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FIG. 2
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FIG. 4

S120

SYNCHRONIZE ANGULAR VELOCITY SENSOR AND
MAGNETIC GYRO SENSOR (ACCELERATION SENSOR AND

MAGNETIC SENSOR) AND DETECT EACH OUTPUT

S122

COMPARE ANGULAR VELOCITY DETECTED BY ANGULAR
VELCCITY SENSOR AND ANGULAR VELOCITY DETECTED

BY MAGNETIC GYRO SENSOR WITH EACH OTHER

S124

JUDGE WHETHER COMPARISON RESULT (DIFFERENCE)
IS WITHIN THRESHOLD RANGE

S126

JUDGE RELIABLITY OF OUTPUT OF MAGNETIC SENSOR
BASED ON JUDGMENT RESULT




US RE49,812 E

Sheet 5 of 7

Jan. 23, 2024

U.S. Patent

JOSNHUS ODILINDVYIN A" JOVSN YIVd ' g

HOSNNS OdAD OILIANDVIN Ad WdOVUSN YIVd | VY

G OId

ANOINHOIL

ODNISSEO0Nd (2)
TATIVEYd

SNOINHOUL

ONIGVYHS -HNIL (9)

A Y.LYA
WS ILLANODYHOMD

HLONHY.LS
TENOIS

(e)



U.S. Patent Jan. 23, 2024 Sheet 6 of 7 US RE49.812 E

FIG. 6
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FIG. 7A
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ELECTRONIC APPARATUS, ANGULAR
VELOCITY ACQUISITION METHOD AND
STORAGE MEDIUM FOR 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; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a reissue of U.S. patent application
Ser. No. 15/377,355, filed Dec. 13, 2016 and issued as U.S.

Pat. No. 10,365,106, which is based upon and claims the
benelit of priority from the prior Japanese Patent Application

No. 2015-248319, filed Dec. 21, 2015, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electronic apparatus
having an angular velocity detection function, an angular
velocity acquisition method for the electronic apparatus, and
a storage medium having stored thereon an angular velocity
acquisition program that 1s applied in the angular velocity
acquisition method.

2. Description of the Related Art

In recent years, various electronic apparatuses such as
cellular phones, smartphones (high- functionality cellular
phone), navigation terminals, smart devices that are worn on
human bodies and the like are widely available.

In general, such electronic apparatuses are equipped with
various types of motion sensors including an angular veloc-
ity sensor (or gyro sensor) for detecting change in the
angular velocity of an object.

This angular velocity sensor has been widely used 1n the
fields of attitude control for aircrafts and robots, 1image
stabilization for 1maging apparatuses, game controllers, efc.
In recent years, 1t 1s mounted 1n smartphones and smart
devices which are now significantly prevalent, and used to
acquire nformation regarding a user’s exercise status,
movement trajectory, and the like.

As such, the angular velocity sensor 1s a useful sensor that
1s capable of directly detecting change in the angular veloc-
ity of an electronic apparatus having the sensor or the
angular velocity of the body motion of a user wearing or
carrying the electronic apparatus. However, 1t 1s known that
its power consumption 1s generally large as compared to
those of other motion sensors such as an acceleration sensor
and a geomagnetic sensor (or magnetic sensor). Therelore,
when an angular velocity sensor 1s mounted in a battery-
operated apparatus such as a portable electronic apparatus or
a wearable apparatus, 1ts driving time may become short.

Accordingly, a method has been proposed 1n which angu-
lar velocity 1s calculated and estimated based on the output
of a geomagnetic sensor or the outputs of a geomagnetic
sensor and an acceleration sensor, whereby a function
equivalent to that of an angular velocity sensor 1s achieved,
as described in International Publication No. 2007-099599.

This method for calculating angular velocity 1s a method
using what 1s called a magnetic gyro sensor. In this method,
in short, angular velocity 1s calculated based on a temporal
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change 1n a geomagnetism vector detected by a geomagnetic
sensor mounted 1n an electronic apparatus.

In general, the power consumption of a geomagnetic
sensor 1s small as compared to that of an angular velocity
sensor. Therefore, the above-described method using a mag-
netic gyro sensor has an eflect contributing to the improve-
ment of the driving time of an electronic apparatus by
reducing 1ts power consumption.

However, geomagnetic sensors are easily aflected by
magnetic fields around electronic apparatuses having these
sensors or magnetism irom components arranged around
them 1n the electronic apparatuses. Accordingly, there 1s a
problem 1n that, when a geomagnetic field that 1s supposed
to be detected by a geomagnetic sensor 1s aflected by these
disturbance noises, accurate angular velocities are difhcult
to be calculated.

SUMMARY OF THE INVENTION

The present mnvention has the advantage of providing an
clectronic apparatus having an angular velocity detection
function that can detect an adequate angular velocity by
reducing the effect of a surrounding magnetic field while
reducing power consumption, an angular velocity acquisi-
tion method of the electronic apparatus, and a storage
medium having an angular velocity acquisition program of
the electronic apparatus stored thereon.

In accordance with one aspect of the present 1invention,
there 1s provided an electronic apparatus comprising: a
magnetic sensor which acquires a status of a magnetic field
around the electronic apparatus; an angular velocity sensor;
and a processor, wherein the processor controls whether
detection of an angular velocity of a spatial movement of the
clectronic apparatus 1s performed by the angular velocity
sensor or a magnetic gyro sensor composed of the magnetic
sensor, based on the status of the magnetic field acquired by
the magnetic sensor.

In accordance with another aspect of the present mven-
tion, there 1s provided an angular velocity acquisition
method for an electronic apparatus, wherein the electronic
apparatus comprises a magnetic sensor which acquires a
status of a magnetic field around the electronic apparatus,
and an angular velocity sensor, and wherein the angular
velocity acquisition method comprises a control step of
controlling whether detection of an angular velocity of a
spatial movement of the electronic apparatus 1s performed
by the angular velocity sensor or a magnetic gyro sensor
composed of the magnetic sensor, based on the status of the
magnetic field acquired by the magnetic sensor.

In accordance with another aspect of the present mven-
tion, there 1s provided a non-transitory computer-readable
storage medium having stored thereon an angular velocity
acquisition program that 1s executable by a computer 1n an
clectronic apparatus, wherein the electronic apparatus com-
prises a magnetic sensor which acquires a status of a
magnetic field around the electronic apparatus, and an
angular velocity sensor, and wherein the angular velocity
acquisition program 1s executable by the computer to actu-
alize functions comprising control processing for controlling
whether detection of an angular velocity of a spatial move-
ment of the electronic apparatus 1s performed by the angular
velocity sensor or a magnetic gyro sensor composed of the
magnetic sensor, based on the status of the magnetic field
acquired by the magnetic sensor.

The above and further objects and novel features of the
present invention will more fully appear from the following
detailed description when the same 1s read in conjunction
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with the accompanying drawings. It 1s to be expressly
understood, however, that the drawings are for the purpose
of illustration only and are not intended as a definition of the
limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A, FIG. 1B and FIG. 1C are schematic structural
diagrams showing a plurality of examples in which the
present invention has been applied in an electronic appara-
tus;

FIG. 2 1s a functional block diagram showing a first
embodiment of an electronic apparatus according to the
present mvention;

FIG. 3 1s a first flowchart showing an example of an
angular velocity acquisition method for the electronic appa-
ratus according to the first embodiment;

FIG. 4 15 a second flowchart showing the example of the
angular velocity acquisition method for the electronic appa-
ratus according to the first embodiment;

FIG. 5§ 1s a timing chart showing the usage status of
magnetic data in the first embodiment;

FIG. 6 1s a first flowchart showing an example of an
angular velocity acquisition method for an electronic appa-
ratus according to a second embodiment; and

FIG. 7A, FIG. 7B and FIG. 7C are second flowcharts
showing the example of the angular velocity acquisition
method for the electronic apparatus according to the second
embodiment.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

An electronic apparatus according to the present invention
and an angular velocity acquisition method therefor will
heremnafter be described in detail with reference to the
drawings.

<First Embodiment>

(Electronic Apparatus)

FIG. 1A, FIG. 1B and FIG. 1C are schematic structural
diagrams showing a plurality of examples in which the
present invention has been applied in an electronic appara-
tus.

FIG. 2 1s a functional block diagram showing a first
embodiment of an electronic apparatus according to the
present mvention.

The present invention 1s applied 1n an electronic apparatus
which has at least an angular velocity detection function and
provides a user with various services using information
regarding the user’s exercise status, movement trajectory,
and the like.

More specifically, the present invention can be applied in
a portable or wearable electronic apparatus, such as a
smartwatch having a wristwatch-type or wristband-type
outer appearance as shown 1 FIG. 1A, an outdoor device 20
including a GPS Roger and a navigation terminal as shown
in FIG. 1B, and a tablet terminal or a smartphone 30 shown
in FIG. 1C.

Note that the present mvention 1s not limited to the
clectronic apparatuses shown 1n the drawings, and can be
applied 1n a smart device or a sensor device that 1s worn on
an arm, a leg, or the head of a human body, the neck or the
chest on the trunk, or the waist, and detects and stores
angular velocities of a corresponding body part.

In the descriptions below, these electronic apparatuses are
collectively referred to as “electronic apparatus 100” for
convenience ol explanation.
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The electronic apparatus 100 according to the first
embodiment of the present invention includes, for example,
an acceleration sensor 110, a magnetic sensor 120, an
angular velocity sensor (gyro sensor) 130, a communication
interface section (heremnafter briefly referred to as “commus-
nication I/’F section”) 140, an input operation section 150, an
output section 160, a control section (processor) 170, a
memory section 180, and a power supply section 190, as
shown 1 FIG. 2.

The acceleration sensor 110 measures the rate of change
(acceleration) 1 the movement speed of the electronic
apparatus 100 which occurs 1n response to the movement of
the user’s body.

This acceleration sensor 110, which includes a triaxial
acceleration sensor, detects acceleration components (accel-
cration signals) in three axial directions orthogonal to one
another, and outputs them as acceleration data.

The magnetic sensor 120, which includes a triaxial mag-
netic sensor, detects the earth’s magnetic field as geomag-
netic components (magnetic signals) in three axial directions
orthogonal to one another, and outputs 1t as magnetic data
(or three-dimensional direction data).

The angular velocity sensor 130 measures change (angu-
lar velocity) 1n the movement direction of the electronic
apparatus 100 which occurs 1n response to the movement of
the user’s body.

This angular velocity sensor 130, which includes a triaxial
angular velocity sensor, detects angular velocity compo-
nents (angular velocity signals) 1n the rotation directions of
rotational movements around three axes orthogonal to one
another, and outputs them as angular velocity data. Note that
the three axial directions of the acceleration sensor 110 and
the three axial directions of the angular velocity sensor 130
are set to be the same directions, respectively.

Pieces of sensor data (acceleration data, magnetic data,
angular velocity data) acquired by the acceleration sensor
110, the magnetic sensor 120, and the angular velocity
sensor 130 are respectively associated with time data and
stored 1n a predetermined storage area of the memory
section 180.

The acceleration sensor 110 and the angular velocity
sensor 130 function as a motion sensor, and pieces of sensor
data (acceleration data and magnetic data) detected by these
sensors are used when the control section 170 described later
detects the user’s body movement and exercise status, a
specific directional force applied on the electronic apparatus
100, and the like.

Magnetic data detected by the magnetic sensor 120 1s
used when azimuth directions relative to the electronic
apparatus 100 are calculated in the control section 170.

In this embodiment, the acceleration sensor 110 and the
magnetic sensor 120 function as a magnetic gyro sensor, and
pieces ol sensor data (acceleration data and magnetic data)
detected by these sensors are used when angular velocity 1s
calculated 1n the control section 170.

The commumication I'F section 140 transmits and
receives various types of data to and from an information
and commumnication apparatus (a personal computer, a
smartphone, etc.) outside the electronic apparatus 100 or a
network. Here, 1n the communication via the communication

I/'F section 140, a predetermined wired or wireless commu-
nication method 1s used, which includes a transter method
where data 1s transierred via a storage medium such as a
memory card.
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The 1nput operation section 150 includes, for example, an
operation switch 152 and a touch panel 154 provided on the
housing of the electronic apparatus 100 (the smartwatch 10,
the outdoor device 20, the smartphone 30) shown 1n FIG. 1.

This input operation section 150 1s used for various types
of 1mput operations, such as an operation related to the
operation power supply of the electronic apparatus 100 or
application soiftware, an operation of setting an item for
which a notification 1s given by the output section 160 (a
display section, a sound section, etc.) described below.

The output section 160 has a display section 162, a sound
section 164, a vibration section (not shown 1n the drawing),
and the like provided in the housing of the electronic
apparatus 100.

This output section 160 visually, aurally, or tactually
provides the user with or notifies the user of information
regarding the user’s exercise status, movement trajectory, or
the like and information regarding the execution status of the
later-described angular velocity calculation processing
which are generated based on sensor data acquired by at
least the acceleration sensor 110, the magnetic sensor 120,
and the angular velocity sensor 130 described above.

Note that, in a case where the electronic apparatus 100 1s
a smart device or a sensor device that 1s worn on the body
and used only for detecting and collecting sensor data of a
corresponding body part, a configuration excluding the
output section 160 may be adopted.

The control section (processor) 170 1s an arithmetic
processing unit (computer) having a clocking function, such
as a CPU (Central Processing Unit) or a MPU (Micro
Processing Unit), and controls operations such as sensing
operations by the acceleration sensor 110, the magnetic
sensor 120, and the angular velocity sensor 130 and an
operation ol generating information regarding the user’s
exercise status, movement trajectory, or the like based on
acquired sensor data, by executing a predetermined control
program and a predetermined algorithm program.

In this embodiment, the control section 170 controls the
operations of the angular velocity sensor 130 and the mag-
netic gyro sensor constituted by the magnetic sensor 120 or
constituted including the acceleration sensor 110 and the
magnetic sensor 120, and thereby controls a processing
operation for acquiring adequate angular velocity data. Note
that a method for acquiring angular velocity data in the
present embodiment 1s described later 1n detail.

The memory section 180 associates sensor data acquired
by the acceleration sensor 110, the magnetic sensor 120, and
the angular velocity sensor 130, and various types of data
generated (calculated) 1n the control section 170 with time
data, and stores them 1n the predetermined storage area.

This memory section 180 stores control programs and
algorithm programs that are executed in the control section
170. Note that these programs may be incorporated in
advance 1n the control section 170.

In addition, the memory section 180 may be partially or
entirely 1 a form of a removable storage medium such as a
memory card, and may be structured to be removable from
the electronic apparatus 100.

The power supply section 190 supplies driving power to
cach section of the electronic apparatus 100. As the power
supply section 190, a primary battery such as a commer-
cially-available coin-shaped battery, a secondary battery
such as a lithtum-1on battery, and a power supply by energy
harvest technology for generating electricity by energy such
as vibrations, light, heat, and electro-magnetic waves can be
used singly or in combination.
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(Angular Velocity Acquisition Method for Electronic
Apparatus)

Next, an angular velocity acquisition method for the
clectronic apparatus according to the first embodiment 1s
described with reference to the drawings.

Note that the below-described angular velocity acquisi-
tion method (flowchart shown 1n FIG. 3) for the electronic
apparatus 100 1s achieved by the control section 170 per-
forming processing in accordance with a predetermined
control program and a predetermined algorithm program.

FIG. 3 and FIG. 4 are flowcharts showing an example of
the angular velocity acquisition method for the electronic

apparatus according to the present embodiment.

FIG. § 1s a timing chart showing the usage status of
magnetic data 1n the present embodiment.

In the angular velocity acquisition method for the elec-
tronic apparatus 100 according to the present embodiment,
first, when the electronic apparatus 100 1s turned on, the
acceleration sensor 110, the magnetic sensor 120, and the
angular velocity sensor 130 are activated, and start sensing
operations (Step S102), as shown 1n the flowchart in FIG. 3.

Subsequently, the control section 170 judges whether or
not there 1s any disturbance or magnetic anomaly 1n a
magnetic field around the magnetic sensor 120 at this point
(Step S104).

More specifically, the control section 170 first synchro-
nizes the acceleration sensor 110 and the magnetic sensor
120 constituting a magnetic gyro sensor with the angular
velocity sensor 130 so as to operate them, and detects
angular velocity from each output therefrom (Step S120), as
shown 1n the flowchart i FIG. 4.

Subsequently, the control section 170 compares the angu-

lar velocities detected respectively by the magnetic gyro
sensor and the angular velocity sensor 130 with each other
(Step S122).

Then, the control section 170 judges whether a difference
between them, which 1s a result of the comparison, 1s within
a threshold range set in advance (Step S124). Here, a
difference of an output from the magnetic gyro sensor with
respect to (with reference to) an output from the angular
velocity sensor 1s determined as the comparison result,
based on an assumption that the output from the angular
velocity sensor 1s accurate.

Note that the output of the angular velocity sensor 130 can
be maintaimned to be accurate by well-known calibration
processing being performed periodically or constantly.

Then, when judged at Step S124 that the comparison
result 1s within the threshold range, the control section 170
judges that there 1s no magnetic field disturbance or mag-
netic anomaly and the magnetic sensor 120 1s not being
aflected by any disturbance noise. That 1s, 1n this case, the
control section 170 judges that the output of the magnetic
sensor 120 1s reliable (Step S126).

Conversely, when judged that the comparison result 1s not
within the threshold range, the control section 170 judges
that there 1s a magnetic field disturbance or magnetic
anomaly and the magnetic sensor 120 1s being aflected by a
disturbance noise.

That 1s, 1n this case, the control section 170 judges that the
output of the magnetic sensor 120 1s not reliable (Step
S5126).

Note that the series of processing operations shown 1n
FIG. 4 1s heremafter referred to as “reliability judgment
processing”’ for convenience ol explanation.

At Step S124, when judged that the comparison result 1s

within the threshold range (NO at Step S104), the control
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section 170 temporarily stops the sensing operation of the
angular velocity sensor 130 (Step S106).

Then, the control section 170 performs an operation of
detecting angular velocity by using the magnetic gyro sensor
constituted by the magnetic sensor 120 or by the accelera-
tion sensor 110 and the magnetic sensor 120 (Step S108).

That 1s, when there 1s no magnetic field disturbance or
magnetic anomaly and the output of the magnetic sensor 120
1s reliable, the control section 170 selects the method of
detecting angular velocity by the magnetic gyro sensor.

At Step S104, when judged that there 1s a magnetic field
disturbance or magnetic anomaly (YES at Step S104), the
control section 170 judges whether the angular velocity
sensor 130 1s operating (Step S110). Then, when judged that
the angular velocity sensor 130 1s operating (YES at Step
S110), the control section 170 performs an operation of
detecting angular velocity by the angular velocity sensor 130
(Step S114).

When judged that the angular velocity sensor 130 1s not
operating (NO at Step S110), the control section 170 acti-
vates the angular velocity sensor 130 (Step S112), and
performs an operation of detecting angular velocity by the
angular velocity sensor 130 (Step S114).

That 1s, when there 1s a magnetic field disturbance or
magnetic anomaly and the output of the magnetic sensor 120
1s not reliable, the control section 170 selects the method of
detecting angular velocity by the angular velocity sensor
130.

Regarding the angular velocity detected by the magnetic
gyro sensor at Step S108 or the angular velocity detected by
the angular velocity sensor at Step S114, the control section
170 associates 1t with time data, and stores it in the prede-
termined storage area of the memory section 180 as angular
velocity data (Step S116). Also, the control section 170 uses
it when, for example, generating information regarding the
user’s exercise status, movement trajectory, etc.

This series of processing operations of the flowchart of
FIG. 3 by the control section 170 1s periodically repeated, for
example, at predetermined time intervals.

Note that, although omitted 1n the flowchart of FIG. 3, the
control section 170 constantly monitors for an iput opera-
tion of stopping or ending the series of processing operations
and change 1n the operation status while performing these
processing operations, and forcibly ends this series of pro-
cessing operations when the mput operation or the status
change 1s detected.

More specifically, the control section 170 detects a power
ofl operation by the user, a decrease 1n the battery remaining
amount of the power supply section 190, anomaly 1n a
function or an application being executed, or the like, and
forcibly stops and ends the series of processing operations.

In the angular velocity acquisition method according the
present embodiment, for example, the following method can
be applied as the method of detecting (calculating) angular
velocity by the magnetic gyro sensor constituted by the
magnetic sensor 120 or constituted including the accelera-
tion sensor 110 and the magnetic sensor 120.

That 1s, first, the control section 170 calculates speed in
three-dimensional space based on the temporal change
amounts of the outputs of the acceleration sensor 110 and the
magnetic sensor 120. Here, the strength and direction of
geomagnetism in a specific position and area are basically
constant and do not change. With acceptance on this point,
for example, i a change 1n the direction of geomagnetism 1s
detected when the magnetic sensor 120 1s being operated at
fixed time intervals, the control section 170 judges that the
change 1n the direction of geomagnetism has occurred by the
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rotation of the magnetic sensor 120 (electronic apparatus
100), and detects the rotation status. As a result, angular
velocities related to three axes defined by the magnetic
sensor 120 can be calculated.

As the magnetic data usage method according to the
present embodiment, for example, the following methods
can be applied.

That 1s, geomagnetism 1n three axial directions which 1s
detected by the magnetic sensor 120 1n the present embodi-
ment 1s used when angular velocity 1s calculated by the
acceleration sensor 110 and the magnetic sensor 120 func-
tioning as a magnetic gyro sensor as described above. In
addition, 1t 1s used as the output of the magnetic sensor 120
itself when information regarding the user’s exercise status,
movement trajectory, etc. 1s generated.

Accordingly, 1n the present embodiment, a data usage
method using a time-sharing technique can be adopted in
which an operation (A) where geomagnetism data 1n three
axial directions detected by the magnetic sensor 120 as
shown 1n (a) of FIG. 5 1s used by the magnetic gyro sensor
and an operation (B) where the data 1s used with the
magnetic sensor 120 being used as 1t 1s are alternately and
repeatedly performed at predetermined time intervals, as
shown 1n (b) of FIG. 5.

By the usage of a series of data detected by the magnetic
sensor 120 being switched for every period as described
above, the processing load on the control section 170 can be
reduced.

Also, 1n the present embodiment, a data usage method
using a parallel processing technique can be adopted in
which the operation (A) where the geomagnetism data in
three axial directions shown 1n (a) of FIG. 5 15 used by the
magnetic gyro sensor and the operation (B) where the data
1s used with the magnetic sensor 120 being used as 1t 1s are
simultaneously performed in parallel, as shown 1 (c) of
FIG. 5.

By data detected by the magnetic sensor 120 being shared
in parallel by use as just described, no data gap occurs and
reliable angular velocity, exercise information, and the like
can be provided.

As described above, 1n the present embodiment, when a
magnetic field around the magnetic sensor 120 1s stable, the
angular velocity sensor 130 enters a stop state and angular
velocity 1s acquired by the magnetic gyro sensor using the
outputs of the acceleration sensor 110 and the magnetic
sensor 120.

As a result of this configuration, the acceleration sensor
110 and the magnetic sensor 120 whose power consump-
tions are small as compared to that of the angular velocity
sensor 130 can be used. Accordingly, the power consump-
tion of the electronic apparatus 100 1s reduced, which
contributes to the improvement of the driving time. In
addition, a reliable and adequate angular velocity can be
acquired.

More specifically, magnetic sensors and acceleration sen-
sors generally operate with an electric current of the order of
tens to hundreds of microamperes. By contrast, angular
velocity sensors operate with an electric current of the order
of millilamperes. Thus, by the angular velocity acquisition
method according to the present embodiment being applied,
the power consumption of the electronic apparatus 100 can
be significantly reduced as compared to a method where
angular velocity 1s acquired only by an angular velocity
SEeNsor.

In addition, when the magnetic sensor 120 1s affected by
disturbance noise and therefore 1ts output 1s abnormal, the
angular velocity sensor 130 which 1s not affected by the
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surrounding magnetic field can be used, so that a reliable and
adequate angular velocity can be acquired.

(Modification Example)

Next, a modification example of the above-described
embodiment 1s described.

In the angular velocity acquisition method according to
the above-described embodiment, the method of judging
whether or not there 1s any disturbance or magnetic anomaly
in a magnetic field around the magnetic sensor 120 (Step
S104) has been described, in which angular velocity
detected (calculated) by the magnetic gyro sensor consti-
tuted by the magnetic sensor 120 or by the acceleration
sensor 110 and the magnetic sensor 120 and angular velocity
detected by the angular velocity sensor 130 are compared
with each other. However, the present mvention 1s not
limited thereto and the following methods can be adopted.

(1) The control section 170 judges whether or not the total
value of outputs in three axial directions from the magnetic
sensor 120 or the value of an output in a specific axial
direction 1s larger than a threshold value set in advance.

Then, the control section 170 judges that there i1s a
disturbance or magnetic anomaly in a magnetic field around
the magnetic sensor 120 when the output value 1s larger than
the threshold value, or judges that there 1s no disturbance or
magnetic anomaly 1n the magnetic field around the magnetic
sensor 120 when the output value 1s not larger than the
threshold value.

Here, 1n order to prevent the reduction of the judgment
accuracy due to a sudden or momentary magnetic field
disturbance or magnetic anomaly, the control section 170
should preferably judge that there 1s a magnetic field dis-
turbance or magnetic anomaly when a state where the output
value of the magnetic sensor 120 1s larger than the threshold
value continues for a predetermined time or 1s detected more
than a predetermined number of times in a predetermined
period.

(2) The control section 170 judges whether there 1s change
in the output of the magnetic sensor 120 when there 1s no
change 1n the output of the acceleration sensor 110 or when
the value of a change 1n the output of the acceleration sensor
110 1s equal to or less than a threshold value set 1n advance.

Then, when a change occurs 1n the output of the magnetic
sensor 120 or when the value of a change 1n the output of the
magnetic sensor 120 1s equal to or larger than a threshold
value set in advance, the control section 170 judges that
there 1s a disturbance or magnetic anomaly 1n a magnetic
field around the magnetic sensor 120.

That 1s, 1n a normal situation, when the electronic appa-
ratus 100 1s not being moved or used, no change occurs in
the outputs of the acceleration sensor 110 and the magnetic
sensor 120. Accordingly, 11 a change occurs 1n the output of
the magnetic sensor 120 1n this situation, a judgment can be
made that the magnetic sensor 120 i1s being aflected by a
disturbance noise (magnetic field disturbance or magnetic
anomaly).

(3) The control section 170 calculates the strength and
direction of a magnetic field at the current location of the
clectronic apparatus 100 based on the output of the magnetic
sensor 120, and judges whether the values of the strength
and direction of the magnetic field (geomagnetism) at the
current location are unusual values that are different from the
values of the usual strength and direction of the magnetic
field.

That 1s, 1n any area on the earth, the strength and direction
ol each magnetic field attributed to geomagnetism are basi-
cally definite and already known. Accordingly, when the
values of the strength and direction of a magnetic field

10

15

20

25

30

35

40

45

50

55

60

65

10

calculated based on the output of the magnetic sensor 120 1s
unusual values that are diflerent from the values of the usual
strength and direction of the magnetic field, the control
section 170 judges that there 1s a disturbance or magnetic
anomaly 1n the magnetic field around the magnetic sensor
120.

Here, information regarding the current location of the
clectronic apparatus 100 may be acquired by a positioning
section using GPS or the like being added to the structure of
the electronic apparatus 100 shown i FIG. 2. Also, a
confliguration may be adopted in which it 1s acquired by the
user selecting an area or a region where the electronic
apparatus 100 1s currently located. Based on this informa-
tion, the usual strength and direction of a magnetic field can
be estimated.

<Second Embodiment>

Next, an angular velocity acquisition method for an
clectronic apparatus according to a second embodiment of
the present invention 1s described with reference to the
drawings. Note that, here, descriptions of part of the method
that 1s equal to the first embodiment are simplified.

FI1G. 6, FIG. 7A, FIG. 7B and FIG. 7C are flowcharts
showing an example of the angular velocity acquisition
method for the electronic apparatus according to the second
embodiment.

In the first embodiment and 1ts modification, the method
has been described in which where or not there 1s any
disturbance or magnetic anomaly 1n a magnetic field around
the magnetic sensor 120 1s judged, and a method {for
detecting angular velocity 1s selected based on a result of this
judgment.

In the second embodiment, 1n addition to this judgment
processing, processing 1s performed in which whether the
output of the magnetic sensor 120 1s reliable 1s judged, and
calibration processing for the magnetic sensor 120 1s per-
formed based on a result of this judgment.

This angular velocity acquisition method (flowcharts 1n
FIG. 6, FIG. 7A, FIG. 7B and FIG. 7C) for the electronic
apparatus 100 1s also achieved by the control section 170
performing processing according to a predetermined control
program and a predetermined algorithm program, as in the
first embodiment.

Here, the control section 170 corresponds to an oflset
judgment section and a calibration control section.

In the angular velocity acquisition method according to
the second embodiment, when the electronic apparatus 100
1s turned on, the acceleration sensor 110, the magnetic
sensor 120, and the angular velocity sensor 130 are activated
(Step S202), and the control section 170 judges whether
calibration processing for the magnetic sensor 120 1s nec-
essary (Step S204), as shown in the flowchart of FIG. 6.

Specifically, as 1 the case of the reliability judgment
processing (Step S120 to Step S126) shown 1n the flowchart
of FIG. 4 1n the first embodiment, the control section 170
synchronizes the acceleration sensor 110 and the magnetic
sensor 120 constituting a magnetic gyro sensor with the
angular velocity sensor 130 so as to operate them, and
detects angular velocity from each output therefrom (Step
S120).

Subsequently, the control section 170 compares the indi-
vidually detected angular velocities with each other (Step
S122).

Then, when the comparison result (difference) 1s within a
predetermined threshold range (Step S124), the control
section 170 judges that calibration processing 1s not neces-
sary because the offset value of the magnetic sensor 120 1s
a known value and its output 1s reliable (Step S126).
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Conversely, when the comparison result 1s not within the
predetermined threshold range (Step S124), the control
section 170 judges that calibration processing i1s necessary
because the oflset value of the magnetic sensor 120 has been
changed from the known value and 1ts output is not reliable
(Step S126).

When judged at Step S204 that calibration processing for
the magnetic sensor 120 1s necessary (YES at Step S204),
the control section 170 performs predetermined calibration
processing (Step S206).

Then, after performing the calibration processing, the
control section 170 performs processing operations equiva-
lent to those of Step S104 to Step S116 1n the first embodi-
ment (the flowchart 1n FIG. 3), and acquires angular velocity
data detected by the magnetic gyro sensor or the angular
velocity sensor 130.

Note that the calibration processing for the magnetic
sensor 120 herein may be automatically performed by a
well-known calibration method, or may be manually per-
tformed by the user being prompted to perform it.

That 1s, the control section 170 judges whether or not
there 1s any disturbance or magnetic anomaly 1n a magnetic
field around the magnetic sensor 120 at this point (Step
S208).

Then, when judged that there 1s no magnetic field distur-
bance or magnetic anomaly (NO at Step S208), the control
section 170 temporarily stops the sensing operation of the
angular velocity sensor 130 (Step S210), and performs an
operation of detecting angular velocity by the magnetic gyro
sensor (Step S212).

Conversely, when judged that there 1s a magnetic field
disturbance or magnetic anomaly (YES at Step S208), the
control section 170 starts the angular velocity sensor 130
(Step S214 and Step S216) to perform an angular velocity
detection operation thereby (Step S218).

Then, the control section 170 associates the detected
angular velocity with time data, and stores it in the prede-
termined storage area of the memory section 180 as angular
velocity data (Step S220).

Note that, in the processing of judging whether or not
there 1s any disturbance or magnetic anomaly 1n the mag-
netic field around the magnetic sensor 120 at Step S208,
processing operations may be performed which are the same
as those of the reliability judgment processing shown 1n the
flowchart of FIG. 4 1n the first embodiment.

As another method for judging whether or not there 1s any
disturbance or magnetic anomaly in the magnetic field
around the magnetic sensor 120, a method may be adopted
in which, i the processing of judging whether calibration
processing for the magnetic sensor 120 1s necessary at Step
S204, whether or not there 1s a magnetic field disturbance or
magnetic anomaly 1s judged based on whether the result of
the comparison (difference) between the angular velocities 1s
within the predetermined threshold range.

Next, the control section 170 judges whether calibration
processing for the magnetic sensor 120 1s necessary based
on the relability of the output of the magnetic sensor 120,
as shown 1n the flowcharts of FIG. 7A, FIG. 7B and FI1G. 7C
(Step S230, Step S240, and Step S250).

Specifically, 1n judgment processing at Step S230, the
control section 170 detects angular velocity by either the
magnetic gyro sensor or the angular velocity sensor 130,
acquires the data of the angular velocity (Step S220), and
then performs processing operations that are the same as
those of the above-described processing (at Step S204) for
judging whether or not calibration processing for the mag-
netic sensor 120 1s necessary.
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That 1s, the control section 170 synchronizes the accel-
eration sensor 110 and the magnetic sensor 120 constituting
the magnetic gyro sensor with the angular velocity sensor
130 so as to operate them, and judges whether a result of
comparison (difference) between individually detected
angular velocities 1s out of the predetermined threshold
range.

When the comparison result 1s out of the predetermined

threshold range (YES at Step S230), the control section 170

judges that calibration processing 1s necessary because the
oflset value of the magnetic sensor 120 has been changed
from the known value and its output 1s not reliable.

In this case, the control section 170 returns to Step S206,
performs calibration processing for the magnetic sensor 120,
and then acquires angular velocity data by performing the
processing operations at Step S208 and the following steps.

Conversely, when the comparison result 1s within the
predetermined threshold range (NO at Step S230), the
control section 170 judges that calibration processing 1s not
necessary because the ofiset value of the magnetic sensor
120 1s normal and 1ts output 1s reliable.

In this case, the control section 170 acquires angular
velocity data by performing the processing operations at
Step S208 and the following steps without performing
calibration processing for the magnetic sensor 120.

In judgment processing at Step S240, the control section
170 judges whether time elapsed from preceding calibration
processing for the magnetic sensor 120 has exceeded a
predetermined threshold value.

When judged that the elapsed time has exceeded the
threshold value (YES at Step S240), the control section 170
judges that calibration processing 1s necessary because the
oflset value of the magnetic sensor 120 may not be normal
(accurate) and therefore its output 1s not reliable. In this case,
the control section 170 returns to Step S206, and performs
calibration processing for the magnetic sensor 120.

Conversely, when judged that the elapsed time has not
exceeded the threshold value (NO at Step S240), the control
section 170 presumes that the oflset value of the magnetic
sensor 120 1s a known value and its output 1s reliable, and
therefore judges that calibration processing 1s not necessary.
In this case, the control section 170 performs the processing
operations at Step S208 and the following steps without
performing calibration processing for the magnetic sensor
120.

In judgment processing at Step S230, the control section
170 refers to a history of outputs of the magnetic gyro sensor
collected 1n the past, and thereby judges whether or not there
1s any disturbance or magnetic anomaly 1n the magnetic field
around the magnetic sensor 120.

In this history of outputs of the magnetic gyro sensor,
when the number of times a magnetic field disturbance or
magnetic anomaly has been observed 1s larger than a pre-
determined threshold value (YES at Step S250), the control
section 170 judges that calibration processing 1s necessary
because the ofiset value of the magnetic sensor 120 may not
be normal (accurate) and therefore its output 1s not reliable.
In this case, the control section 170 returns to Step S206 and
performs calibration processing for the magnetic sensor 120.

Conversely, when the number of times a magnetic field
disturbance or magnetic anomaly has been observed 1s less
than the predetermined threshold value (NO at Step S250),
the control section 170 judges that calibration processing 1s
not necessary because the oflset value of the magnetic sensor
120 1s a known value and therefore 1ts output 1s reliable. In
this case, the control section 170 performs the processing
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operations at Step S208 and the following steps without
performing calibration processing for the magnetic sensor
120.

As described above, 1n this embodiment, 1n addition to the
processing operations of the angular velocity acquisition
method of the first embodiment, the control of the execution
of calibration processing for correcting the oflset value of
the magnetic sensor 120 1s performed based on whether the
output of the magnetic sensor 120 1s reliable.

As a result of this configuration, the oflset value of the
magnetic sensor 120 constituting the magnetic gyro sensor
can be constantly corrected to an accurate value, whereby
the power consumption of the electronic apparatus 100 can
be reduced and a more reliable and adequate angular veloc-
ity can be acquired.

(Modification Example)

Next, a modification example of the above-described
embodiment 1s described.

In the above-described embodiment, the processing for
judging whether calibration processing for the magnetic
sensor 120 1s necessary 1s performed at Step S204 after the
activation of each sensor. However, the present invention 1s
not limited thereto. Specifically, a configuration may be
adopted 1n which, after the activation of each sensor, the
calibration processing for the magnetic sensor 120 at Step
5206 1s automatically performed without the judgment pro-
cessing at Step S204. As a result of this configuration, the
necessity judgment processing regarding calibration pro-
cessing for the magnetic sensor 120 can be included 1n one
of the processing operations at Step S230, Step S240 and
Step S250, whereby a processing load immediately after the
activation of the electronic apparatus 100 can be reduced.

Also, 1 the method of the present embodiment, when
angular velocities individually detected by the magnetic
gyro sensor and the angular velocity sensor are compared
with each other based on the premise that the output of the
angular velocity sensor i1s accurate, and the output of the
magnetic gyro sensor 1s different from (different with ref-
erence to) that of the angular velocity sensor 130 by more
than a threshold value, the offset value of the magnetic
sensor 120 1s judged to have been changed from a known
value, and calibration processing 1s performed. However, the
present mvention 1s not limited thereto.

That 1s, a configuration may be adopted 1n which, when
angular velocities individually detected by the magnetic
gyro sensor and the angular velocity sensor are compared
with each other based on the premise that the output of the
magnetic gyro sensor 1s accurate, and the output of the
angular velocity sensor 130 1s different from (different with
reference to) that of the magnetic gyro sensor by a value
significantly larger than a threshold value, the offset value of
the angular velocity sensor 130 1s judged to have been
changed from a known value, and calibration processing for
the angular velocity sensor 130 1s performed. Here, the
output of the magnetic sensor 120 constituting the magnetic
gyro sensor can be maintained at an accurate value by
calibration processing being performed immediately after
the activation of the acceleration sensor 110, the magnetic
sensor 120, and the angular velocity sensor 130, as shown at
Step 5206.

Moreover, 1n the present invention, a configuration may
be adopted 1n which the method of judging whether cali-
bration processing for the magnetic sensor 120 1s necessary
in the above-described embodiment and the above-described
method of judging whether calibration processing for the
angular velocity sensor 130 1s necessary by judging whether
the oflset value of the angular velocity sensor 130 has been

e

10

15

20

25

30

35

40

45

50

55

60

65

14

changed from a known value are both performed, whereby
the oflset value of the magnetic sensor 120 and the oflset
value of the angular velocity sensor 130 are maintained at
known values.

By this configuration, the output of the angular velocity
sensor 130 or the outputs of the magnetic gyro sensor and
the angular velocity sensor 130 can be maintained at accu-
rate values, whereby a reliable and adequate angular velocity
can be acquired.

Furthermore, 1n the above-described embodiments and
their modification examples, the method using the magnetic
gyro sensor has been described 1n which angular velocity 1s
detected (calculated) using the outputs of the acceleration
sensor 110 and the magnetic sensor 120. However, the
present invention 1s not limited thereto and a method may be
adopted 1n which angular velocity 1s detected (calculated)
based only on the output of the magnetic sensor 120).

While the present invention has been described with
reference to the preferred embodiments, 1t 1s intended that
the mvention be not limited by any of the details of the

description therein but includes all the embodiments which
fall within the scope of the appended claims.

What 1s claimed 1s:
1. An electronic apparatus comprising:
a magnetic gyro sensor comprising a magnetic sensor;
an angular velocity sensor, wherein power consumption
by the angular velocity sensor 1s larger than power
consumption by the magnetic gyro sensor; and
a processor configured to:
control the magnetic sensor to detect a magnetic field
around the electronic apparatus;
judge whether there 1s disturbance 1n the magnetic field
around the electronic apparatus based on the mag-
netic field detected by the magnetic sensor;
in response to judging that there 1s no disturbance 1n the
magnetic field around the electronic apparatus, [con-
trol] use the magnetic gyro sensor to detect an
angular velocity of a spatial movement of the elec-
tronic apparatus; and
in response to judging that there 1s disturbance in the
magnetic field around the electronic apparatus, [con-
trol] use the angular velocity sensor to detect the
angular velocity of the spatial movement of the
clectronic apparatus.
2. The electronic apparatus according to claim 1,
wherein the processor 1s configured to:
determine whether a difference between a first angular
velocity detected 1n a first period by the angular
velocity sensor with a second angular velocity
detected 1n the first period by the magnetic gyro
sensor, based on the magnetic field detected by the
magnetic sensor, 1s within a threshold range;
in response to determining that the difference 1s within
the threshold, judge that there 1s no disturbance in the
magnetic field around the electronic apparatus;
in response to judging that there 1s no disturbance in the
magnetic field around the electronic apparatus:
stop operation of the angular velocity sensor; and
control the magnetic gyro sensor to detect the angu-
lar velocity of the spatial movement of the elec-
tronic apparatus after stopping operation of the
angular velocity sensor; and
in response to determining that the difference 1s not
within the threshold, judge that there 1s disturbance
in the magnetic field around the electronic apparatus.
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3. The electronic apparatus according to claim 1,
wherein the processor 1s configured to:
determine whether the magnetic field detected by the
magnetic sensor exceeds a threshold value;
in response to determining that the magnetic field
detected by the magnetic sensor does not exceed the
threshold value, judge that there 1s no disturbance 1n
the magnetic field around the electronic apparatus;
and
in response to determining that the magnetic field
detected by the magnetic sensor does exceed the
threshold value, judge that there 1s disturbance in the
magnetic filed around the electronic apparatus.
4. The electronic apparatus according to claim 1,
wherein the magnetic gyro sensor further comprises an
acceleration sensor, and
wherein the processor 1s configured to:
control the acceleration sensor to detect an acceleration

of the electronic apparatus;
determine whether a change occurs in the magnetic
field detected by the magnetic sensor and whether a
change occurs in the acceleration detected by the
acceleration sensor:;
in response to determining that a change occurs 1n the
magnetic field detected by the magnetic sensor and a
change does not occur 1n the acceleration detected by
the acceleration sensor, judge that there 1s distur-
bance 1n the magnetic field around the electronic
apparatus; and
in response to determining that a change does not occur
in the magnetic field detected by the magnetic sensor
and a change does not occur in the acceleration
detected by the acceleration sensor, judge that there
1s no disturbance 1n the magnetic field around the
clectronic apparatus.
5. The electronic apparatus according to claim 1,
wherein the processor 1s configured to:
determine whether a strength, a direction or both of the
magnetic field detected by the magnetic sensor 1s
different from known values of a strength and direc-
tion of a magnetic field attributed to geomagnetism
at a geographical location of the electronic appara-
tus;
in response to determining that the strength, the direc-
tion or both of the magnetic field detected by the
magnetic sensor 1s different from the known values
of the strength and direction of the magnetic field
attributed to geomagnetism at the geographical loca-
tion of the electronic apparatus, judge that there is
disturbance in the magnetic field around the elec-
tronic apparatus; and
in response to determining that the strength, the direc-
tion or both of the magnetic field detected by the
magnetic sensor 1s not different from the known
values of the strength and direction of the magnetic
field attributed to geomagnetism at the geographical
location of the electronic apparatus, judge that there
1s no disturbance 1n the magnetic field around the
clectronic apparatus.
6. The electronic apparatus according to claim 1,
wherein the processor 1s configured to:
judge whether there 1s an anomaly 1n an oflset value of
the magnetic sensor or the angular velocity sensor;
and
control to execute calibration processing for correcting
the offset value of the magnetic sensor or the angular
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velocity sensor, based on a result of judgment of
whether there 1s the anomaly 1n the oflset value.
7. The electronic apparatus according to claim 6,
wherein the processor 1s configured to:
determine whether a difference between a first angular
velocity detected 1n a first period by the angular
velocity sensor and a second angular velocity
detected 1n the first period by the magnetic gyro
sensor 1s out of a threshold range; and
in response to determining that the difference 1s out of
the threshold range, judge that there 1s an anomaly 1n
the offset value of the magnetic sensor or the angular
velocity sensors, and control to execute calibration
processing for correcting the offset value of the
magnetic sensor or the angular velocity sensor.
8. The electronic apparatus according to claim 6,
wherein the processor 1s configured to:
determine whether time elapsed from preceding cali-
bration processing for the magnetic sensor or the
angular velocity sensor exceeds a threshold value;
and
in response to determining that the time elapsed
exceeds the threshold value, control to execute cali-
bration processing for the magnetic sensor or the
angular velocity sensor.
9. The electronic apparatus according to claim 6,
wherein the processor 1s configured to:
determine, by reference to a history of angular veloci-
ties detected 1n a predetermined period by the mag-
netic gyro sensor or the angular velocity sensor,
whether number of times a disturbance 1n the mag-
netic field around the electronic apparatus 1s detected
1s larger than a threshold value; and
in response to determining that the number of times a
disturbance in the magnetic field around the elec-
tronic apparatus 1s detected 1s larger than the thresh-
old value, judge that there 1s an anomaly 1n the offset
value of the magnetic sensor or the angular velocity
sensor, and control to perform calibration processing
for the magnetic sensor or the angular velocity
SENnsor.
10. A method for controlling an electronic apparatus

comprising:

a magnetic gyro sensor comprising a magnetic sensor; and
an angular velocity sensor, wherein power consumption
by the angular velocity sensor 1s larger than power
consumption by the magnetic gyro sensor,
wherein the method comprises:
controlling the magnetic sensor to detect a magnetic
field around the electronic apparatus;
determining whether there 1s disturbance 1n the mag-
netic field around the electronic apparatus based on
the magnetic field detected by the magnetic sensor;
in response to determining that there 1s no disturbance
in the magnetic field around the electronic apparatus,
[controlling] using the magnetic gyro sensor to
detect an angular velocity of a spatial movement of
the electronic apparatus; and
in response to determining that there 1s disturbance 1n
the magnetic field around the electronic apparatus,
[controlling] wsing the angular velocity sensor to
detect the angular velocity of the spatial movement
of the electronic apparatus.
11. The method according to claim 10, comprising:
determining whether a diflerence between a first angular
velocity detected 1n a first period by the angular veloc-
ity sensor with a second angular velocity detected in the
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first period by the magnetic gyro sensor, based on the
magnetic field detected by the magnetic sensor, is
within a threshold range;
in response to determining that the diflerence 1s within the
threshold, judging that there 1s no disturbance i1n the
magnetic field around the electronic apparatus;
in response to judging that there 1s no disturbance in the
magnetic field around the electronic apparatus:
stopping operation of the angular velocity sensor; and
controlling the magnetic gyro sensor to detect the
angular velocity of the spatial movement of the
clectronic apparatus after stopping operation of the
angular velocity sensor; and
in response to determining that the difference 1s not within
the threshold, judging that there 1s disturbance 1n the
magnetic field around the electronic apparatus.
12. The method according to claim 10, comprising:
determining whether the magnetic field detected by the
magnetic sensor exceeds a threshold value;
in response to determiming that the magnetic field detected
by the magnetic sensor does not exceed the threshold
value, judging that there i1s no disturbance in the
magnetic field around the electronic apparatus; and
in response to determimng that the magnetic field detected
by the magnetic sensor does not exceed the threshold
value, judging that there 1s disturbance 1n the magnetic
field around the electronic apparatus.
13. The method according to claim 10,
wherein the magnetic gyro sensor further comprises an
acceleration sensor, and
wherein the method comprises:
controlling the acceleration sensor to detect an accel-
eration of the electronic apparatus;
determining whether a change occurs 1n the magnetic
field detected by the magnetic sensor and whether a
change occurs in the acceleration detected by the
acceleration sensor:;
in response to determining that a change occurs 1n the
magnetic field detected by the magnetic sensor and a
change does not occur 1n the acceleration detected by
the acceleration sensor, judging that there 1s distur-
bance 1n the magnetic field around the electronic
apparatus; and
in response to determining that a change does not occur
in the magnetic field detected by the magnetic sensor
and a change does not occur in the acceleration
detected by the acceleration sensor, judging that
there 1s no disturbance 1n the magnetic field around
the electronic apparatus.
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14. The method according to claim 10, comprising:

determining whether a strength, a direction or both of the
magnetic field detected by the magnetic sensor 1s
different from known values of a strength and direction
of a magnetic field attributed to geomagnetism at a
geographical location of the electronic apparatus;

in response to determining that the strength, the direction
or both of the magnetic field detected by the magnetic
sensor 1s different from the known values of the
strength and direction of the magnetic field attributed to
geomagnetism at the geographical location of the elec-
tronic apparatus, judging that there 1s disturbance 1n the
magnetic field around the electronic apparatus; and

in response to determining that the strength, the direction
or both of the magnetic field detected by the magnetic
sensor 1s not different from the known values of the
strength and direction of the magnetic field attributed to
geomagnetism at the geographical location of the elec-
tronic apparatus, judging that there 1s no disturbance in
the magnetic field around the electronic apparatus.

15. A non-transitory computer-readable storage medium

having stored thereon a program that is executable by a
computer of an electronic apparatus, wherein the electronic
apparatus comprises:

a magnetic gyro sensor comprising a magnetic sensor; and

an angular velocity sensor, wherein power consumption
by the angular velocity sensor i1s larger than power
consumption by the magnetic gyro sensor;

wherein the program 1s executable by the computer to at
least perform:

controlling the magnetic sensor to detect a magnetic
field around the electronic apparatus;

determining whether there 1s disturbance 1n the mag-
netic field around the electronic apparatus based on
the magnetic field detected by the magnetic sensor;

in response to determining that there 1s no disturbance
in the magnetic field around the electronic apparatus,
[controlling] wusing the magnetic gyro sensor to
detect an angular velocity of a spatial movement of
the electronic apparatus; and

in response to determining that there 1s disturbance 1n
the magnetic field around the electronic apparatus,
[controlling] wsing the angular velocity sensor to
detect the angular velocity of the spatial movement
of the electronic apparatus.
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