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DESCRIPTION
Title of Invention
PORTABLE TERMINAL, PORTABLE-TERMINAL CONDITION DETERMINING
SYSTEM, PROGRAM, STORAGE MEDIUM, AND PORTABLE-TERMINAL
CONDITION DETERMINING METHOD

Technical Field
[0001]

The present invention relates to a portable terminal, a portable-terminal
condition determining system, a program, a storage medium, and a portable-terminal

condition determining method.

Background Art
[0002]

There is a portable terminal provided with a vibration generating function for
notifying a user of occurrence of an event such as an incoming call. For example,
like the invention described in Patent Literature 1, there is a portable terminal which
disables generation of vibration when the portable terminal is put on a rigid object.
Thus, if a condition in which a portable terminal is put is determined, a process

according to the condition may be performed.

Citation List
Patent Literature
[0003]
Patent Literature 1 : JP-A-2009-206856

Summary of Invention
Technical Problem
[0004]
An object of the present invention is to provide a portable terminal, a portable-
terminal condition determining system, and a program which enable the material of an

object on which a portable terminal is put to be specified.



Solution to Problem
[0005]

The invention described in Claim 1 provides a portable terminal comprising:
acceleration measuring means for measuring acceleration of the portable terminal;
calculating means for calculating a first feature value for in-plane directions in which
the portable terminal is in contact with an object and a second feature value for an
out-of-plane direction on the basis on the acceleration measured by the acceleration
measuring means in a state in which the portable terminal is put on the object, when
the portable terminal is vibrated; and specifying means for specifying a material of the
object on the basis of the first feature value and the second feature value.

[00086]

The invention described in Claim 2 provides the portable terminal according to
Claim 1, wherein the specifying means specifies the material of the object on the
basis of the first feature value and the second feature value being calculated by the
calculating means using memory means storing a range of the first feature value and
a range of the second feature value for each of one or more materials in such a
manner that the range of the first feature value and the range of the second feature
value are associated with each other.

[0007]

The invention described in Claim 3 provides the portable terminal according to
Claim 1 or 2, wherein the first feature value includes amplitudes of acceleration
measured by the acceleration measuring means for a first direction and a second
direction in the in-plane directions, and the second feature value includes an
amplitude of acceleration measured by the acceleration measuring means for the out-
of-plane direction.

[0008]

The invention described in Claim 4 provides the portable terminal according to
any one of Claims 1 to 3, wherein the portable terminal comprises vibration
generating means for vibrating the portable terminal, the calculating means calculates
a coefficient of kinetic friction between the portable terminal and the object on the
basis of force caused by the vibration generating means in the in-plane directions,
acceleration measured by the acceleration measuring means in the in-plane

directions, and a mass of the portable terminal, and the first feature value includes the



coefficient of kinetic friction.
[0009]

The invention described in Claim 5 provides the portable terminal according to
any one of Claims 1 to 3, wherein the calculating means calculates a coefficient of
restitution between the portable terminal and the object on the basis of a speed in the
out-of-plane direction before the portable terminal collides with the object and a speed
in the out-of-plane direction after the portable terminal collides with the object, the
speeds before and after the portable terminal collides with the object being calculated
on the basis of the acceleration measured by the acceleration measuring means, and
the second feature value includes the coefficient of restitution.

[0010]

The invention described in Claim 6 provides a portable-terminal condition
determining system comprising: a portable terminal including acceleration measuring
means for measuring acceleration; calculating means for calculating a first feature
value for in-plane directions in which the portable terminal is in contact with an object
and a second feature value for an out-of-plane direction on the basis of the
acceleration measured by the acceleration measuring means in a state in which the
portable terminal is put on the object, when the portable terminal is vibrated; and
specifying means for specifying a material of the object on the basis of the first feature
value and the second feature value.

[0011]

The invention described in Claim 7 provides a program causing a computer fo
function as: acceleration measuring means for measuring acceleration in a portable
terminal; calculating means for calculating a first feature value for in-plane directions
in which the portable terminal is in contact with an object and a second feature value
for an out-of-plane direction on the basis of the acceleration measured by the
acceleration measuring means in a state in which the portable terminal is put on the
object, when the portable terminal is vibrated; and specifying means for specifying a
material of the object on the basis of the first feature value and the second feature
value.

[0012]
The invention described in Claim 8 provides a computer-readable storage

medium characterized by storing a program causing a computer to execute functions
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serving as: acceleration measuring means for measuring acceleration in a portable
terminal; calculating means for calculating a first feature value for in-plane directions
in which the portable terminal is in contact with an object and a second feature value
for an out-of-plane direction on the basis of the acceleration measured by the
acceleration measuring means in a state in which the portable terminal is put on the
object, when the portable terminal is vibrated; and specifying means for specifying a
material of the object on the basis of the first feature value and the second feature
value.

[0013]

The invention described in Claim 9 provides a portable-terminal condition
determining method characterized by comprising: measuring acceleration in a
portable terminal; calculating a first feature value for in-plane directions in which the
portable terminal is in contact with an object and a second feature value for an out-of-
plane direction on the basis of the acceleration measured in a state in which the
portable terminal is put on the object, when the portable terminal is vibrated; and
specifying a material of the object on the basis of the first feature value and the

second feature value.

Advantageous Effects of Invention
[0014]

The inventions according to Claims 1 and 6 {o 9 enable the material of the
object on which the portable terminal is put to be specified.
[0015]

The invention according to Claim 2 enables the material of the object to be
specified by associating the ranges of the feature values with each other for each
material.

[00186]

The invention according fo Claim 3 enables the material of the object to be
specified by using the amplitudes of acceleration.
[0017]

The invention according to Claim 4 enables the material of the object to be
specified from the coefficient of kinetic friction with the object on which the portable

terminal is put.



[0018]
The invention according to Claim 5 enables the material of the object to be
specified from the coefficient of restitution of the object on which the portable terminal

is put.

Brief Description of Drawings
[0019]

[Fig. 1] Fig. 1 is a functional block diagram of a portable terminal according to
the present embodiment.

[Fig. 2] Fig. 2 is a diagram illustrating example data of a force exerted by a
vibration generating unit.

[Fig. 3] Fig. 3 is a diagram illustrating an exemplary first material-characteristics
data table.

[Fig. 4A] Fig. 4A includes diagrams illustrating an example of pieces of data
about acceleration in the three axis directions for each material.

[Fig. 4B] Fig. 4B is a diagram illustrating an exemplary second material-
characteristics data table.

[Fig. 4C] Fig. 4C is a diagram illustrating ancther exemplary second material-
characteristics data table.

[Fig. 5] Fig. 5 is a flowchart of a material determining process.

[Fig. 8] Fig. 6 is a flowchart of a coefficient-of-friction calculating process.

[Fig. 7] Fig. 7 is a flowchart of a coefficient-of-restitution calculating process.

[Fig. 8] Fig. 8 is a flowchart of an acceleration-amplitudes calculating process.

[Fig. 9] Fig. 9 is a diagram illustrating an exemplary physical model for

calculating a coefficient of friction.

Description of Embodiments
[0020]

An embodiment for carrying ocut the present invention (hereinafter referred to as
an embodiment) will be described below according to the drawings. A portable
terminal 1 according to the present embodiment is provided with a function of
vibration (vibration function), and determines the material of an object on which the

portable terminal 1 is put, on the basis of data about acceleration measured when the



portable terminal 1 is vibrated.
[0021]

[1. Description of Functional Block Diagram]

Fig. 1 is a functional block diagram of the portable terminal 1 according to the
present embodiment. As illustrated in Fig. 1, the portable terminal 1 includes a
measurement controller 11, a vibration generating unit 12, an acceleration detecting
unit 13, an acceleration data recording unit 14, a data acquiring unit 15, a data
holding unit 16, a coefficient-of-friction calculating unit 17, a coefficient-of-restitution
calculating unit 18, an acceleration amplitude calculating unit 19, a material
determining unit 20, and an information processing switching unit 21.

[0022]

The functions of the above-described units provided for the portable terminal 1
may be implemented in such a manner that a computer provided with control means
such as a CPU, memory means such as a8 memory, communication means for
receiving/transmitting data from/to an external device, a vibration generator (vibrator),
acceleration sensors detecting acceleration in the three directions, and the like reads
programs stored in a computer-readable information storage medium and executes
the programs. The programs may be supplied to the portable terminal 1 which is a
computer, through an information storage medium, such as an optical disk, a
magnetic disk, a magnetic tape, a magnetoc-optical disk, or a flash memory, or may be
supplied to the portable terminal 1 via a data communication network such as the
Internet. The portable terminal 1 may be a portable telephone (including a feature
phone and a smart phone), a tablet terminal, a notebook personal computer, a PDA,
or the like.

[0023]

The measurement controlier 11 controls start and stop of a measurement, start
and stop of a vibration generated by the vibration generating unit 12, and the like.
For example, when a timing at which a measurement is to be performed comes, the
measurement controller 11 sets a measurement condition {such as the number of
measurements and a vibration time), and causes the vibration generating unit 12 to
start and stop a vibration in accordance with the measurement condition which has
been set. The timing at which a measurement is to be performed may come at

predetermined time intervals, may be a timing at which a predetermined event occurs
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in the portable terminal 1, or may be a timing at which the portable terminal 1 receives
a predetermined signal from another device.
[0024]

The vibration generating unit 12 which includes, for example, a weight and a
motor which rotates the weight vibrates the portable terminal 1 in accordance with the
control exerted by the measurement controller 11.  The vibration generating unit 12
performs a process of starting a vibration at a timing T1 specified by the
measurement controller 11, continuing the vibration till a timing T2 (< T1) specified by
the measurement controlier 11, and then stopping the vibration. The vibration
generating unit 12 repeatedly performs the process for a specified number of
iterations.

[0025]

The acceleration detecting unit 13 which includes, for example, acceleration
sensors detects acceleration of the portable terminal 1. The acceleration detecting
unit 13 which includes an X-direction acceleration detecting unit 13X, a Y-direction
acceleration detecting unit 13Y, and a Z-direction acceleration detecting unit 132
detects acceleration in the three directions which are the in-plane directions on the
mounting surface of the portable terminal 1 on which the object is disposed and the
out-of-plane direction (for example, the normal direction} with respect to the mounting
surface. In the present embodiment, the X and Y directions correspond to the in-
plane directions on the mounting surface (the front surface on which the display is
disposed or the back surface) of the portable terminal 1, and the Z direction
corresponds fo the normal direction with respect to the mounting surface.

[0026]

The acceleration data recording unit 14 records acceleration data obtained
through the detection performed by the acceleration detecting unit 13 on the basis of
a vibration generated by the vibration generating unit 12 in accordance with the
conirol exerted by the measurement controller 11, in such a manner that the
acceleration data is associated with time. The acceleration data recording unit 14
which includes an X-direction acceleration data recording unit 14X, a Y-direction
acceleration data recording unit 14Y, and a Z-direction acceleration data recording
unit 14Z records pieces of data about acceleration in the three directions, which are

the in-plane directions (X and Y directions) on the mounting surface of the portable
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terminal 1 and the normal direction (£ direction) with respect to the mounting surface,
in such a manner that the pieces of acceleration data are associated with the
respective measurement times.

[0027]

The data acquiring unit 15 acquires data (utilization data) used in a process of
determining the material of the mounting surface of the portable terminal 1. The data
acquiring unit 15 may download the utilization data from a predetermined device
{(server), or may read the utilization data from a storage medium storing the utilization
data. For example, in the case where communication with the predetermined device
is enabled when a measurement is to be started, the data acquiring unit 15 may
download the latest utilization data from the predetermined device. In the case
where communication with the predetermined device is disabled, the data acquiring
unit 15 may use utilization data which has been already acquired.

[0028]

For example, the utilization data acquired by the data acquiring unit 15 includes
information, which is obtained at time intervals, about progression of forces exerted in
the X, Y, and Z directions due to a vibration generated by the vibration generating unit
12, data describing the ranges of a coefficient of friction and a coefficient of restitution
for each material, and data describing the ranges of acceleration amplitudes in the X,
Y, and Z directions for each material.

[0029]

The data holding unit 16 holds the utilization data acquired by the data
acquiring unit 15. Example data held by the data holding unit 16 will be described
below.

[0030]

Fig. 2 illustrates example data which is about force exerted by the vibration
generating unit 12 and which is held by the data holding unit 16. In the example
illustrated in Fig. 2, the horizontal axis represents time t (a vibration is started when t
= (), and the vertical axis represents force (N). The data about force exerted by the
vibration generating unit 12 may be predetermined for each of the models of portable
terminals.

[0031]
Fig. 3 illustrates an exemplary first material-characteristics data table held by
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the data holding unit 16. In the first material-characteristics data table illustrated in
Fig. 3, the material ID for identifying a material, information describing the material,
the range of a possible value of the coefficient of friction of the material, and the range
of a possible value of the coefficient of restitution of the material are stored so as to
be associated with one another.

[0032]

Fig. 4A illustrates pieces of example data about acceleration in the three axis
directions for each material. Fig. 4A illustrates data about acceleration in the X, Y,
and Z directions which is obtained when the material is a carpet (A), and data about
acceleration in the X, Y, and Z directions which is obtained when the material is a
plastic (B). As illustrated in Fig. 4A, the carpet (A) has a grain, and has directivity in
ease of movement in the in-plane directions. In contrast, the plastic (B) does not
have directivity in ease of movement in the in-plane directions. In addition, the
carpet (A) is softer than the plastic (B). Therefore, the acceleration in the Z direction
for the carpet (A) is smaller than that for the plastic. Thus, a combination of possible
values of three-axis acceleration data is different depending on a material. Figs. 4B
and 4C illustrate an exemplary acceleration feature determined for each material by
focusing on the point in which a combination of possible values of three-axis
acceleration data is different depending on a material.

[0033]

Fig. 4B illustrates an exemplary second material-characteristics data table held
by the data holding unit 16. In the second material-characteristics data table
illustrated in Fig. 4B, the material ID for identifying a material, information describing
the material, the range of a possible value of the acceleration amplitude in the X
direction, the range of a possible value of the acceleration amplitude in the Y direction,
and the range of a possible value of the acceleration amplitude in the £ direction are
stored 50 as to be associated with one another.

[0034]

Fig. 4C illustrates another exemplary second material-characteristics data table
held by the data holding unit 16. In the second material-characteristics data table
illustrated in Fig. 4B, the material 1D for identifying a material, information describing
the material, the range of a possible value of the acceleration amplitude in the XY

plane, variations (deviation, variance) in acceleration in the XY plane, and the range
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of a possible value of the acceleration amplitude in the Z direction are stored so as to
be associated with one another.
[0035]

The coefficient-of-friction calculating unit 17 calculates the coefficient of friction
{coefficient of kinetic friction) between the object on which the portable terminal 1 is
put and the portable terminal 1 on the basis of the data of the portable terminal 1
about acceleration in the in-plane directions on the mounting surface of the portable
terminal 1. For example, the ceoefficient-of-friction calculating unit 17 may calculate
the coefficient of friction in the X direction on the basis of the data of the portable
terminal 1 about acceleration in the X direction which is recorded by the X-direction
acceleration data recording unit 14X and on the basis of data which is about force in
the X direction exerted by the vibration generating unit 12 and which is held by the
data holding unit 16. The coefficient-of-friction calculating unit 17 may also calculate
the coefficient of friction in the Y direction on the basis of the data of the portable
terminal 1 about acceleration in the Y direction which is recorded by the Y-direction
acceleration data recording unit 14Y and on the basis of the data which is about force
in the Y direction exerted by the vibration generating unit 12 and which is held by the
data holding unit 16. The process of calculating a cosfficient of friction will be
described below in detail.

[0036]

The coefficient-of-restitution calculating unit 18 calculates the coefficient of
restitution between the surface on which the portable terminal 1 is put and the
portable terminal 1 on the basis of the data of the portable terminal 1 about
acceleration in the normal direction with respect to the mounting surface of the
portable terminal 1. For example, the coefficient-of-restitution calculating unit 18
may calculate the coefficient of restitution in the Z direction on the basis of speeds in
the normal direction with respect to the mounting surface which are obtained before
and after a collision on the basis of the data of the portable terminal 1 about
acceleration in the Z direction which is recorded by the Z-direction acceleration data
recording unit 14Z. The process of calculating a coefficient of restitution will be also
described below in detail.

[0037]
The acceleration amplitude calculating unit 19 calculates amplitudes of
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acceleration produced when a vibration is generated, on the basis of the acceleration
data recorded by the acceleration data recording unit 14. For example, the
acceleration amplitude calculating unit 19 may calculate an acceleration amplitude in
the X direction on the basis of the data of the portable terminal 1 about acceleration in
the X direction which is recorded by the X-direction acceleration data recording unit
14X, may calculate an acceleration amplitude in the Y direction on the basis of the
data of the portable terminal 1 about acceleration in the Y direction which is recorded
by the Y-direction acceleration data recording unit 14Y, and may calculate an
acceleration amplitude in the Z direction on the basis of the data of the portable
terminal 1 about acceleration in the Z direction which is recorded by the Z-direction
acceleration data recording unit 14Z. The acceleration amplitude calculating unit 19
may calculate an acceleration amplitude in the XY plane, and variations in
acceleration in the X and Y directions in the XY plane.

[0038]

The material determining unit 20 determines the material of the object on which
the portable terminal 1 is put, on the basis of at least one of the coefficient of friction
calculated by the coefficient-of-friction calculating unit 17, the coefficient of restitution
calculated by the coefficient-of-restitution calculating unit 18, and acceleration
amplitude data calculated by the acceleration amplitude calculating unit 19.

[0039]

For example, when the coefficient of friction and the coefficient of restitution are
used to determine a material, the material determining unit 20 may search the first
material-characteristics data table for a material such that the coefficient of friction
calculated by the coefficient-of-friction calculating unit 17 and the coefficient of
restitution calculated by the coefficient-of-restitution calculating unit 18 fall within the
respective ranges for the material. When such a material is retrieved, the material
determining unit 20 may determine the retrieved material to be the material of the
object on which the portable terminal 1 is put.

[0040]

For example, when the three-axis acceleration amplitudes are used to
determine a material, the material determining unit 20 may search the second
material-characteristics data table for a material such that the three-axis acceleration

amplitudes fall within the respective ranges for the material. When such a material is
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retrieved, the material determining unit 20 may dsetermine the retriesved material to be
the material of the object on which the portable terminal 1 is put.
[0041]

For example, when the ceefficient of friction, the coefficient of restitution, and
the three-axis acceleration amplitudes are used o determine a material, the material
determining unit 20 may determine that, among materials refrieved on the basis of the
coefficient of friction and the coefficient of restitution, a material which includes a
material retrieved on the basis of the three-axis acceleration amplitudes is the
material of the object on which the portable terminal 1 is put. Alternatively, the
material determining unit 20 may determine that a material included in sither one of a
material set retrieved on the basis of the coefficient of friction and the coefficient of
restitution and a material set retrieved on the basis of the three-axis acceleration
amplitudes is the material of the object on which the portable terminal 1 is put.

[0042]

The information processing switching unit 21 performs information processing
in accordance with the material determined by the material determining unit 20. For
example, in the case where the material determined by the material determining unit
20 is a predetermined material (for example, a material used in the dashboard of a
vehicle} and where the amount of movement in an in-plane direction which is
calculated by the acceleration data recording unit 14 exceeds a threshold, the
information processing switching unit 21 may cause the portable terminal 1 to output
warning information (for example, emission of alert sound).

[0043]

[2. Description of Flowcharts]

Example processes performed by the portable terminal 1 according to the
present embodiment will be described below by referring to the flowcharts illustrated
in Figs. 510 8.

[0044]

[2-1. Material Determining Process]

Fig. 5 is a flowchart of a material determining process of determining the
material of an object on which the portable terminal 1 is put, which is performed by
the portable terminal 1. The material determining process described below may be

performed by the portable terminal 1 at a regular timing or when a predetermined
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event (for example, when a signal to make determination is received or when a strong
impact is detected) is detected.
[0045]

As illustrated in Fig. 5, the portable terminal 1 performs initial setting, such as
setting of a vibration pattern (a data table, a vibration time) and setting of the mass m
of the portable terminal 1, according to the model and/or environment (S101), and
also sets the number (N} of measurements (§102). The number N of measurements
may be an integer equal to or more than 1.

[0046]

The portable terminal 1 initializes a variable i to 1 (S103), and starts generating
a vibration by the vibration generating unit 12 (S104). The portable terminal 1
sequentially measures pieces of acceleration data in the X, Y, and Z directions by
using respective acceleration sensors, and records the acceleration data in
association with time (S105).

[0047]

if the time which has elapsed from start of the vibration is less than a threshold
T (8106: N), the portable terminal 1 continues to generate the vibration, and returns
back to 5104 to record the three-axis acceleration data. If the time which has
elapsed from start of the vibration is equal to or more than the threshold T (S106: Y},
the portable terminal 1 stops the vibration (S107).

[0048]

After the vibration is stopped, if the variable i does not reach N (5108: N), the
portable terminal 1 may increment (adds 1 to) the variable i (§103), and may wait for
a predetermined time interval. After that, the portable terminal 1 may start the
process in S104. If the variable i reaches N in $108 (5108: Y}, the portable terminal
1 performs a noise cancel process on the recorded acceleration data (S110).  After
that, the portable terminal 1 performs a process of calculating a coefficient of friction
on the basis of the recorded acceleration data (S111). The detail of the process of
calculating a coefficient of friction will be described on the basis of the flowchart
illustrated in Fig. 6.

[0049]
[2-2. Coefficient-of-Friction Calculating Process]

Fig. 6 is a flowchart of the coefficient-of-friction calculating process. As
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illustrated in Fig. 6, the portable terminal 1 obtains the mass m of the portable
terminal 1 (S201), and obtains data about force F,(t) exerted by the vibration in the X
direction from the data holding unit 16 (S202).

[0050]

The portable terminal 1 initializes a variable i to 1 (§203), and calculates a
coefficient of kinetic friction 1, on the basis of the acceleration a,(t) and the force Fy(t)
in the X direction which are obtained in the i-th measurement data and on the basis of
the mass m (S204). The time t is set to 0 when the vibration is started. The
process of calculating a coefficient of kinetic friction may be performed on the basis of
a physical model illustrated in Fig. 9.

[0051]

An example of the physical model illustrated in Fig. 9 is made under the
following assumptions. The portable terminal 1 is put on an object 2. Since the
mass M of the object 2 is sufficiently heavy compared with the mass m of the portable
terminal 1, the mass of the object 2 is infinite (the object is fixed). Since the vibration
generator (vibrator) provided for the portable terminal 1 is sufficiently light compared
with the mass m of the portable terminal 1, the mass of the vibration generating unit
12 is infinitesimal (0). A change in movement in the Z direction is not considered,
and Fg(t) functions with predetermined force. The portable terminal 1, the object 2,
and the vibration generating unit 12 are rigid bodies. In this case, a coefficient of
kinetic friction 1 in the X direction is calculated by using Expression (1) described
below. The symbol N represents a normal reaction and is equal to mg.

[0052]
[Math. 1]

n=F (t—mat)) mg- + + (1)

[0053]

If the variable i does not reach N (S205: N), the portable terminal 1 increments
(adds 1 to) the variable i (S206), and returns back to S204. If the variable i reaches
N (S205:Y), the portable terminal 1 proceeds to S207.
[0054]

The portable terminal 1 calculates a coefficient of kinetic friction 1, in the X

direction on the basis of the coefficients of kinetic friction vy to L calculated for the
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first to N-th measurements (S207). For example, the portable terminal 1 may
calculate the average of i 10 p 88 px
[0055]

The portable terminal 1 obtains data about force F,(1} exerted by the vibration in
the Y direction from the data holding unit 16 (S208), and initializes the variable i fo 1
(S209). The portable terminal 1 calculates a coefficient of kinetic friction py; on the
basis of the acceleration ay(t) and the force Fy(t) in the Y direction which are obtained
from the i-th measurement data and on the basis of the mass m by using Expression
(1) (S210). The time tis set to 0 when the vibration is started.

[0056]

If the variable i does not reach N (S211: N}, the portable terminal 1 increments
{adds 1 to) the variable i (§212), and returns back to S210. If the variable i reaches
N (S211:Y), the portable terminal 1 proceeds to 5213.

[0057]

The portable terminal 1 calculates a coefficient of kinetic friction ny in the Y
direction on the basis of the coefficients of kinetic friction py1 to pyw calculated for the
first to N-th measurements (S213), and returns.  For example, the portable terminal 1
may calculate the average of uy to pyn as py.

[0058]

Returning back to the flowchart in Fig. 5, description will be continued. When
the process of calculating a coefficient of friction is completed, the portable terminal 1
performs a process of calculaling a coefficient of restitution on the basis of the
recorded acceleration data (8112). The detail of the process of calculating a
coefficient of restitution will be described on the basis of the flowchart illustrated in Fig.
7.

[0059]

[2-3. Coefficient-of-Restitution Calculating Process]

As illustrated in Fig. 7, the portable terminal 1 initializes a variable i to 1 (S301),
and calculates a collision time t; at which the portable terminal 1 collides against the
object, on the basis of the acceleration a,(t) in the Z direction in the i-th measurement
data (5302). The time tis set to 0 when the vibration is started, and the coordinate
position in the Z direction is set to 0 when the vibration is started.

[0060]
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The portable terminal 1 calculates a speed V at tia (14 = t1 - At) just before the
collision time ty, on the basis of the acceleration a,(t) in the Z direction in the i-th
measurement data by using Expression (2) described below (S303), and calculates a
speed U at tig (t18 = {1 + At) just after the collision time ty by using Expression (3)
described below (S304). The portable terminal 1 calculates a coefficient of
restitution e, on the basis of the calculated speeds V and U by using Expression (4)
(S305).

[0061]
[Math. 2]
t1A
V= f a®)dt - - - (2)
0
[0062]
[Math. 3]
t1B
sz a®)dt - - - (3)
0
[0063]
[Math. 4]
[u
ei= ¢ (4)
\-’! Vv
[0064]

If the variable i does not reach N (S306: N), the portable terminal 1 increments
(adds 1 to) the variable i (S307), and returns back to S302. If the variable i reaches
N (S306: Y), the portable terminal 1 proceeds to S308.

[0065]

The portable terminal 1 calculates a coefficient of restitution e on the basis of
the coefficients of restitution e, to ey calculated for the first to N-th measurements
(S308), and returns. For example, the portable terminal 1 may calculate the average
of e to ey as e.

[0066]

Returning back to the flowchart in Fig. 5, description will be continued. When
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the process of calculating a cosfficient of restitution is completed, the portable
terminal 1 performs a process of calculating acceleration amplitudes on the basis of
the recorded acceleration data (8113). The detail of the process of calculating
acceleration amplitudes will be described on the basis of the flowchart illustrated in
Fig. 8.
[0067]

[2-4. Acceleration-Amplitudes Calculating Process]

As illustrated in Fig. 8, the portable terminal 1 initializes a variable i to 1 (S401).
The portable terminal 1 calculates an acceleration amplitude Ay in the X direction in
the i-th measurement data (S402), calculates an acceleration amplitude Ay in the Y
direction in the i-th measurement data (S403), and calculates an acceleration
amplitude Az in the Z direction in the i-th measurement data (5404). An acceleration
amplitude is set to the difference between the maximum value and the minimum value
of acceleration which periodically appear.

[0068]

If the variable i does not reach N (S405: N}, the portable terminal 1 increments
{adds 1 to) the variable i (8406), and returns back to S402. If the variable i reaches
N (S405:Y), the portable terminal 1 proceeds to 5407.

[0069]

The portable terminal 1 calculates an acceleration amplitude A, in the X
direction on the basis of the acceleration amplitudes Ay to Ax in the X direction which
are calculated for the first fo N-th measurements (5407), calculates an acceleration
amplitude Ay in the Y direction on the basis of the acceleration amplitudes Ay to Ay in
the Y direction which are calculated for the first to N-th measurements (5408),
calculates an acceleration amplitude A, in the Z direction on the basis of the
acceleration amplitudes Az to Ay in the Z direction which are calculated for the first
to N-th measurements (S409), and returns. For example, the portable terminal 1
may calculate the average of Ay to A as Ay the average of Ay to Ay as Ay; and the
average of Az o A as A,

[0070]

Returning back to the flowchart in Fig. 5, description will be continued. When

the process of calculating acceleration amplitudes is completed, the portable terminal

1 determines the material of the object on which the portable terminal 1 is put, on the
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basis of at least one of the coefficient of friction, the coefficient of restitution, and the
acceleration amplitude data which have been calculated (S114). A specific example
of the process of determining a material will be described below.

[0071]

When the coefficient of friction and the coefficient of restitution are used to
determine the material, the portable terminal 1 searches the first material-
characteristics data table for identification information (material 1D) of a material such
that the coefficient of friction calculated in S111 and the coefficient of restitution
calculated in $112 fall within the respective ranges for the material. If identification
information {material 1D} of a material such that the coefficient of friction calculated in
S111 and the coefficient of restitution calculated in S$112 fall within the respective
ranges for the material is not retrieved, the portable terminal 1 may return an error or
may determine the material by using the three-axis acceleration amplitudes calculated
in S113.

[0072]

When the three-axis acceleration amplitudes are used to determine the
material, the portable terminal 1 searches the second material-characteristics data
table for identification information (material 1D} of a material such that the three-axis
acceleration amplitudes (acceleration amplitudes in the X, Y, and Z directions)
calculated in S113 fall within the respective ranges for the material. When the
magnitude of an acceleration amplitude in the XY plane and the range of the amounts
of change (deviations) in acceleration in the X and Y directions are stored in the
second material-characteristics data table, the portable terminal 1 may calculate the
magnitude A, of an acceleration amplitude in the XY plane on the basis of an
acceleration amplitude in the X direction and an acceleration amplitude in the Y
direction, and may calculate a deviation o indicating the scale of variations on the
basis of the possible values of the acceleration amplitudes in the X direction and the
acceleration amplitudes in the Y direction which are obtained in the first to N-th
measurements. Alternatively, the portable terminal 1 may search for identification
information (material ID) of a material such that A,, the deviation o, and the
acceleration amplitude A; in the Z direction fall within the respective ranges for the
material. If identification information (material ID) of a material corresponding to the

acceleration amplitudes calculated in 8113 is not retrieved, the portable terminal 1
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may return an error.
[0073]

The portable terminal 1 may determine that the material ID which is among
material IDs determined by using the coefficient of friction and the coefficient of
restitution and which is included in material IDs determined by using the acceleration
amplitudes is the material ID of the surface on which the portable terminal 1 is put.
[0074]

The portable terminal 1 may perform the information processing according to
the material determined in 8114 (5115). For example, the portable terminal 1 may
change the strength of vibration in accordance with the material determined in S114.
When the material determined in S114 is the dashboard of a vehicle, the portable
terminal 1 may output alert sound. When the material determined in $114 is a carpet,
the portable terminal 1 may switch the operation performed when the portable
terminal 1 receives an incoming call, from vibration to sound effects. When a
request to search for a position at which the portable terminal 1 is put is received, the
process of determining a material is performed, and information about the determined
material is output by using voice, enabling a user to easily find the portable terminal 1.
[0075]

The portable terminal 1 according to the present embaodiment as described
above is capable of determining the material of an object on which the portable
terminal 1 is put and performing a process according to the determined material.
[00786]

The present invention is not limited to the above-described embodiment. For
example, in the present embodiment, the process of determining a material is
performed on the basis of information about a coefficient of friction, a restitution count,
and acceleration amplitudes which are calculated by the portable terminal 1.
Information about the coefficient of friction, the restitution count, and the acceleration
amplitudes which are calculated may be fransmitted to a server. The server may
determine a corresponding material on the basis of the transmitted information about
the coefficient of friction, the restitution count, and the acceleration amplitudes, and
may transmit the result to the portable terminal 1. Alternatively, the portable terminal
1 may transmit the recorded acceleration data o the server, and the server may
calculate information about a coefficient of friction, a restitution count, and
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acceleration amplitudes.

Reference Signs List
[0077]
1 portable terminal
2 object
11 measurement controller
12 vibration generating unit
13 acceleration detecting unit
13X X-direction acceleration detecting unit
13Y Y-direction acceleration detecting unit
13Z Z-direction acceleration detecting unit
14 acceleration data recording unit
14X X-direction acceleration data recording unit
14Y Y-direction acceleration data recording unit
14Z Z-direction acceleration data recording unit
15 data acquiring unit
16 data holding unit
17 coefficient-of-friction calculating unit
18 coefficient-of-restitution calculating unit
19 acceleration amplitude calculating unit
20 material determining unit

21 information processing switching unit
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CLAIMS

[Claim 1]

A portable terminal comprising:

acceleration measuring means for measuring acceleration of the portable
terminal;

calculating means for calculating a first feature value for in-plane directions in
which the portable terminal is in contact with an object and a second feature value for
an out-of-plane direction on the basis on the acceleration measured by the
acceleration measuring means in a state in which the portable terminal is put on the
object, when the portable terminal is vibrated; and

specifying means for specifying a material of the object on the basis of the first
feature value and the second feature value.
[Claim 2]

The portable terminal according to Claim 1,

wherein the specifying means specifies the material of the object on the basis
of the first feature value and the second feature value being calculated by the
calculating means using memory means storing a range of the first feature value and
a range of the second feature value for each of one or more materials in such a
manner that the range of the first feature value and the range of the second feature
value are associated with each other.
[Claim 3]

The portable terminal according to Claim 1 or 2,

wherein the first feature value includes amplitudes of acceleration measured by
the acceleration measuring means for a first direction and a second direction in the in-
plane directions, and

the second feature value includes an amplitude of acceleration measured by
the acceleration measuring means for the cut-of-plane direction.
[Claim 4]

The portable terminal according to any one of Claims 1 {o 3,

wherein the portable terminal comprises vibration generating means for
vibrating the portable terminal,

the calculating means calculates a coefficient of kinetic friction between the

portable terminal and the object on the basis of force caused by the vibration
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generating means in the in-plane directions, acceleration measured by the
acceleration measuring means in the in-plane directions, and a mass of the portable
terminal, and

the first feature value includes the coefficient of kinetic friction.
[Claim 5]

The portable terminal according to any one of Claims 1 to 3,

wherein the calculating means calculates a coefficient of restitution between
the portable terminal and the object on the basis of a speed in the out-of-plane
direction before the portable terminal collides with the object and a speed in the out-
of-plane direction after the portable terminal collides with the abject, the speeds
before and after the portable terminal collides with the object being calculated on the
basis of the acceleration measured by the acceleration measuring means, and

the second feature value includes the coefficient of restitution.
[Claim 6]

A portable-terminal condition determining system comprising:

a portable terminal including acceleration measuring means for measuring
acceleration;

calculating means for calculating a first feature value for in-plane directions in
which the portable terminal is in contact with an object and a second feature value for
an out-of-plane direction on the basis of the acceleration measured by the
acceleration measuring means in a state in which the portable terminal is put on the
object, when the portable terminal is vibrated; and

specifying means for specifying a material of the object on the basis of the first
feature value and the second feature value.
[Claim 7]

A program causing a computer fo function as:

acceleration measuring means for measuring acceleration in a portable
terminal;

calculating means for calculating a first feature value for in-plane directions in
which the portable terminal is in contact with an object and a second feature value for
an out-of-plane direction on the basis of the acceleration measured by the
acceleration measuring means in a state in which the portable terminal is put on the

object, when the portable terminal is vibrated; and



23

specifying means for specifying a material of the object on the basis of the first
feature value and the second feature value.
[Claim 8]

A computer-readable storage medium characterized by storing a program
causing a computer to execute functions serving as:

acceleration measuring means for measuring acceleration in a portable
terminal;

calculating means for calculating a first feature value for in-plane directions in
which the portable terminal is in contact with an object and a second feature value for
an out-of-plane direction on the basis of the acceleration measured by the
acceleration measuring means in a state in which the portable terminal is put on the
object, when the portable terminal is vibrated; and

specifying means for specifying a material of the object on the basis of the first
feature value and the second feature value.
[Claim 9]

A portable-terminal condition determining method characterized by comprising:

measuring acceleration in a portable terminal;

calculating a first feature value for in-plane directions in which the portable
terminal is in contact with an object and a second feature value for an out-of-plane
direction on the basis of the acceleration measured in a state in which the portable
terminal is put on the object, when the portable terminal is vibrated; and

specifying a material of the object on the basis of the first feature value and the

second feature value.



