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A travel orientation calculation apparatus of the
present disclosure includes a detecting unit that detects
a vertical acceleration representing an acceleration in a
vertical direction and a horizontal acceleration represent-
ing an orientation and a magnitude of an acceleration in
a horizontal plane among accelerations generated along
with walking of a user, a walking period setting unit that
sets a period of time corresponding to two steps of the
user as a walking period based on a zero-cross point of
the vertical acceleration, an acceleration/deceleration
switching phase setting unit that sets an acceleration/

deceleration switching phase at which switching between
acceleration and deceleration in the user’s travel direc-
tion is performed based on a phases at which the mag-
nitude of the horizontal acceleration is minimum in the
walking period, an acceleration/deceleration section es-
timating unit that alternately estimates each section de-
limited at each acceleration/deceleration switching
phase as an acceleration section or a deceleration sec-
tion, and a travel orientation deciding unit that decides
the user’s travel orientation based on an orientation rep-
resented by the horizontal acceleration in the decelera-
tion section and an orientation opposite to the orientation
represented by the horizontal acceleration in the accel-
eration section.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a travel orientation calculation apparatus, a travel orientation calculation
method, a travel orientation calculation program, and a navigation apparatus, which are suitably applicable to a smart
phone having a navigation function, for example.

BACKGROUND ART

[0002] In recent years, portable telephones called smart phones have been widely spread. Such a smart phone is
small in size and high in portability and has a high operation process function, a large-scale display screen, a touch
panel, and the like in addition to a communication function, and is configured to be capable of executing various kinds
of application programs.
[0003] Further, the smart phones includes various kinds of sensors such as an acceleration sensor and a geomagnetic
sensor, a global positioning system (GPS) antenna, and the like therein, and executes a predetermined navigation
program and functions as a portable navigation apparatus.
[0004] In this case, similarly to a general navigation apparatus, the smart phone can receive radio signals from GPS
satellites through a GPS antenna, calculate a current position, and provide various kinds of guidance such as a map
screen around the current position and a route to a desired destination.
[0005] Further, a navigation apparatus in which when it is difficult to receive a GPS signal, based on an acceleration
detection result by an acceleration sensor, the magnetic north detection result by a geomagnetic sensor, or the like, a
travel orientation and a moving distance of a user are calculated, and a current position is estimated has been proposed
(for example, see Patent Document 1).
[0006] In the navigation apparatus, the travel orientation of the user is calculated, for example, using a relation between
a peak of a waveform of a vertical component and a peak of a waveform of a horizontal component of an acceleration
detected by an acceleration sensor.

CITATION LIST

PATENT DOCUMENT

[0007]

Patent Document 1: Japanese Patent No. 4126388 (Fig. 1)

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] Meanwhile, while walking, the user is likely to keep a smart phone in various places, for example, such as in
a jacket pocket, a trouser pocket, a bag, or otherwise grips the smart phone with his/her hand.
[0009] In this case, in the smart phone, since a direction in which external force associated with walking is applied
significantly varies according to a place where the user keeps the smart phone, a waveform of a vertical component or
a waveform of a horizontal component of a detection value by an acceleration sensor significantly varies, and for example,
an expected peak may not appear.
[0010] For this reason, in the smart phone, there is a problem in that there are cases in which it is difficult to calculate
a travel orientation without using a relation between a peak of a waveform of a vertical component and a peak of a
waveform of a horizontal component depending on a place where the user keeps the smart phone.
[0011] The present disclosure has been made in light of the foregoing, and it is desirable to propose a travel orientation
calculation apparatus, a travel orientation calculation method, and a travel orientation calculation program, which are
capable of calculating a travel orientation with a high degree of accuracy, and a navigation apparatus capable of calculating
a travel orientation with a high degree of accuracy and providing appropriate guidance.

SOLUTIONS TO PROBLEMS

[0012] In order to solve the above problems, in a travel orientation calculation apparatus, a travel orientation calculation
method, and a travel orientation calculation program according to the present disclosure, a vertical acceleration repre-
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senting an acceleration in a vertical direction and a horizontal acceleration representing an orientation and a magnitude
of an acceleration in a horizontal plane among accelerations generated along with walking of a user are detected, a
period of time corresponding to two steps of the user is set as a walking period based on a zero-cross point of the vertical
acceleration, an acceleration/deceleration switching phase at which switching between acceleration and deceleration
in the user’s travel direction is performed is set based on a phases at which the magnitude of the horizontal acceleration
is minimum in the walking period, each section delimited at each acceleration/deceleration switching phase is estimated
as an acceleration section or a deceleration section alternately, and the user’s travel orientation is decided based on an
orientation represented by the horizontal acceleration in the deceleration section and an orientation opposite to the
orientation represented by the horizontal acceleration in the acceleration section.
[0013] In the present disclosure, the reference of the walking period can be properly set based on the zero-cross point
of the vertical acceleration, the acceleration/deceleration switching phase can be determined using the minimum point
of the horizontal acceleration with a high degree of accuracy, and the acceleration section and deceleration section can
be appropriately set based on the acceleration/deceleration switching phase. Thus, a relation between a direction of an
acceleration which is sequentially obtained and the user’s travel direction can be properly associated with each other.
[0014] Further, a navigation apparatus according to the present disclosure includes a detecting unit that detects a
vertical acceleration representing an acceleration in a vertical direction and a horizontal acceleration representing an
orientation and a magnitude of an acceleration in a horizontal plane among accelerations generated along with walking
of a user, a walking period setting unit that sets a period of time corresponding to two steps of the user as a walking
period based on a zero-cross point of the vertical acceleration, an acceleration/deceleration switching phase setting unit
that sets an acceleration/deceleration switching phase at which switching between acceleration and deceleration in the
user’s travel direction is performed based on a phases at which the magnitude of the horizontal acceleration is minimum
in the walking period, an acceleration/deceleration section estimating unit that alternately estimates each section delimited
at each acceleration/deceleration switching phase as an acceleration section or a deceleration section, a travel orientation
deciding unit that decides the user’s travel orientation based on an orientation represented by the horizontal acceleration
in the deceleration section and an orientation opposite to the orientation represented by the horizontal acceleration in
the acceleration section, and a provision control unit that provides the user with guidance based on a current position
detected by a predetermined position detecting unit and the travel orientation through a predetermined providing unit.
[0015] In the navigation apparatus according to the present disclosure, the reference of the walking period can be
properly set based on the zero-cross point of the vertical acceleration, the acceleration/deceleration switching phase
can be determined using the minimum point of the horizontal acceleration with a high degree of accuracy, and the
acceleration section and deceleration section can be appropriately set based on the acceleration/deceleration switching
phase. Thus, a relation between a direction of an acceleration which is sequentially obtained and the user’s travel
direction can be properly associated with each other.
[0016] According to the present disclosure, the reference of the walking period can be properly set based on the zero-
cross point of the vertical acceleration, the acceleration/deceleration switching phase can be determined using the
minimum point of the horizontal acceleration with a high degree of accuracy, and the acceleration section and deceleration
section can be appropriately set based on the acceleration/deceleration switching phase. Thus, a relation between a
direction of acceleration which is sequentially obtained and the user’s travel direction can be properly associated with
each other. Thus, according to the present disclosure, it is possible to implement a travel orientation calculation apparatus,
a travel orientation calculation method, and a travel orientation calculation program, which are capable of calculating a
travel orientation with a high degree of accuracy and a navigation apparatus which is capable of calculating a travel
orientation with a high degree of accuracy and providing appropriate guidance.

BRIEF DESCRIPTION OF DRAWINGS

[0017]

Fig. 1 is a schematic perspective view illustrating an external appearance of a smart phone.
Fig. 2 is a schematic block diagram illustrating a circuit configuration of a smart phone.
Fig. 3 is a schematic diagram illustrating a functional block configuration of a control unit when a current position
calculation process is executed.
Fig. 4 is a schematic diagram illustrating a functional block configuration of a travel orientation calculating unit.
Fig. 5 is a schematic diagram illustrating a travel direction vector of a user.
Fig. 6 is a schematic diagram illustrating a carrying position of a smart phone.
Figs. 7 (A) to 7(C) are schematic diagrams illustrating (A) a detection coordinate system, (B) an earth coordinate
system and (C) an acceleration in an xy plane.
Figs. 8(A) and 8(B) are schematic diagrams illustrating (A) a change in an acceleration before a band detection
process and (B) a change in an acceleration after a band detection process, respectively.



EP 2 711 669 A1

4

5

10

15

20

25

30

35

40

45

50

55

Fig. 9 is a schematic diagram illustrating a relation between a body motion of a user and a vertical acceleration at
the time of walking.
Fig. 10 is a schematic diagram illustrating a distribution (breast pocket) of a horizontal acceleration.
Fig. 11 is a schematic diagram illustrating a distribution (jacket right pocket) of a horizontal acceleration.
Fig. 12 is a schematic diagram illustrating a distribution (hip pocket) of a horizontal acceleration.
Figs. 13(A) to 13(C) are schematic diagrams illustrating (A) a vertical acceleration, (B) a horizontal acceleration,
and (C) an orientation angle (breast pocket) at the time of walking, respectively.
Fig. 14 (A) to 14(C) are schematic diagrams illustrating (A) a vertical acceleration, (B) a horizontal acceleration, and
(C) an orientation angle (jacket right pocket) at the time of walking, respectively.
Fig. 15 (A) to 15(C) are schematic diagrams illustrating (A) a vertical acceleration, (B) a horizontal acceleration, and
(C) an orientation angle (hip pocket) at the time of walking, respectively.
Fig. 16 is a schematic diagram illustrating an auto-correlation evaluation value (breast pocket).
Fig. 17 is a schematic diagram illustrating an auto-correlation evaluation value (jacket right pocket).
Fig. 18 is a schematic diagram illustrating an auto-correlation evaluation value (hip pocket).
Fig. 19 is a schematic diagram illustrating an auto-correlation evaluation value (hand).
Fig. 20 is a schematic diagram illustrating an auto-correlation evaluation value (bag).
Fig. 21 is a schematic diagram for describing determination of a minimum value in an auto-correlation evaluation
value.
Figs. 22(A) and 22(B) are schematic diagrams illustrating a change in a walking period (A) before an employment
condition is applied and (B) after an employment condition is applied, respectively.
Fig. 23 is a schematic diagram illustrating a zero-cross point in a vertical acceleration.
Fig. 24 is a schematic diagram for describing selection of a phase reference point.
Figs. 25(A) to 25(D) are schematic diagrams illustrating (A) a vertical acceleration, (C) an orientation angle, and (D)
a minimum point appearance frequency (breast pocket) in (B) a horizontal acceleration, respectively.
Figs. 26(A) to 26(D) are schematic diagrams illustrating (A) a vertical acceleration, (C) an orientation angle, and (D)
a minimum point appearance frequency (jacket right pocket) in (B) a horizontal acceleration, respectively.
Figs. 27(A) to 27(D) are schematic diagrams illustrating (A) a vertical acceleration, (C) an orientation angle, and (D)
a minimum point appearance frequency (hip pocket) in (B) a horizontal acceleration, respectively.
Figs. 28(A) to 28(D) are schematic diagrams illustrating (A) a vertical acceleration, (C) an orientation angle, and (D)
a minimum point appearance frequency (hand pocket) in (B) a horizontal acceleration, respectively.
Figs. 29(A) to 29(D) are schematic diagrams illustrating (A) a vertical acceleration, (C) an orientation angle, and (D)
a minimum point appearance frequency (bag pocket) in (B) a horizontal acceleration, respectively.
Figs. 30(A) and 30(B) are schematic diagrams illustrating a change in a frequency of appearance of a minimum
point (A) at the time of normal addition and (B) after an adjacent phase exclusion process.
Figs. 31(A) to 31(D) are schematic diagrams illustrating a determination result (breast pocket) of (D) acceleration
and deceleration of (A) a vertical acceleration, (B) a horizontal acceleration, and (C) an orientation angle.
Figs. 32(A) to 32(D) are schematic diagrams illustrating a determination result (breast pocket) of (D) acceleration
and deceleration of (A) a vertical acceleration, (B) a horizontal acceleration, and (C) an orientation angle.
Figs. 33(A) to 33(D) are schematic diagrams illustrating a determination result (jacket right pocket) of (D) acceleration
and deceleration of (A) a vertical acceleration, (B) a horizontal acceleration, and (C) an orientation angle.
Figs. 34(A) to 34(D) are schematic diagrams illustrating a determination result (jacket right pocket) of (D) acceleration
and deceleration of (A) a vertical acceleration, (B) a horizontal acceleration, and (C) an orientation angle.
Figs. 35(A) to 35(D) are schematic diagrams illustrating a determination result (hip pocket) of (D) acceleration and
deceleration of (A) a vertical acceleration, (B) a horizontal acceleration, and (C) an orientation angle.
Figs. 36(A) to 36(D) are schematic diagrams illustrating a determination result (hip pocket) of (D) acceleration and
deceleration of (A) a vertical acceleration, (B) a horizontal acceleration, and (C) an orientation angle.
Fig. 37 is a flowchart illustrating a travel orientation calculation processing procedure.
Fig. 38 is a flowchart illustrating a walking period calculation sub routine.
Fig. 39 is a flowchart illustrating an acceleration/deceleration switching phase learning sub routine.
Fig. 40 is a schematic diagram illustrating a calculation result (breast pocket) of a travel orientation at the time of
walking.
Fig. 41 is a schematic diagram illustrating a calculation result (jacket right pocket) of a travel orientation at the time
of walking.
Fig. 42 is a schematic diagram illustrating a calculation result (hip pocket) of a travel orientation at the time of walking.

MODE FOR CARRYING OUT THE INVENTION

[0018] Hereinafter, modes (hereinafter, referred to as "embodiments") for carrying out the invention will be described
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with the appended drawings. The description proceeds in the following order:

1. Embodiment
2. Another embodiment

<1. Embodiment>

[1-1. Configuration of smart phone]

[0019] As illustrated in Fig. 1, a smart phone 1 is configured to receive a user’s operation instruction through an
operating unit 3 of a body section 2, executes various kinds of applications such as a navigation program, and causes
a display screen corresponding to an execution result to be displayed on a display unit 4.
[0020] Here, when a short-length direction and a longitudinal direction of the display unit 4 and a direction orthogonal
to a display screen are defined as an x direction, a y direction, and a z direction, respectively, the body section 2 is about
63 [mm], about 125 [mm], and about 11 [mm] in lengths in the x, y, and z directions and so configured in the form of a
thin plate as a whole. In other words, the smart phone 1 is configured to be gripped by the user with one hand or be put
in a jacket pocket, a trouser pocket, or the like.
[0021] As illustrated in Fig. 2, the smart phone 1 is configured such that respective components are connected with
one another centering on a control unit 10, and the control unit 10 controls all components in general.
[0022] A central processing unit (CPU) 11 of the control unit 10 reads a basic program, various kinds of application
programs, or the like from a read only memory (ROM) 12, a non-volatile memory 14, or the like via a bus 15, and executes
the read program using a random access memory (RAM) 13 as a work area. The CPU 11 acquires various kinds of data
or instructions supplied via the bus 15, and performs processing based on the acquired data or instruction.
[0023] A database (DB) 16 is configured with, for example, a flash memory or the like, and stores various kinds of
data such as telephone book data, music data, image data, and map data in a predetermined database format.
[0024] The operating unit 3 is configured with a touch panel 3A integrated with the surface of a display panel of the
display unit 4 and various operation buttons 3B as illustrated in Fig. 1, and receives the user’s operation instruction and
supplies an operation signal to the CPU 11.
[0025] The display unit 4 includes, for example, a liquid crystal panel, and generates and displays a display screen
based on display data supplied via the bus 15.
[0026] An audio processing unit 21 converts a sound collected by a microphone 5 into audio data of a digital format,
supplies the audio data to the bus 15, and converts audio data acquired via the bus 15 into an audio signal, supplies
the audio signal to a speaker 6 to be output as a sound.
[0027] A communication processing unit 22 is wirelessly connected with a base station (not illustrated) through an
antenna 7, transmits various kinds of data supplied via the bus 15 to the base station, and receives various kinds of data
transmitted from the base station, and supplies the received data to the bus 15.
[0028] An external interface (I/F) 23 is, for example, a micro universal serial bus (microUSB) terminal, and is configured
to exchange data with a computer device (not illustrated) connected via a USB cable (not illustrated).
[0029] A GPS circuit 24 receives GPS signals transmitted from GPS satellites (not illustrated) through a GPS antenna
25, and supplies positioning data obtained by performing a predetermined demodulation process, a decoding process,
and the like to the bus 15.
[0030] An acceleration sensor 27 detects an acceleration in three axial directions of the x, y, and z directions, and
generates an acceleration signal. An analog/digital (A/D) converting circuit 27A converts the acceleration signal into a
three-dimensional (3D) acceleration A1 of a digital format by sampling the acceleration signal at a sampling rate of 50
[Hz], and supplies the acceleration A1 to the bus 15. The acceleration A1 has a value representing an acceleration
generated according to the user’s action while the smart phone 1 is being carried by the user.
[0031] A geomagnetic sensor 28 detects a direction of a magnetic field formed by geomagnetism, and generates a
geomagnetic signal having three axial directions of the x, y, and z directions as components. An A/D converting circuit
28A converts the geomagnetic signal into a 3D geomagnetic value M of a digital format by sampling the geomagnetic
signal at a sampling rate of 50 [Hz], and supplies the 3D geomagnetic value M to the bus 15.
[0032] Through this configuration, for example, when a call function execution instruction is received from the user
through the CPU 11, the control unit 10 executes a predetermined call program, establishes a wireless connection with
a base station through the communication processing unit 22, converts a sound collected by the microphone 5 into data,
transmits the data to a counterpart, and causes audio data transmitted from the counterpart to be output through the
speaker 6.
[0033] Further, when a music playback function execution instruction is received from the user through the operating
unit 3, the control unit 10 executes a predetermined music playback program, reads music data in a compressed state
from the database 16, performs a predetermined decoding process and the like through the audio processing unit 21,
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and causes the sound to be output through the speaker 5.
[0034] Further, for example, when an execution instruction of each application program is received from the user
through the operating unit 3 or when each application program is set to be automatically executed, the control unit 10
reads a corresponding application program from the non-volatile memory 14, and executes the corresponding application
program. Then, the control unit 10 performs an operation process according to execution content, performs a commu-
nication process, and causes a predetermined display screen to be displayed on the display unit 4 or causes a prede-
termined sound to be output from the speaker 6.
[0035] As described above, the smart phone 1 is configured to implement a call function, a music playback function,
and various kinds of functions by an application program by executing various kinds of programs according to the user’s
operation instruction.

[1-2. Navigation process]

[0036] Meanwhile, for example, when a navigation function execution instruction is received from the user through
the operating unit 3, the control unit 10 reads a navigation program from the non-volatile memory 14, and executes the
navigation program.
[0037] In the navigation function, an operation mode can be switched according to the user’s operation instruction,
and a walking mode in which the user is assumed to move on foot is prepared as one of operation modes.
[0038] In the walking mode, the control unit 10 is configured to perform a current position calculation process of
calculating a walking velocity or a travel orientation using an acceleration value or a geomagnetic value generated by
the user’s walking motion under the assumption that a reception status of a GPS signal is bad, for example, indoors or
near a tall building.
[0039] At this time, the control unit 10 is configured to implement a step number calculating unit 31, a velocity calculating
unit 32, a travel orientation calculating unit 33, an orientation filter 34, and a position filter 35 according to a navigation
program as illustrated in Fig. 3.
[0040] The control unit 10 supplies the acceleration A1 obtained from the acceleration sensor 27 to the step number
calculating unit 31 and the travel orientation calculating unit 33, and supplies the geomagnetic value M obtained from
the geomagnetic sensor 28 to the travel orientation calculating unit 33.
[0041] Further, among pieces of positioning data obtained from the GPS circuit 24, the control unit 10 supplies GPS
position data GP representing the position to the travel orientation calculating unit 33 and the position filter 35, supplies
GPS velocity data GV representing the velocity to the velocity calculating unit 32, and supplies GPS orientation data
GC representing an orientation to the orientation filter 34.
[0042] The step number calculating unit 31 calculates a walking pitch representing the user’s step period and the
number of steps based on the acceleration A1, and supplies the walking pitch and the number of steps to the velocity
calculating unit 32 as step number data S1.
[0043] The velocity calculating unit 32 calculates a walking velocity by multiplying a pace obtained by a predetermined
learning process by the walking pitch of the step number data S1, calculates velocity data V1 based on the walking
velocity and the GPS velocity data GV, and supplies the velocity data V1 to the position filter 35 and a subsequent
processing block (not illustrated).
[0044] The travel orientation calculating unit 33 calculates a travel orientation based on an acceleration direction
represented by the acceleration A1 and the magnetic northern direction represented by the geomagnetic value M at the
time of walking, calculates travel orientation data C1 by correcting the travel orientation using the GPS position data GP
(the details will be described later), and supplies the travel orientation data C1 to the orientation filter 34.
[0045] The orientation filter 34 generates a travel orientation data C2 representing a current travel orientation by
performing weighting on the GPS orientation data GC and the travel orientation data C1 both of which represent an
orientation based on the current velocity, a reception status of a GPS signal, and the like, and supplies the travel
orientation data C2 to the position filter 35 and a subsequent processing block (not illustrated).
[0046] The position filter 35 generates position data P1 based on the velocity data V1, the travel orientation data C2
and the GPS position data GP by performing weighting based on the current velocity, a reception status of a GPS signal,
and the like, and supplies the position data P1 to a subsequent processing block (not illustrated).
[0047] Then, in a subsequent processing block (not illustrated), the control unit 10 reads map data of a range according
to the velocity data V1, the position data P1, and the travel orientation data C2 (which are hereinafter collectively referred
to as "current position data D1") from the database 16 (Fig. 1), and causes the map data to be displayed on the display
unit 4 as a navigation screen together with a predetermined current position mark or a route to a designated destination.
[0048] As described above, the smart phone 1 generates the current position data D1 by calculating the velocity data
V1, the travel orientation data C1, and the like based on the acceleration A1, the geomagnetic value M, and the like
through the current position calculation process and performing weighting according to a reception status of a GPS signal.
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[1-3. Calculation of travel orientation]

[0049] Meanwhile, when an instruction to perform switching to the walking mode is received from the user while the
navigation program is being executed, the control unit 10 of the smart phone 1 reads a travel orientation calculation
program from the non-volatile memory 14, and executes the travel orientation calculation program.
[0050] At this time, the control unit 10 causes the travel orientation calculating unit 33 to implement a plurality of
functional blocks as illustrated in Fig. 4 and calculate a travel orientation.
[0051] In the following, a detailed operation process performed by respective functional blocks until the travel orientation
data C1 representing the travel orientation is generated based on the acceleration A1 and the like through the travel
orientation calculating unit 33 will be described in detail along with a principle thereof.

[1-3-1. Relation between user’s walking and travel orientation]

[0052] Generally, when a pedestrian moves in a desired travel direction, a pedestrian who is oriented in the travel
direction alternately steps the left foot and the right foot forward to move in the travel direction step by step.
[0053] Here, considering a detail travel direction of a pedestrian, as illustrated in a schematic plane view of Fig. 5, a
travel direction vector VC1 when the pedestrian steps the right foot and a travel direction vector VC2 when the pedestrian
steps the left foot are directed in directions opposite to each other centering on an overall travel direction.
[0054] In this case, a synthetic vector which is directed in the almost same direction as the overall travel direction is
considered to be obtained when travel direction vectors of two consecutive steps are synthesized.
[0055] Further, when the user walks, the smart phone 1 is considered to be carried, for example, to be put in a pocket
of a worn cloth or to be gripped by the user’s hand. For this reason, the smart phone 1 can detect an acceleration working
on its body in association with the user’s walking as the acceleration A1 through the acceleration sensor 27. At this time,
a direction represented by the detected acceleration A1 is considered to have a deep connection with the travel direction
in which the user walks.
[0056] Further, the smart phone 1 can represent a direction of the acceleration detected by the acceleration sensor
27 as a travel orientation based on the magnetic north using the geomagnetic value M obtained by the geomagnetic
sensor 28.
[0057] In this regard, the smart phone 1 is assumed to calculate the user’ travel orientation based on the acceleration
A1 and the geomagnetic value M obtained during a walking period of time of two consecutive steps.

[1-3-2. Transformation of coordinate system and detection of vertical direction]

[0058] Meanwhile, when the smart phone 1 is carried by the user, there are cases in which the smart phone 1 is put
in a pocket of a cloth such as a jacket breast pocket W1, a jacket right pocket W2, or a trouser hip pocket W3, gripped
by the user’s hand W4, or put in a bag W5 carried with the user’s hand as illustrated in Fig. 6.
[0059] At this time, the smart phone 1 is put in a pocket or the like or gripped by the user’s hand (hereinafter, a place
in which the smart phone 1 is carried is referred to as a "carrying place") in various directions. In other words, the smart
phone 1 is carried by the user at an arbitrary angle as illustrated in Fig. 7(A).
[0060] For this reason, a 3D coordinate system (hereinafter, referred to as a "detection coordinate system") represented
by an x axis, a y axis, and a z axis specified on the body section 2 of the smart phone 1 is different from a coordinate
system (hereinafter, referred to as an "the earth coordinate system") having a vertical direction on the ground as a one axis.
[0061] Meanwhile, the acceleration A1 detected by the acceleration sensor 27 includes a component (hereinafter,
referred to as "walking acceleration") caused as the user’s body moves along with walking and a component of a gravity
acceleration (hereinafter, referred to as a "gravity acceleration G").
[0062] The walking acceleration also appears in a horizontal direction or a vertical direction relative to the travel
direction in addition to a forward direction and a backward direction which is the travel direction along with a motion
(hereinafter, referred to as a "walking motion") in which the user alternately steps the left and right foots forward, sets
the foot, or steps backward.
[0063] Here, when the user is walking at an almost constant velocity in a constant travel direction, the user can be
regarded to move at a constant velocity when an entire certain period of time is considered. For this reason, when a
front back direction component, a horizontal direction component, and a vertical direction component of the walking
acceleration are integrated, respectively, during a certain period of time, all components become zero (0). On the other
hand, the gravity acceleration works downward consistently in the vertical direction as indicated by a gravity vector VG
in Fig. 7(A).
[0064] In other words, when a direction of the gravity acceleration is calculated based on an integration value of the
acceleration A1, the travel orientation calculating unit 33 can regard this direction as the z axis direction of the earth
coordinate system as illustrated in Fig. 7(B).
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[0065] Further, the geomagnetic value M detected by the geomagnetic sensor 28 is generated using a geomagnetic
vector VM (Fig. 7(A)) representing a direction of the magnetic north as a 3D value by the detection coordinate system.
A direction (hereinafter, referred to as a "projection magnetic northern direction") in which a direction of the magnetic
north represented by the geomagnetic value M is projected onto the horizontal plane, that is, the xy plane of the earth
coordinate system represents the north (magnetic north) direction in the horizontal plane.
[0066] Here, for example, as illustrated in Fig. 7(C), when a projection magnetic northern direction is defined as the
y axis direction of the earth coordinate system, the y axis direction and the x axis direction perpendicular to the y axis
direction represent the northern direction and the eastern direction, respectively, and thus a relation between the detection
coordinate system and the earth coordinate system is decided.
[0067] In this regard, the travel orientation calculating unit 33 first integrates a value of the acceleration A1 during a
certain period of time (for example, for 2 seconds) through a vertical direction detecting unit 41 (Fig. 4), offsets a walking
acceleration components, generates the gravity acceleration G (Gx, Gy, Gz), and supplies the gravity acceleration G to
a transformation matrix generating unit 42.
[0068] The transformation matrix generating unit 42 performs operations according to the following Equations (1), (2),
and (3), and calculates unit vectors ex, ey and ez in the x axis direction, the y axis direction, and the z axis direction of
the earth coordinate system viewed from the detection coordinate system. 

[0069] Here, the transformation matrix generating unit 42 merges the unit vectors (ex, ey, ez) of the earth coordinate
system into a 3D unit vector U as expressed in the following Equation (4). 

[0070] A matrix represented by the unit vector U represents a transformation matrix from the detection coordinate
system to the earth coordinate system. In this regard, the transformation matrix generating unit 42 supplies the trans-
formation matrix U to a coordinate transforming unit 43.
[0071] The coordinate transforming unit 43 performs an operation process according to the following Equation (5),
performs coordinate transformation from the acceleration A1 of the detection coordinate system to an acceleration A2
(A2x, A2y, A2z) of the earth coordinate system, and supplies the acceleration A2 to a band pass filter (BPF) 44.

[0072] As described above, the travel orientation calculating unit 33 in the control unit 10 of the smart phone 1 calculates



EP 2 711 669 A1

9

5

10

15

20

25

30

35

40

45

50

55

the transformation matrix U from the detection coordinate system to the earth coordinate system based on the direction
of the gravity acceleration obtained from the integration value of the acceleration A1 and the direction of the magnetic
north represented by the geomagnetic value M, and then transforms the acceleration A1 of the detection coordinate
system into the acceleration A2 of the earth coordinate system.

[1-3-3. Extraction of frequency band]

[0073] Next, a frequency characteristic of the acceleration A2 will be described. Generally, when humans move on
foot, a walking velocity is known as being about two paces per second. For this reason, a component caused by walking
is considered to appear in the acceleration A1 of the detection coordinate system at a band centering on about 2 [Hz].
[0074] Meanwhile, the acceleration A1 is considered to include a component caused by various factors other than
walking such as vibration applied to the smart phone 1 from the outside, that is, a noise component. The noise component
is generally considered to have a relative high frequency.
[0075] Further, the acceleration A1 includes a component caused by the gravity acceleration G or an offset component
of the acceleration sensor 27 as well. The component caused by the gravity acceleration G is a direct current (DC)
component, and the offset component is a low-frequency component that changes very slowly (for example, in an order
from several seconds to several minutes) along with a change in temperature or the like.
[0076] Further, since a frequency characteristic on the acceleration A1 of the detection coordinate system does not
change according to coordinate transformation, the frequency characteristic is similarly applied even to the acceleration
A2 transformed into the earth coordinate system.
[0077] In this regard, in the present embodiment, the BPF 44 extracts a band frequency component having 2 [Hz] as
a component mainly caused by walking on the acceleration A2.
[0078] Specifically, the BPF 44 of the travel orientation calculating unit 33 performs a band extraction process of
extracting about 1 to 10 [Hz] on the acceleration A2, generates an acceleration A3 (A3x, A3y, A3z), and supplies the
acceleration A3 to a walking period calculating unit 45 and an acceleration/deceleration section switching phase learning
unit 46.
[0079] The acceleration A3 represents a component which is significantly reduced in various kinds of noise components,
the component of the gravity acceleration G, and the offset component and mainly caused by the user’s walking motion.
[0080] Further, the BPF 44 supplies the horizontal components (A3x, A3y) of the acceleration A3 to a travel orientation
calculating unit 49.
[0081] Here, the horizontal component of the acceleration A2 before the band extraction process and the horizontal
component of the acceleration A3 after the band extraction process have been plotted on an xy plane for about 10
seconds, and distribution characteristics illustrated in Figs. 8(A) and (B) have been obtained. It can be understood from
Figs. 8(A) and (B) that the high-frequency component has been reduced.
[0082] In the following, the magnitude of the acceleration (A3x, A3y) in the horizontal direction calculated by the
following Equation (6) is referred to as a "horizontal acceleration Ah." 

[0083] Further, the BPF 44 supplies the vertical component (A3z) of the acceleration A3 to an acceleration/deceleration
section estimating unit 47. In the following, the vertical component of the acceleration A3 is particularly referred to as
"vertical acceleration Av."
[0084] As described above, the BPF 44 of the travel orientation calculating unit 33 extracts a frequency band of 1 to
10 [Hz] in the horizontal component of the acceleration A2, and generates the acceleration A3 which is a component
mainly caused by a walking motion.

[1-3-4. Relation between acceleration section and deceleration section of horizontal acceleration and travel direction]

[0085] Here, first, a relation between a body motion when the user of the smart phone 1 makes a walking motion and
acceleration generated at that time will be described.
[0086] Fig. 9 schematically illustrates a status of a posture during a period of time (hereinafter, referred to as a "walking
period PW") in which the user takes two steps on foot at point in time t0 to t4 on a time axis from the left to the right.
[0087] In Fig. 9, at the point in time t0, the user is in the state in which he/she has placed the right foot ahead, and
from this state, the user lifts the left foot up from behind while moving the upper body forward and then moves the left
foot forward, and at the point in time t1, the user is about to move the left foot ahead of the right foot.
[0088] Then, the user steps the left foot forward while moving the upper body forward further from the state of the
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point in time t1, and at the point in time t2, the user brings the left foot into contact with the ground. At this time, the user
is in the state in which he/she has taken a step forward from the state of the point in time t0.
[0089] Thereafter, during the points in time t2 to t4, the user takes another step forward in the state in which the left
and the right are reversed compared to the period of time from the point in time t0 to the point in time t2, that is, by
moving the right foot forward from behind while the left foot is brought into contact with the ground.
[0090] Further, Fig. 9 illustrates a waveform of the vertical acceleration Av in the up-down direction (that is, the vertical
direction) that works on the user’s body and a waveform of a vertical velocity Vv in association with the points in time t0
to t4. Further, Fig. 9 illustrates arrows VU and VD in the vertical direction which represent a direction in which the body
vertically moves between the respective points in time, arrows HA and HR in the horizontal direction which represent
acceleration or deceleration related to the front back direction, and arrows TU and TD in the vertical direction which
represent a tendency of an increase or a decrease in the vertical acceleration Av together.
[0091] The height of the user’s body (mainly, the upper body) is lowest at the points in time t0, t2, and t4 at which the
user brings the left and right feet into contact with the ground with one foot forward and the other back. Meanwhile, the
height of the user’s body is highest at the points in time t1 and t3 at which the user brings one of the left and right feet
into contact with the ground, and the whole body from the foot that comes into contact with the ground to the head looks
a straight line.
[0092] In other words, it can be understood that the user moves so that the user’s body is reciprocated twice in the
vertical direction during the walking period PW in which two steps are taken as indicated by the arrows VU and VD in
the vertical direction.
[0093] Here, when the vertical acceleration Av is given attention, the vertical acceleration Av has the maximum value
at the point in time t0, and then has the minimum value, the maximum value, the minimum value, and the maximum
value at the points in time t1, t2, t3, and t4, and thus it can be understood that two maximum values and two minimum
values appear during the walking period PW.
[0094] In addition, from a relation with the vertical acceleration Av, the vertical velocity Vv which is the velocity of the
user’s body in the vertical direction increases from 0, then decreases, and returns to 0 again between the points in time
t0 and t1 and between the points in time t2 and t3, and decreases from 0, then increases, and returns to 0 again between
the points in time t1 and t2 and between the points in time t3 to t4.
[0095] Next, a change in the velocity (hereinafter, referred to as "horizontal velocity Vh") of the user’s body in the
horizontal direction, that is, acceleration and deceleration in the travel direction will be described.
[0096] During walking, the velocity of the user’s body increases while the user is moving the landed foot backward as
pushing the upper body forward, and decreases while the user is moving the upper body forward up to near the position
of the foot after the foot that has been kicked forward lands.
[0097] In other words, the walking period PW includes a section (hereinafter, referred to as "deceleration section SR")
in which the velocity decreases in the travel direction as indicated by the arrow HR, and the remaining section is a section
(hereinafter, referred to as an "acceleration section SA") in which the speed increases in the travel direction as indicated
by the arrow HA.
[0098] In the deceleration section SR, since the velocity decreases in the travel direction, the horizontal acceleration
Ah is considered to work on the user’s body in the travel direction. Meanwhile, in the acceleration section SA, since the
velocity increases in the travel direction, the horizontal acceleration Ah is considered to work on the user’s body in a
direction opposite to the travel direction.
[0099] Further, when two consecutive steps during walking are regarded as a period, the respective parts of the body
repeat a periodic motion. In other words, regardless of the carrying place (Fig. 6) of the smart phone 1 by the user, an
acceleration value detected by the acceleration sensor 27 has periodicity.
[0100] Here, the horizontal acceleration Ah obtained when the user has actually walked with the smart phone 1 has
been plotted on an xy coordinate plane, and so distribution characteristics illustrated in Figs. 10 to 12 have been obtained.
[0101] Figs. 10 to 12 illustrate distribution characteristics when the breast pocket W1, the jacket right pocket W2, and
the trouser hip pocket W3 are the carrying place (Fig. 6) of the smart phone 1, and the user has walked in an almost
northern direction. Figs. 10 to Fig. 12 are obtained by clipping a part of about 4 seconds from the horizontal acceleration
Ah obtained when the user has walked during a certain period of time and connecting points which are temporally
consecutive with each other by lines. In addition, since a detection period is 50 [Hz], an interval between consecutive
plots is 0.02 [s].
[0102] In Figs. 10 to 12, since it is understood that the pedestrian’s travel orientation is determined as being the north,
that is, the positive direction of the y axis, plots mainly distributed in a first quadrant and a second quadrant in which y
has a positive value are considered to correspond to the deceleration section SR, and plots mainly distributed in a third
quadrant and a four quadrant in which y has a negative value are considered to correspond to the acceleration section SA.
[0103] Further, when a temporal change, that is, a state of a line connecting plots is considered, in Figs. 10 to 12, a
portion surrounded by a dotted line is considered to correspond to the deceleration section SR, and a portion surrounded
by an alternate long and short dash line is considered to correspond to the acceleration section SA.
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[0104] Here, although the user’s travel orientation is unknown, when a distribution of the portion of the horizontal
acceleration Ah corresponding to the deceleration section SR is distinguished from a distribution of the portion of the
horizontal acceleration Ah corresponding to the acceleration section SA in the xy plane coordinates, it is possible to infer
the user’s travel orientation based on a relation between the distribution of the horizontal acceleration Ah and the user’s
travel orientation in Figs. 10 to 12.
[0105] Meanwhile, in Fig. 11, both the deceleration section SR and the acceleration section SA are separated to be
relatively easily understood. However, in Fig. 10, a portion corresponding to the acceleration section SA is not notably
appeared, and in Fig. 12, a portion corresponding to the deceleration section SR is not notably appeared. Further, it can
be understood from Fig. 12 that when humans walk, humans move as the waist rotates, and influence thereof may be
reflected in the acceleration.
[0106] In other words, a characteristic of the horizontal acceleration Ah significantly changes depends on the carrying
place of the smart phone 1 by the user.
[0107] For this reason, in order to calculate the user’s travel orientation based on the distribution of the horizontal
acceleration Ah, it is consequential to determine which of the acceleration section SA and the deceleration section SR
each obtained acceleration belongs to, that is, which of the deceleration section SR and the acceleration section SA the
horizontal acceleration Ah is classified into.
[0108] In this regard, in the following, in order to finally obtain the travel orientation, a technique of classifying the
horizontal acceleration Ah into the deceleration section SR and the acceleration section SA will be described.

[1-3-5. Calculation of walking period]

[0109] Here, a technique of calculating the user’s walking period PW based on the acceleration A3 as an advance
preparation for classifying the horizontal acceleration Ah into the deceleration section SR and the acceleration section
SA will be described.
[0110] The user has actually walked in the state in which the smart phone 1 is put in the breast pocket W1, the jacket
right pocket W2, and the trouser hip pocket W3 serving as the carrying place (Fig. 6), and so characteristic curves
illustrated in Figs. 13 to 15 have been obtained.
[0111] Figs. 13(A) and 15(A) represent the vertical acceleration Av, and Figs. 13(B) and 15(B) represent the horizontal
acceleration Ah. Figs. 13(C) and 15(C) illustrate an orientation angle Cm (Fig. 7(C)) when an orientation represented
by the horizontal acceleration Ah is expressed by polar coordinates in which "0" is set as the northern direction.
[0112] In addition, in Figs. 13 to 15, a horizontal axis represent the number of samples by an A/D converting circuit
27A connected to the acceleration sensor 27, and since a sampling rate thereof is 50 [Hz], 1 sample corresponds to 0.02 [s].
[0113] When Fig. 9 is compared with Figs. 13 to 15, it can be understood that the waveform of the actual vertical
acceleration Av is not necessarily a sinusoidal waveform such as an illustrated waveform (Fig. 9). Further, it can be
understood that the waveform of the actual vertical acceleration Av significantly differs according to the carrying place
of the smart phone 1.
[0114] For example, when the breast pocket W1 is the carrying place, in the waveform of the vertical acceleration Av,
a waveform by the right foot is relatively similar to a waveform by the left foot. On the other hand, when the jacket right
pocket W2 or the trouser hip pocket W3 is the carrying place, in the waveform of the vertical acceleration Av, a waveform
by the right foot and a waveform by the left foot (that is, waveforms corresponding to two consecutive steps) are significantly
different from each other.
[0115] However, in the vertical acceleration Av, a relatively similar waveform is repeatedly appeared with the walking
period PW corresponding to two steps regardless of the carrying place. This coincides with the fact that in the illustrated
waveform (Fig. 9), during the walking period PW, that is, while the user is taking two steps forward by walking, each of
the maximum value and the minimum value appears twice in the vertical acceleration Av twice.
[0116] In this regard, in view of the fact that a waveform has periodicity on the vertical acceleration Av but significantly
differs according to the carrying place, a period of time (a phase difference) until a waveform similar to a waveform of
a certain portion appears again has been obtained without using a threshold value or the like.
[0117] Specifically, an arbitrary portion of the vertical acceleration Av has been used as a function f(t), and an auto-
correlation degree of the function f(t) has been represented by an auto-correlation evaluation function g(t) expressed by
the following Equation (7). 

[0118] The auto-correlation evaluation function g(t) decreases in value as the auto-correlation degree increases, and
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has a value (evaluation value) "0" when perfect matching is made. A constant T represents a window size, that is, a
range of a phase difference t used to calculate the auto-correlation degree. The phase difference t represents the number
of samples in Figs. 13 to 15, and corresponds to a time difference.
[0119] Further, the value of the auto-correlation evaluation function g(t) has been sequentially calculated as an auto-
correlation evaluation value while gradually increasing the phase difference t from a 1 sample (that is, 0.02 [s]), and a
relation with the phase difference t has been represented by a graph.
[0120] Figs. 16 to 20 illustrate graphs of the auto-correlation evaluation value on the phase difference t when the
breast pocket W1, the jacket right pocket W2, the trouser hip pocket W3, the user’s hand W4, and the bag W5 are the
carrying place (Fig. 6). In addition, in Figs. 16 to 20, a plurality of calculation results obtained by slightly changing a
portion employed as the function f(t) in the vertical acceleration Av are illustrated in the overlapping manner.
[0121] In all cases of Figs. 16 to 20, in most overlapped waveforms, a minimum value appears each time the phase
difference t is about 20 to 24 samples (about at intervals of about 0.4 to 0.48 [s]), that is, at intervals of a period of time
corresponding to the user’s one step.
[0122] Further, in the first step, depending on the carrying place, even though there are cases when the minimum
value may be extremely small and the minimum value may not be very extremely, in the second step, regardless of the
carrying place, the minimum value has an extremely small value.
[0123] Considering the principle that the left and right feet alternately move for walking, the first step is low in correlation
since a waveform is based on the other foot, and the second step is high in correlation since a waveform is based on
the same foot.
[0124] In this regard, it is preferable to set the phase difference t at which a second minimum value appears in the
auto-correlation evaluation value obtained by the auto-correlation evaluation function g(t) as the walking period PW
without particularly deciding a calculation start timing or the like in the walking period PW.
[0125] Here, Fig. 21 illustrates a waveform of one selected from among the auto-correlation evaluation values illustrated
in Fig. 20. In Fig. 21, when the phase difference t is about 20 to 24 samples, two minimum values min1A and min1B
appear, and thereafter, when the phase difference t is about 46 samples, a third minimum value min2 appears.
[0126] For this reason, in the case of the auto-correlation evaluation value illustrated in Fig. 21, if the phase difference
t at which the second minimum value appears is simply employed, the phase difference t at which the minimum value
min1B corresponding to the first step appears is erroneously employed rather than the phase difference t corresponding
to the minimum value min2 which is desired to be originally employed.
[0127] As described above, when the phase difference t at which the second minimum value appears is simply used
as the walking period PW, a value (about 24 to 32 samples) corresponding to the first step as well as near a value (about
46 to 50 samples) corresponding to the correct second step are erroneously detected at a relatively high frequency as
illustrated in Fig. 22(A).
[0128] Here, considering a difference between each minimum value in Fig. 21 and a maximum value appeared im-
mediately before the minimum value, a difference d1 between a maximum value max1 and a minimum value min1A (or
min1B) in the first step is relatively small. Meanwhile, a difference d2 between a maximum value max2 and a minimum
value min2 in the second step is relatively large. Further, as illustrated in Figs. 16 and 19, the difference d1 in the first
step may be almost equal to the difference d2 in the second step and have a relatively large value, depending on the
carrying place.
[0129] In this regard, the first minimum value min1 is assumed to be employed when the following Equation (8) is
satisfied, and the second minimum value min2 is assumed to be employed when the following Equation (9) is satisfied. 

[0130] Here, in light of the fact that the maximum values max1 and max2 are likely to appear twice or more during a
period of time corresponding to a first step, maximum values that appear immediately before the minimum values min1
and min2 which are desired to be employed are used.
[0131] Here, the coefficient "0.9" in Equation (8) has been decided so that the minimum value can be reliably detected
as the first step although the minimum value is a relatively large value in light of the fact that in the vertical acceleration
Av at the time of walking, correlation with the other foot is unlikely to be so high.
[0132] Further, the coefficient "0.5" in Equation (9) has been decided as a value smaller than the coefficient "0.9" in
Equation (8) so that the first step can be detected as the second step when the minimum value is reduced to some
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extent, that is, one of a plurality of minimum values generated by the first step which is the other foot is not erroneously
detected as the second step in light of the fact that in the vertical acceleration Av at the time of walking, correlation with
the same foot is relatively high.
[0133] As the above employment conditions are applied, it has been confirmed that a value (about 46 to 50 samples)
corresponding to a second step is properly used as the walking period PW in the entire range excluding about 15 samples
from the beginning as illustrated in Fig. 22(A) and Fig. 22(B) corresponding thereto.
[0134] Based on the above, the walking period calculating unit 45 (Fig. 4) of the travel orientation calculating unit 33
sets an arbitrary portion of the vertical acceleration A2z supplied from the vertical direction detecting unit 41B as the
function f(t), and calculates the auto-correlation evaluation value according to Equation (7).
[0135] Then, the walking period calculating unit 45 employs the minimum values min1 and min2 that satisfy Equations
(8) and (9), and uses the phase difference t at which the minimum value min2 appears as the walking period PW.
[0136] As described above, the walking period calculating unit 45 detects the phase difference t at which the auto-
correlation degree for the vertical acceleration A2z is second highest as the walking period PW corresponding to the
two steps based on the vertical acceleration A2z representing a periodic waveform according to the user’s walking.

[1-3-6. Selection of phase reference point]

[0137] Next, a phase (hereinafter, referred to as a "phase reference point PS") to be used as a reference when the
horizontal acceleration Ah is delimited in units of the walking periods PW as advance preparation for classifying the
horizontal acceleration Ah into the deceleration section SR or the acceleration section SA will be described.
[0138] Referring back to Fig. 9, the deceleration section SR at the time of walking appears after the vertical acceleration
Av becomes a maximum value. For this reason, the phase reference point PS is considered to be decided based on the
waveform of the vertical acceleration Av. Further, as a phase which is easily specified in a waveform, there is a phase
(hereinafter, referred to as a "zero-cross point") to cross zero when easiness of detection or the like is considered.
[0139] Fig. 23 illustrates a waveform corresponding to arbitrary 4 steps (that is, corresponding to the two walking
periods PW) in the vertical acceleration Av obtained when the carrying place (Fig. 6) of the smart phone 1 is the bag W5.
[0140] Originally, during a period of time corresponding to 4 steps, that is, during the two walking periods PW, a
maximum point and a minimum point appear four times, and four zero-cross points (hereinafter, referred to as "upward
zero-cross points" and "downward zero-cross points," respectively) that change from negative to positive or from positive
to negative exist.
[0141] However, in Fig. 23, in addition to the appropriate upward zero-cross point SU and the appropriate downward
zero-cross point SD, an extra upward zero-cross point EU and an extra downward zero-cross point ED appear. Further,
a point (which is referred to as a "disappearing downward zero-cross point LD" for the sake of convenience) at which a
downward zero-cross point which should originally appear disappears exists as well.
[0142] For this reason, it is desirable to employ a zero-cross point that reliably appears in each walking period PW
without disappearing and is clearly distinguished from an extra zero-cross point as the phase reference point PS.
[0143] Here, referring back to Fig. 23, it can be understood that at a rate of once per two steps, there is a point at
which a relatively large maximum value and a relatively small minimum value consecutively appear, that is, a point at
which a difference between a maximum value and a minimum value is relatively large. Referring back to Figs. 13 to 15,
similarly, at a rate of once per at least two steps, there is a point at which a difference between a maximum value and
a minimum value is relatively large.
[0144] In this regard, for the vertical acceleration Av, a range corresponding to the walking period PW is considered,
and a point at which a difference between a maximum value included in the range and a minimum value immediately
thereafter is maximum is considered to be used as a reference of the walking period PW.
[0145] Based on the above, the walking period calculating unit 45 (Fig. 4) of the travel orientation calculating unit 33
extracts a range corresponding to the walking period PW from an arbitrary point in time in the vertical acceleration Av
supplied from the BPF 44 as illustrated in Fig. 24. Further, Fig. 24 illustrates the vertical acceleration Av corresponding
to 6 steps, that is, the three walking periods PW.
[0146] Then, the walking period calculating unit 45 calculates a difference between each maximum value included in
the range and a minimum value immediately thereafter, and employs a downward zero-cross point interposed between
the maximum point and the minimum point at which the difference is maximum as the phase reference point PS.
[0147] Further, the walking period calculating unit 45 employs an upward zero-cross point that appears following the
downward zero-cross point employed as the phase reference point PS as a reference upward zero-cross point PU. In
addition, the reference upward zero-cross point PU is used in a subsequent process.
[0148] Then, the walking period calculating unit 45 supplies the phase reference point PS to the acceleration/decel-
eration section switching phase learning unit 46, and supplies the phase reference point PS and the reference upward
zero-cross point PU to the acceleration/deceleration section estimating unit 47.
[0149] As described above, the walking period calculating unit 45 employs the downward zero-cross point interposed
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between the maximum point and the minimum point at which a difference between a maximum value and a minimum
value appearing immediately thereafter is maximum in a portion of the vertical acceleration Av corresponding to the
walking period PW as the phase reference point PS.

[1-3-7. Detection of acceleration/deceleration switching phase]

[0150] Next, a technique of detecting a point at which switching between the acceleration section SA and the decel-
eration section SR is performed in the walking period PW having the phase reference point PS as a starting point will
be described.
[0151] As illustrated in Fig. 9, during the walking period PW, that is, while the user is taking two steps by walking, the
deceleration section SR appears twice. This means that during the walking period PW, switching between the acceleration
section SA and the deceleration section SR is performed four times.
[0152] Meanwhile, when switching between the acceleration section SA and the deceleration section SR is performed,
the horizontal acceleration Ah is likely to have a minimum value in principle. In other words, a minimum point (hereinafter,
referred to as an "acceleration/deceleration switching point CH") caused by switching between the acceleration section
SA and the deceleration section SR is considered to appear four times in the horizontal acceleration Ah during the
walking period PW.
[0153] In this regard, referring back to Figs. 13 to 15, it can be understood that minimum points (hereinafter, referred
to as "other factor points OT" which are indicated by triangular marks in Figs. 13 to 15) by other factors as well as the
acceleration/deceleration switching points CH (which are indicated by circular marks in Figs. 13 to 15) appear in the
horizontal acceleration Ah.
[0154] For this reason, in order to detect the acceleration section SA and the deceleration section SR based on the
minimum point appearing in the horizontal acceleration Ah, the acceleration/deceleration switching point CH needs to
be appropriately selected from among the minimum points.
[0155] In this regard, a technique of learning a phase (hereinafter, referred to as an "acceleration/deceleration switching
phase PC") corresponding to the acceleration/deceleration switching point CH based on a phase at which the minimum
point appears in the horizontal acceleration Ah through a statistical technique will be described.
[0156] As a concrete process, the horizontal acceleration Ah is delimited at each phase reference point PS (that is,
in units of the walking periods PW), phase normalization is performed using the phase reference point PS as the starting
point, the frequency of appearance (a cumulative value) of the minimum point in each walking period PW is calculated
for each phase.
[0157] Further, when switching between acceleration and deceleration is performed, the orientation angle Cm is
considered to significantly vary. In other words, when the minimum point appears in the horizontal acceleration Ah, the
minimum point is likely to be the other factor point OT unless a change in the orientation angle Cm is so large. In this
case, it is desirable to exclude this phase from the statistical process.
[0158] In this regard, when five or more minimum points appear within the single walking period PW, phases at the
four points are set as a cumulative addition target in the descending order of the orientation changes at that time,
specifically, the descending order of the differential values of the orientation angle Cm.
[0159] According to this policy, when the breast pocket W1 and the jacket right pocket W2 are the carrying place (Fig.
6) of the smart phone 1, the frequency of appearance of the minimum point has been added up for each case, and so
graphs illustrated in Figs. 25(D) and Fig.26(D) have been obtained.
[0160] Figs. 25 (A) to 25(C) and Figs. 26 (A) to 26(C) illustrate exemplary waveforms of the vertical acceleration Av,
the horizontal acceleration Ah, and the orientation angle Cm. For the horizontal acceleration Ah, the known acceleration/
deceleration switching point CH (which is indicated by a circular mark in the drawings) and the other factor point OT
(which is indicated by a triangular mark in the drawings) are also illustrated.
[0161] It can be understood from Figs. 25 and 26 that for the breast pocket W1 and the jacket right pocket W2, a peak
which is high in the frequency of appearance of the minimum point is formed near a phase corresponding to the accel-
eration/deceleration switching point CH, but at the remaining phases, the frequency of appearance of the minimum point
is low, and a peak is hardly formed.
[0162] This means that among phases at which a peak is formed, four points can be employed as the acceleration/
deceleration switching phase PC in the descending order of the frequency of appearance of the minimum point.
[0163] Next, when the trouser hip pocket W3, the user’s hand W4, and the bag W5 are the carrying place (Fig. 6) of
the smart phone 1, similarly, the frequency of appearance of the minimum point has been added up, and so graphs
illustrated in Figs. 27(D), 28(D), and Fig.29(D) have been obtained.
[0164] Figs. 27(A) to 27(C), Figs. 28(A) to 28(C), and Figs. 29(A) to 29(C) illustrate exemplary waveforms of the vertical
acceleration Av, the horizontal acceleration Ah, and the orientation angle Cm, similarly to Figs. 25(A) to 25(C) and Figs.
26 (A) to 26(C).
[0165] It can be understood from Figs. 27, 28, and 29 that for the trouser hip pocket W3, the user’s hand W4, and the
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bag W5, a peak that is slightly high in the frequency of appearance of the minimum point is formed near a phase
corresponding to the acceleration/deceleration switching point CH. However, at the remaining phases, there is a point
at which a peak which is high in the frequency of appearance of the minimum point is formed.
[0166] Particularly, in the case of the trouser hip pocket W3 (Fig. 27), peaks formed at other phases are higher than
peaks formed at phases other than the acceleration/deceleration switching point CH (that is, higher in the frequency of
appearance).
[0167] This means that it is difficult to properly select the acceleration/deceleration switching phase PC only by em-
ploying four points from among phases at which a peak is formed in the descending order of the frequency of appearance
of the minimum point.
[0168] Here, the trouser hip pocket W3 has been used as the carrying place (Fig. 6) of the smart phone 1, and a
cumulative value of phases at which the minimum point appears in the horizontal acceleration Ah in each walking period
PW has been calculated again based on data different from the data used in Fig. 27, and so a graph illustrated in Fig.
30(A) has been obtained.
[0169] In Fig. 30(A), similarly to Fig. 27(B), 6 points, that is, 6 peaks which are high in the frequency of appearance
of the minimum point appear. Here, the 6 peaks are peaks PK1, PK2, PK3, PK4, PK5, and PK6 in the phase order.
[0170] The peaks PK1, PK3, PK4, and PK6 correspond to the acceleration/deceleration switching point CH, and the
remaining peaks PK2 and PK5 correspond to the other factor point OT. Further, when the respective peaks are compared
in terms of the magnitude, the peaks PK1, PK6, PK4, PK2, PK3, and PK5 decrease in the amplitude in the described
order. In other words, in this case, similarly to Fig. 27, it is difficult to properly select the acceleration/deceleration switching
point CH only by employing four points in the descending order of the frequency of appearance of the minimum point.
[0171] Here, in the peaks PK1 and PK2, a phase interval between both peaks is about 4 samples, that is, about 0.08
[s]. However, when the user of the smart phone 1 actually walks, it is difficult to perform switching between acceleration
and deceleration in the horizontal direction in a short period of time of mere 0.08 [s].
[0172] In this regard, when a cumulative value of phases at which the minimum point appears in the horizontal accel-
eration Ah is calculated, a phase which is too short in an interval with a phase already employed as the cumulative
addition in each walking period PW, that is, a phase in which the interval is a tenth (1/10) of the walking period PW or
less is excluded from a subsequent employment candidate in the corresponding walking period PW. Hereinafter, this
process is referred to as an adjacent phase exclusion process.
[0173] Here, an interval such as a tenth (1/10) of the walking period PW has been decided in view of a minimum length
of the acceleration section SA or the deceleration section SR when switching between acceleration and deceleration is
performed in a relative short period of time, for example, due to a reason that the pedestrian’s pace becomes narrow
due to a status of a road surface or the like.
[0174] The frequency of appearance of the minimum point has been added up while performing the adjacent phase
exclusion process, the peaks PK6, PK1, PK4, PK3, PK2, and PK5 decrease in the amplitude in the described order as
illustrated in Fig. 30(A) and Fig. 30(B) corresponding thereto.
[0175] In other words, in Fig. 30(B), all phases at which peaks of four points selected in the descending order of the
amplitudes appear have been selected as the acceleration/deceleration switching point CH. This means that when the
frequencies of appearance of four points selected in the descending order of the orientation change degrees are added
up while performing the adjacent phase exclusion process on the minimum points appearing in the horizontal acceleration
Ah, phases of four points selected in the descending order among peaks to be formed can be employed as the acceleration/
deceleration switching point CH as is.
[0176] In this regard, the acceleration/deceleration section switching phase learning unit 46 (Fig. 4) of the travel
orientation calculating unit 33 calculates the horizontal acceleration Ah based on the acceleration A3 supplied from the
vertical direction detecting unit 41B using Equation (6), and accumulates the frequency of appearance of the minimum
point of each the walking period PW.
[0177] At this time, the acceleration/deceleration section switching phase learning unit 46 selects four points in the
descending order of the differential values of the orientation angle Cm among the minimum points appearing in each
walking period PW as the cumulative addition target, but a minimum point in which an interval with a phase already
employed as the cumulative addition target is a tenth (1/10) of the walking period PW or less is excluded from the
cumulative addition target in the corresponding walking period PW.
[0178] Then, the acceleration/deceleration section switching phase learning unit 46 employs phases of four points
selected in the descending order of the amplitudes among a plurality of peaks appearing in an addition result of the
frequency of appearance of the minimum point as the acceleration/deceleration switching phase PC, and supplies the
employed phases to the acceleration/deceleration section estimating unit 47.
[0179] As described above, the acceleration/deceleration section switching phase learning unit 46 adds up the fre-
quency of appearance of the minimum value of the horizontal acceleration Ah while performing the adjacent phase
exclusion process, and detects phases of four points in the descending order of the amplitudes of the peaks as the
acceleration/deceleration switching phase PC.
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[1-3-8. Estimation of acceleration/deceleration section]

[0180] Next, a process (hereinafter, referred to as an "acceleration/deceleration section estimation process") of esti-
mating whether each of sections delimited by the acceleration/deceleration switching phases PC of four points within
the walking period PW is the acceleration section SA or the deceleration section SR will be described.
[0181] Referring back to the waveforms of Figs. 13 to 15 and Figs. 25 to 29, it can be understood that the maximum
point often appears twice during a period of time in which the waveform of the vertical acceleration Av has a convex
portion in the upper part. Further, it can also be understood that the deceleration section SR starts after the first maximum
point appears.
[0182] However, when the waveform of the vertical acceleration Av has a convex portion in the upper part, the shape
thereof is often corrupted, and thus it is difficult to reliably detect the first maximum point.
[0183] Here, a relation between a period of time in which the waveform of the vertical acceleration Av has a convex
portion in the upper part and the deceleration section SR is considered. When the two acceleration/deceleration switching
phases PC are included in this period of time, it is preferable that a section interposed between the acceleration/decel-
eration switching phases PC be set as the deceleration section SR. Further, when the single acceleration/deceleration
switching phase PC is included in this period of time, it is preferable that a section immediately after the acceleration/
deceleration switching phase PC be set as the deceleration section SR.
[0184] In summary, it is preferable the acceleration/deceleration switching phase PC first appearing after the upward
zero-cross point, that is, the reference upward zero-cross point PU (Fig. 24) first appearing in the vertical acceleration
Av in the walking period PW starting from the phase reference point PS be set as the starting point of the deceleration
section SR.
[0185] For subsequent two steps, it is preferable to alternately switch the deceleration section SR and the acceleration
section SA each time the acceleration/deceleration switching phase PC appears.
[0186] In this regard, the acceleration/deceleration section estimating unit 47 (Fig. 4) of the travel orientation calculating
unit 33 is first supplied with the vertical acceleration Av from the BPF 44, supplied with the phase reference point PS
and the reference upward zero-cross point PU from the walking period calculating unit 45, and further supplied with the
acceleration/deceleration switching phase PC from the acceleration/deceleration section switching phase learning unit
46.
[0187] Then, the acceleration/deceleration section estimating unit 47 sets a section from the acceleration/deceleration
switching phase PC first appearing after the reference upward zero-cross point PU to the acceleration/deceleration
switching phase PC appearing thereafter in the walking period PW having the phase reference point PS as the starting
point as the deceleration section SR.
[0188] Then, the acceleration/deceleration section estimating unit 47 sequentially estimates each section delimited at
each subsequent acceleration/deceleration switching phase PC as the acceleration section SA or the deceleration
section SR alternately.
[0189] Further, the acceleration/deceleration section estimating unit 47 generates acceleration/deceleration informa-
tion IAR representing which of the acceleration section SA and the deceleration section SR the current point in time
belongs to, and supplies the acceleration/deceleration information IAR to the travel orientation calculating unit 49.
[0190] Here, an example of a result of estimating the acceleration/deceleration information IAR through the acceler-
ation/deceleration section estimating unit 47 is illustrated in Figs. 31 to 36 together with waveforms of the vertical
acceleration Av, the horizontal acceleration Ah, and the orientation angle Cm.
[0191] Figs. 31 and 32 illustrate waveforms starting from when walking starts and the subsequent waveforms when
the breast pocket W1 is the carrying place (Fig. 6) of the smart phone 1, Figs. 33 and 34 illustrate waveforms starting
from when walking starts and the subsequent waveforms when the jacket right pocket W2 is the carrying place (Fig. 6)
of the smart phone 1, and Figs. 35 and 36 illustrate waveforms starting from when walking starts and the subsequent
waveforms when the hip pocket W3 is the carrying place (Fig. 6) of the smart phone 1.
[0192] Further, in the waveforms of the acceleration/deceleration information IAR illustrated in Figs. 31(D) to 36(D),
a high level represents the deceleration section SR, and a low level represents the acceleration section SA.
[0193] It can be understood from Figs. 31 to 36 that regardless of the carrying place of the smart phone 1, it is possible
to properly estimate the deceleration section SR and the acceleration section SA after a point in time TS at which a
dozen steps have been taken since walking started.
[0194] In other words, the acceleration/deceleration section estimating unit 47 sufficiently accumulates the frequency
of appearance of the minimum point, and after the point in time TS at which the learning process has been performed
to some extent, the detection accuracy of the acceleration/deceleration switching phase PC by the acceleration/decel-
eration section switching phase learning unit 46 increases, and thus it is possible to stably estimate the deceleration
section SR and the acceleration section SA with a high degree of accuracy.
[0195] As described above, the acceleration/deceleration section estimating unit 47 sets the acceleration/deceleration
switching phase PC first appearing after the reference upward zero-cross point PU as the starting point of the deceleration
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section SR, and sequentially estimates each section delimited at each subsequent acceleration/deceleration switching
phase PC as the acceleration section SA or the deceleration section SR alternately as the acceleration/deceleration
section estimation process.

[1-3-9. Calculation of travel orientation]

[0196] Finally, a process of calculating the user’s final travel orientation based on the acceleration (A3x, A3y) in the
horizontal direction and the acceleration/deceleration information IAR (that is, the estimation result of the acceleration
section SA or the deceleration section SR) will be described.
[0197] As described above, when the user carrying with the smart phone 1 walks forward, the acceleration works on
the smart phone 1 in the forward direction at the time of deceleration, and the acceleration works on the smart phone 1
in the backward direction at the time of acceleration. In other words, in the deceleration section SR, the direction in which
the acceleration works represents the travel direction of the user, whereas in the acceleration section SA, the direction
opposite to the direction in which the acceleration works represents the travel direction of the user.
[0198] Further, in the acceleration A3 of the earth coordinate system, the y axis direction is the direction of the magnetic
north represented by the geomagnetic value M, but the magnetic north generally represented by geomagnetism has an
error called an argument between the magnetic north and the true north represented by the axis of the Earth. The
argument is known to have a value that varies according to the latitude and the longitude.
[0199] For this reason, an orientation represented by the earth coordinate system, that is, an orientation based on the
magnetic north can be corrected according to an argument obtained based on the latitude and the longitude of the
current position and then converted into an orientation based on the true north.
[0200] Meanwhile, in the acceleration A3, the band frequency caused by walking is extracted through the BPF 44, but
an acceleration generated by a factor other than walking is considered to be included to some extent.
[0201] For this reason, when the magnitude of the acceleration A3 is relatively large, an orientation represented by
the acceleration A3 is in a relatively high proportion of the acceleration caused by walking, and thus considered to be
high in the accuracy of representing the user’s travel orientation or an orientation opposite thereto.
[0202] However, when the magnitude of the acceleration A3 is relatively small, an orientation represented by the
acceleration A3 is in a relatively high proportion of the acceleration caused by a factor other than walking, and thus
considered to be low in the accuracy of representing the user’s travel orientation or an orientation opposite thereto.
[0203] In this regard, for the obtained travel orientation, as a smoothing process, by increasing a specific gravity thereof
as a value of the acceleration increases, specifically, by obtaining an addition average by multiplying it by a coefficient
according to the magnitude of the acceleration A3, influence of the acceleration caused by a factor other than walking
can be reduced, and thus the accuracy can be increased.
[0204] Based on the above, the travel orientation calculating unit 33 first receives GPS latitude longitude data GL
representing the latitude and the longitude from the GPS circuit 24 through the argument acquiring unit 48, acquires an
argument of the current position based on the GPS latitude longitude data GL, generates argument data DA, and supplies
the argument data DA to the travel orientation calculating unit 49.
[0205] The travel orientation calculating unit 49 identifies which of the acceleration section SA or the deceleration
section SR the current point in time belongs to based on the acceleration/deceleration information IAR supplied from
the acceleration/deceleration section estimating unit 47.
[0206] Then, the travel orientation calculating unit 49 regards an orientation of the acceleration (A3x,A3y) in the
horizontal direction supplied from the BPF 44 as the travel orientation as is when the current point in time belongs to
the deceleration section SR but regards the direction opposite thereto as the travel orientation when the current point
in time belongs to the acceleration section SA.
[0207] Further, the travel orientation calculating unit 49 corrects the travel orientation based on the argument data
DA, generates travel orientation data C0 representing the travel orientation, and supplies the travel orientation data C0
to the travel orientation smoothing unit 50.
[0208] Further, the travel orientation calculating unit 49 calculates a horizontal acceleration value Ahs representing
the magnitude of the acceleration (A3x, A3y) in the horizontal direction, and supplies the horizontal acceleration value
Ahs to the travel orientation smoothing unit 50.
[0209] As the smoothing process, the travel orientation smoothing unit 50 multiplies the travel orientation data C0 by
a coefficient according to the magnitude of the horizontal acceleration value Ahs, then calculates an addition average
during a certain period of time (for example, during 1 second), generates the travel orientation data C1, and supplies
the travel orientation data C1 to the orientation filter 34 (Fig. 3).
[0210] As described above, the travel orientation calculating unit 49 identifies which of the acceleration section SA
and the deceleration section SR the current point in time belongs to based on the acceleration/deceleration information
IAR, performs the correction process according to an argument, and generates the travel orientation data C0 representing
the travel orientation.
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[0211] Further, the travel orientation smoothing unit 50 performs the smoothing process on the orientation represented
by the travel orientation data C0 with the specific gravity according to the magnitude of the acceleration A3, and thus
the highly accurate travel orientation data C1 is generated.
[0212] As described above, the travel orientation calculating unit 33 can generate the travel orientation data C1 rep-
resenting the travel orientation in which the user walks based on the acceleration A1 and the geomagnetic value M.

[1-4. Processing procedure]

[0213] Next, a series of processing procedures performed to calculate travel orientation through the travel orientation
calculating unit 33 (Figs. 3 and 4) will be described with reference to flowcharts of Figs. 37 to 39.

[1-4-1. Travel orientation calculation processing procedure]

[0214] The control unit 10 of the smart phone 1 (Fig. 1) reads the travel orientation calculation program from the non-
volatile memory 14, and executes the travel orientation calculation program, and so a travel orientation calculation
processing procedure RT1 (Fig. 37) starts, and causes the process to proceed to step SP1.
[0215] In step SP1, the control unit 10 integrates a value of the acceleration A1 for 2 seconds through the vertical
direction detecting unit 41 (Fig. 4), generates the gravity acceleration G (Gx, Gy, Gz), and causes the process to proceed
to the next step SP2.
[0216] In step SP2, the control unit 10 calculates the unit vector U (ex, ey, ez) of the earth coordinate system viewed
from the detection coordinate system according to Equation (4) through the transformation matrix generating unit 42
(Fig. 4), and causes the process to proceed to the next step SP43.
[0217] In step SP3, the control unit 10 performs coordinate transformation of transforming the acceleration A1 of the
detection coordinate system into the acceleration A2 of the earth coordinate system (A2x, A2y, A2z) according to Equation
(5) through the coordinate transforming unit 43 (Fig. 4), and causes the process to proceed to the next step SP4.
[0218] In step SP4, the control unit 10 extracts the band frequency of about 1 to 10 [Hz] in the acceleration A2 through
the BPF 44 (Fig. 4), generates the acceleration A3 (A3x, A3y, A3z), and causes the process to proceed to the next step
SP5.
[0219] In step SP5, the control unit 10 calculates the walking period PW through a processing procedure according
to a walking period calculation sub routine SRT1 (the details will be described later) through the walking period calculating
unit 45 (Fig. 4), and causes the process to proceed to the next step SP6.
[0220] In step SP6, the control unit 10 sets a downward zero-cross point interposed between a maximum point and
a minimum point at which a difference becomes maximum in a range corresponding to the walking period PW from an
arbitrary point in time in the vertical acceleration Av as the phase reference point PS through the walking period calculating
unit 45. Further, the control unit 10 sets an upward zero-cross point appearing thereafter as the reference upward zero-
cross point PU, and causes the process to proceed to the next step SP7.
[0221] In step SP7, the control unit 10 selects the acceleration/deceleration switching phase PC through the acceler-
ation/deceleration section switching phase learning unit 46 while performing the adjacent phase exclusion process
through a processing procedure according to an acceleration/deceleration switching phase learning sub routine SRT2
(the details will be described later), and causes the process to proceed to the next step SP8.
[0222] In step SP8, the control unit 10 estimates a section from the acceleration/deceleration switching phase PC first
appearing after the reference upward zero-cross point PU to the acceleration/deceleration switching phase PC appearing
thereafter in the walking period PW having the phase reference point PS as the starting point as the deceleration section
SR through the acceleration/deceleration section estimating unit 47 (Fig. 4).
[0223] Further, the control unit 10 alternately estimates each section delimited at each subsequent acceleration/
deceleration switching phase PC as the acceleration section SA or the deceleration section SR through the acceleration/
deceleration section estimating unit 47, and causes the process to proceed to the next step SP9.
[0224] In step SP9, the control unit 10 causes the travel orientation calculating unit 49 (Fig. 4) to set an orientation,
represented by the acceleration (A3x, A3y) of the horizontal direction, as the travel orientation as is when the current
point in time belongs to the deceleration section SR, sets a direction opposite thereto as the travel orientation when the
current point in time belongs to the acceleration section SA, and causes the process to proceed to the next step SP10.
[0225] In step SP10, the control unit 10 calculates an addition average for one second by multiplying the travel orien-
tation data C0 by a coefficient according to the magnitude of the horizontal acceleration value Ahs and calculates the
travel orientation data C1 through the travel orientation smoothing unit 50.
[0226] Then, the control unit 10 supplies the travel orientation data C1 to the orientation filter 34 (Fig. 3), causes the
process to proceed to the next step SP11, and then ends the travel orientation calculation processing procedure RT1.
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[1-4-2. Walking period calculation processing procedure]

[0227] When the process proceeds to step SP5 in the travel orientation calculation processing procedure RT1 (Fig.
37), the control unit 10 of the smart phone 1 (Fig. 1) starts the walking period calculation sub routine SRT1 (Fig. 38) as
the operation process performed by the walking period calculating unit 45 (Fig. 4), and causes the process to proceed
to step SP21.
[0228] In step SP21, the control unit 10 sets an arbitrary portion of the vertical acceleration Av as the function f(t),
calculates the auto-correlation evaluation value using the auto-correlation evaluation function g(t) according to Equation
(7), and causes the process to proceed to the next step SP22.
[0229] In step SP22, the control unit 10 detects a minimum point while sequentially changing the phase difference t
for the auto-correlation evaluation value from 1 to the increasing direction, and causes the process to proceed to the
next step SP23.
[0230] In step SP23, the control unit 10 detects a maximum point having appeared immediately before the minimum
point detected in step SP22, and causes the process to proceed to the next step SP24.
[0231] In step SP24, the control unit 10 determines whether or not the first minimum point has been already employed.
Here, when a negative result is obtained, the control unit 10 causes the process to proceed to step the next SP25.
[0232] In step SP25, the control unit 10 determines whether or not a value (that is, a minimum value) of a minimum
point of current interest is 0.9 times or less of a value (that is, a maximum value) of a maximum point having appeared
immediately before according to Equation (8). Here, when a negative result is obtained, this means that a difference
between the maximum value and the minimum value is extremely small, and the minimum point of current interest is
highly unlikely to represent a first step. At this time, the control unit 10 causes the process to return step SP22 again,
and detects a next minimum point.
[0233] Meanwhile, when a positive result is obtained in step SP25, this means that the minimum point of current
interest may be considered to represent the first step, and at this time, the control unit 10 causes the process to proceed
to the next step SP26.
[0234] In step SP26, the control unit 10 employs the minimum point of current interest as the minimum point of the
first step (that is, corresponding to the first step), and then causes the process to return step SP22 again in order to
detect the minimum point corresponding to a second step.
[0235] Meanwhile, when a positive result is obtained in step SP24, that is, when the process returns to step SP24
again after the first minimum point is employed in step SP26, the control unit 10 causes the process to proceed to the
next step SP27.
[0236] In step SP27, the control unit 10 determines whether or not a value (that is, a minimum value) of a minimum
point of current interest is 0.5 times or less of a value (that is, a maximum value) of a maximum point having appeared
immediately before according to Equation (9). Here, when a negative result is obtained, this means that a difference
between the maximum value and the minimum value is extremely small, and the minimum point of current interest may
be considered not to represent the second step. At this time, the control unit 10 causes the process to return step SP22
again, and detects a next minimum point.
[0237] Meanwhile, when a positive result is obtained in step SP27, this means that the minimum point of current
interest may be considered represent the second step, and at this time, the control unit 10 causes the process to proceed
to the next step SP28.
[0238] In step SP28, the control unit 10 employs the minimum point of current interest as the minimum point of the
second step (that is, corresponding to the second step), and sets the phase difference t at this time as the walking period
PW. Thereafter, the control unit 10 causes the process to proceed to the next step SP29, ends the walking period
calculation sub routine SRT1, and then causes the process to return step SP5 in the travel orientation calculation
processing procedure RT1 (Fig. 37).

[1-4-3. Acceleration/deceleration switching phase learning processing procedure]

[0239] When the process proceeds to step SP7 in the travel orientation calculation processing procedure RT1 (Fig.
37), the control unit 10 of the smart phone 1 (Fig. 1) starts the acceleration/deceleration switching phase learning sub
routine SRT2 (Fig. 39) as the operation process performed by the acceleration/deceleration section switching phase
learning unit 46 (Fig. 4), and causes the process to proceed to step SP31.
[0240] In step SP31, the control unit 10 has interest in a certain walking period PW, and calculates the horizontal
acceleration Ah for each of phases in the corresponding walking period PW based on the acceleration A3 according to
Equation (6). Further, the control unit 10 detects the minimum point appearing in the horizontal acceleration Ah, and
causes the process to proceed to the next step SP32.
[0241] In step SP32, the control unit 10 calculates a differential value of the orientation angle Cm for each of phases
at which the minimum point is detected, and causes the process to proceed to the next step SP33.



EP 2 711 669 A1

20

5

10

15

20

25

30

35

40

45

50

55

[0242] In step SP33, the control unit 10 has interest in a minimum point which is largest in the differential value of the
orientation angle Cm among minimum points of non-interest, and causes the process to proceed to the next step SP34.
[0243] In step SP34, the control unit 10 determines whether or not there is a minimum point which has been already
employed. Here, when a negative result is obtained, this means that the minimum point of current interest is a minimum
point of first interest. At this time, the control unit 10 causes the process to proceed to the next step SP35 in order to
unconditionally employ the minimum point of current interest without considering an interval with other minimum points.
[0244] In step SP35, the control unit 10 employs the minimum point of current interest, and causes the process to
proceed to the next step SP36.
[0245] In step SP36, the control unit 10 determines whether or not the number of employed minimum points has
reached 4. Here, when a negative result is obtained, this means that it is necessary to employ more minimum points,
and at this time, the control unit 10 returns to step SP33 again in order to have interest in a next minimum point.
[0246] However, when a positive result is obtained in step SP34, this means that it is necessary to consider an interval
between the already employed minimum point and the minimum point of current interest, and at this time, the control
unit 10 causes the process to proceed to the next step SP37.
[0247] In step SP37, the control unit 10 calculates a minimum interval (hereinafter, referred to as a "minimum interval")
among intervals between phases of the employed minimum points and a phase of the minimum point of current interest,
and causes the process to proceed to the next step SP38.
[0248] In step SP38, the control unit 10 determines whether or not the calculated minimum interval is a tenth (1/10)
or less of the walking period PW. Here, when a negative result is obtained, this means that the minimum point of current
interest is sufficiently apart from the employed minimum point, and even when a section interposed between both points
is set as the acceleration section SA or the deceleration section SR, the pedestrian’s motion does not become unnatural.
At this time, the control unit 10 causes the process to proceed to the above-described step SP35, and employs the
minimum point of current interest.
[0249] Meanwhile, when a positive result is obtained in step SP38, this means that since the minimum point of current
interest is too close to the employed minimum point, when a section interposed between both points is set as the
acceleration section SA or the deceleration section SR, the pedestrian’s motion becomes unnatural. At this time, the
control unit 10 causes the process to return to step SP33 in order to have interest in a next minimum point without
employing the minimum value of current interest as the adjacent phase exclusion process.
[0250] Thereafter, when a positive result is obtained in step SP36, this means that minimum points of four points valid
for the walking period PW of current interest have been employed, and at this time, the control unit 10 causes the process
to proceed to the next step SP39.
[0251] In step SP39, the control unit 10 calculates the frequencies of appearance of the phases of employed respective
minimum points, and causes the process to proceed to step SP40.
[0252] In step SP40, the control unit 10 determines whether or not the phases of respective minimum points have
been added up as the frequency of appearance for all the walking period PW included in a predetermined adding-up
period of time. Here, when a negative result is obtained, this means that there is a walking period PW of non-interest in
which the phase of the minimum point is not added up, and at this time, the control unit 10 causes the process to proceed
to step SP41.
[0253] In step SP41, the control unit 10 sets the walking period PW of non interest as the walking period PW of new
interest, and causes the process to return to step SP31 again in order to add the phase of the minimum point to the
frequency of appearance even for the corresponding walking period PW.
[0254] Meanwhile, when a positive result is obtained in step SP40, this means that a sufficient addition result for the
frequency of appearance of the minimum point has been obtained, and at this time, the control unit 10 causes the process
to proceed to step SP42.
[0255] In step SP42, the control unit 10 finally employs four points in order from a phase which is highest in the
frequency of appearance of the minimum point as the acceleration/deceleration switching phase PC. Thereafter, the
control unit 10 causes the process to proceed to step SP43, ends the acceleration/deceleration switching phase learning
sub routine SRT2, and causes the process to return to step SP7 in the travel orientation calculation processing procedure
RT1 (Fig. 37).

[1-5. Calculation result of travel orientation]

[0256] Next, a moving trajectory on a map obtained by combining the travel orientation data C1 generated by a series
of orientation calculation processes based on data such as the acceleration obtained when the user actually walks and
the GPS position data GP obtained by the GPS circuit 24 is illustrated in Figs. 40 to 42.
[0257] In Figs. 40 to 42, the user’s walking trajectory is plotted on map data through trajectory marks of isosceles
triangles, and a travel orientation in each plot is represented by directions indicated by vertex angles thereof. Further,
the user is walking on an actual road along blocks counterclockwise in a rectangular form.
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[0258] Referring to Figs. 40 to 42, it can be understood that the travel orientation is at the right slightly further than an
original travel direction in some blocks, but the travel orientation can be properly calculated when the user walks.
[0259] Further, it can be understood that when the carrying position is the hip pocket W3 (Fig. 42), an error tends to
be slightly larger than when the carrying position is the breast pocket W1 (Fig. 40) or the jacket right pocket W2 (Fig.
41), but the travel orientation can be calculated with a sufficiently reliable degree.

[1-6. Operations and Effects]

[0260] In the above-described configuration, when the navigation function is executed in the walking mode, the control
unit 10 of the smart phone 1, by executing the navigation program and the travel orientation calculation program,
implements the functional blocks illustrated in Figs. 3 and 4.
[0261] At this time, the travel orientation calculating unit 33 first calculates the gravity acceleration G based on the
integration value of the acceleration A1, decides the vertical direction, generates the unit vector U of the earth coordinate
system viewed from the detection coordinate system according to Equation (4), and performs coordinate transformation
of transforming the acceleration A1 of the detection coordinate system into the acceleration A2 of the earth coordinate
system.
[0262] Then, the travel orientation calculating unit 33 extracts a frequency band mainly caused by walking from the
acceleration A2, uses the extracted frequency band as the acceleration A3, and decides the walking period PW based
on a phase difference at which the auto-correlation degree increases for the second time using the auto-correlation
evaluation value of the vertical acceleration Av which is the vertical direction component. Further, the travel orientation
calculating unit 33 decides the phase reference point PS and the reference upward zero-cross point PU based on the
maximum point and the minimum point in which the difference in the vertical acceleration Av is maximum.
[0263] Further, the travel orientation calculating unit 33 learns a phase at which the minimum point appears in the
horizontal acceleration Ah and the differential value of the orientation angle Cm is large at each of walking periods PW
having the phase reference point PS as the starting point, and selects the acceleration/deceleration switching phase
PC based on the learning result.
[0264] Further, the travel orientation calculating unit 33 alternately estimates the deceleration section SR or the ac-
celeration section SA at each the acceleration/deceleration switching phase PC based on the reference upward zero-
cross point PU in the walking period PW, sets an orientation represented by the acceleration of the horizontal direction
or an orientation opposite thereto as the travel orientation, performs smoothing, and calculates the travel orientation
data C1.
[0265] Thus, the smart phone 1 can appropriately decide the acceleration/deceleration switching phase PC using the
minimum point appearing in the horizontal acceleration Ah, and thus can separate the deceleration section SR from the
acceleration section SA at the time of walking with a high degree of accuracy. As a result, the smart phone 1 can
appropriately determine which of the travel direction or the opposite direction thereto the acceleration in the horizontal
direction works on, and can calculate the user’s final travel orientation with a high degree of accuracy.
[0266] Particularly, the smart phone 1 separates the acceleration section SA from the deceleration section SR and
then calculates the final travel orientation, and thus compared to a technique of defining a major axis on a horizontal
plane without separating both sections, influence of motion in which the waist rotates can be effectively excluded.
[0267] At this time, the smart phone 1 detects the acceleration/deceleration switching phase PC based on a phase at
which the minimum point appears in the horizontal acceleration Ah according to the user’s motion principle at the time
of walking, and thus can clearly separate the deceleration section SR from the acceleration section SA at each accel-
eration/deceleration switching phase PC.
[0268] Further, a characteristic of the horizontal acceleration Ah differs according to the user’s carrying position as
illustrated in Figs. 25 to 29, but since the minimum point appears at least a phase at which switching between the
deceleration section SR and the acceleration section SA is performed with a high degree of accuracy, the smart phone
1 can properly detect the acceleration/deceleration switching phase PC.
[0269] Further, the smart phone 1 can learn a phase in which the differential value of the orientation angle Cm is large
among the minimum points of the horizontal acceleration Ah as a phase at which switching between acceleration and
deceleration is performed, exclude the other factor point OT, and select the acceleration/deceleration switching phase
PC with a high degree of accuracy.
[0270] When the learning process is performed, the smart phone 1 can effectively exclude the other factor point OT
even by performing the adjacent phase exclusion process based on the fact that switching between acceleration and
deceleration is hardly performed in an extremely short period of time at the time of walking.
[0271] Further, when the walking period PW is calculated, the smart phone 1 can calculate the walking period PW
with a high degree of accuracy by using the auto-correlation evaluation value based on the fact that the vertical acceleration
Av periodically varies along with a walking motion periodically repeated by the user.
[0272] Particularly, in this case, as an employment condition based on a difference between a maximum value and a
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minimum value for the first step is set to be different from that for the second step as in Equations (8) and (9), the first
step by the other foot and the second step by the same foot can be appropriately detected, and as a result, the calculation
accuracy of the walking period PW can be dramatically improved.
[0273] Further, the smart phone 1 sets the falling zero-cross point at which the difference between the maximum value
and the minimum value is maximum in the walking period PW as the phase reference point PS, and thus can delimit
each walking period PW with a high degree of accuracy.
[0274] Further, the smart phone 1 decides the first deceleration section SR based on the reference upward zero-cross
point PU appearing after the phase reference point PS based on a relation between the waveform of the vertical accel-
eration Av and the deceleration section SR and the acceleration section SA, and thus can appropriately decide a
subsequent deceleration section SR and a subsequent acceleration section SA.
[0275] Further, the smart phone 1 performs an addition with a specific gravity according to the magnitude of the
acceleration in the smoothing process, increases a specific gravity of a sample in which reliability of a travel orientation
is high, uses all samples effectively, and thus can increase the accuracy of the travel orientation data C1 which is finally
obtained.
[0276] Particularly, even when a temporal noise component is included in the acceleration, the smart phone 1 uses
all samples, and thus can suppress influence thereof to be relatively small.
[0277] Further, in the coordinate system transformation process, the detection coordinate system is transformed into
the earth coordinate system at a time through the transformation matrix represented by the unit vector U, and thus the
smart phone 1 reduces the operation processing amount to the minimum and does not occur an error occurring when
transformation into the rotary coordinate system is performed.
[0278] According to the above-described configuration, the smart phone 1 decides the walking period PW using the
auto-correlation evaluation value of the vertical acceleration Av, and further decides the phase reference point PS and
the reference upward zero-cross point PU. Further, the smart phone 1 learns a phase at which the minimum point
appears in the horizontal acceleration Ah while performing the adjacent phase exclusion process, and selects the
acceleration/deceleration switching phase PC based on the learning result. Further, the smart phone 1 alternately esti-
mates each section delimited at each acceleration/deceleration switching phase PC after the reference upward zero-
cross point PU as the deceleration section SR or the acceleration section SA, sets an orientation represented by the
acceleration in the horizontal direction or an orientation opposite thereto as the travel orientation, performs smoothing,
and calculates the travel orientation data C1. As a result, the smart phone 1 can obtain an appropriate travel direction
for each of the deceleration section SR and the acceleration section SA and calculate the user’s final travel orientation
with a high degree of accuracy.

<2. Another embodiment>

[0279] The above embodiment has been described in connection with the example in which the acceleration/decel-
eration switching phase PC is selected based a phase at which the minimum point appears in the horizontal acceleration
Ah through the learning process.
[0280] The present technology is not limited to this example, and four points selected in the descending order of the
differential values of the orientation angle Cm among the minimum points of the horizontal acceleration Ah may be
selected as the acceleration/deceleration switching phase PC as is. As described above, as the learning process is
omitted, the operation processing amount of the smart phone 1 can be reduced, and thus power consumption can be
reduced.
[0281] Further, the above embodiment has been described in connection with the example in which a phase in which
the frequency of appearance is to be added by the learning process among the minimum points of the horizontal
acceleration Ah is selected using the magnitude of the differential value of the orientation angle Cm as an index.
[0282] The present technology is not limited to this example, and for example, selection may be made based on various
kinds of indices such as a relation with a phase at which the maximum point or the minimum point appears in the vertical
acceleration Av. Further, in the learning process, the number of phases in which the frequency of appearance is to be
added for the first walking period PW is not limited to 4 but may be 5 or more or 3 or less. Particularly, when 5 or more
phases are added, for example, a non-integral number obtained by multiplying the frequency by a coefficient according
to the magnitude of the differential value of the orientation angle Cm may be added.
[0283] Further, the above embodiment has been described in connection with the example in which in the adjacent
phase exclusion process of learning a phase at which the minimum point appears in the horizontal acceleration Ah,
when a minimum interval between phases is a tenth (1/10) or less of the walking period PW, a corresponding phase is
excluded from an addition target.
[0284] The present technology is not limited to this example, and a phase may be excluded from an addition target
based on an arbitrary threshold value such as an eighth (1/8) or less or a fifteenth (1/15) or less of the walking period
PW. Alternatively, for example, when an interval between phases in which the minimum point appears is determined as
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being relatively large, the adjacent phase exclusion process may be omitted.
[0285] Further, the above embodiment has been described in connection with the example in which when a phase at
which the minimum point appears in the horizontal acceleration Ah is learned as the adjacent phase exclusion process,
a phase having a very short interval with an employed phase is excluded from an employment candidate in a corresponding
walking period.
[0286] The present technology is not limited to this example, and for example, when an appearing phase is learned,
the frequency may be added without excluding a phase having a very small interval with an employed phase, and when
4 phases are selected in the descending order of the frequencies after addition, the 4 phases may be sequentially
employed while excluding a phase having a very small interval with an employed phase as the adjacent phase exclusion
process.
[0287] Further, the above embodiment has been described in connection with the example in which a period of time
corresponding to two steps of the user is calculated as the walking period, and four points are selected as the acceleration/
deceleration switching phase within the walking period.
[0288] The present technology is not limited to this example, and for example, when a bag in which the smart phone
1 is put is slung over the shoulder, and switching between acceleration and deceleration is determined as being additionally
performed as the bag periodically comes into contact with the body while walking, an arbitrary number of acceleration/
deceleration switching phases such as 6 points or 8 points may be set within the walking period. In this case, since the
acceleration section SA and the deceleration section SR can be alternately estimated at each acceleration/deceleration
switching phase PC, the final travel orientation can be appropriately calculated.
[0289] Further, the above embodiment has been described in connection with the example in which the acceleration/
deceleration switching phase PC first appearing after the reference upward zero-cross point PU is set as the starting
point of the deceleration section SR, and each section delimited at each subsequent acceleration/deceleration switching
phase PC is alternately estimated as the acceleration section SA or the deceleration section SR.
[0290] The present technology is not limited to this example, and for example, the deceleration section SR and the
acceleration section SA may be estimated based on other indices, for example, the acceleration/deceleration switching
phase PC first appearing after the starting point of the walking period PW, that is, the phase reference point PS may be
set as the starting point of the deceleration section SR. In this case, it is desirable to estimate the deceleration section
SR and the acceleration section SA using a feature appearing in the waveform of the vertical acceleration Av as an
index as described above with reference to Figs. 13 to 15 and Figs. 25 to 29.
[0291] Further, the above embodiment has been described in connection with the example in which the walking period
PW is calculated based on the auto-correlation evaluation value obtained using the auto-correlation function representing
the vertical acceleration Av.
[0292] The present technology is not limited to this example, and various kinds of auto-correlation functions may be
used, for example, the auto-correlation evaluation value obtained using the auto-correlation function representing the
horizontal acceleration Ah or the orientation angle Cm may be used,.
[0293] Further, the above embodiment has been described in connection with the example in which a phase in which
the minimum point appears for the second time in the auto-correlation evaluation value is set as the walking period PW.
[0294] The present technology is not limited to this example, and the walking period PW may be calculated through
various kinds of techniques, for example, the minimum point appearing after the second maximum point may be set as
the walking period PW. In this case, it is desirable to set a phase in which a correlation degree increases for the second
time when the phase difference gradually increases according to a property of the auto-correlation function as the walking
period PW.
[0295] Further, the above embodiment has been described in connection with the example in which the coefficients
in Equations (8) and (9) are set to 0.9 and 0.5, respectively.
[0296] The present technology is not limited to this example, and an arbitrary value may be decided as each of the
coefficients. In this case, based on the fact that the first step is the other foot, and the second step is the same foot, j
and k representing the coefficients in Equations (8) and (9), respectively, are preferably set to satisfy a relation of Equation
(10). 

[0297] Further, the above embodiment has been described in connection with the example in which the falling zero-
cross point at which the difference between the maximum value and the minimum value in the vertical acceleration Av
is maximum is set as the phase reference point PS, and the corresponding falling zero-cross point is used as the starting
point of the walking period PW.
[0298] The present technology is not limited to this example, and the phase reference point PS may be decided based



EP 2 711 669 A1

24

5

10

15

20

25

30

35

40

45

50

55

on various selection criteria, for example, a phase of a maximum point or a minimum point at which the difference
between the maximum value and the minimum value in the vertical acceleration Av is maximum may be set as the phase
reference point PS. In this case, the phase reference point PS is preferably decided using a feature appearing once in
the vertical acceleration Av within the walking period PW.
[0299] Further, the above embodiment has been described in connection with the example in which the frequency
band of about 1 to 10 [Hz] is extracted by the BPF 44 (Fig. 4).
[0300] The present technology is not limited to this example, and for example, various kinds of frequency bands such
as 0.5 to 20 [Hz] may be extracted. In this case, it is desirable to extract a frequency band in which the frequency
corresponding to two steps of the pedestrian is included but the DC component and the high frequency component are
removed. Further when a small amount of unnecessary component is included in the frequency band, only the low
frequency band may be removed.
[0301] Further, the above embodiment has been described in connection with the example in which coordinate trans-
formation is performed such that transformation into the earth coordinate system having the magnetic north related to
the horizontal direction having the y axis is performed.
[0302] The present technology is not limited to this example, and for example, transformation into a coordinate system
having axes obtained by projecting the x and y axes of the detection coordinate system onto the horizontal plane having
the x and y axes, that is, a coordinate system in which the magnetic north is not considered may be performed, a travel
orientation may be calculated based on the acceleration, and then transformation into an orientation based on the
magnetic north may be performed. Further, the coordinate system is not limited to the orthogonal coordinate system,
and an arbitrary coordinate system such as the polar coordinate system may be used.
[0303] Further, the above embodiment has been described in connection with the example in which as the smoothing
process, an addition average is obtained by multiplying the calculated travel orientation by a coefficient according to the
magnitude of the acceleration in the horizontal direction.
[0304] The present technology is not limited to this example, and for example, an addition average may be obtained
by multiplying by various coefficients such as a coefficient proportional to the square of the acceleration in the horizontal
direction, or the smoothing process may be omitted by using the same value (for example, "1") for all coefficients.
[0305] Further, the above embodiment has been described in connection with the example in which the travel orientation
is corrected according to an argument obtained based on the latitude and the longitude of the current position.
[0306] The present technology is not limited to this example, and for example, when it is difficult to obtain the latitude
and the longitude of the current position since the GPS signal is not received, the travel orientation may be corrected
based on a standard correction value, or the correction process may not be performed. Further, the latitude and the
longitude of the current position are not limited to the values based on the GPS signal, and for example, may be obtained
based on various kinds of signals or information such as a signal of a wireless local area network (LAN).
[0307] Further, the above embodiment has been described in connection with the example in which a weight of the
travel orientation data C1 increases only when the orientation filter 34 applies weighting to the GPS orientation data GC
and the travel orientation data C1 based on the reception status of the GPS signal, that is, the reception accuracy of the
GPS signal is low.
[0308] The present technology is not limited to this example, and for example, the orientation filter 34 may use the
travel orientation data C1 regularly. As a result, since the reception frequency of the GPS signal by the GPS circuit 24
can be reduced, power consumption of the smart phone 1 can be suppressed.
[0309] Further, the above embodiment has been described in connection with the example in which a plurality of
operation modes are set to the navigation function, and when the walking mode is selected, the travel orientation data
C1 is calculated through the travel orientation calculating unit 33.
[0310] The present technology is not limited to this example, and for example, a setting may be made to constantly
monitor the waveform of the acceleration A1 while the navigation program is being executed, and when walking is
detected from the feature thereof, the travel orientation data C1 may be calculated through the travel orientation calculating
unit 33.
[0311] Further, the above embodiment has been described in connection with the example in which a map screen is
displayed on the display unit 4 as guidance in the navigation process.
[0312] The present technology is not limited to this example, and guidance may be provided to the user through various
techniques, for example, guidance for a direction of the destination may be provided through a sound.
[0313] Further, the above embodiment has been described in connection with the example in which the present
technology is applied to the smart phone 1.
[0314] The present technology is not limited to this example, and the present technology can be applied to various
kinds of electronic devices which can be carried by the user while walking and provide a positioning function such as
portable navigation apparatuses, digital video cameras, digital still cameras, portable music players, portable video
players, portable game machines, pedometers, or laptop or slate computers. In all cases, it is desirable to obtain the
vertical acceleration and horizontal acceleration and generate the final travel orientation data C1 based on the vertical
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acceleration and horizontal acceleration.
[0315] Further, the above embodiment has been described in connection with the example in which the control unit
10 of the smart phone 1 executes the navigation program and the travel orientation calculation program stored in the
ROM 12, the nonvolatile memory 14, or the like in advance, and performs various kinds of processes according to the
travel orientation calculation processing procedure RT1.
[0316] The present technology is not limited to this example, and the control unit 10 of the smart phone 1 may perform
the above-described processes according to an application program installed from a storage medium, an application
program downloaded from the Internet, or an application program installed through other various kinds of sources.
[0317] Further, the above embodiment has been described in connection with the example in which the travel orientation
calculating unit 33 serving as an travel orientation calculation apparatus is configured with the acceleration sensor 27
and the coordinate transforming unit 43 serving as a detecting unit, the walking period calculating unit 45 serving as a
walking period setting unit, the acceleration/deceleration section switching phase learning unit 46 serving as an accel-
eration/deceleration switching phase setting unit, the acceleration/deceleration section estimating unit 47 serving as an
acceleration/deceleration section setting unit, and the travel orientation calculating unit 49 serving as a travel orientation
deciding unit.
[0318] However, the present technology is not limited to this example, and the travel orientation calculation apparatus
may be configured with a detecting unit, a walking period setting unit, an acceleration/deceleration switching phase
setting unit, an acceleration/deceleration section setting unit, and a travel orientation deciding unit which have various
kinds of configurations.
[0319] Further, the present technology may have the following configurations.
[0320]

(1) A travel orientation calculation apparatus, including:

a detecting unit that detects a vertical acceleration representing an acceleration in a vertical direction and a
horizontal acceleration representing an orientation and a magnitude of an acceleration in a horizontal plane
among accelerations generated along with walking of a user;
a walking period setting unit that sets a period of time corresponding to two steps of the user as a walking period
based on a zero-cross point of the vertical acceleration;
an acceleration/deceleration switching phase setting unit that sets an acceleration/deceleration switching phase
at which switching between acceleration and deceleration in the user’s travel direction is performed based on
a phases at which the magnitude of the horizontal acceleration is minimum in the walking period;
an acceleration/deceleration section estimating unit that alternately estimates each section delimited at each
acceleration/deceleration switching phase as an acceleration section or a deceleration section; and
a travel orientation deciding unit that decides the user’s travel orientation based on an orientation represented
by the horizontal acceleration in the deceleration section and an orientation opposite to the orientation repre-
sented by the horizontal acceleration in the acceleration section.

(2) The travel orientation calculation apparatus according to (1),
wherein the acceleration/deceleration switching phase setting unit sets a phase which is high in a frequency that
the magnitude of the horizontal acceleration is minimum in the walking period as the acceleration/deceleration
switching phase.
(3) The travel orientation calculation apparatus according to (1) or (2), wherein the acceleration/deceleration switching
phase setting unit calculates an orientation angle representing an orientation in which the acceleration works through
polar coordinates and a differential value of the orientation angle based on the horizontal acceleration, and sets a
predetermined number of phases selected in the descending order of the differential values of the orientation angle
among phases at which the magnitude of the horizontal acceleration is minimum as an addition target of the frequency.
(4) The travel orientation calculation apparatus according to (2) or (3),
wherein the acceleration/deceleration switching phase setting unit sets the acceleration/deceleration switching phase
sequentially from a phase which is highest in the frequency that the magnitude of the horizontal acceleration is
minimum in the walking period as the acceleration/deceleration switching phase, and excludes a phase whose
interval with an already set acceleration/deceleration switching phase is less than a predetermined interval from a
setting target of a new acceleration/deceleration switching phase.
(5) The travel orientation calculation apparatus according to any one of (1) to (4),
wherein the acceleration/deceleration switching phase setting unit sets four points as the acceleration/deceleration
switching phase in the walking period.
(6) The travel orientation calculation apparatus according to any one of (1) to (5),
wherein the walking period setting unit sets a length of the walking period based on a period of time until a waveform
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similar to a predetermined portion in the vertical acceleration appears again.
(7) The travel orientation calculation apparatus according to (5),
wherein the walking period setting unit calculates an auto-correlation degree while sequentially increasing a phase
difference on the vertical acceleration, and sets a phase difference at which an extreme value in which the auto-
correlation degree increases appears for the second time as the length of the walking period.
(8) The travel orientation calculation apparatus according to (6) or (7),
wherein the walking period setting unit calculates the auto-correlation degree based on an auto-correlation value
that decreases as the auto-correlation degree increases, and when a first minimum value of the auto-correlation
value is a j times (here, 0 < j < 1) or less of a maximum value appearing immediately before, and a second minimum
value of the auto-correlation value is a k times (here, 0 < k < j) or less of a maximum value appearing immediately
before, sets a phase difference at which the second minimum value appears as the length of the walking period.
(9) The travel orientation calculation apparatus according to any one of (1) to (8),
wherein the walking period setting unit sets the walking period, and sets a falling zero-cross point at which a difference
between a maximum value and a minimum value which are adjacent to each other in the vertical acceleration in the
walking period is maximum as a reference phase used as a reference of a phase.
(10) The travel orientation calculation apparatus according to any one of (1) to (9),
wherein the detecting unit further includes
an acceleration sensor that detects an acceleration applied to the travel orientation calculation apparatus, and
obtains an acceleration detection value represented by a specific three-dimensional (3D) detection coordinate sys-
tem;
a vertical direction calculating unit that calculates a vertical direction based on the acceleration detection value; and
a transforming unit that uses the vertical direction component among the acceleration detection values as the vertical
acceleration, and uses a two-dimensional (2D) component included in a horizontal plane orthogonal to the vertical
direction among the acceleration detection values as the horizontal acceleration.
(11) The travel orientation calculation apparatus according to (10),
wherein the detecting unit further includes a geomagnetic sensor that detects a direction of a magnetic north in the
travel orientation calculation apparatus, and
the transforming unit transforms an orientation represented by the horizontal acceleration into an absolute orientation
based on the magnetic north.
(12) The travel orientation calculation apparatus according to (10) or (11),
wherein the transforming unit transforms the acceleration detection value from the detection coordinate system into
an earth coordinate system having each of vertical direction and a direction corresponding to the magnetic north as
an axis direction.
(13) The travel orientation calculation apparatus according to any one of (1) to (12), further including,
a travel orientation smoothing unit that calculates an addition average by multiplying the travel orientation by a
coefficient according to the magnitude of the horizontal acceleration.

INDUSTRIAL APPLICABILITY

[0321] The present disclosure can be used for portable navigation apparatuses, mobile telephones with a navigation
function, or various kinds of electronic devices such as digital still cameras or computer devices.

REFERENCE SIGNS LIST

[0322]

1 Smart phone
10 Control unit
27 Acceleration sensor
28 Geomagnetic sensor
33 Travel orientation calculating unit
34 Orientation filter
41 Vertical direction detecting unit
42 Transformation matrix generating unit
43 Coordinate transforming unit
44 BPF
45 Walking period calculating unit
46 Acceleration/deceleration section switching phase learning unit
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47 Acceleration/deceleration section estimating unit
49 Travel orientation calculating unit
50 Travel orientation smoothing unit
A1, A2, A3 Acceleration
M Geomagnetic value
Av Vertical acceleration
Ah Horizontal acceleration
PW Walking period
PS Phase reference point
PC Acceleration/deceleration switching phase
PU Reference upward zero-cross point
SR Deceleration section
SA Acceleration section
IAR Acceleration/deceleration information
C1 Travel orientation data

Claims

1. A travel orientation calculation apparatus, comprising:

a detecting unit that detects a vertical acceleration representing an acceleration in a vertical direction and a
horizontal acceleration representing an orientation and a magnitude of an acceleration in a horizontal plane
among accelerations generated along with walking of a user;
a walking period setting unit that sets a period of time corresponding to two steps of the user as a walking period
based on a zero-cross point of the vertical acceleration;
an acceleration/deceleration switching phase setting unit that sets an acceleration/deceleration switching phase
at which switching between acceleration and deceleration in the user’s travel direction is performed based on
a phases at which the magnitude of the horizontal acceleration is minimum in the walking period;
an acceleration/deceleration section estimating unit that alternately estimates each section delimited at each
acceleration/deceleration switching phase as an acceleration section or a deceleration section; and
a travel orientation deciding unit that decides the user’s travel orientation based on an orientation represented
by the horizontal acceleration in the deceleration section and an orientation opposite to the orientation repre-
sented by the horizontal acceleration in the acceleration section.

2. The travel orientation calculation apparatus according to claim 1,
wherein the acceleration/deceleration switching phase setting unit sets a phase which is high in a frequency that
the magnitude of the horizontal acceleration is minimum in the walking period as the acceleration/deceleration
switching phase.

3. The travel orientation calculation apparatus according to claim 2,
wherein the acceleration/deceleration switching phase setting unit calculates an orientation angle representing an
orientation in which the acceleration works through polar coordinates and a differential value of the orientation angle
based on the horizontal acceleration, and sets a predetermined number of phases selected in the descending order
of the differential values of the orientation angle among phases at which the magnitude of the horizontal acceleration
is minimum as an addition target of the frequency.

4. The travel orientation calculation apparatus according to claim 2,
wherein the acceleration/deceleration switching phase setting unit sets the acceleration/deceleration switching phase
sequentially from a phase which is highest in the frequency that the magnitude of the horizontal acceleration is
minimum in the walking period as the acceleration/deceleration switching phase, and excludes a phase whose
interval with an already set acceleration/deceleration switching phase is less than a predetermined interval from a
setting target of a new acceleration/deceleration switching phase.

5. The travel orientation calculation apparatus according to claim 1,
wherein the acceleration/deceleration switching phase setting unit sets four points as the acceleration/deceleration
switching phase in the walking period.



EP 2 711 669 A1

28

5

10

15

20

25

30

35

40

45

50

55

6. The travel orientation calculation apparatus according to claim 1,
wherein the walking period setting unit sets a length of the walking period based on a period of time until a waveform
similar to a predetermined portion in the vertical acceleration appears again.

7. The travel orientation calculation apparatus according to claim 6,
wherein the walking period setting unit calculates an auto-correlation degree while sequentially increasing a phase
difference on the vertical acceleration, and sets a phase difference at which an extreme value in which the auto-
correlation degree increases appears for the second time as the length of the walking period.

8. The travel orientation calculation apparatus according to claim 7,
wherein the walking period setting unit calculates the auto-correlation degree based on an auto-correlation value
that decreases as the auto-correlation degree increases, and when a first minimum value of the auto-correlation
value is a j times (here, 0 < j < 1) or less of a maximum value appearing immediately before, and a second minimum
value of the auto-correlation value is a k times (here, 0 < k < j) or less of a maximum value appearing immediately
before, sets a phase difference at which the second minimum value appears as the length of the walking period.

9. The travel orientation calculation apparatus according to claim 1,
wherein the walking period setting unit sets the walking period, and sets a falling zero-cross point at which a difference
between a maximum value and a minimum value which are adjacent to each other in the vertical acceleration in the
walking period is maximum as a reference phase used as a reference of a phase.

10. The travel orientation calculation apparatus according to claim 1,
wherein the detecting unit further includes
an acceleration sensor that detects an acceleration applied to the travel orientation calculation apparatus, and
obtains an acceleration detection value represented by a specific three-dimensional (3D) detection coordinate sys-
tem;
a vertical direction calculating unit that calculates a vertical direction based on the acceleration detection value; and
a transforming unit that uses the vertical direction component among the acceleration detection values as the vertical
acceleration, and uses a two-dimensional (2D) component included in a horizontal plane orthogonal to the vertical
direction among the acceleration detection values as the horizontal acceleration.

11. The travel orientation calculation apparatus according to claim 10,
wherein the detecting unit further includes a geomagnetic sensor that detects a direction of a magnetic north in the
travel orientation calculation apparatus, and
the transforming unit transforms an orientation represented by the horizontal acceleration into an absolute orientation
based on the magnetic north.

12. The travel orientation calculation apparatus according to claim 11,
wherein the transforming unit transforms the acceleration detection value from the detection coordinate system into
an earth coordinate system having each of the vertical direction and a direction corresponding to the magnetic north
as an axis direction.

13. The travel orientation calculation apparatus according to claim 1, further comprising,
a travel orientation smoothing unit that calculates an addition average by multiplying the travel orientation by a
coefficient according to the magnitude of the horizontal acceleration.

14. A travel orientation calculation method, comprising:

a detecting step of detecting, by a detecting unit, a vertical acceleration representing an acceleration in a vertical
direction and a horizontal acceleration representing an orientation and a magnitude of an acceleration in a
horizontal plane among accelerations generated along with walking of a user;
a walking period setting step of setting, by a walking period setting unit, a period of time corresponding to two
steps of the user as a walking period based on a zero-cross point of the vertical acceleration;
an acceleration/deceleration switching phase setting step of setting, by an acceleration/deceleration switching
phase setting unit, an acceleration/deceleration switching phase at which switching between acceleration and
deceleration in the user’s travel direction is performed based on a phases at which the magnitude of the horizontal
acceleration is minimum in the walking period;
an acceleration/deceleration section estimating step of alternately estimating, by an acceleration/deceleration
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section estimating unit, each section delimited at each acceleration/deceleration switching phase as an accel-
eration section or a deceleration section; and
a travel orientation deciding step of deciding, by a travel orientation deciding unit, the user’s travel orientation
based on an orientation represented by the horizontal acceleration in the deceleration section and an orientation
opposite to the orientation represented by the horizontal acceleration in the acceleration section.

15. A travel orientation calculation program causing an information processing apparatus to execute:

a detecting step of detecting a vertical acceleration representing an acceleration in a vertical direction and a
horizontal acceleration representing an orientation and a magnitude of an acceleration in a horizontal plane
among accelerations generated along with walking of a user;
a walking period setting step of setting a period of time corresponding to two steps of the user as a walking
period based on a zero-cross point of the vertical acceleration;
an acceleration/deceleration switching phase setting step of setting an acceleration/deceleration switching
phase at which switching between acceleration and deceleration in the user’s travel direction is performed based
on a phases at which the magnitude of the horizontal acceleration is minimum in the walking period;
an acceleration/deceleration section estimating step of alternately estimating each section delimited at each
acceleration/deceleration switching phase as an acceleration section or a deceleration section; and
a travel orientation deciding step of deciding the user’s travel orientation based on an orientation represented
by the horizontal acceleration in the deceleration section and an orientation opposite to the orientation repre-
sented by the horizontal acceleration in the acceleration section.

16. A navigation apparatus, comprising:

a detecting unit that detects a vertical acceleration representing an acceleration in a vertical direction and a
horizontal acceleration representing an orientation and a magnitude of an acceleration in a horizontal plane
among accelerations generated along with walking of a user;
a walking period setting unit that sets a period of time corresponding to two steps of the user as a walking period
based on a zero-cross point of the vertical acceleration;
an acceleration/deceleration switching phase setting unit that sets an acceleration/deceleration switching phase
at which switching between acceleration and deceleration in the user’s travel direction is performed based on
a phases at which the magnitude of the horizontal acceleration is minimum in the walking period;
an acceleration/deceleration section estimating unit that alternately estimates each section delimited at each
acceleration/deceleration switching phase as an acceleration section or a deceleration section;
a travel orientation deciding unit that decides the user’s travel orientation based on an orientation represented
by the horizontal acceleration in the deceleration section and an orientation opposite to the orientation repre-
sented by the horizontal acceleration in the acceleration section; and
a provision control unit that provides the user with guidance based on a current position detected by a prede-
termined position detecting unit and the travel orientation through a predetermined providing unit.
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