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(57) [Object] To realize a technique which enables a
measurement error of a magnetic sensor to be obtained
with higher accuracy.

[Solution] There is provided an information process-
ing apparatus including a fluctuation measuring unit con-
figured to measure temporal fluctuation of a magnetic

value measured by a magnetic sensor during movement
of at least the magnetic sensor or information obtained
based on the magnetic value, and a measurement error
acquiring unit configured to obtain a measurement error
of the magnetic sensor based on the fluctuation.
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Description

Technical Field

[0001] The present disclosure relates to an information
processing apparatus, an information processing meth-
od, and a recording medium.

Background Art

[0002] In recent years, various techniques have been
disclosed as a technique for obtaining a measurement
error as a geomagnetic sensor of a magnetic sensor. For
example, a technique is disclosed in which registration
information in which a measurement position is associ-
ated with depression of geomagnetism is prepared as a
database, and, when the measurement position and the
depression of geomagnetism as actual measured infor-
mation are acquired, it is judged whether or not a meas-
urement error as the geomagnetic sensor falls within a
normal range based on a comparison result of the reg-
istration information and the actual measured information
(see, for example, Patent Literature 1)

Citation List

Patent Literature

[0003] Patent Literature 1: JP 2004-264028A

Summary of Invention

Technical Problem

[0004] However, it is desirable to realize a technique
which enables a measurement error of a magnetic sensor
to be obtained with higher accuracy.

Solution to Problem

[0005] According to the present disclosure, there is
provided an information processing apparatus including:
a fluctuation measuring unit configured to measure tem-
poral fluctuation of a magnetic value measured by a mag-
netic sensor during movement of at least the magnetic
sensor or information obtained based on the magnetic
value; and a measurement error acquiring unit configured
to obtain a measurement error of the magnetic sensor
based on the fluctuation.
[0006] According to the present disclosure, there is
provided an information processing method including:
measuring temporal fluctuation of a magnetic value
measured by a magnetic sensor during movement of at
least the magnetic sensor or information obtained based
on the magnetic value; and obtaining a measurement
error of the magnetic sensor based on the fluctuation.
[0007] According to the present disclosure, there is
provided a computer-readable recording medium record-

ing a program thereon, the program causing a computer
to function as an information processing apparatus in-
cluding a fluctuation measuring unit configured to meas-
ure temporal fluctuation of a magnetic value measured
by a magnetic sensor during movement of at least the
magnetic sensor or information obtained based on the
magnetic value, and a measurement error acquiring unit
configured to obtain a measurement error of the magnetic
sensor based on the fluctuation.

Advantageous Effects of Invention

[0008] According to the present disclosure as de-
scribed above, it is possible to obtain a measurement
error of a magnetic sensor with higher accuracy.

Brief Description of Drawings

[0009]

[FIG. 1] FIG. 1 is a diagram for explaining outline of
an information processing apparatus according to
an embodiment of the present disclosure.
[FIG. 2] FIG. 2 is a diagram illustrating an example
of a functional configuration of the information
processing apparatus according to the embodiment
of the present disclosure.
[FIG. 3] FIG. 3 is a diagram for explaining a meas-
urement error obtained by the information process-
ing apparatus according to the embodiment of the
present disclosure.
[FIG. 4] FIG. 4 is another diagram for explaining the
measurement error obtained by the information
processing apparatus according to the embodiment
of the present disclosure.
[FIG. 5] FIG. 5 is a diagram illustrating one example
of relationship between a magnetic value and an az-
imuth error.
[FIG. 6] FIG. 6 is a flowchart illustrating one example
of operation for obtaining the azimuth error based
on the magnetic value.
[FIG. 7] FIG. 7 is a flowchart illustrating another ex-
ample of the operation for obtaining the azimuth error
based on the magnetic value.
[FIG. 8] FIG. 8 is a diagram for explaining a yaw axis,
a roll axis and a pitch axis.
[FIG. 9] FIG. 9 is a flowchart illustrating one example
of operation for specifying azimuth based on the az-
imuth error.
[FIG. 10] FIG. 10 is a flowchart illustrating another
example of the operation for specifying the azimuth
based on the azimuth error.
[FIG. 11] FIG. 11 is a diagram illustrating one exam-
ple of trajectories of a user position in the case where
the information processing apparatus according to
the embodiment of the present disclosure and a typ-
ical technique are respectively used.
[FIG. 12] FIG. 12 is a diagram illustrating another
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example of the trajectories of the user position in the
case where the information processing apparatus
according to the embodiment of the present disclo-
sure and the typical technique are respectively used.
[FIG. 13] FIG. 13 is a diagram illustrating one exam-
ple of trajectories of a plurality of user positions in
the case where the information processing appara-
tus according to the embodiment of the present dis-
closure and the typical technique are respectively
used.
[FIG. 14] FIG. 14 is a flowchart illustrating one ex-
ample of operation for specifying posture based on
the azimuth error.
[FIG. 15] FIG. 15 is a diagram illustrating one exam-
ple of correction of a positioning position using a map
matching technique.
[FIG. 16] FIG. 16 is a diagram for explaining an ex-
ample in which passage history is stored.
[FIG. 17] FIG. 17 is a diagram illustrating an example
of a hardware structure of the information processing
apparatus according to the embodiment of the
present disclosure.

Description of Embodiments

[0010] Hereinafter, (a) preferred embodiment(s) of the
present disclosure will be described in detail with refer-
ence to the appended drawings. In this specification and
the drawings, elements that have substantially the same
function and structure are denoted with the same refer-
ence signs, and repeated explanation is omitted.
[0011] Note that, in this description and the drawings,
structural elements that have substantially the same
function and structure are sometimes distinguished from
each other using different alphabets after the same ref-
erence sign. However, when there is no need in particular
to distinguish structural elements that have substantially
the same function and structure, the same reference sign
alone is attached.
[0012] Further, the "description of embodiments" will
be described in the following order.

1. Outline of information processing apparatus
2. Details of information processing apparatus
2-1. Example of functional configuration of informa-
tion processing apparatus
2-2. Calculation of measurement error
2-3. Specification of azimuth or posture
2-4. Correction of positioning position
2-5. Storage of passage history
3. Example of hardware structure
4. Conclusion

«1. Outline of information processing apparatus»

[0013] First, outline of an information processing ap-
paratus 100 according to an embodiment of the present
disclosure will be described. FIG. 1 is a diagram for ex-

plaining outline of the information processing apparatus
100 according to the embodiment of the present disclo-
sure. Referring to FIG. 1, the information processing ap-
paratus 100 causes map information 171A to be dis-
played at a display unit 170. Two dimensional coordinate
in the map information 171A is associated with a position
(such as, for example, latitude and longitude) in a hori-
zontal direction in real space.
[0014] Further, referring to FIG. 1, a user has a posi-
tioning sensor 124. The positioning sensor 124 can
measure a position of the user. For example, when the
position of the user is measured using the positioning
sensor 124, the information processing apparatus 100
may cause a predetermined mark to be displayed at a
position corresponding to the position of the user in the
map information 171A. Alternatively, the position of the
user may be inputted by the user instead of being meas-
ured by the positioning sensor 124.
[0015] It should be noted that while FIG. 1 illustrates a
case where the information processing apparatus 100 is
a smartphone, a type of the information processing ap-
paratus 100 is not particularly limited. For example, the
information processing apparatus 100 may be a video
camera, a tablet terminal or personal digital assistants
(PDA). Alternatively, the information processing appara-
tus 100 may be a personal computer (PC), a mobile
phone, a mobile music playback apparatus, a mobile vid-
eo processing apparatus, or mobile game equipment.
[0016] When the user inputs destination, the informa-
tion processing apparatus 100 can calculate azimuth of
route L1 from the position of the user to the destination
based on the map information 171A. Further, as illustrat-
ed in FIG. 1, the information processing apparatus 100
can cause the azimuth of the route L1 to be displayed at
the display unit 170. Here, the user may wish to recognize
azimuth of himself/herself.
[0017] Therefore, as illustrated in FIG. 1, the user has
a magnetic sensor 121. The magnetic sensor 121 can
measure magnetism including geomagnetism. The infor-
mation processing apparatus 100 can specify azimuth of
the magnetic sensor 121 based on a magnetic value
measured by the magnetic sensor 121. The information
processing apparatus 100 can cause the azimuth of the
magnetic sensor 121 to be displayed at the display unit
170. The user expects that he/she can reach the desti-
nation by moving while adapting the azimuth of the mag-
netic sensor 121 to the azimuth of the route L1.
[0018] However, because the magnetism measured
by the magnetic sensor 121 can include magnetism
which becomes disturbance of the geomagnetism, a
measurement error can occur in the measurement of the
geomagnetism by the magnetic sensor 121. Hereinafter,
the magnetism which becomes disturbance of the geo-
magnetism will be also referred to as disturbing magnet-
ism. An azimuth error can occur in the azimuth of the
magnetic sensor 121 specified based on the magnetic
value including the measurement error. If the user pro-
ceeds according to the azimuth of the magnetic sensor
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121 which includes the azimuth error, there is a possibility
that the user cannot reach the destination.
[0019] FIG. 1 illustrates a trajectory Q11 of the user
position in the case where the user proceeds while adapt-
ing the azimuth of the magnetic sensor 121 to the azimuth
of the route L1. Referring to the trajectory Q11 of the user
position, it can be recognized that the user reaches a
position P11 which deviates from the route L1 to the des-
tination from an initial position P10. Therefore, it is useful
to recognize a measurement error as the geomagnetic
sensor of the magnetic sensor 121. In the present spec-
ification, a technique which enables a measurement error
to be obtained with higher accuracy as the geomagnetic
sensor of the magnetic sensor 121 will be proposed.
[0020] The outline of the information processing appa-
ratus 100 according to the embodiment of the present
disclosure has been described above.

<<2. Details of information processing apparatus>>

[0021] Subsequently, details of the information
processing apparatus 100 according to the embodiment
of the present disclosure will be described.

<2-1. Example of functional configuration of information 
processing apparatus>

[0022] First, an example of a functional configuration
of the information processing apparatus 100 according
to the embodiment of the present disclosure will be de-
scribed. FIG. 2 is a diagram illustrating the example of
the functional configuration of the information processing
apparatus 100 according to the embodiment of the
present disclosure. As illustrated in FIG. 2, the informa-
tion processing apparatus 100 includes a control unit
110, a sensor unit 120, an input unit 140, a storage unit
150 and a display unit 170.
[0023] The control unit 110 corresponds to, for exam-
ple a processor such as a central processing unit (CPU).
The control unit 110 implements various functions of the
control unit 110 by executing a program stored in the
storage unit 150 or other storage media. The control unit
110 has a fluctuation measuring unit 111, a measurement
error acquiring unit 112, a specifying unit 113, a position
acquiring unit 114 and a display control unit 115. Each
of these functional units of the control unit 110 will be
described later.
[0024] The sensor unit 120 detects predetermined
sensor data and outputs the sensor data to the control
unit 110. In the example illustrated in FIG. 2, the sensor
unit 120 has a magnetic sensor 121, a gyro sensor 122,
an acceleration sensor 123 and a positioning sensor 124.
The magnetic sensor 121 is a sensor for measuring a
magnetic value, the gyro sensor 122 is a sensor for meas-
uring angular velocity, and the acceleration sensor 123
is a sensor for measuring acceleration. While, in the fol-
lowing description, a case where the magnetic sensor
121, the gyro sensor 122 and the acceleration sensor

123 are triaxial sensors will be mainly described, the
types of the magnetic sensor 121, the gyro sensor 122
and the acceleration sensor 123 are not particularly lim-
ited, and the sensors may be biaxial sensors.
[0025] The positioning sensor 124 is a sensor for de-
tecting a position. The way how the position is expressed
is not particularly limited, and the position may be ex-
pressed using longitude and latitude. While the position-
ing sensor 124 may have a global positioning system
(GPS) antenna and detect a position calculated using a
GPS signal received by the GPS antenna, the type of the
positioning sensor 124 is not particularly limited. For ex-
ample, the positioning sensor 124 may have an antenna
receiving a radio signal from the base station and detect
a position calculated using the radio signal received by
the antenna. While, in the example illustrated in FIG. 2,
the sensor unit 120 is incorporated into the information
processing apparatus 100, part or all of the sensor unit
120 may exist outside the information processing appa-
ratus 100.
[0026] The input unit 140 has a function for accepting
operation from the user. The input unit 140 outputs the
operation accepted from the user to the control unit 110.
The operation can be used for execution of a program.
For example, the input unit 140 can accept operation for
starting activation of the program from the user. Further,
for example, the input unit 140 can accept operation for
terminating execution of the program from the user.
While, in the example illustrated in FIG. 2, the input unit
140 is incorporated into the information processing ap-
paratus 100, the input unit 140 may exist outside the in-
formation processing apparatus 100.
[0027] The storage unit 150 stores a program for mak-
ing the control unit 110 operate using a storage medium
such as a semiconductor memory and a hard disc. Fur-
ther, for example, the storage unit 150 can also store
various kinds of data (such as, for example, various kinds
of setting information and content) used by the program.
It should be noted that while, in the example illustrated
in FIG. 2, the storage unit 150 is incorporated into the
information processing apparatus 100, the storage unit
150 may exist outside the information processing appa-
ratus 100.
[0028] The display unit 170 displays various kinds of
information according to control by the control unit 110.
For example, the display unit 170 may be a liquid crystal
display (LCD) or an organic electroluminescence (EL)
display. Alternatively, the display unit 170 may include a
sound output apparatus such as a speaker and a head-
phone. It should be noted that while, in the example il-
lustrated in FIG. 2, the display unit 170 is incorporated
into the information processing apparatus 100, the dis-
play unit 170 may exist outside the information process-
ing apparatus 100.
[0029] The example of the functional configuration of
the information processing apparatus 100 according to
the embodiment of the present disclosure has been de-
scribed above.
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<2-2. Calculation of measurement error>

[0030] As described above, a measurement error can
occur in measurement of geomagnetism by the magnetic
sensor 121. In the following description, the measure-
ment error obtained by the information processing appa-
ratus 100 according to the embodiment of the present
disclosure will be described. FIG. 3 is a diagram for ex-
plaining a measurement error obtained by the information
processing apparatus 100 according to the embodiment
of the present disclosure. Specifically, FIG. 3 illustrates
an example of results in which measured magnetic val-
ues are plotted on three axes.
[0031] For example, a typical technique is assumed in
which registration information in which measurement po-
sitions, depression of geomagnetism and absolute val-
ues of geomagnetism are associated is prepared as a
database, and a measurement error as a geomagnetic
sensor is obtained based on a comparison result of the
registration information and actual measured informa-
tion. In such a typical technique, when the depression
and the absolute values are not similar between the reg-
istration information and the actual measured informa-
tion, it can be estimated that there is a higher measure-
ment error.
[0032] On the other hand, in such a typical technique,
when the depression and the absolute values are the
same or similar between the registration information and
the actual measured information, it is difficult to estimate
a measurement error, because, first, even if the depres-
sion and the absolute values are the same between the
registration information and the actual measured infor-
mation, it can be only recognized that a point indicating
the measured magnetic value is located on any point on
a circle C1, and there is a possibility that azimuth or pos-
ture is different between the registration information and
the actual measured information, and, secondly, it is dif-
ficult to recognize a degree of influence of disturbance.
[0033] In the present specification, a method for ob-
taining a measurement error based on temporal fluctua-
tion of the magnetic value or the information obtained
based on the magnetic value is proposed. The magnetic
value may be an absolute value of the magnetic value
(magnitude of a magnetic vector) or an axial component
of any of the magnetic value. Further, the information
obtained based on the magnetic value may be depres-
sion obtained from the magnetic value, an absolute value
of the magnetic value, azimuth obtained from the mag-
netic value or posture obtained from the magnetic value.
According to this method, it is possible to obtain a meas-
urement error with higher accuracy by also reflecting in-
formation other than the depression and the absolute val-
ue on the measurement error. Further, according to this
method, it is not necessary to prepare the registration
information in advance.
[0034] Further, in the present specification, a method
for measuring a magnetic value during movement of at
least the magnetic sensor 121 is proposed. According to

this method, spatial magnetic distribution measured dur-
ing movement of the magnetic sensor 121 is reflected on
the measurement error. It is estimated that there is high
correlation between the spatial magnetic distribution and
the measurement error. Therefore, according to this
method, it is possible to obtain a measurement error with
higher accuracy.
[0035] FIG. 4 is another diagram for explaining the
measurement error obtained by the information process-
ing apparatus 100 according to the embodiment of the
present disclosure. Referring to FIG. 4, a region R1 of a
building made of iron and steel exists, and a region R2
surrounded by the region R1 exists. Here, while, in the
region R2, a magnetic flux is likely to be sparse compared
to in the region R1, which can make an absolute value
of the magnetic value small, there is also a possibility
that an absolute value of geomagnetism registered in the
region R2 is at the same level as an absolute value of
geomagnetism registered in the region R1 according to
accuracy of the registration information. Therefore, in the
above-described typical technique, even if it is judged
that the absolute values are not similar between the reg-
istration information and the actual measured information
in the region R2 and an azimuth error is not so high, it
can be estimated that there is a high measurement error.
[0036] In the present specification, a method for ob-
taining a measurement error based on temporal fluctua-
tion of the magnetic value or the information obtained
based on the magnetic value is proposed. According to
this method, because it is not necessary to compare be-
tween the actual measured information and the registra-
tion information, it is possible to obtain a measurement
error with higher accuracy which does not depend on a
level of accuracy of the registration information.
[0037] Further, in the present specification, a method
for obtaining a magnetic value during movement of at
least the magnetic sensor 121 is proposed. According to
this method, spatial magnetic distribution measured dur-
ing movement of the magnetic sensor 121 is reflected on
the measurement error. In the region R2 where the mag-
netic flux is likely to be sparse, when the azimuth error
is not so high, there is a possibility that the spatial mag-
netic distribution does not change largely, and there is a
possibility that a lower measurement error can be ob-
tained with higher accuracy compared to the above-de-
scribed typical technique.
[0038] Subsequently, the method for obtaining the
measurement error by the information processing appa-
ratus 100 according to the embodiment of the present
disclosure will be described in further details. First, the
fluctuation measuring unit 111 measures temporal fluc-
tuation of the magnetic value measured by the magnetic
sensor 121 during movement of at least the magnetic
sensor 121 or the information obtained based on the
magnetic value. The measurement error acquiring unit
112 obtains a measurement error as the geomagnetic
sensor of the magnetic sensor 121 based on the fluctu-
ation measured by the fluctuation measuring unit 111.
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According to this method, it is possible to obtain a meas-
urement error with higher accuracy as described above.
[0039] Whether or not the magnetic sensor 121 is mov-
ing may be automatically judged by the control unit 110
or may be inputted by the user. Whether or not the mag-
netic sensor 121 is moving may be judged in any way,
and may be judged based on sensor data measured by
the sensor unit 120. For example, the control unit 110
may judge that the magnetic sensor 121 is moving when
the positioning position measured by the positioning sen-
sor 124 changes or may judge whether or not the mag-
netic sensor 121 is moving using a pedometer. It should
be noted that the fluctuation measuring unit 111 may
measure fluctuation while the magnetic sensor 121 is
stopped.
[0040] Various measuring methods are assumed as
measurement of fluctuation by the fluctuation measuring
unit 111. For example, the fluctuation measuring unit 111
sets two predetermined measurement time as first meas-
urement time and second measurement time, and may
measure, as fluctuation, a difference value between the
magnetic values or information obtained based on the
magnetic values at the first measurement time and the
second measurement time. By measuring the difference
value as fluctuation in this manner, it is possible to meas-
ure fluctuation using simple processing.
[0041] While the first measurement time and the sec-
ond measurement time may be any time, for example,
among the magnetic values measured within a predeter-
mined time period or information obtained based on the
magnetic values, the first measurement time may be a
maximum value and the second measurement time may
be a minimum value. In the following description, a case
where the first measurement time is a maximum value
and the second measurement time is a minimum value
will be described with reference to FIG. 5 and FIG. 6.
While FIG. 5 and FIG. 6 illustrate a case where the pre-
determined time period is 10 seconds, the length of the
predetermined time period is not limited.
[0042] It should be noted that while, in the following
description, a case where an azimuth error is used as an
example of the measurement error will be mainly de-
scribed assuming that the measurement error is used to
specify azimuth, the measurement error may be used for
purposes other than specification of the azimuth. Further,
while, in the following description, a case will be mainly
described where the fluctuation measuring unit 111
measures temporal fluctuation of the magnetic value
measured by the magnetic sensor 121, the fluctuation
measuring unit 111 may measure temporal fluctuation of
the information obtained based on the magnetic value.
[0043] FIG. 5 is a diagram illustrating one example of
relationship between the absolute value of the magnetic
value and the azimuth error. Further, FIG. 6 is a flowchart
illustrating one example of operation for obtaining the
azimuth error based on the magnetic value. First, the
magnetic sensor 121 detects a triaxial magnetic value
(S11), and removes offset from the detected triaxial mag-

netic value (S12). The fluctuation measuring unit 111 cal-
culates an absolute value of the triaxial magnetic value
and accumulates the absolute value in a buffer (S13).
The absolute value of the triaxial magnetic value can
change as illustrated in FIG. 5. The control unit 110 shifts
the operation to S11 when absolute values correspond-
ing to 10 seconds are not accumulated in the buffer (S14:
"No").
[0044] On the other hand, when the absolute values
corresponding to 10 seconds are accumulated in the buff-
er (S14: "Yes"), the measurement error acquiring unit
112 calculates a difference value by subtracting the min-
imum value from the maximum value among the absolute
values corresponding to 10 seconds accumulated in the
buffer (S15), and calculates an azimuth error by multi-
plying the difference value by a fixed coefficient (S16).
FIG. 5 illustrates the maximum value and the minimum
value among the absolute values corresponding to 10
seconds accumulated in the buffer. The control unit 110
increments a buffer pointer indicating an accumulation
position of an absolute value of triaxial geomagnetism
(S17) and shifts the operation to S11.
[0045] It should be noted that while an example where
the first measurement time is the maximum value and
the second measurement time is the minimum value
among the magnetic values measured within a predeter-
mined time period or the information obtained based on
the magnetic values has been described here, as de-
scribed above, the first measurement time and the sec-
ond measurement time may be any time. For example,
the first measurement time and the second measurement
time have an interval of a predetermined time period ther-
ebetween.
[0046] In the following description, a case will be de-
scribed with reference to FIG. 7 where the first measure-
ment time and the second measurement time have an
interval of a predetermined time period therebetween.
While FIG. 7 illustrates a case where the predetermined
time period is 1 second, the length of the predetermined
time period is not limited.
[0047] FIG. 7 is a flowchart illustrating another example
of the operation for obtaining the azimuth error based on
the magnetic value. First, the magnetic sensor 121 de-
tects a triaxial magnetic value (S21), and removes offset
from the detected triaxial magnetic value (S22). The fluc-
tuation measuring unit 111 calculates an absolute value
of the triaxial magnetic value and accumulates the abso-
lute value in the buffer (S23). When absolute values cor-
responding to 1 second are not accumulated in the buffer
(S24: "No"), the control unit 110 shits the operation to
S21.
[0048] On the other hand, when absolute values cor-
responding to 1 second are accumulated in the buffer
(S24: "Yes"), the measurement error acquiring unit 112
calculates a difference value by subtracting an absolute
value 1 second before from a current absolute value
among the absolute values corresponding to 1 second
accumulated in the buffer (S25), and calculates an azi-
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muth error by multiplying the difference value by a fixed
coefficient (S26). The control unit 110 increments a buffer
pointer indicating an accumulation position of the abso-
lute value of the triaxial geomagnetism (S27) and shifts
the operation to S21.
[0049] It should be noted that while FIG. 6 and FIG. 7
illustrate an example where the measurement error ac-
quiring unit 112 calculates a result of multiplication of the
difference value and the fixed coefficient as the azimuth
error of the magnetic sensor 121, a method for calculating
the azimuth error is not limited to this example. For ex-
ample, the measurement error acquiring unit 112 may
obtain a difference value itself as the azimuth error of the
magnetic sensor 121. Therefore, the measurement error
acquiring unit 112 may obtain the result of multiplication
of the difference value and the fixed coefficient or the
difference value as the measurement error of the mag-
netic sensor 121.
[0050] The measurement error obtained by the infor-
mation processing apparatus 100 according to the em-
bodiment of the present disclosure has been described
above.

<2-3. Specification of azimuth or posture>

[0051] The measurement error obtained as described
above may be utilized in any way. For example, the spec-
ifying unit 113 may specify azimuth or posture based on
the measurement error of the magnetic sensor 121. First,
a yaw angle, a roll angle and a pitch angle will be de-
scribed as posture angles of the magnetic sensor 121 to
be used to specify the azimuth or the posture of the mag-
netic sensor 121. FIG. 8 is a diagram for explaining the
yaw angle, the roll angle and the pitch angle.
[0052] As illustrated in FIG. 8, a roll axis (Y axis) may
be set along a forward vector of the information process-
ing apparatus 100. Further, a pitch axis (X axis) may be
set along a horizontal direction of the information
processing apparatus 100. A yaw axis (Z axis) may be
set along a gravity vector. In the following description,
the pitch angle, the roll angle and the yaw angle respec-
tively correspond to rotation angles with respect to the
pitch axis, the roll axis and the yaw axis. Further, the yaw
angle can correspond to the azimuth, and the pitch angle
and the roll angle can correspond to the posture.
[0053] While a method for specifying the azimuth or
the posture based on the measurement error of the mag-
netic sensor 121 is not particularly limited, the specifying
unit 113 may increase weight of correction to the azimuth
or the posture using other sensor data as the measure-
ment error of the magnetic sensor 121 is higher. Accord-
ing to this configuration, it is possible to specify the azi-
muth or the posture with higher accuracy. A method for
increasing weight of correction to the azimuth or the pos-
ture using other sensor data is not particularly limited.
[0054] For example, the specifying unit 113 may cor-
rect the azimuth or the posture based on the other sensor
data when the measurement error of the magnetic sensor

121 exceeds a threshold. While the other sensor data is
not particularly limited, the other sensor data may be an-
gular velocity measured by the gyro sensor 122. There-
fore, the specifying unit 113 may correct the azimuth or
the posture based on the angular velocity measured by
the gyro sensor 122 when the measurement error of the
magnetic sensor 121 exceeds the threshold. This cor-
rection will be further specifically described.
[0055] FIG. 9 is a flowchart illustrating one example of
the operation for specifying the azimuth based on the
azimuth error. First, the control unit 110 calculates the
azimuth based on the magnetic value detected by the
magnetic sensor 121 (hereinafter, also referred to as "ge-
omagnetic azimuth") (S31). Further, the control unit 110
calculates yaw angular velocity based on the angular ve-
locity detected by the gyro sensor 122 (hereinafter, also
referred to as "gyro yaw angular velocity") (S32). A di-
rection of the yaw axis may be determined based on a
gravity vector estimated from the acceleration detected
by the acceleration sensor 123.
[0056] Subsequently, the fluctuation measuring unit
111 measures temporal fluctuation of the magnetic value
measured by the magnetic sensor 121 during movement
of at least the magnetic sensor 121 or the information
obtained based on the magnetic value, and the meas-
urement error acquiring unit 112 calculates a measure-
ment error as the geomagnetic sensor of the magnetic
sensor 121 (hereinafter, also referred to as a "geomag-
netic azimuth error") based on the fluctuation measured
by the fluctuation measuring unit 111 (S33).
[0057] When the geomagnetic azimuth error exceeds
10° (S34: "Yes"), the specifying unit 113 calculates new
correction azimuth by adding a result of multiplication of
the gyro yaw angular velocity and 1 second to the cor-
rection azimuth 1 second before (S35), and the operation
is shifted to S37. On the other hand, when the geomag-
netic azimuth error falls below 10° (S34: "No"), the spec-
ifying unit 113 sets the geomagnetic azimuth as new cor-
rection azimuth (S36), and the operation is shifted to S37.
When the geomagnetic azimuth error is equal to 10°, the
operation may be shifted to either S35 or S36.
[0058] The specifying unit 113 accumulates the cor-
rection azimuth in the buffer (S37), and the control unit
110 stands by for 1 second (S38) and shifts the operation
to S31. It should be noted that while FIG. 9 illustrates a
case where the threshold to be compared with the geo-
magnetic azimuth error is 10°, a magnitude of the thresh-
old is not limited. Further, while FIG. 9 illustrates a case
where the azimuth is corrected for each 1 second, a time
interval for correcting the azimuth is not limited and may
be changed as appropriate.
[0059] While an example has been described above
where the azimuth or the posture is specified based on
the measurement error of the magnetic sensor 121, the
specifying unit 113 may specify the azimuth or the pos-
ture based on the measurement error of the magnetic
sensor 121 and a measurement error of another sensor.
A method for specifying the azimuth or the posture based
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on the measurement error of the magnetic sensor 121
and the measurement error of another sensor is not par-
ticularly limited.
[0060] For example, the specifying unit 113 may cor-
rect the azimuth or the posture based on the sensor data
measured by another sensor when the measurement er-
ror of the magnetic sensor 121 exceeds the measure-
ment error of another sensor. According to this configu-
ration, it is possible to specify the azimuth or the posture
with higher accuracy. Another sensor is not particularly
limited, and may be the gyro sensor 122. Therefore, the
specifying unit 113 may correct the azimuth or the posture
based on the angular velocity measured by the gyro sen-
sor 122 when the measurement error of the magnetic
sensor 121 exceeds the measurement error of the gyro
sensor 122. This correction will be further specifically de-
scribed.
[0061] FIG. 10 is a flowchart illustrating another exam-
ple of the operation for specifying the azimuth based on
the azimuth error. First, the control unit 110 calculates
geomagnetic azimuth (S41). Further, the control unit 110
calculates gyro yaw angular velocity (S42). A direction
of the yaw axis may be determined based on the gravity
vector estimated from the acceleration detected by the
acceleration sensor 123. Subsequently, the fluctuation
measuring unit 111 measures temporal fluctuation of the
magnetic value measured by the magnetic sensor 121
during movement of at least the magnetic sensor 121 or
the information obtained based on the magnetic value,
and the measurement error acquiring unit 112 calculates
a geomagnetic azimuth error based on the fluctuation
measured by the fluctuation measuring unit 111 (S43).
[0062] The measurement error acquiring unit 112 cal-
culates a measurement error of the gyro sensor 122
(hereinafter, also referred to as a "gyro azimuth error")
(S44). While a method for calculating the measurement
error of the gyro sensor 122 is not particularly limited, it
is also possible to calculate elapsed time from a time
point at which offset correction is performed on the gyro
sensor 122 last time as the measurement error of the
gyro sensor 122 taking into account characteristics that
the measurement error of the gyro sensor 122 becomes
longer for longer elapsed time from the time point at which
offset correction is performed.
[0063] When the geomagnetic azimuth error exceeds
the gyro azimuth error (S45: "Yes"), the specifying unit
113 calculates new correction azimuth by adding a result
of multiplication of the gyro yaw angular velocity and 1
second to the correction azimuth 1 second before (S46),
and the operation is shifted to S48. On the other hand,
when the geomagnetic azimuth error falls below the gyro
azimuth error (S45: "No"), the specifying unit 113 sets
the geomagnetic azimuth as new correction azimuth
(S47), and the control unit 110 shifts the operation to
S48. When the geomagnetic azimuth error is equal to
the gyro azimuth error, the operation may be shifted to
either S46 or S47.
[0064] The specifying unit 113 accumulates the cor-

rection azimuth in the buffer (S48), and the control unit
110 stands by for 1 second (S49) and shifts the operation
to S41. It should be noted that while FIG. 10 illustrates a
case where the azimuth is corrected for each 1 second,
a time interval for correcting the azimuth is not limited
and may be changed as appropriate.
[0065] FIG. 11 is a diagram illustrating one example of
trajectories of a user position in the case where the in-
formation processing apparatus 100 according to the em-
bodiment of the present disclosure and a typical tech-
nique are respectively used. One example of a difference
of trajectories of the user position in the case where the
information processing apparatus 100 according to the
embodiment of the present disclosure and the typical
technique are respectively used will be described with
reference to FIG. 11. The trajectories of the user position
are indicated in map information 171B.
[0066] Specifically, a trajectory Q11 of the user position
indicates a trajectory in the case where the azimuth is
specified using the measurement error obtained by the
fluctuation measuring unit 111 and the measurement er-
ror acquiring unit 112 based on a comparison result be-
tween the geomagnetic azimuth error and the gyro azi-
muth error as illustrated in FIG. 10. Meanwhile, a trajec-
tory Q12 of the user position is a trajectory in the case
where the azimuth is specified using the measurement
error obtained using the above-described typical tech-
nique based on the comparison result between the geo-
magnetic azimuth error and the gyro azimuth error as
illustrated in FIG. 10.
[0067] Here, a magnitude of the geomagnetism typi-
cally tends to be weaker indoors than outdoors. For ex-
ample, when the typical technique in which registration
information and actual measured information are com-
pared is used in a situation where the user moves in-
doors, an absolute value of the magnetic value is likely
to be small, and the geomagnetic azimuth error is likely
to be large. As a result, the geomagnetic azimuth error
is likely to exceed the gyro azimuth error, and thus the
azimuth is likely to be specified based on the angular
velocity measured by the gyro sensor. However, because
the measurement result of the gyro sensor includes an
offset error, if the angular velocity measured by the gyro
sensor is accumulated, the measurement error becomes
gradually larger as indicated with the trajectory Q12.
[0068] On the other hand, for example, when the meas-
urement error obtained by the fluctuation measuring unit
111 and the measurement error acquiring unit 112 is used
in the same situation, because the geomagnetic azimuth
error does not become so large, the geomagnetic azi-
muth error falls below the gyro azimuth error at a time
point at which the user reaches the position P11. When
the user reaches the positions P11 and P12, because
the azimuth is specified based on the magnetic value
measured by the magnetic sensor 121, it can be recog-
nized that the trajectory Q11 of the user position does
not deviate from the route L1 too far.
[0069] FIG. 12 is a diagram illustrating another exam-
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ple of the trajectories of the user position in the case
where the information processing apparatus 100 accord-
ing to the embodiment of the present disclosure and the
typical technique are respectively used. Another exam-
ple of the difference of the trajectories of the user position
in the case where the information processing apparatus
100 according to the embodiment of the present disclo-
sure and the typical technique are respectively used will
be described with reference to FIG. 12. The trajectories
of the user position are indicated in map information
171C.
[0070] Also in FIG. 12, the trajectories Q11 and Q12
of the user position are indicated. For example, when the
typical technique in which the registration information and
the actual measured information are compared is used
in a situation where the user moves indoors, the meas-
urement error gradually becomes larger as indicated with
the trajectory Q12. Here, as described above, even when
the depression and the absolute value are the same or
similar between the registration information and the ac-
tual measured information, when the depression and the
absolute value are the same between the registration
and the actual measured information, although the geo-
magnetic azimuth error is likely to be estimated to be low,
there is a possibility that the azimuth is different between
the registration and the actual measured information.
[0071] It is assumed that the geomagnetic azimuth er-
ror falls below the gyro azimuth error at the time point at
which the user reaches a position P13. When the user
reaches the position P13, while the azimuth is specified
based on the magnetic value measured by the magnetic
sensor 121, it can be recognized that because the meas-
ured azimuth is actually not correct, the trajectory Q12
of the user position further largely deviates from the route
L1 after the user reaches the position P13.
[0072] FIG. 13 is a diagram illustrating one example of
trajectories of a plurality of user positions in the case
where the information processing apparatus 100 accord-
ing to the embodiment of the present disclosure and the
typical technique are respectively used. One example of
trajectories of the plurality of user positions in the case
where the information processing apparatus 100 accord-
ing to the embodiment of the present disclosure and the
typical technique are respectively used will be described
with reference to FIG. 13. Trajectories of a first user po-
sition and a second user position are respectively indi-
cated in map information 171D. The first user tries to
move in the azimuth of the route L1 from an initial position
P10, and the second user tries to move in the azimuth
of the route L2 from an initial position P20.
[0073] Specifically, a trajectory Q11 of the first user
position and a trajectory Q21 of the second user position
indicate trajectories in the case where the azimuth is
specified based on a result of comparison between the
geomagnetic azimuth error and the gyro azimuth error
as illustrated in FIG. 10 using the measurement error
obtained by the fluctuation measuring unit 111 and the
measurement error acquiring unit 112. Meanwhile, a tra-

jectory Q12 of the first user position and a trajectory Q22
of the second user position indicate trajectories in the
case where the azimuth is specified based on a result of
comparison between the geomagnetic azimuth error and
the gyro azimuth error as illustrated in FIG. 10 using the
measurement error obtained using the above-described
typical technique.
[0074] It can be recognized from the trajectory Q12 of
the first user position and the trajectory Q22 of the second
user position in the case where the typical technique is
used that the first user and the second user move away
from a junction point of the route L1 and the route L2. On
the other hand, it can be recognized from the trajectory
Q11 of the first user position and the trajectory Q21 of
the second user position in the case where the informa-
tion processing apparatus 100 according to the embod-
iment of the present disclosure is used that the first user
and the second user approaches the junction point of the
route L1 and the route L2.
[0075] FIG. 14 is a flowchart illustrating one example
of operation for specifying posture based on the azimuth
error. First, the control unit 110 calculates a gravity vector
from the acceleration detected by the acceleration sensor
123 (S51). Further, the control unit 110 calculates initial
values of the pitch angle and the roll angle from the gravity
vector (S52). Subsequently, the control unit 110 detects
pitch angular velocity (hereinafter, also referred to as
"gyro pitch angular velocity") and roll angular velocity
(hereinafter, also referred to as "gyro roll angular veloc-
ity") detected by the gyro sensor 122 (S53).
[0076] Subsequently, the control unit 110 calculates
pitch angular velocity (hereinafter, also referred to as "ge-
omagnetic pitch angular velocity") and roll angular veloc-
ity (hereinafter, also referred to as "geomagnetic roll an-
gular velocity") based on the magnetic value detected by
the magnetic sensor 121 (S54). Specifically, the control
unit 110 may set declination when a geomagnetic vector
is projected respectively on an XZ plane and a YZ plane
as a geomagnetic roll angle and a geomagnetic pitch
angle, and calculate amounts of change from angles 1
second before as geomagnetic roll angular velocity and
geomagnetic pitch angular velocity.
[0077] Subsequently, the fluctuation measuring unit
111 measures temporal fluctuation of the magnetic value
measured by the magnetic sensor 121 during movement
of at least the magnetic sensor 121 or the information
obtained based on the magnetic value, and the meas-
urement error acquiring unit 112 calculates the geomag-
netic azimuth error based on the fluctuation measured
by the fluctuation measuring unit 111 (S55).
[0078] When the geomagnetic azimuth error exceeds
10° (S56: "Yes"), the specifying unit 113 calculates a new
correction pitch angle by adding the gyro pitch angular
velocity to the correction pitch angle 1 second before,
and calculates a new correction roll angle by adding the
gyro roll angular velocity to the correction roll angle 1
second before (S57), and the operation is shifted to S59.
On the other hand, when the geomagnetic azimuth error
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falls below 10° (S56: "No"), the specifying unit 113 cal-
culates a new correction pitch angle by adding the geo-
magnetic pitch angular velocity to the correction pitch
angle 1 second before and calculates a new correction
roll angle by adding the geomagnetic roll angular velocity
to the correction roll angle 1 second before (S58), and
the operation is shifted to S59. When the geomagnetic
azimuth error is equal to 10°, the operation may be shifted
to either S57 or S58.
[0079] The specifying unit 113 accumulates the cor-
rection pitch angle, the correction roll angle and the mag-
netic value in the buffer (S59), and the control unit 110
stands by for 1 second (S60) and shifts the operation to
S53. It should be noted that while FIG. 14 illustrates a
case where a threshold to be compared with the geo-
magnetic azimuth error is 10°, a magnitude of this thresh-
old is not limited. Further, while FIG. 14 illustrates a case
where the azimuth is corrected for each 1 second, a time
interval for correcting the azimuth is not limited and may
be changed as appropriate.
[0080] The method for specifying the azimuth or the
posture based on the measurement error of the magnetic
sensor 121 has been described above. It should be noted
that the display control unit 115 can control the display
unit 170 to display the azimuth or the posture of the mag-
netic sensor 121. Further, the display unit 170 can display
the azimuth or the posture of the magnetic sensor 121.

<2-4. Correction of measurement position>

[0081] The method for specifying the azimuth or the
posture using the sensor data has been described above.
However, it is expected that specification of the azimuth
or the posture by the information processing apparatus
100 according to the embodiment of the present disclo-
sure provides further special advantages by using vari-
ous functions in combination. For example, specification
of the azimuth or the posture by the information process-
ing apparatus 100 can be used in combination with cor-
rection of the positioning position using a technique of
map matching. FIG. 15 is a diagram illustrating one ex-
ample of the correction of the positioning position using
the map matching technique.
[0082] The position acquiring unit 114 acquires the
measurement position measured by the positioning sen-
sor 124. As indicated in map information 171E, the dis-
play control unit 115 can control the display unit 170 to
display the positioning position acquired by the position
acquiring unit 114. The display unit 170 can display the
positioning position acquired by the position acquiring
unit 114. Here, the position acquiring unit 114 may correct
the measurement position based on position information
registered in advance using the map matching technique.
[0083] In the example illustrated in FIG. 15, position
information respectively indicating positions C11 and
C12 at which the user can exist is registered in advance,
and the position acquiring unit 114 corrects the position-
ing position in the case where the information processing

apparatus 100 according to the embodiment of the
present disclosure is used to the position C11. Further,
the position acquiring unit 114 corrects the positioning
position in the case where the typical technique is used
to the position C12. The positioning position may be cor-
rected in the case where the positioning position is the
same or similar to the position indicated in the position
information registered in advance. Referring to FIG. 15,
when the information processing apparatus 100 accord-
ing to the embodiment of the present disclosure is used,
the positioning position is corrected to the position C11
along the route L1, while when the typical technique is
used, the positioning position is corrected to the position
C12 which deviates from the route L1.
[0084] As in this example, if accuracy of specification
of the azimuth or the posture is improved, particularly,
when a technique for specifying the azimuth or the pos-
ture and the map matching technique are used in com-
bination, it is possible to reduce a possibility that the po-
sitioning position is corrected to a wrong position. Par-
ticularly, a walking path as illustrated in FIG. 15 is highly
likely to have a two-dimensional width compared to a
vehicle road, and it is difficult to apply the map matching
technique while the user moves on the walking path.
Therefore, particularly, while the user moves on the walk-
ing path, it is effective to specify the azimuth with high
accuracy as described in the embodiment of the present
disclosure.
[0085] While the case where specification of the azi-
muth or the posture by the information processing appa-
ratus 100 is used in combination with correction of the
positioning position using the map matching technique
has been described above, for example, specification of
the azimuth or the posture by the information processing
apparatus 100 can be used in combination with a tech-
nique for storing passage history of the user. FIG. 16 is
a diagram for explaining an example in which the pas-
sage history is stored.
[0086] The position acquiring unit 114 acquires the
measurement position measured by the positioning sen-
sor 124. As indicated in map information 171F, the dis-
play control unit 115 can control the display unit 170 to
display the positioning position acquired by the position
acquiring unit 114. Further, the display unit 170 can dis-
play the positioning position acquired by the position ac-
quiring unit 114. Here, the position acquiring unit 114
may select area identification information associated with
position information which is the same as or close to the
measurement position and store the area identification
information as the passage history of the user.
[0087] In the example illustrated in FIG. 16, the area
identification information for respectively identifying are-
as E11 and E12 in which the user can exist is registered
in advance, and position information is associated with
each area identification information. A type of areas is
not particularly limited, and may be a location where an
object which does not move such as a store exists or
may be a location where an object which moves such as
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a person, a vehicle, a stand and a location of an event
(such as fireworks) exists. In the example illustrated in
FIG. 16, the area E11 is a ticket gate, and the area E12
is a store existing in an underground mall.
[0088] Further, in the example illustrated in FIG. 16,
the position acquiring unit 114 acquires position informa-
tion close to the positioning position in the case where
the information processing apparatus 100 according to
the embodiment of the present disclosure is used, selects
area identification information of the area E11 associated
with the position information and stores the area identi-
fication information as passage history of the user. Fur-
ther, the position acquiring unit 114 acquires position in-
formation close to the positioning information in the case
where the typical technique is used, selects area identi-
fication information of the area E12 associated with the
position information and stores the area identification in-
formation as the passage history of the user.
[0089] Referring to FIG. 16, while the area identifica-
tion information of the area E11 along the route L1 is
stored as progression history when the information
processing apparatus 100 according to the embodiment
of the present disclosure is used, the area identification
information of the area E12 which deviates from the route
L1 is stored as the progression history when the typical
technique is used.
[0090] As in this example, when accuracy of specifica-
tion of the azimuth or the posture is improved, particularly,
when a technique for specifying the azimuth or the pos-
ture is used in combination with a technique for storing
the passage history of the user, it is possible to reduce
a possibility that wrong passage history is stored. The
passage history obtained in this manner may be utilized
in any way. For example, it is possible to obtain prefer-
ence information of the user by analyzing the passage
history.
[0091] The case has been described where specifica-
tion of the azimuth or the posture by the information
processing apparatus 100 is used in combination with
correction of the positioning position using the map
matching technique or used in combination with the tech-
nique for storing the passage history of the user. How-
ever, specification of the azimuth or the posture by the
information processing apparatus 100 can provide spe-
cial advantages even when being used in combination
with other techniques.
[0092] For example, specification of the azimuth or the
posture by the information processing apparatus 100 can
be used in combination with a technique for estimating
an area reached by the user based on the user position
and the azimuth of the user. Further, specification of the
azimuth or the posture by the information processing ap-
paratus 100 can be used in combination with a technique
for estimating an area where the user exists based on
the passage history. Specification of the azimuth or the
posture by the information processing apparatus 100 can
be used in combination with a technique for estimating
an area where the user exists in a certain time zone based

on passage history for each time zone.

<<3. Example of hardware structure>>

[0093] Subsequently, an example of a hardware struc-
ture of the information processing apparatus 100 accord-
ing to the embodiment of the present disclosure will be
described. FIG. 17 is a diagram illustrating the example
of the hardware structure of the information processing
apparatus 100 according to the embodiment of the
present disclosure. However, the example of the hard-
ware structure illustrated in FIG. 17 is merely one exam-
ple of the hardware structure of the information process-
ing apparatus 100. Therefore, the hardware structure of
the information processing apparatus 100 is not limited
to the example illustrated in FIG. 17.
[0094] As illustrated in FIG. 17, the information
processing apparatus 100 includes a central processing
unit (CPU) 801, a read only memory (ROM) 802, a ran-
dom access memory (RAM) 803, a sensor 804, an input
apparatus 808, an output apparatus 810, a storage ap-
paratus 811 and a drive 812.
[0095] The CPU 801 which functions as an arithmetic
processing apparatus and a control apparatus, controls
the whole operation within the information processing ap-
paratus 100 according to various kinds of programs. Fur-
ther, the CPU 801 may be a microprocessor. The ROM
802 stores a program, an operation parameter, or the
like, to be used by the CPU 801. The RAM 803 tempo-
rarily stores a program to be used during execution of
the CPU 801, a parameter which changes as appropriate
during the execution, or the like. These are connected to
each other with a host bus configured with a CPU bus,
or the like.
[0096] The sensor 804 is configured with a sensor for
detecting a state of the information processing apparatus
100 and its peripheral circuit. Examples of the sensor
804 can include a magnetic sensor, a gyro sensor, an
acceleration sensor and a positioning sensor. The sensor
data detected by the sensor 804 is transmitted to the
CPU 801. By this means, the CPU 801 can know the
state (such as azimuth, angular velocity, acceleration and
a position) of the information processing apparatus 100.
[0097] The input apparatus 808 is configured with an
input unit such as a mouse, a keyboard, a touch panel,
a button, a microphone, a switch and a lever for allowing
the user to input information, an input control circuit which
generates an input signal based on input by the user and
outputs the input signal to the CPU 801, or the like. The
user of the information processing apparatus 100 can
input various kinds of data to the information processing
apparatus 100 and instructs the information processing
apparatus 100 to perform processing operation by oper-
ating the input apparatus 808.
[0098] The output apparatus 810 includes, for exam-
ple, a liquid crystal display (LCD) apparatus, an organic
light emitting diode (OLED) apparatus, and a display ap-
paratus such as a lamp. Further, the output apparatus
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810 may include a sound output apparatus such as a
speaker and a headphone. For example, the display ap-
paratus displays a picked up image, a generated image,
or the like. Meanwhile, the sound output apparatus con-
verts sound data into sound and outputs the sound.
[0099] The storage apparatus 811 is an apparatus for
storing data configured as one example of the storage
unit of the information processing apparatus 100. The
storage apparatus 811 may include a storage medium,
a recording apparatus which records data in the storage
medium, a reading apparatus which reads out data from
the storage medium, a deleting apparatus which deletes
data recorded in the storage medium, or the like. The
storage apparatus 811 stores a program executed by the
CPU 801 and various kinds of data.
[0100] The drive 812 which is a reader/writer for stor-
age medium, is incorporated into or externally attached
to the information processing apparatus 100. The drive
812 reads out information recorded in the loaded removal
storage medium such as a magnetic disc, an optical disc,
a magnetic optical disc and a semiconductor memory
and outputs the information to the RAM 803. Further, the
drive 812 can write information in the removal storage
medium.
[0101] The example of the hardware structure of the
information processing apparatus 100 according to the
embodiment of the present disclosure has been de-
scribed above.

<<4. Conclusion>>

[0102] As described above, according to the embodi-
ment of the present disclosure, the information process-
ing apparatus 100 is provided which includes the fluctu-
ation measuring unit 111 which measures temporal fluc-
tuation of the magnetic value measured by the magnetic
sensor 121 during movement of at least the magnetic
sensor or information obtained based on the magnetic
value, and the measurement error acquiring unit 112
which obtains the measurement error of the magnetic
sensor 121 based on the fluctuation.
[0103] According to this configuration, spatial magnet-
ic distribution measured during movement of the mag-
netic sensor 121 is reflected on the measurement error.
It can be estimated that the spatial magnetic distribution
has high correlation with the measurement error. There-
fore, according to this method, it is possible to obtain a
measurement error with higher accuracy. Further, ac-
cording to this method, it is possible to provide an advan-
tage of eliminating the necessity of preparing registration
information in advance.
[0104] The preferred embodiment(s) of the present
disclosure has/have been described above with refer-
ence to the accompanying drawings, whilst the present
disclosure is not limited to the above examples. A person
skilled in the art may find various alterations and modifi-
cations within the scope of the appended claims, and it
should be understood that they will naturally come under

the technical scope of the present disclosure.
[0105] Further, a program for causing hardware, such
as a CPU, ROM and RAM built into a computer, to exhibit
functions similar to the functions included in the above
described information processing apparatus 100 can be
created. Further, a recording medium can also be pro-
vided which records these programs and is capable of
performing reading to the computer.
[0106] Additionally, the present technology may also
be configured as below.

(1) An information processing apparatus including:

a fluctuation measuring unit configured to meas-
ure temporal fluctuation of a magnetic value
measured by a magnetic sensor during move-
ment of at least the magnetic sensor or informa-
tion obtained based on the magnetic value; and
a measurement error acquiring unit configured
to obtain a measurement error of the magnetic
sensor based on the fluctuation.

(2) The information processing apparatus according
to (1), including:

a specifying unit configured to specify azimuth
or posture based on the measurement error of
the magnetic sensor.

(3) The information processing apparatus according
to (2),
wherein the specifying unit increases weight of cor-
rection to the azimuth or the posture using other sen-
sor data as the measurement error of the magnetic
sensor is higher.
(4) The information processing apparatus according
to (3),
wherein the specifying unit corrects the azimuth or
the posture based on the other sensor data when
the measurement error of the magnetic sensor ex-
ceeds a threshold.
(5) The information processing apparatus according
to (4),
wherein the specifying unit corrects the azimuth or
the posture of the magnetic sensor based on angular
velocity measured by a gyro sensor when the meas-
urement error of the magnetic sensor exceeds the
threshold.
(6) The information processing apparatus according
to (3) or (4),
wherein the specifying unit specifies the azimuth or
the posture based on the measurement error of the
magnetic sensor and a measurement error of anoth-
er sensor.
(7) The information processing apparatus according
to (6),
wherein the specifying unit corrects the azimuth or
the posture based on sensor data measured by the
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other sensor when the measurement error of the
magnetic sensor exceeds the measurement error of
the other sensor.
(8) The information processing apparatus according
to (7),
wherein the specifying unit corrects the azimuth or
the posture based on angular velocity measured by
a gyro sensor when the measurement error of the
magnetic sensor exceeds a measurement error of
the gyro sensor.
(9) The information processing apparatus according
to any one of (2) to (8), including:

a position acquiring unit configured to acquire a
measurement position measured by a position-
ing sensor.

(10) The information processing apparatus accord-
ing to (9),
wherein the position acquiring unit corrects the
measurement position based on position information
registered in advance.
(11) The information processing apparatus accord-
ing to (9) or (10),
wherein the position acquiring unit selects area iden-
tification information associated with position infor-
mation which is the same as or close to the meas-
urement position and stores the area identification
information as passage history of a user.
(12) The information processing apparatus accord-
ing to any one of (1) to (11),
wherein the fluctuation measuring unit measures the
fluctuation while the magnetic sensor is stopped.
(13) The information processing apparatus accord-
ing to any one of (2) to (12), including:

a display control unit configured to control the
azimuth or the posture to be displayed.

(14) The information processing apparatus accord-
ing to (13), including:

a display unit configured to display the azimuth
or the posture.

(15) The information processing apparatus accord-
ing to (1),
wherein the fluctuation measuring unit measures, as
the fluctuation, a difference value of magnetic values
at first measurement time and second measurement
time or information obtained based on the magnetic
values.
(16) The information processing apparatus accord-
ing to (15),
wherein the first measurement time and the second
measurement time have a predetermined time inter-
val therebetween.
(17) The information processing apparatus accord-

ing to (15),
wherein among the magnetic values measured with-
in a predetermined time period or the information
obtained based on the magnetic values, the first
measurement time is a maximum value, and the sec-
ond measurement time is a minimum value.
(18) The information processing apparatus accord-
ing to any one of (15) to (17),
wherein the measurement error acquiring unit ob-
tains a result of multiplication of the difference value
and a fixed coefficient or the difference value as the
measurement error of the magnetic sensor.
(19) An information processing method including:

measuring temporal fluctuation of a magnetic
value measured by a magnetic sensor during
movement of at least the magnetic sensor or
information obtained based on the magnetic val-
ue; and
obtaining a measurement error of the magnetic
sensor based on the fluctuation.

(20) A computer-readable recording medium record-
ing a program thereon, the program causing a com-
puter to function as an information processing appa-
ratus including
a fluctuation measuring unit configured to measure
temporal fluctuation of a magnetic value measured
by a magnetic sensor during movement of at least
the magnetic sensor or information obtained based
on the magnetic value, and
a measurement error acquiring unit configured to ob-
tain a measurement error of the magnetic sensor
based on the fluctuation.

Reference Signs List

[0107]

100 information processing apparatus
110 control unit
111 fluctuation measuring unit
112 measurement error acquiring unit
113 specifying unit
114 position acquiring unit
115 display control unit
120 sensor unit
121 magnetic sensor
122 gyro sensor
123 acceleration sensor
124 positioning sensor
140 input unit
150 storage unit
170 display unit
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Claims

1. An information processing apparatus comprising:

a fluctuation measuring unit configured to meas-
ure temporal fluctuation of a magnetic value
measured by a magnetic sensor during move-
ment of at least the magnetic sensor or informa-
tion obtained based on the magnetic value; and
a measurement error acquiring unit configured
to obtain a measurement error of the magnetic
sensor based on the fluctuation.

2. The information processing apparatus according to
claim 1, comprising:

a specifying unit configured to specify azimuth
or posture based on the measurement error of
the magnetic sensor.

3. The information processing apparatus according to
claim 2,
wherein the specifying unit increases weight of cor-
rection to the azimuth or the posture using other sen-
sor data as the measurement error of the magnetic
sensor is higher.

4. The information processing apparatus according to
claim 3,
wherein the specifying unit corrects the azimuth or
the posture based on the other sensor data when
the measurement error of the magnetic sensor ex-
ceeds a threshold.

5. The information processing apparatus according to
claim 4,
wherein the specifying unit corrects the azimuth or
the posture of the magnetic sensor based on angular
velocity measured by a gyro sensor when the meas-
urement error of the magnetic sensor exceeds the
threshold.

6. The information processing apparatus according to
claim 3,
wherein the specifying unit specifies the azimuth or
the posture based on the measurement error of the
magnetic sensor and a measurement error of anoth-
er sensor.

7. The information processing apparatus according to
claim 6,
wherein the specifying unit corrects the azimuth or
the posture based on sensor data measured by the
other sensor when the measurement error of the
magnetic sensor exceeds the measurement error of
the other sensor.

8. The information processing apparatus according to

claim 7,
wherein the specifying unit corrects the azimuth or
the posture based on angular velocity measured by
a gyro sensor when the measurement error of the
magnetic sensor exceeds a measurement error of
the gyro sensor.

9. The information processing apparatus according to
claim 2, comprising:

a position acquiring unit configured to acquire a
measurement position measured by a position-
ing sensor.

10. The information processing apparatus according to
claim 9,
wherein the position acquiring unit corrects the
measurement position based on position information
registered in advance.

11. The information processing apparatus according to
claim 9,
wherein the position acquiring unit selects area iden-
tification information associated with position infor-
mation which is the same as or close to the meas-
urement position and stores the area identification
information as passage history of a user.

12. The information processing apparatus according to
claim 1,
wherein the fluctuation measuring unit measures the
fluctuation while the magnetic sensor is stopped.

13. The information processing apparatus according to
claim 2, comprising:

a display control unit configured to control the
azimuth or the posture to be displayed.

14. The information processing apparatus according to
claim 13, comprising:

a display unit configured to display the azimuth
or the posture.

15. The information processing apparatus according to
claim 1,
wherein the fluctuation measuring unit measures, as
the fluctuation, a difference value of magnetic values
at first measurement time and second measurement
time or information obtained based on the magnetic
values.

16. The information processing apparatus according to
claim 15,
wherein the first measurement time and the second
measurement time have a predetermined time inter-
val therebetween.
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17. The information processing apparatus according to
claim 15,
wherein among the magnetic values measured with-
in a predetermined time period or the information
obtained based on the magnetic values, the first
measurement time is a maximum value, and the sec-
ond measurement time is a minimum value.

18. The information processing apparatus according to
claim 15,
wherein the measurement error acquiring unit ob-
tains a result of multiplication of the difference value
and a fixed coefficient or the difference value as the
measurement error of the magnetic sensor.

19. An information processing method comprising:

measuring temporal fluctuation of a magnetic
value measured by a magnetic sensor during
movement of at least the magnetic sensor or
information obtained based on the magnetic val-
ue; and
obtaining a measurement error of the magnetic
sensor based on the fluctuation.

20. A computer-readable recording medium recording a
program thereon, the program causing a computer
to function as an information processing apparatus
including
a fluctuation measuring unit configured to measure
temporal fluctuation of a magnetic value measured
by a magnetic sensor during movement of at least
the magnetic sensor or information obtained based
on the magnetic value, and
a measurement error acquiring unit configured to ob-
tain a measurement error of the magnetic sensor
based on the fluctuation.
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