US 20130237255A1

a2y Patent Application Publication o) Pub. No.: US 2013/0237255 A1l

a9 United States

Shinada

43) Pub. Date: Sep. 12, 2013

(54) MOBILE TERMINAL WITH ELECTRONIC
COMPASS, AND ORIENTATION
CALCULATION METHOD

(75) Inventor: Yousuke Shinada, Kanagawa (JP)

(73) Assignee: NEC CASIO MOBILE
COMMUNICATIONS, LTD.,
Kawasaki-shi, Kanagawa (IP)

(21) Appl. No.: 13/989,702

(22) PCTFiled:  Nov. 24,2011
(86) PCT No.:

§371 (D),
(2), (4) Date:

PCT/IP2011/077059

May 24, 2013
(30) Foreign Application Priority Data

Nov. 25,2010 (JP) .ecoveiiicece 2010-261952

Publication Classification

(51) Int.CL
HO4W 4/02 (2006.01)
(A) CLOSED
STATE 5

4

54

(52) US.CL
() CRN HO4W 4/026 (2013.01)
161 G 455/456.6
(57) ABSTRACT

A mobile terminal with electronic compass is provided with a
first housing that houses a geomagnetic sensor, a second
housing connected to the first housing, with relative position
thereto being variable, a state detection unit that detects a
relative position state between the first housing and the sec-
ond housing, an offset correction initial value storage unit that
stores an offset correction initial value for each of a plurality
of relative position states detected by the state detection unit,
and an offset correction value determination unit that deter-
mines whether the offset correction value calculated by a
calibration unit is valid or invalid. The offset correction value
determination unit, in a case of determining that the offset
correction value calculated by the calibration unit is valid,
updates the offset correction value as the offset correction
initial value corresponding to the relative position state, and
stores the offset correction initial value in the offset correction
initial value storage unit.
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MOBILE TERMINAL WITH ELECTRONIC
COMPASS, AND ORIENTATION
CALCULATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese Patent Application No. JP2010-261952 (filed on Nov.
25, 2010) the content of which is incorporated herein in its
entirety by reference thereto.

TECHNICAL FIELD

[0002] The present invention relates to a mobile terminal
with electronic compass for measuring orientation, and an
orientation calculation method. In particular, the present
invention relates to a mobile terminal with electronic com-
pass provided with a geomagnetic sensor for measuring ori-
entation, and an orientation calculation method by a sensor
value of the geomagnetic sensor.

BACKGROUND

[0003] In recent years, mobile terminals such as mobile
telephones or the like, are provided with the function of an
electronic compass that displays an orientation calculated by
a geomagnetic sensor, and furthermore navigation function
that displays the orientation obtained by the geomagnetic
sensor superimposed on a map image. In the navigation func-
tion, by rotating the map so as to have a display in which a
user’s direction of movement is in an upward direction in a
display screen of the mobile terminal, a display that is easy to
understand for the user is realized. In order to implement this
function, it is necessary to obtain the correct orientation, and
with regard to the magnetism received by the geomagnetic
sensor, it is necessary to correct the effects of magnetism
other than geomagnetism. Accordingly, a calibration is per-
formed in an environment where a mobile terminal is used,
and an offset correction value is calculated. After the offset
correction value is calculated, a correct orientation is calcu-
lated based on a sensor value of the geomagnetic sensor and
the offset correction value. However, in performing a calibra-
tion, the user has to swivel the mobile terminal around, and
since this is a troublesome operation, performing the calibra-
tion frequently is a burden to the user and is undesirable.
[0004] Meanwhile, inside amobile telephone housing there
are various parts that generate magnetism, and a geomagnetic
sensor disposed within the housing is affected by them. Here,
a mobile telephone is divided into a casing for an operation
unit and a casing for a display unit, and the positional rela-
tionship between the two casings varies according to whether
the mobile telephone is in an open state or a closed state. Since
the geomagnetic sensor normally housed in the casing of the
operation unit is closer to parts housed in the casing of the
display unit in a closed state than in an open state, overall, the
effect of magnetism due to parts inside the mobile telephone
is larger in the closed state.

[0005] Thus, in Patent Literature 1, offset correction values
for an open state and a closed state of a mobile telephone are
respectively stored as separate offset correction initial values,
a detection is made as to whether the mobile telephone is in an
open state or a closed state, and the offset correction initial
value corresponding to the detected state is read and used. In
a case where the offset correction value in the state in question
is updated by a calibration, the stored offset correction initial
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value is rewritten with the updated offset correction value.
The next time if the mobile telephone is in the same state, the
stored offset correction initial value is read and used. By
having such a configuration, it is possible to reduce the fre-
quency of calibrations, and the orientation accuracy is also
improved by using the offset correction value corresponding
to the open state or closed state of the mobile telephone. It is
to be noted that in the present Description, a stored offset
correction value is referred to as “offset correction initial
value” and is distinguished from other offset correction val-
ues.

CITATION LIST
[PTL 1]
[0006] Japanese Patent Kokai Publication No. JP2005-
291932 A
[PTL 2]
[0007] Japanese Patent Kokai Publication No. JP2007-
3460 A
SUMMARY
[0008] The disclosures of Patent Literatures 1 and 2 given

above are incorporated herein in their entirety by reference
thereto. The following analysis is given according to the
present invention.

[0009] In a method disclosed in Patent Literature 1, how-
ever, astored offset correction initial value is always rewritten
with an offset correction value updated by a calibration. In a
case where a calibration of an electronic compass is per-
formed when a user is close to a metal building or in an
environment subject to a strong magnetic field, the offset
correction value obtained by the calibration of the electronic
compass has a value that differs greatly from a value in an
environment with a normal magnetic field. However, in this
case also, the stored offset correction initial value is rewritten
with the offset correction value updated by the calibration.
Accordingly, there is a problem in that, when the electronic
compass is used in an environment with a normal magnetic
field the next time, the offset correction initial value that
differs greatly is read, and thus a correct orientation can not be
obtained immediately. In order to obtain the correct orienta-
tion, it is necessary for the user to swivel the mobile terminal
around, to calibrate the electronic compass.

[0010] Accordingly, the present invention has been made in
view of the above-mentioned situation and has an object to
provide a mobile terminal with an electronic compass in
which, after using the electronic compass after performing a
calibration in an environment subject to a strong magnetic
field, on moving to an environment with a normal magnetic
field, a correct orientation can be immediately obtained.
[0011] According to a first aspect of the present invention
there is provided a mobile terminal with electronic compass
that includes a geomagnetic sensor, a calibration unit that
calculates an offset correction value for the geomagnetic sen-
sor, a geomagnetic orientation calculation unit that calculates
orientation based on a sensor value obtained by the geomag-
netic sensor and the offset correction value, and a display unit
that displays the calculated orientation. The mobile terminal
is provided with a first housing that houses the geomagnetic
sensor, a second housing connected to the first housing, with
relative position thereto being variable, and a state detection
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unit that detects a relative position state between the first
housing and the second housing. The mobile terminal is fur-
ther provided with an offset correction initial value storage
unit that stores an offset correction initial value for each of a
plurality of relative position states detected by the state detec-
tion unit, and an offset correction value determination unit
that determines whether the offset correction value calculated
by a calibration unit is valid or invalid. The offset correction
value determination unit, in a case of determining that the
offset correction value calculated by the calibration unit is
valid, updates the offset correction value as the offset correc-
tion initial value corresponding to the relative position state,
and stores the offset correction initial value in the offset
correction initial value storage unit.

[0012] According to a second aspect of the present inven-
tion, there is provided a geomagnetic orientation calculation
method of calculating a geomagnetic orientation based on a
sensor value obtained by a geomagnetic sensor. The geomag-
netic orientation calculation method includes detecting a rela-
tive position state between a first housing that houses the
geomagnetic sensor, and a second housing connected to the
first housing, with relative position thereto being variable.
The geomagnetic orientation calculation method further
includes reading the offset correction initial value corre-
sponding to the relative position state detected in the state
detection step, to set the offset correction initial value as the
offset correction value; calibrating an offset correction value
of the geomagnetic sensor to update the offset correction
value; and determining whether the offset correction value
obtained by calibration is valid or invalid. The geomagnetic
orientation calculation method further includes storing, in a
case where the determination in the offset correction value
determination step is valid, the offset correction value
obtained by calibration as the offset correction initial value
corresponding to the relative position state; and calculating
orientation, based on the sensor value obtained by the geo-
magnetic sensor and the offset correction value.

[0013] According to the first aspect of the present inven-
tion, it is possible to provide a mobile terminal with an elec-
tronic compass in which, after using the electronic compass
by performing a calibration in an environment subject to a
strong magnetic field, on moving to an environment with a
normal magnetic field a correct orientation can be immedi-
ately obtained.

[0014] According to the second aspect of the present inven-
tion, it is possible to provide an orientation calculation
method by which, after obtaining an orientation by perform-
ing a calibration in an environment subject to a strong mag-
netic field, on moving to an environment with a normal mag-
netic field a correct orientation can be immediately obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram for illustrating parts
related to orientation calculation and display, in a mobile
terminal with an electronic compass according to a first exem-
plary embodiment of the present invention.

[0016] FIG. 2 is a flow chart for illustrating an orientation

calculation method according to the first exemplary embodi-
ment of the present invention.

[0017] FIG. 3 is a block diagram for illustrating parts
related to orientation calculation and display, in a conven-
tional mobile terminal with an electronic compass.
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[0018] FIG. 4isadiagram showing an overview of amobile
terminal (slide type) with an electronic compass according to
the first exemplary embodiment of the present invention.
[0019] FIG. 5isadiagram showing an overview of amobile
terminal (claim shell type) with an electronic compass
according to the first exemplary embodiment of the present
invention.

[0020] FIG. 6 is a diagram showing an internal structure of
a mobile terminal (clam shell type) with an electronic com-
pass according to the first exemplary embodiment of the
present invention.

[0021] FIG. 7 is a diagram for illustrating a principle of
calibration according to the first exemplary embodiment of
the present invention.

[0022] FIG. 8 is a diagram for illustrating a principle of
calibration according to the first exemplary embodiment of
the present invention.

[0023] FIG. 9 is a flow chart for illustrating a conventional
orientation calculation method.

PREFERRED MODES

[0024] An outline of an exemplary embodiment of the
present invention is described, making reference to the draw-
ings as necessary. It is to be noted that that reference symbols
of'the drawings referred to in this outline are provided by way
of examples solely in order to assist understanding, and are
not intended to limit the present invention to the illustrated
modes.

[0025] As shown in FIG. 1, FIG. 4, and FIG. 5, a mobile
terminal with an electronic compass (1 in FIG. 4; 2 in FIG. 5)
according to one exemplary embodiment of the present inven-
tion is provided with: a geomagnetic sensor 10, a calibration
unit 20 that calculates an offset correction value for the geo-
magnetic sensor 10, a geomagnetic orientation calculation
unit 12 that calculates an orientation based on a sensor value
obtained by the geomagnetic sensor 10 and the offset correc-
tion value, and a display unit 26 that displays the calculated
orientation, and is further provided with: a first housing (40 in
FIG. 4; 52 in FIG. 5) that houses the geomagnetic sensor 10,
asecond housing (42 in FIG. 4; 54 in FIG. 5) connected to the
first housing, with relative position thereto being variable, a
state detection unit 24 that detects a relative position state
between the first housing and the second housing, an offset
correction initial value storage unit 14 that stores an offset
correction initial value for each of a plurality of relative
position states detected by the state detection unit 24, and an
offset correction value determination unit 22 that determines
whether the offset correction value calculated by the calibra-
tion unit 20 is valid or invalid, wherein the offset correction
value determination unit 22, in a case of determining that the
offset correction value calculated by the calibration unit 20 is
valid, updates the offset correction value as the offset correc-
tion initial value corresponding to the relative position state,
and stores the offset correction initial value in the offset
correction initial value storage unit 14.

[0026] Furthermore, as shown in FIG. 2, an orientation
calculation method according to one exemplary embodiment
of the present invention is a geomagnetic orientation calcu-
lation method of calculating a geomagnetic orientation based
on a sensor value obtained by the geomagnetic sensor 10, the
method including: a state detection step S100 of detecting a
relative position state of the first housing (40 in FIG. 4; 52 in
FIG. 5) that houses the geomagnetic sensor 10, and the second
housing (42 in FIG. 4; 54 in FIG. 5) connected to the first
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housing, with relative position thereto being variable; a step
S104, S106 of reading the offset correction initial value cor-
responding to the relative position state detected in the state
detection step, to set the offset correction initial value as the
offset correction value; a step S110 of calibrating the offset
correction value of the geomagnetic sensor 10 and updating
the offset correction value; an offset correction value deter-
mination step S112 of determining whether the offset correc-
tion value obtained by calibration is valid or invalid; a step
S114 of storing, in a case where the determination in the offset
correction value determination step S112 is valid, the offset
correction value obtained by calibration as the offset correc-
tion initial value corresponding to the relative position state;
and a geomagnetic orientation calculation step S118 of cal-
culating orientation, based on the sensor value obtained by
the geomagnetic sensor 10 and the offset correction value.
[0027] The following modes are possible in the present
invention.

(Mode 1)

[0028] As already described in the first aspect.

(Mode 2)

[0029] Therelative position states between the first housing
and the second housing may include an open state in which an
operation unit of the mobile terminal is exposed, and a closed
state in which the operation unit is hidden.

(Mode 3)

[0030] A representative value of offset correction may be
set for each of a plurality of relative position states, in a case
where the difference between the offset correction value cal-
culated by the calibration unit and the representative value of
the offset correction corresponding to the relative position
state is within a prescribed range, a determination may be
made that the offset correction value calculated by the cali-
bration unit is valid, and in the other cases a determination
may be made that the offset correction value is invalid.

(Mode 4)

[0031] In a case where the difference between the offset
correction value calculated by the calibration unit and the
latest offset correction initial value corresponding to the rela-
tive position state is within a prescribed range, a determina-
tion may be made that the offset correction value calculated
by the calibration unit is valid, and in the other cases a deter-
mination may be made that the offset correction value is
invalid.

(Mode 5)

[0032] As already described in the second aspect.

(Mode 6)

[0033] A representative value of offset correction may be
set for each of a plurality of relative position states, in the
offset correction value determination step, in a case where the
difference between the offset correction value obtained in the
calibration and the representative value of the offset correc-
tion corresponding to the relative position state is within a
prescribed range, a determination may be made that the offset
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correction value obtained in the calibration is valid, and in the
other cases a determination may be made that the offset
correction value is invalid.

(Mode 7)

[0034] In the offset correction value determination step, in
a case where the difference between the offset correction
value obtained in the calibration and the latest offset correc-
tion initial value corresponding to the relative position state is
within a prescribed range, a determination may be made that
the offset correction value obtained in the calibration is valid,
and in the other cases a determination may be made that the
offset correction value is invalid.

[0035] Exemplary embodiments will now be explained in
detail.

First Exemplary Embodiment

Configuration of First Exemplary Embodiment

[0036] FIGS. 4 and 5 are diagrams showing an overview of
a mobile terminal with an electronic compass, according to a
first exemplary embodiment of the present invention. FIG. 4
is a slide type of mobile telephone, and FIG. 5 is a clam shell
type of mobile telephone. In FIG. 4 and FIG. 5, (A) shows a
closed state, and (B) shows an open state. In a case of the slide
type of FIG. 4, it is possible to display an electronic compass
or a navigation function of the same format in a display unit
26, irrespective of whether the mobile telephone is in the open
state or the closed state. The configuration is such that, by
performing a sliding operation by a user, the relative position
between a first housing 40 including an operation unit 44 and
a second housing 42 including the display unit 26 is changed
in a longitudinal orientation. By a sliding operation, the
closed state where the operation unit 44 is hidden goes to the
open state where the operation unit 44 is exposed.

[0037] On the other hand, the clam shell type in FIG. 5 is
called a folding type, and it is possible to display an electronic
compass or a navigation function in a display unit (main
display) 50 in an open state. Depending on device type, there
may also be a display unit (sub-display) 48 as in FIG. 5(A),
and in this case, it is possible to display the electronic com-
pass in the sub-display 48 in a closed state also. However,
since the sub-display is small, it is often impossible to display
a navigation function including map information. A first
housing 52 including an operation unit 58, and a second
housing 54 including the display unit (main display 50) and
the display unit (sub-display) 48 are connected by a hinge 56,
and it is possible to change the relative position state between
the first housing and the second housing with the hinge 56 as
axis of rotation. If the relative position between the first
housing and the second housing is widened from the closed
state where the operation unit 58 is hidden, the open state
where the operation unit 58 is exposed is obtained.

[0038] FIG. 6 shows inner parts of the clam shell type of
mobile telephone with an electronic compass, as shown in
FIG. 5, and a similar configuration is disclosed in Patent
Literature 2. The closed state of FIG. 6(A) corresponds to the
closed state of FIG. 5(A), and the open state of FIG. 6(B)
corresponds to the open state of FIG. 5(B). An operation unit
side circuit board 62 is housed in the first housing 52, and a
geomagnetic sensor 10 is mounted on the operation unit side
circuit board 62. Here, the geomagnetic sensor 10 is a sensor
that detects magnetism in 3-axial directions: X axis, Y axis,
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and 7 axis; the X axis and Y axis directions are in a plane
parallel to the operation unit 58 of the mobile terminal, and
the 7 axis, which is not illustrated, is perpendicular to an XY
plane. Note that the axes arrangement is not limited to the
above arrangement, and as long as directions in 3-dimensions
have feasible basic vector directions, there is no particular
limitation. In the second housing 54, as shown in FIG. 6(B),
a receiver-speaker 60 and a state detection unit 24 are
mounted on a display unit side circuit board 63.

[0039] Next, FIG. 1 is a block diagram showing parts
related to orientation calculation and display, in the mobile
terminal with an electronic compass, according to the first
exemplary embodiment of the present invention. The state
detection unit 24 in FIG. 1, for a clam shell type as shown in
FIG. 6, is mounted on the display unit side circuit board 63
housed in the second housing, and outputs a signal to detect
an open state or closed state. An offset correction initial value
storage unit 14 is configured by nonvolatile memory, and
stores an offset correction initial value corresponding to the
open state, and an offset correction initial value correspond-
ing to the closed state. Thereafter, the offset correction initial
value corresponding to the open state or closed state detected
by the state detection unit 24 is read and used as an offset
correction value, as necessary. Other constituent elements
shown in FIG. 1 will be described below, as necessary, in an
explanation of operation of the first exemplary embodiment.

(Operation of First Exemplary Embodiment)

[0040] Next, operations of an orientation calculation
method according to the first exemplary embodiment of the
present invention are described, making reference to FIG. 1
and FIG. 2. First, after a user starts an electronic compass
application in the mobile terminal with an electronic com-
pass, and a relative position state between the first housing
and the second housing 32 is detected by the state detection
unit 24 (step S100). Next, the detected state is distinguished
as an open state or a closed state (step S102). Next, where the
detected state is distinguished as the closed state, an offset
correction initial value (closed state) 18 in the offset correc-
tion initial value storage unit 14 is read and set as an offset
correction value (step S104). On the other hand, where the
detected state is distinguished as the open state, an offset
correction initial value (open state) 16 in the offset correction
initial value storage unit 14 is read and set as an offset cor-
rection value (step S106).

[0041] Here, insteps S104 and S106, an effect of separating
the offset correction initial values according to closed state
and open state is described below, making reference to con-
tents described in Patent Literature 2. In the mobile telephone
with electronic compass (clam shell type) 2 of FIG. 6, in a
case of the closed state, the distance between the state detec-
tion unit 24 and the geomagnetic sensor 10 is ¢, and the
distance between the receiver-speaker 60 and the geomag-
netic sensor 10 is d. On the other hand, in a case of the open
state, the distance between the state detection unit 24 and the
geomagnetic sensor 10 is a, and the distance between the
receiver-speaker 60 and the geomagnetic sensor 10 is b. Here,
comparing the distances of ¢ and a, and the distances of d and
b, respectively, the relationships are c<a and d<b. The state
detection unit 24 is configured to be provided with a magnet
for 1id opening/closing, and generates a magnetic field. The
receiver-speaker 60 also is provided with a magnet and gen-
erates a magnetic field. With regard to the magnetic fields
generated by the state detection unit 24 and the receiver-
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speaker 60, the closer the distance is, the larger the effect is, so
that the geomagnetic sensor 10 is affected by the magnetic
fields generated by the state detection unit 24 and the receiver-
speaker 60 more in the closed state than in the open state.
Accordingly, in the offset correction initial value storage unit
14, the offset correction initial value (open state) 16 and the
offset correction initial value (closed state) 18 are stored
separately, and an offset correction initial value is read cor-
responding to the open state or closed state detected by the
state detection unit 24. From the above, it is possible to use an
offset correction value corresponding to the state of the
mobile terminal, so that the orientation accuracy is improved.
Here, the example is illustrated regarding the state detection
unit 24 and the receiver-speaker 60. However, the same
applies to a case where a part other than these parts generates
magnetism inside the mobile terminal and the geomagnetic
sensor 10 is affected differently according to whether the
mobile terminal is in the open state or the closed state. The
above explanation has been given concerning a case of a clam
shell type of mobile terminal. However, for a case of a slide
type mobile terminal also, there is a part(s) that generates
magnetism inside the mobile terminal by which the geomag-
netic sensor is affected differently according to whether the
mobile terminal is in an open state or a closed state. Thus, by
separating offset correction initial values corresponding to
the open state or closed state, a similar effect is obtained.

[0042] Next, in a flowchart of FIG. 2, a determination is
made as to whether or not a calibration is requested (step
S108). The calibration request can be configured to be gen-
erated at various timings. For example, a configuration is
possible in which, in order to obtain a more accurate orienta-
tion, a user selects a calibration menu at an operation screen
of an electronic compass application so as to generate the
calibration request. Alternatively, a configuration is possible
in which, in a case where at least a prescribed time has elapsed
from the time of a previous calibration, the electronic com-
pass application generates the calibration request. Alterna-
tively, a configuration is possible in which, when the open/
closed state of the mobile terminal changes, a message is sent
to make the user select whether or not to perform a calibra-
tion, and in a case where the user selects to perform a cali-
bration, a calibration request is generated.

[0043] Next, in a case where it is determined that there is a
calibration request, the calibration unit 20 performs a calibra-
tion of the electronic compass, and updates the offset correc-
tion value (step S110). Here, an explanation is given concern-
ing a principle of calibration, making reference to FIGS. 7 and
8. FIG. 7 shows sensor values Sx, Sy, Sz, for 3-axes, detected
by the geomagnetic sensor 10, in 3-dimensions. In a case
where the geomagnetic sensor 10 is turned around at various
angles, ideally, sensor values are plotted on a 3-axis orienta-
tion sphere 70. An offset correction value of the geomagnetic
sensor 10 relates to the center coordinates (Sx0, Sy0, Sz0) of
the 3-axis orientation sphere 70. FIG. 8 shows an example in
which the sensor values Sx, Sy, Sz, for 3-axes, as shown in
FIG. 7, are projected onto an XY plane, and the sensor values
of'the geomagnetic sensor are superimposed to be plotted. In
calculating coordinates of the offset correction value from the
sensor values of the geomagnetic sensor, an optimization
algorithm fitting an optimized sphere to the sensor values of
the geomagnetic sensor is applied. Optimized parameters are
center coordinates (Sx0, Sy0, Sz0) and radius R. A projection
of an orientation sphere 72 obtained by the optimization from
the sensor values of the geomagnetic sensor is shown on the
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2-dimensional XY plane in FIG. 8. As is understood from
FIG. 8, it is preferred that the sensor values of the geomag-
netic sensor used in the calibration of electronic compass are
distributed in all directions of the sphere.

[0044] With regard to the determination of a calibration
request in step S108, in a case where there is no calibration
request, calibration is not performed, and the offset correction
value is still the offset correction initial value (16 or 18) that
has been read. That is, in this case the offset correction value
is not changed in the calibration unit 20.

[0045] Next, an offset correction value determination unit
22 determines the offset correction value (step S112). Below,
a detailed explanation is given concerning the determination
of' the offset correction value performed by the offset correc-
tion value determinationunit 22. A first method is a method of
storing representative values of offset correction for an open
state and a closed state when the mobile terminal is shipped
from the factory, and to use these values. The representative
value of offset correction in the open state is OFFSET_A_
OPEN, and the representative value of offset correction in the
closed stateis OFFSET_A_CLOSE.OFFSET_A_OPEN and
OFFSET_A_CLOSE may use a value corresponding to the
device type of the mobile terminal, or may use a value
obtained based on a value measured for each device when
tested in the factory. With a prescribed determination thresh-
old as a, if a difference between an offset correction value in
the open state obtained by a calibration and OFFSET_A_
OPEN is within a range of —a to +a., the offset correction
value in the open state obtained by the calibration is deter-
mined to be valid; otherwise, it is determined to be invalid. If
a difference between an offset correction value in the closed
state obtained by a calibration and OFFSET_A_CLOSE is
within a range of —a to +a,, the offset correction value in the
closed state obtained by calibration is determined to be valid;
otherwise, it is determined to be invalid.

[0046] Next, a second method is a method of using a latest
offset correction initial value. The latest offset correction
initial value in the open state is OFFSET_INI_B_OPEN and
the latest offset correction initial value in the closed state is
OFFSET_INI_B_CLOSE. With a prescribed determination
threshold as f3, if a difference between an offset correction
value in the open state obtained by a calibration and OFFSE-
T_INI_B_OPEN is within a range of —f§ to +f, the offset
correction value in the open state obtained by the calibration
is determined to be valid; otherwise, it is determined to be
invalid. If a difference between an offset correction value in
the closed state obtained by a calibration and OFFSET_INI_
B_CLOSE is within a range of —f to +f3, the offset correction
value in the closed state obtained by the calibration is deter-
mined to be valid; otherwise, it is determined to be invalid.
[0047] Next, in the flowchart of FIG. 2, when a determina-
tion of valid is made in step S112, the offset correction value
calculated by the calibration is stored in the offset correction
initial value storage unit 14 (step S114).

[0048] Next, a sensor value of the geomagnetic sensor
detected by the geomagnetic sensor 10 is corrected by the
offset correction value corresponding to the state of the
mobile terminal (step S116). Here, the offset correction is
performed by subtracting the offset correction value from the
sensor value of the geomagnetic sensor.

[0049] Next, a geomagnetic orientation is calculated by a
well known method, using the corrected sensor value of the
geomagnetic sensor (step S118). Next, the calculated orien-
tation is displayed in the display unit 26 (step S120). Next, a
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determination is made as to whether the state detected by the
state detection unit 24 has changed (step S122). In a case
where there is a change from the open state to the closed state,
control returns to step S104, and the processing thereafter is
repeated. On the other hand, in a case where there is a change
from the closed state to the open state, control returns to step
S106, and the processing thereafter is repeated.

[0050] On the other hand, in a case where it is determined
that the state has not changed, a determination is made as to
whether or not the application ends the display of orientation
(step S124). In a case of a determination to end (Yes), the
display of orientation is ended; and in a case of a determina-
tion not to end (No), control returns to step S116 and the
processing thereafter is repeated.

[0051] Here, the display of orientation in step S120 may be
only an display of orientation by the electronic compass, or
may be a navigation screen displaying the orientation super-
imposed on map information, or, in order that the direction in
which a user is moving is an upward direction on the display
screen of the mobile terminal, may be a navigation screen
with a display made easy to understand for the user, by rotat-
ing a map.

[0052] Next, in order to compare with the first exemplary
embodiment, FIG. 3 and FIG. 9 show a conventional mobile
terminal with an electronic compass and an orientation cal-
culation method. FIG. 3 is a block diagram for describing
parts related to orientation calculation and display in the
conventional mobile terminal with an electronic compass. In
contrast to FIG. 1, FIG. 3 has a configuration without the
offset correction value determination unit 22. FIG. 9 is a flow
chart for describing a conventional orientation calculation
method. In contrast to FIG. 2, FIG. 9 has a configuration
without step S108 of requesting calibration, and step S112 of
determining an offset correction value. First, as shown in FIG.
3 and FIG. 9, in the orientation calculation method in the
conventional mobile terminal with an electronic compass, a
determination is not performed as to whether the offset cor-
rection value calculated by the calibration unit 20 is valid or
invalid, and an offset correction value obtained by calibration
is always stored in the offset correction initial value storage
unit 14. Accordingly, in a case where a calibration of the
electronic compass is performed in an environment subject to
a strong magnetic field, the offset correction value has a value
that differs greatly from a value in an environment with a
normal magnetic field, but in this case also, the stored offset
correction initial value is rewritten with the offset correction
value obtained by the calibration. Accordingly, the next time
the electronic compass is used in an environment with a
normal magnetic field, an offset correction initial value that
differs greatly is read, and thus a correct orientation is not
obtained immediately. Therefore, in order to obtain the cor-
rect orientation, it is necessary to perform a calibration. In
FIG. 2, a calibration is performed only in a case of there being
a calibration request, but on the other hand, FIG. 9 has a
configuration in which calibration is always performed.
Accordingly, in the conventional mobile terminal with an
electronic compass, there is a problem in that the frequency at
which the user must perform a calibration increases, placing
a burden on the user. Furthermore, a calibration becomes
necessary on moving to an environment with a normal mag-
netic field, and it is impossible to obtain a correct orientation
immediately.

[0053] Onthe other hand, according to the mobile terminal
with an electronic compass in accordance with the first exem-
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plary embodiment of the present invention, by performing a
determination as to whether the offset correction value is
valid or invalid by the offset correction value determination
unit 22, only in a case of a determination of valid, the offset
correction value is stored in the offset correction initial value
storage unit. Thus, on moving to an environment subject to a
normal magnetic field after performing calibration in an envi-
ronment subject to a strong magnetic field and using the
electronic compass, it is possible to obtain a correct orienta-
tion immediately. Furthermore, according to the orientation
calculation method in accordance with the first exemplary
embodiment, after performing a calibration in an environ-
ment subject to a strong magnetic field to obtain an orienta-
tion, on moving to an environment with a normal magnetic
field a correct orientation can be immediately obtained.
[0054] Theelectronic compass, the mobile terminal with an
electronic compass, and the geomagnetic sensor correction
method of the present invention can be applied to a mobile
telephone or the like, that has a navigation function in which
a display of an orientation is possible.

[0055] The exemplary embodiments and examples may
include variations and modifications without departing the
gist and scope of the present invention as disclosed herein and
claimed as appended herewith, and furthermore based on the
fundamental technical spirit. It should be noted that any com-
bination and/or selection of the disclosed elements may fall
within the claims of the present invention. That is, it should be
noted that the present invention of course includes various
variations and modifications that could be made by those
skilled in the art according to the overall disclosures including
claims and technical spirit.

REFERENCE SIGNS LIST

[0056]
type)

[0057] 2: mobile telephone with electronic compass (clam
shell type)

[0058] 10: geomagnetic sensor

[0059] 12: geomagnetic orientation calculation unit

[0060] 14: offset correction initial value storage unit

[0061] 16: offset correction initial value (open state)

[0062] 18: offset correction initial value (closed state)

[0063] 20: calibration unit

[0064] 22: offset correction value determination unit

[0065] 24: state detection unit

[0066] 26: display unit

[0067] 28: offset correction value

[0068] 30: orientation information

[0069] 32: relative position state between first housing and
second housing

1: mobile telephone with electronic compass (slide

[0070] 40, 52: first housing
[0071] 42, 54: second housing
[0072] 44, 58: operation unit

[0073] 48: display unit (sub-display)

[0074] 50: display unit (main-display)

[0075] 56: hinge

[0076] 60: receiver-speaker

[0077] 62: operation unit side circuit board

[0078] 63: display unit side circuit board

[0079] 70: 3-axis orientation sphere

[0080] 72: projection of orientation sphere
1. A mobile terminal with electronic compass, comprising:
a geomagnetic sensor; a calibration unit that calculates an

offset correction value for said geomagnetic sensor;
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a geomagnetic orientation calculation unit that calculates
orientation based on a sensor value obtained by said
geomagnetic sensor and said offset correction value; and

a display unit that displays said calculated orientation, said
mobile terminal further comprising:

a first housing that houses said geomagnetic sensor;

a second housing connected to said first housing, with
relative position thereto being variable;

a state detection unit that detects a relative position state
between the first housing and the second housing;

an offset correction initial value storage unit that stores an
offset correction initial value for each of a plurality of
relative position states detected by said state detection
unit; and

an offset correction value determination unit that deter-
mines whether said offset correction value calculated by
said calibration unit is valid or invalid, wherein

said offset correction value determination unit, in a case of
determining that said offset correction value calculated
by said calibration unit is valid, updates said offset cor-
rection value as said offset correction initial value cor-
responding to said relative position state, and stores said
offset correction initial value in said offset correction
initial value storage unit.

2. The mobile terminal with electronic compass according
to claim 1, wherein the relative position states between the
first housing and the second housing include an open state
where an operation unit of said mobile terminal is exposed,
and a closed state where said operation unit is hidden.

3. The mobile terminal with electronic compass according
to claim 1, wherein

a representative value of offset correction is set for each of
said plurality of relative position states,

in a case where a difference between said offset correction
value calculated by said calibration unit and said repre-
sentative value of offset correction corresponding to said
relative position state is within a prescribed range, a
determination is made that said offset correction value
calculated by said calibration unit is valid, and

in the other cases a determination is made that said offset
correction value is invalid.

4. The mobile terminal with electronic compass according

to claim 1, wherein

in a case where a difference between said offset correction
value calculated by said calibration unit and a latest
offset correction initial value corresponding to said rela-
tive position state is within a prescribed range, a deter-
mination is made that said offset correction value calcu-
lated by said calibration unit is valid, and

in the other cases a determination is made that said offset
correction value is invalid.

5. A geomagnetic orientation calculation method of calcu-
lating an orientation based on a sensor value obtained by a
geomagnetic sensor, said method comprising:

detecting a relative position state between a first housing
that houses said geomagnetic sensor, and a second hous-
ing connected to said first housing, with relative position
thereto being variable;

reading an offset correction initial value corresponding to
said relative position state detected in said state detec-
tion, to set said offset correction initial value as said
offset correction value;

calibrating an offset correction value of said geomagnetic
sensor to update said offset correction value;
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determining whether said offset correction value obtained
by said calibration is valid or invalid;

storing, in a case where the determination in said offset
correction value determination step is valid, said offset
correction value obtained by said calibration as said
offset correction initial value corresponding to said rela-
tive position state; and

calculating orientation, based on said sensor value
obtained by said geomagnetic sensor and said offset
correction value.

6. The orientation calculation method according to claim 5,

wherein

a representative value of offset correction is set for each of
said plurality of relative position states,

in said offset correction value determination step, in a case
where a difference between said offset correction value
obtained in said calibration and said representative value
of offset correction corresponding to said relative posi-
tion state is within a prescribed range, a determination is
made that said offset correction value obtained in said
calibration is valid, and

in the other cases a determination is made that said offset
correction value is invalid.

7. The orientation calculation method according to claim 5,

wherein

in said offset correction value determination step, in a case
where a difference between said offset correction value
obtained in said calibration and a latest offset correction
initial value corresponding to said relative position state
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is within a prescribed range, a determination is made that
said offset correction value obtained in said calibration
is valid, and

in the other cases a determination is made that said offset
correction value is invalid.

8. The mobile terminal with electronic compass according

to claim 2, wherein

a representative value of offset correction is set for each of
said plurality of relative position states,

in a case where a difference between said offset correction
value calculated by said calibration unit and said repre-
sentative value of offset correction corresponding to said
relative position state is within a prescribed range, a
determination is made that said offset correction value
calculated by said calibration unit is valid, and

in the other cases a determination is made that said offset
correction value is invalid.

9. The mobile terminal with electronic compass according

to claim 2, wherein

in a case where a difference between said offset correction
value calculated by said calibration unit and a latest
offset correction initial value corresponding to said rela-
tive position state is within a prescribed range, a deter-
mination is made that said offset correction value calcu-
lated by said calibration unit is valid, and

in the other cases a determination is made that said offset
correction value is invalid.
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