
the base of the hybrid magnetic sensor 200 1s placed horizon-
tally with respect to the horizontal plane. The magnetic dec-
lination calculating unit 204 inputs the horizontal magnetic
vector (xh, vh, zh) so as to calculate the magnetic declination
0. The magnetic declination calculating unit 204 may addi-
tionally calculate a dip ¢.

FIG. 6 1s a tlowchart showing the correction calculation
performed by the CPU 20 of the hybrid magnetic sensor 200.
The coordinate transformation unit 202 acquires the pitch
angle o and the roll angle p (S10) from the tilt sensor 22, and
also acquires components X and y 1n the X-axis and Y-axis
directions, respectively, of the magnetic vector, from the flux
gate type magnetic sensor 100, and a component z 1n the
Z-axi1s direction of the magnetic vector, from the Hall element
24 (S12). The coordinate transformation unit 202 calculates
the horizontal magnetic vector (xh, vh, zh) detected when the
base of the hybrid magnetic sensor 200 1s placed horizontally
with respect to the horizontal plane (S14). The actual calcu-

lation 1s carried out 1n what follows.

Since when the base of the hybrid magnetic sensor 200 1s
tilted by o about the X axis and by {3 about the Y axis of a
horizontal spatial coordinate system 1ts magnetic vector 1s
represented by (X, vy, z), the horizontal magnetic vector (xh,
vh, zh) 1s obtained by rotating the magnetic vector (X, y, Z) by
—[ about the Y axis and by —a about the X axis as in the
tollowing equation (1).
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- cosf3 O singf || 1 0 0 ] (1)

[x v z]| O 1 0 0

COSy  Slhe

—sinp 0 cosf || 0 —sina cosa
- cosf5 —sinfcosa  sInBcosa |
[x v z]| O cosa S1nQ
| —s1nf  —cosfsina  cosBcosa |

Thus, the horizontal magnetic vector (xh, vh, zh) 1s
expressed by:

xh=x cos p-z sin 3
yh=-x sin P sin a+y cos ¢~z cos P sin o

(2)

The magnetic declination calculating unit 204 obtains the
magnetic declination 0 of the terrestrial magnetism (516)
based on the coordinate-transformed X-axis component xh
and Y-axis component yvh of the magnetic vector, using the
following equation (3).

zh=x sin [} cos ¢+Yy sin a+z cos [ cos ¢

O=arc tan(yh/xh) (3)

In the magnetic declination calculating unit 204, the dip of
the terrestrial magnetism, that 1s the angle ¢ formed between
the terrestrial magnetlc vector and the vertical direction, may
turther be obtained using the following equation (4).

¢=ar cos(zh/r) (4)

where r 1s the norm (magnitude) of the magnetic vector (xh,
vh, zh) (namely the total magnetic force).

FIG. 7 1s a top view of the hybrid magnetic sensor 200
according to still another embodiment. A CPU 20, a tilt sensor
23 and a Hall element 24 are mounted on the top of the flux
gate type magnetic sensor 100 serving as a base. The structure
of the tilt sensor 23 according to this embodiment 1s the same
as that of the tilt sensor 22 shown 1n FIG. 2. However, the
structure differs in that the tilt sensor 23 1s covered with a
flexible gel silicon 50 so that the outside air pressure can be
detected from a difference between the outside air pressure
and internal pressure in the sensor. Other structure of the
hybrid magnetic sensor 200 1s the same as 1n FIG. 3B, but the
whole unit except the tilt sensor 22 1s secured by the silicon
resin 26. In the hybrid magnetic sensor 200 thus packaged, the
altitude as well as the azimuth of an observation spot can also
be measured based on the outside air pressure.

FIG. 8 1s an explanatory chart of an azimuth measuring
system utilizing the hybrid magnetic sensor 200. A cellular
phone 110 contains the hybrid magnetic sensor 200 and a
GPS (global positioning system) recetving unit 102. The cel-
lular phone 110 receives position data from a plurality of GPS
satellites 114. The position data include latitude and longi-
tude of an observation spot. The cellular phone 110 transmits
the position data recerved to a ground station 112. The ground
station 112 includes a server 116, map data 118 and a GPS
antenna 120. The accurate latitude and longitude of the
ground station 112 are known. Utilizing the known latitude
and longitude of the ground station 112 as reference data, the
server 116 corrects the position data transmitted from the
cellular phone 110, based on the position data recerved from
a plurality of the GPS satellites 114 via the GPS antenna 120,
so as to transmit correct position information to the cellular
phone 110. Moreover, the server 116 transmits to the cellular
phone 110 the total magnetic force data regarding the present
position requested by the cellular phone 110, by extracting
the total magnetic force data from the map data 118. More-
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over, the server 116 extracts the map data from the map data
118, based on the present position of the cellular phone 110,
and then transmits the map data to the cellular phone 110.
Then, the map data are processed and displayed on the cellu-
lar phone 110, based on the azimuthal orientation of the

terrestrial magnetism measured by the hybrid magnetic sen-
sor 200.

FIG. 9 1s a functional block diagram of the cellular phone
110. The usual telephone calling system in the cellular phone
will be omitted here. Referring to FIG. 9, various functions
related to the azimuth measuring technique employed 1n the
present invention will be described. The cellular phone 110
includes the GPS receiving unit which receives a GPS signal
from the GPS satellite 114, a total magnetic force acquiring
unit 104 which acquires total magnetic force data from the
ground station 112, the hybrid magnetic sensor 200, a map
data processing unit 206 and a display 208. The hybrid mag-
netic sensor 200 1ncludes the flux gate type magnetic sensor
100, t1lt sensor 22, coordinate transformation unit 202 and
magnetic declination calculating unit 204.

The GPS recerving unit 102 receives from the GPS satel-
lites 114 the position data of the observation spot while the
total magnetic force acquiring unit 104 transmits to the
ground station 112 the position data recerved by the GP
receiving unit 102, and recerves the total magnetic force r
from the ground station 112. The total magnetic force acquir-
ing unit 104 inputs the total magnetic force r to the coordinate
transformation unit 202. The X-axis component x and Y-axis
component y, of the magnetic vector, detected by and output-
ted from the flux gate type magnetic sensor 100, and the pitch
angle a. and roll angle p outputted from the tilt sensor 22 are
inputted to the coordinate transformation umt 202. In the
coordinate transformation unit 202, a Z-axis component z of
the magnetic vector 1s obtained based on the X-axis compo-
nent X, Y-axis component y and the total magnetic force r.
Then, the horizontal magnetic vector (xh, yh, zh) 1s obtained
by the coordinate transformation utilizing the pitch angle c.
and roll angle 3. The magnetic declination calculating unit
204 calculates the magnetic declination 0 of the terrestrial
magnetism based on the horizontal magnetic vector, so that
the calculated magnetic declination 0 1s inputted to map pro-
cessing unit 206.

The map data processing unit 206 processes the map data
received from the ground station 112 based on the magnetic
declination 0, and the display 208 displays the processed map
data on screen. For example, the map data processing unit 206
rotates the map 1n such a manner that the orientation of the
map 1s aligned with the magnetic declination 0. Thus, on the
screen of the cellular phone 110, the map 1s displayed which
1s aligned with the direction which the cellular phone owner
looks at.

FIG. 10 1s a flowchart of the azimuth measuring method
according to the present embodiment. The coordinate trans-
formation unit 202 acquires the pitch angle o and roll angle 3
from the tilt sensor 22 (S20) so as to acquire the X-axis
component x and Y-axis component v of the magnetic vector
from the flux gate type-magnetic sensor 100 (522) . The GPS
receiving umt 102 acquires the present position data (S24),
and the total magnetic force acquiring unit 104 transmits the
present position data to the server 116 of the ground station
112 so as to recerve the total magnetic force r of the present
position from the server 116 (526). The coordinate transior-
mation unit calculates the Z-axis component z from the total
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magnetic force r, the X-axis component X and Y-axis compo-
nent y of the magnetic vector, utilizing the following equation

(5) (S28).

zz\/rz—xz—y2 (5)

The coordinate transformation unit 202 obtains the hori-
zontal magnetic vector (xh, yh, zh) by the coordinate trans-
formation of the aforementioned equation (2), utilizing the
pitch angle o and roll angle 3 (S30) . The magnetic declina-
tion calculating unit 204 calculates the magnetic declination
0 from the coordinate transformed X-axis component x and
Y-axis component y of the magnetic vector, by the above-
mentioned equation (3) (S32).

It 1s to be noted that the altitude of the observation spot
together with latitude and longitude thereol may be transmit-
ted to the server 116 of the ground station 112 by utilizing a
hybrid magnetic sensor 200 capable of detecting the altitude
shown 1 FIG. 7 as the hybrid magnetic sensor 200.

As described above, the hybrid magnetic sensor 200
according to the present embodiments 1s formed such that the
base serves as a main member thereot, and 1s integrally struc-
tured such that the Hall element 24 and the tilt sensor 22 are
mounted on the base, so as to realize compactness 1n size.

Moreover, by implementing the hybrid magnetic sensor
200 according to the present embodiments, the automatic
correction against the inclination makes it possible to auto-
matically correct and eliminate the effect caused by the incli-
nation even when the hybrid magnetic sensor 200 1s tilted in
any direction or the inclination angle thereof varies and 1s not
stabilized. Moreover, the hybrid magnetic sensor 200 can be
casily built into portable equipment such as the cellular phone
and mobile terminal. Note that the conventional magnetic
azimuth sensor performs the calibration by use of a mechani-
cal means such as a pendulum to maintain and track horizon-
tality. Compared to such a conventional scheme, the hybnd
magnetic sensor 200 thus formed according to the present
embodiments 1s purely electronically operated, thus superior
in responsibility, moreover there 1s no mechanical contacts
thus capable of being used semipermanently. Moreover, since
the hybrid magnetic sensor 200 1s thus structured, 1t can be
adapted to all possible positions and postures.

According to the present embodiments, the correction 1s
carried out eliminating the effect caused by the inclination, so
that the orientation of the terrestrial magnetism can be accu-
rately measured.

Although the present invention has been described by way
of exemplary embodiments, 1t should be understood that
many changes and substitutions may be made by those skilled
in the art without departing from the spirit and the scope of the
present invention which 1s defined by the appended claims.

What 1s claimed 1s:
1. A [three axis magnetic sensor] cellular phone, compris-
ng:

a three axis magnetic sensor;

a display;,

a GPS receiving unit configured to rveceive position data;,
and

a map data processing unit configured to display a map on
the display based on information from the three axis
magnetic sensor and the GPS receiving unit,

wherein the three axis magnetic sensor comprises:

a two axis magnetic sensor which detects two axis compo-
nents of a magnetic vector defined by a plane parallel to
a base, said two axis magnetic sensor being so formed
that the base serves as a main member; and
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a magnetic detecting element which detects a component
corresponding to a direction orthogonal to the plane of
the magnetic vector,

wherein said two axis magnetic sensor and said magnetic
detecting element are integrally structured together as a
hybrid IC, and wherein a plurality of coil patterns which
detect the two axis components of the magnetic vector
are formed over stacked bases.

2. A [three axis magnetic sensor] cellular phone as recited
in claim 1, wherein said base includes a pattern which trans-
ters a detection signal outputted from said magnetic detecting
clement.

3. An ommidirectional magnetic sensor, comprising;:

a three axis magnetic sensor, formed on a base, which

detects a three dimensional magnetic vector; and

a 111t sensor which detects inclination of the base,

wherein said three axis magnetic sensor and said t1lt sensor
are integrally structured together as a hybnid IC, and
wherein the base includes a pattern which transfers a
detection signal outputted from said tilt sensor, and the
detection signal 1s directly introduced to the base via the
pattern when said tilt sensor 1s mounted on the base.

4. An ommnidirectional magnetic sensor, comprising:

a three axis magnetic sensor, formed on a base, which
detects a three dimensional magnetic vector; and

a 111t sensor which detects inclination of the base, wherein
said t1lt sensor detects a first inclination of an X axis and
a second 1inclination of a Y axis which are parallel to the
base,

wherein said three axis magnetic sensor and said t1lt sensor
are integrally structured together as a hybnd IC, and
wherein the base includes a pattern which transters a
detection signal outputted from said tilt sensor, and the
detection signal 1s directly introduced to the base via the
pattern when said tilt sensor 1s mounted on the base.

5. An ommnidirectional magnetic sensor, comprising:

a three axis magnetic sensor, formed on a base, which
detects a three dimensional magnetic vector; and

a 111t sensor which detects inclination of the base, wherein
said tilt sensor 1s an acceleration sensor which detects
displacement 1n three axis directions,

wherein said three axis magnetic sensor and said tilt sensor
are integrally structured together as a hybnd IC, and
wherein the base includes a pattern which transfers a
detection signal outputted from said tilt sensor, and the
detection signal 1s directly introduced to the base via the
pattern when said tilt sensor 1s mounted on the base.

6. An ommdirectional magnetic sensor, comprising:

a three axis magnetic sensor, formed on a base, which
detects a three dimensional magnetic vector;

a 111t sensor which detects inclination of the base; and

a 1ilm base mounted on the base in the form externally
extended from the base, wherein said tilt sensor 1is
mounted on said film base, said film base 1s folded
toward the base, and whole members including said tilt
sensor are fixed;

wherein said three axis magnetic sensor and said tilt sensor
are integrally structured together as a hybnd IC.

7. An ommnidirectional magnetic sensor, comprising:

a three axis magnetic sensor, formed on a base, which
detects a three dimensional magnetic vector;

a t1lt sensor which detects inclination of the base, wherein
said t1lt sensor detects a first inclination of an X axis and
a second inclination of a’Y axis which are parallel to the
base; and

a 1ilm base mounted on the base in the form externally
extended from the base, wherein said tilt sensor 1is
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mounted on said film base, said film base 1s folded
toward the base, and whole members including said tilt
sensor are fixed;

wherein said three axis magnetic sensor and said t1lt sensor
are mtegrally structured together as a hybrid IC.

8. An ommidirectional magnetic sensor, comprising:

a three axis magnetic sensor, formed on a base, which
detects a three dimensional magnetic vector;

a tilt sensor which detects inclination of the base, wherein
said tilt sensor 1s an acceleration sensor which detects
displacement in three axis directions; and

a film base mounted on the base in the form externally
extended from the base, wherein said tilt sensor 1is
mounted on said film base, said film base 1s folded
toward the base, and whole members including said tilt
sensor are fixed;

wherein said three axis magnetic sensor and said tilt sensor
are mtegrally structured together as a hybrid IC.

9. The cellular phone of claim 1, wherein the map data
processing unit is configured to rotate the map displayed on
the display based on the information from the three axis
magnetic sensor.

10. The cellular phone of claim 1, whervein the map data
processing unit is configuved to change orientation of the map
displaved on the display based on the information from the
thrvee axis magnetic sensor.

11. A cellular phone comprising:

an omnidirectional magnetic sensor;

a display;

a GPS receiving unit configured to rveceive position data;,
and

a map data processing unit configured to display a map on
the display based on information from the omnidirec-
tional magnetic sensorv and the GPS receiving unit,

wherein the omnidirvectional magnetic sensor comprises:
a three axis magnetic sensov, formed on a base, whickh

detects a three dimensional magnetic vector; and
a tilt sensor which detects inclination of the base,
wherein said three axis magnetic sensov and said tilt sensor
are integrally structured together as a hybrid IC, and

wherein the base includes a pattern which transfers a
detection signal outputted from said tilt sensor, and the
detection signal is divectly introduced to the base via the
pattern when said tilt sensor is mounted on the base.

12. The cellular phone of claim 11, wherein the map data
processing unit is configured to rotate the map displayed on
the display based on the information from the omnidirec-
tional magnetic sensor.

13. The cellular phone of claim 11, wherein the map data
processing unit is configurved to change orientation of the map
displaved on the display based on the information from the
omnidivectional magnetic sensor.

14. A cellular phone comprising:

an omnidirectional magnetic sensor;

a display;

a GPS receiving unit configured to receive position data;
and

a map data processing unit configured to display a map on
the display based on information from the omnidirec-
tional magnetic sensorv and the GPS receiving unit,

wherein the omnidivectional magnetic sensor comprises:
a three axis magnetic sensov, formed on a base, which

detects a three dimensional magnetic vector; and
a tilt sensor which detects inclination of the base,

wherein said tilt sensor detects a first inclination of an X
axis and a second inclination of a Y axis which are
parallel to the base,
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wherein said three axis magnetic sensov and said tilt sensor

are integrally structuved together as a hybrid IC, and

wherein the base includes a pattern which transfers a

detection signal outputted from said tilt sensor, and the
detection signal is divectly introduced to the base via the
pattern when said tilt sensor is mounted on the base.

13. The cellular phone of claim 14, wherein the map data
processing unit is configured to votate the map displayved on
the display based on the information from the omnidirec-
tional magnetic sensor.

16. The cellular phone of claim 14, wherein the map data
processing unit is configured to change orientation of the map
displaved on the display based on the information from the
omnidirvectional magnetic sensor.

17. A cellular phone comprising:

an omnidirectional magnetic sensor;

a display;

a GPS receiving unit configured to receive position data,

and

a map data processing unit configured to display a map on

the display based on information from the omnidirec-
tional magnetic sensorv and the GPS receiving unit,
whevrein the omnidivectional magnetic sensov comprises.
a three axis magnetic sensov, formed on a base, which
detects a three dimensional magnetic vector; and

a tilt sensor which detects inclination of the base,

wherein said tilt sensor is an acceleration sensor which

detects displacement in three axis divections,

wherein said three axis magnetic sensov and said tilt sensor

are integrally structured together as a hybrid IC, and

wherein the base includes a pattern which transfers a

detection signal outputted from said tilt sensor, and the
detection signal is divectly introduced to the base via the
pattern when said tilt sensor is mounted on the base.

18. The cellular phone of claim 17, wherein the map data
processing unit is configured to votate the map displayed on
the display based on the information from the omnidirec-
tional magnetic sensor.

19. The cellular phone of claim 17, wherein the map data
processing unit is configured to change ovientation of the map
displaved on the display based on the information from the
omnidirvectional magnetic sensor.

20. A cellular phone comprising:

an omnidirectional magnetic sensor;

a display;

a GPS receiving unit configured to receive position data,

and

a map data processing unit configured to display a map on

the display based on information from the omnidirec-

tional magnetic sensorv and the GPS receiving unit,

wherein the omnidivectional magnetic sensov comprises.

a three axis magnetic sensov, formed on a base, which
detects a three dimensional magnetic vector;

a tilt sensor which detects inclination of the base; and

a film base mounted on the base in the form externally
extended from the base,

wherein said tilt sensor is mounted on said film base, said

film base is folded toward the base, and whole members
including said tilt sensor arve fixed;

whevrein said three axis magnetic sensor and said tilt sensor

are integrally structured together as a hybrid IC.

21. The cellular phone of claim 20, wherein the map data
processing unit is configured to votate the map displayed on
the display based on the information from the omnidirec-
tional magnetic sensor.

22. The cellular phone of claim 20, wherein the map data
processing unit is configuved to change orientation of the map
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displaved on the display based on the information from the
omnidirvectional magnetic sensor.

23. A cellular phone comprising:

an omnidirectional magnetic sensor;

a display;,

a GPS receiving unit configured to rveceive position data;,

and

a map data processing unit configured to display a map on

the display based on information from the omnidirec-

tional magnetic sensorv and the GPS receiving unit,
wherein the omnidirvectional magnetic sensor comprises:

a three axis magnetic sensor, formed on a base, which
detects a three dimensional magnetic vector;

a tilt sensor which detects inclination of the base,
wherein said tilt sensor detects a first inclination of an
X axis and a second inclination of a Y axis which are
parallel to the base; and

a film base mounted on the base in the form externally
extended from the base,

wherein said tilt sensor is mounted on said film base, said

film base is folded toward the base, and whole members

including said tilt sensor arve fixed;

wherein said three axis magnetic sensov and said tilt sensor

are integrally structurved together as a hybrid IC.

24. The cellular phone of claim 23, wherein the map data
processing unit is configured to votate the map displayved on
the display based on the information from the omnidirec-
tional magnetic sensor.

25. The cellular phone of claim 23, wherein the map data
processing unit is configured to change orientation of the map
displaved on the display based on the information from the
omnidivectional magnetic sensor.

26. A cellular phone comprising:

an omnidirectional magnetic sensor;

a display;,

a GPS receiving unit configured to rveceive position data;

and

a map data processing unit configured to display a map on

the display based on information from the omnidirec-

tional magnetic sensor and the GPS receiving unit,
wherein the omnidivectional magnetic sensov comprises:

a three axis magnetic sensov, formed on a base, which
detects a three dimensional magnetic vector;

a tilt sensor which detects inclination of the base,
wherein said tilt sensor is an acceleration sensor
which detects displacement in three axis dirvections;
and

a film base mounted on the base in the form externally
extended from the base,

wherein said tilt sensor is mounted on said film base, said

film base is folded toward the base, and whole members

including said tilt sensor ave fixed;

wherein said three axis magnetic sensov and said tilt sensor

are integrally structured together as a hybrid IC.

27. The cellular phone of claim 26, wherein the map data
processing unit is configured to rotate the map displayved on
the display based on the information from the omnidirec-
tional magnetic sensor.

28. The cellular phone of claim 26, wherein the map data
processing unit is configured to change orientation of the map
displaved on the display based on the information from the
omnidirectional magnetic sensor.

29. A cellular phone, comprising:

an omnidirectional magnetic sensov, wherein the omnidi-

rectional magnetic sensov comprises:

a three axis magnetic sensor, formed on a base, which

detects a three dimensional magnetic vector; and
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a tilt sensor which detects inclination of the base,
whevrein the three axis magnetic sensor and the tilt sensor
are integrally structured together as a hybrid IC, and
wherein the base includes a pattern which transfers a
detection signal outputted from the tilt sensor, and the
detection signal is divectly introduced to the base via the

pattern when the tilt sensor is mounted on the base.

30. The cellular phone of claim 29, further comprising a
display configured to display data based on information from
the omnidirvectional magnetic sensor.

31. The cellular phone of claim 29, further comprising:

a display;

a GPS receiving unit configured to receive position data

from one or more GPS satellites; and

a map data processing unit configured to display map data

on the display.

32. A cellular phone, comprising:

an omnidivectional magnetic sensov, wherein the omnidi-

rectional magnetic sensor comprises:

a three axis magnetic sensor, formed on a base, which

detects a three dimensional magnetic vector; and

a tilt sensor which detects inclination of the base, wherein

the tilt sensor is an acceleration sensor which detects
displacement in three axis divections,

whevrein the three axis magnetic sensor and the tilt sensor

are integrally structured together as a hybrid IC, and

wherein the base includes a pattern which transfers a

detection signal outputted from the tilt sensor, and the

detection signal is divectly introduced to the base via the
pattern when the tilt sensor is mounted on the base.
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33. The cellular phone of claim 32, further comprising a
display configured to display data based on information from
the omnidirvectional magnetic sensor.

34. The cellular phone of claim 32, further comprising.

a display;,

a GPS receiving unit configured to receive position data

from one or more GPS satellites; and

a map data processing unit configured to display map data

on the display.

35. A cellular phone, comprising:

an omnidirvectional magnetic sensov, wherein the omnidi-

rectional magnetic sensov comprises:

a three axis magnetic sensor, formed on a base, which

detects a three dimensional magnetic vector;

a tilt sensov which detects inclination of the base; and

a film base mounted on the base in the form externally

extended from the base,

wherein the tilt sensor is mounted on the film base, the film

base is folded toward the base, and whole members
including the tilt sensor are fixed,;

wherein the three axis magnetic sensor and the tilt sensor

are integrally structurved together as a hybrid IC.

36. The cellular phone of claim 35, further comprising a
display configured to display data based on information from
the omnidirvectional magnetic sensor.

37. The cellular phone of claim 35, further comprising:

a display;

a GPS receiving unit configured to receive position data

from one or more GPS satellites; and

a map data processing unit configured to display map data

on the display.
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