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configured to detect a pressure applied by the physical
contact; and a controller configured to output signals 1n
response to detection outputs from the contact detector and
the pressure detector. The controller outputs a first signal
carrying a value which varies 1n response to the pressure
detected under a state of contact in which a contact detection
result indicates that the detected contact area 1s equal to or
smaller than a predetermined contact area, and outputs a
second signal carrying a value which varies in response to

the pressure detected under a state of contact 1n which the
contact detection result indicates that the detected contact

area 1s greater than the predetermined contact area.
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INPUT DEVICE, INFORMATION
PROCESSING APPARATUS, INFORMATION
PROCESSING METHOD, AND PROGRAM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an input device config-
ured to output a signal carrying a value (or controlled
variable) which varies 1n response to mput operations per-
formed by a finger or the like contacting and pressing a
control panel. The present invention also relates to an
information processing apparatus, an iformation process-
ing method, and a storage medium that stores a program,
which use this input device.

2. Description of Related Art

Various input devices are known, through which input
operation 1s performed to an mformation processing appa-
ratus such as a personal computer. They include a keyboard,
a mouse, a touch pad, a drawing tablet, a touch panel, a
joystick, a trackball, and so on, and many 1mprovements
have been made to reduce their size and enhance their
casiness ol operation.

For example, Japanese Patent Application Publication
Number 2005-18669 discloses a touch panel of a capacitive
coupling type, in which a change in capacity corresponding
to an area touched 1s detected falsely as pressing.

Japanese Patent Application Publication Number 2005-
38812 discloses a pressing-pressure sensor having a struc-
ture 1n which the number of input points can be varied with
high accuracy in response to the magnitude of a pressing
force applied.

Moreover, Japanese Patent Application Publication Num-
ber 2005-31918 discloses a touch panel display apparatus
that allows a user to have a feeling of more realistic
operation.

SUMMARY OF THE INVENTION

When an input device, which uses a pressure sensor to
change a value (or controlled variable) 1n response to
pressing force applied by a finger or the like, the pressure
value sensed by the mput device takes a positive value from
0. Accordingly, the input device 1s capable of handling
values that change in one direction from a reference value
(or controlled variable), but encounters difliculty handling
values that change 1n the opposite direction from the refer-
ence value (or controlled vanable). For example, to zoom 1n
or out on an 1mage of a map in a navigation system or the
like, a user can increase or decrease his/her pressing force to
increase the zoom percentage from 0 (no zoom 1n/zoom out),
or to step back to 0 (no zoom 1n/zoom out), but cannot zoom
out from 0 (no zoom 1n/zoom out).

It 1s possible that, in addition to the pressure sensor, a
switch 1s provided, whereby when the switch is turned off,
the zoom-1n level can be changed 1n response to pressing
force from 0, whereas when the switch 1s turned on, the
zoom-out level can similarly be changed in response to
pressing force from O. However, this approach requires
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2

on/off switching operation. Such an operation 1s cumber-
some, and may prevent a user from performing the continu-
ous and smooth operation.

Alternatively, it 1s possible to switch the functions of
zooming in and zooming out depending on, e.g., positions
pressed. However, 1n this case also, the user needs to move
the finger to diflerent positions. Accordingly, such a con-
struction may also prevent a user from performing the
continuous and smooth operation.

It 1s desirable to provide an mput device, an information
processing apparatus, an information processing method,
and/or a storage medium that stores a program, all enabling
control an mput i both positive and negative directions
from zero without changing the position of a finger or the
like. The present invention has been proposed 1n view of
such circumstances of related art.

In the present invention, two kinds of values, namely a
contact area and a pressing force by a finger or an 1nput
device that works similarly as the finger or the like, are
utilized together using contact detection means and pressure
detection means. Furthermore, the detected contact area 1s
discriminated by a predetermined threshold whereby the
detected pressure value can be interpreted in one of two
directions, a positive or a negative direction from zero.

According to an embodiment of the present invention,
there 1s provided an input device. The mput device includes:
contact detection means for detecting at least a size of a
contact area by detecting a physical contact with a control
iput section; pressure detection means for detecting a
pressure applied by the physical contact; and control means
for outputting control signals in response to detection out-
puts from the contact detection means and the pressure
detection means. The control means outputs a first control
signal carrying a first value (or controlled varniable) which
varies 1n response to the pressure detected by the pressure
detection means under a state of contact 1n which a contact
detection result indicates that the contact area 1s equal to or
smaller than a predetermined contact area, and outputs a
second control signal carrying a second value (or controlled
variable) which varies in response to the pressure detected
by the pressure detection means under a state of contact in
which the contact detection result indicates that a contact
area 1s greater than the predetermined contact area.

Here, the contact detection means may be provided with
a position detection function for detecting a position of the
physical contact with the control 1nput section.

According to another embodiment of the present inven-
tion, there 1s provided an information processing apparatus.
The apparatus includes: an mput device; and a plurality of
function sections for performing processing in response 1o a
signal obtained from the input device. The mput device
includes: contact detection means for detecting at least a size
of a contact area by detecting a physical contact with a
control input section; pressure detection means for detecting
a pressure applied by the physical contact; and control
means for outputting control signals 1n response to detection
outputs from the contact detection means and the pressure
detection means. The control means outputs a first control
signal carrying a first value (or controlled varnable) which
varies 1n response to the pressure detected by the pressure
detection means under a state of contact 1n which a contact
detection result indicates that the contact area 1s equal to or
smaller than a predetermined contact area, and outputs a
second control signal carrying a second value (or controlled
variable) which varies 1n response to the pressure detected
by the pressure detection means under a state of contact in
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which the contact detection result indicates that a contact
area 1s greater than the predetermined contact area.

An information processing method according to an
embodiment of the present invention includes an input step,
and a processing step of performing processing in response
to a signal obtained by the input step. The mput step includes
a contact detection step of detecting at least a s1ze of contact
areca by detecting a physical contact with a control 1nput
section, a pressure detection step of detecting a pressure
applied by the physical contact, and a control step of
outputting signals in response to detection outputs produced
by the contact detection step and the pressure detection step.
The control step executes first processing by a first signal
carrying a value which varies 1n response to the pressure
detected by the pressure detection step under a state of
contact in which a contact detection result indicates a
contact area equal to or smaller than a predetermined contact
area, and executes second processing by a second signal
carrving a value which varies 1n response to the pressure
detected by the pressure detection step under a state of
contact 1n which the contact detection result indicates a
contact area greater than the predetermined contact area.

A program according to an embodiment of the present
invention or a storage medium that stores such a program
causes a computer to execute the above-mentioned infor-
mation processing.

According to the present invention, a contact area touched
by a finger or the like during input operation 1s combined
with a pressure value. The contact area 1s discriminated
using a predetermined threshold. A first signal carrying a
first value (or controlled variable) which varies with pres-
sure and a second signal carrying a second value (or con-
trolled variable) which varies with pressure are switched for
output. As a result, first processing and second processing
may be selectively performed without causing a user to

change the position of his/her finger on the control 1nput
section.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

FIG. 1 1s a block diagram schematically showing an input
device 1n an embodiment of the present invention;

FIGS. 2A and 2B area schematic sectional view and a plan
view both showing an example of input operation involving
pressing by a fingertip, in an embodiment of the present
imnvention;

FIGS. 3A and 3B are a schematic sectional view and a
plan view both showing an example of input operation
involving pressing by a finger pad, in an embodiment of the
present mvention;

FIG. 4 1s a flowchart for illustrating operation 1 an
embodiment of the present ivention;

FIGS. 5A, 5C, 5E are schematic perspective views all
showing a specific example of input operation 1n an embodi-
ment of the present mnvention;

FIGS. 5B, 5D, 5F are schematic plan views respectively
showing display screens corresponding to FIGS. SA, 5C,
SE;

FIG. 6 1s a block diagram showing an example of an
information processing apparatus used 1n an embodiment of
the present invention;

FIGS. 7A and 7B are a schematic sectional view and a
schematic plan view both showing an mput device which 1s
another embodiment of the present mvention;

FIG. 8 1s a flowchart for illustrating operation in another
embodiment of the present ivention;
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FIG. 9A 15 a schematic plan view of an input device which
1s st1ll another embodiment of the present invention; and

FIG. 9B 1s a diagram showing a display screen of the input
device of FIG. 9A.

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiments to which the present invention 1s applied
will be described below with reference to the drawings.

FIG. 1 1s a block diagram schematically showing an input
device i an embodiment of the present invention. An 1mput
device 1 includes, as shown in FIG. 1, a contact sensor
section 2, pressure sensor sections 3, and a control section 4
for outputting a control signal in response to detected
outputs from the contact sensor section 2 and the pressure
sensor sections 3. In the present embodiment, 1t 1s assumed
that the contact sensor section 2 may include a touch sensor,
a touch pad, or a touch panel, and correspond to the contact
detection means of, e.g., capacitive, resistive type, for
detecting physical contact of a finger or the like or with a
surface (control iput surface). However, in the present
embodiment, the structure of the contact detection means
may not be limited to such types and may be other type of
the contact detection means as long as such contact detection
means can detect a contact area over which a user touches
with his/her finger or the like. The contact sensor section 2
used for the mput device 1 of this embodiment also has, as
described later, a function of detecting contact position at
which the user touches with the finger. The pressure sensor
sections 3, which serves as means for detecting a physical
contact pressure, detect a force (pressing force) applied
thereto when the user presses the control input surface with
the finger or the like. It 1s also called a pressure-sensitive
sensor, or a pressure detecting element, and may include,
¢.g., a piezoelectric element, a pressure/electric-resistance
transducer.

In the example of FIG. 1, the surface of a plate-shaped
contact sensor section 2 serves as a control panel of the input
device 1, and the pressure sensor sections 3 are disposed at,
¢.g., Tour corners of the underside of the contact sensor
section 2, to support the plate-shaped contact sensor section
2. In this case, when the user touches and presses the surface
of the contact sensor section 2, which serves as the control
panel of the mput device 1, with a finger or the like, a
pressing force 1s applied to the pressure sensor sections 3 via
the contact sensor section 2, whereby the pressing force
through the finger or the like 1s detected by the pressure
sensor sections 3. It should be noted that the input device 1
1s not limited to the example shown 1 FIG. 1, but may
include an example in which the plate-shaped contact sensor
section 1s supported at, e.g., its four corners by spacers or the
like, to allow a strain gauge or the like to be stuck to the
underside of the contact sensor section to form a pressure
sensor section. In this example, deformations of the plate-
shaped contact sensor section by the finger or the like
pressing the contact sensor section are detected by the strain
gauge or the like, whereby a pressing force 1s detected.

The control section 4 includes a contact detection pro-
cessing circuit 42 connected to the contact sensor section 2,
and a pressure detection circuit 43 connected to the pressure
sensor sections 3. The contact detection processing circuit
42 detects a contact position and a contact area touched by
a finger or the like, to output a contact position information
signal and a contact area information signal, which are
clectrical signals, respectively. The pressure detection circuit
43 detects a pressure (pressing force) applied by the finger
or the like, to output an electric pressure detection signal.
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The contact area information signal from the contact detec-
tion processing circuit 42 1s supplied to an area determina-
tion circuit 44 for comparison with a specified area threshold
St, and the area determination circuit 44 then supplies a
switching signal 1n response to the comparison result, to a
switching selection circuit 45. The switching selection cir-
cuit 45 switches between terminals a, b 1n response to
comparison results, to output the pressure detection signal
from the pressure detection circuit 43. A first signal from the
terminal a of the switching selection circuit 45 1s supplied to
a {irst processing function section 51 via an output terminal
46 of the control section 4, and a second signal from the
terminal b of the switching selection circuit 45 1s supplied to
a second processing function section 52 via an output
terminal 47 of the control section 4. Furthermore, the contact
position information signal from the contact detection pro-
cessing circuit 42 1s supplied to a third processing function
section 53 via an output terminal 48 of the control section 4,
as necessary.

It should be noted that the first and second processing
function sections 51, 52 include those performing zoom-1n
processing and zoom-out processing for displaying an
image, and that the third processing function section 53
includes display position moving processing such as so-
called scrolling or panning for moving a display area when
a part ol a large 1mage area, such as a map, 1s displayed.

FIGS. 2A, 2B and 3A, 3B show examples of input
operation to the input device 1 using a finger or the like.
FIGS. 2A and 2B are a schematic sectional view and a plan
view both showing the control panel (the surface of the
contact sensor section 2) of an mput section of the mput
device 1 which a user presses by erecting a finger and thus
with a fingertip. During the input operation, the contact area
of the contact sensor section 2 occupied by the fingertip
equals a small area S1 such as shown 1n FIG. 2B. FIGS. 3A
and 3B are a schematic sectional view and a plan view both
showing the control panel (the surface of the contact sensor
section 2) of the mput device 1 which the user presses by
laying down the finger and thus with the finger pad. The
contact area of the contact sensor section 2 touched by the
ﬁnger pad equals a large area S2 such as shown 1n FIG. 3B.
That 1s, compared with the area S1, which 1s an area of the
contact sensor section 2 surface touched by the fingertip, the
area S2 touched by the finger pad 1s larger (wider). These
areas S1, S2 can be clearly distinguished by using a thresh-
old St of a specified area as a boundary. Therefore, by
pressing the mput device 1 by erecting a finger and thus with
a fingertip, the user can perform first processing for zooming
in on an 1mage 1n response to the pressing force. Similarly,
by pressing the mput device 1 by laying the finger down and
thus with the finger pad, the user can perform second
processing for zooming out on the 1mage in response to the
pressing force.

FIG. 4 1s a flowchart for 1llustrating operation for switch-
ing such first and second processing in which a value (or
controlled variable) varies with pressing force, on the basis
of contact area. In an example of FIG. 4, third processing 1s
turther added, in which a value (or controlled varnable)
varies with contact position of a finger or the like 1n the
contact sensor section. Moreover, as the first and second
processing, zoom-1in and zoom-out processing for displaying,
an 1mage 1s taken as examples, and as the third processing,
image moving (scroll) processing for moving a display area
over an 1image covering a wide area 1s taken as an example.

In FIG. 4, when a user performs mput operation to the
input device 1 of FIG. 1, 1t 1s determined 1n step S11 whether
or not a pressure applied to the above-mentioned pressure
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sensor sections 3 and detected by the pressure detection
circuit 43 1s greater than a specified threshold Pt. This step
1s taken to determine whether the user merely touches the
control panel (the surface of the contact sensor section 2) of
the mput device 1 with the finger, or strongly pushes 1t down
with his/her finger to positively apply a pressing force, and
corresponds to on/ofl determination as to the above-men-
tioned first and second processing functions. That 1s, when
the pressure detected 1s greater than the specified threshold
Pt, the first and second processing functions are turned on,
whereas when 1t 1s below the specified threshold Pt, these
functions remain turned off.

When it 1s determined to be YES (the detected pressure 1s
greater than the specified threshold Pt) in step S11, the
processing proceeds to step S12, to determine whether or not
a contact area detected by the contact detection processing
circuit 42 connected to the contact sensor section 2 of FIG.
1 mentioned above, 1s smaller than the specified area thresh-
old St. If 1t 1s determined 1n step S12 that the contact area
detected 1s smaller than the threshold St (YES), the process-
ing proceeds to step S13 to perform the zoom-1n processing,
whereas if the contact area detected 1s determined to be
equal to or greater than the threshold St (NO), the processing
proceeds to step S14 to perform the zoom-out processing.
Both the zoom-in processing 1n step S13 and the zoom-out
processing 1n step S14 involve a change of a value or a
controlled wvariable (the zoom-in/zoom-out level) 1n
response to a pressing force (pressure) value detected by the
above-mentioned pressure detection circuit 43. In the zoom-
in processing 1n step S13, a display 1image 1s enlarged with
increasing pressing force, whereas 1n the zoom-out process-
ing 1n step S14, a display image 1s reduced with decreasing
pressing force. Thus, control 1s eflected 1n opposite direc-
tions. Alter completing steps S13 and S14, the processing
returns to step S11.

When 1t 1s determined to be NO (the pressure detected 1s
equal to or smaller than the threshold Pt) in step S11, the
processing proceeds to step S135, to determine whether or not
the contact position of the finger 1n the contact sensor section
2 has moved (whether or not a finger movement has been
detected). If NO (no finger movement), the processing
returns to step S11, whereas 11 YES (a finger movement has
been detected), the processing proceeds to step S16. In step
S16, the image moving (scroll) processing for moving the
image 1n response to finger movements 1s performed. After
completing step S16, the processing returns to step S11.

Here, step S12 of FIG. 4 corresponds to the processing
performed by the area determination circuit 44 of FIG. 1
mentioned above. When the contact area detected 1s smaller
than the threshold St, the switching selection circuit 43 1s
caused to select the terminal a, to supply the pressure
detection signal from the pressure detection circuit 42 to the
first processing function section 31 via the terminal 46,
whereby to cause the function section 51 to perform the
zoom-in processing of step S13. When the contact area
detected 1s equal to or greater than the threshold St, the
switching selection circuit 45 1s caused to select the terminal
b to supply the pressure detection signal from the pressure
detection circuit 42 to the second processing function sec-
tion 52 via the terminal 47, whereby to cause the function
section 52 to perform the zoom-out processing of step S14.
The determination as to whether pressing operation has been
performed or not 1 step S11 may be made by the pressure
detection circuit 43 of FIG. 1, and 1t may be arranged such
that a result of the determmatlon 1s supplied to the contact
detection processing circuit 42. Whether or not the finger has
moved 1n step S135 1s determined by the contact detection
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processing circuit 42, and the contact position information
signal detected 1s supplied to the third processing function
section 53 via the terminal 48, whereby to cause the function
section 53 to perform the 1image moving (scroll) processing
of step S16. It should be noted that the circuit configuration
shown 1n FIG. 1 may be implemented by hardware, but may,
of course, be implemented, in part or 1n whole, by software
as well.

Next, FIGS. SA to 5F are diagrams showing, as a more
specific example, how put operation 1s related to display
screens, 1n a case where the embodiment of the present
invention 1s applied to a so-called navigation system. As
shown 1n FIG. SA, with respect to the surface of the contact
sensor section 2, which serves as the control panel of an
input device 1 such as described above, when a user merely
touches the surface (with no pressure applied thereto) and
moves his/her finger 1n directions mdicated by arrows a, b,
the user can move (scroll or pan) an 1mage of a map
displayed on a display screen in the directions indicated by
the arrows a, b, as shown 1n FIG. 5B. The operation applies
similarly to directions orthogonal to the directions of the
arrows a, b, whereby the user can display the map while
moving 1t every direction. With a desired position displayed
through such image movement, when the user presses the
control panel (the surface of the contact sensor section 2) by
erecting his/her finger and thus with the fingertip (touching
an area smaller than the threshold St) to apply pressure
thereto as shown 1n. FIG. 5C, the user can zoom 1n on the
map as shown i FIG. 5D. Moreover, with the desired
position displayed, when the user presses the control panel
(the surface of the contact sensor section 2) by laying his/her
finger down and thus with the finger pad (touching an area
greater than the threshold St) to apply pressure thereto as
shown 1 FIG. SE, the user can zoom out on the map as
shown 1n FIG. 5F. During the operation, the user can change
the zoom level by changing pressure he/she applies with the
finger. Specifically, when erecting the finger and increasing
the pressing force thus with the fingertip, the user can
increase the zoom-1n level, and when decreasing the press-
ing force, the user can decrease the zoom-1n level to go back
to the display neither zoomed 1n (nor zoomed out) with no
pressure applied. Then, when laying the finger down and
increasing the pressing force thus with the finger pad, the
user can further zoom out on the 1mage, and when decreas-
ing the pressing force, the user can decrease the zoom-out
level up to the display neirther zoomed out (nor zoomed 1n)
with no pressure applied.

FIG. 6 1s a block diagram showing an example of an
information processing apparatus 100 using an mput device
1 such as described above. In FIG. 6, to a bus 110 connected
to a CPU 101, there are connected a ROM 102 having
programs and data stored therein, and a RAM 103 for storing,
data being processed. The mput device 1 1s connected to this
bus 110. The CPU 101 executes various processing accord-
ing to a program stored in the ROM 102 or the program
loaded 1nto the RAM 103. The RAM 103 also stores data
and the like necessary for the CPU 101 to execute the
various processing, as appropriate.

The 1nput device 1 has, as described with reference to
FIG. 1, the contact sensor section 2 and the pressure sensor
sections 3, and outputs a signal in which a contact area
detected by the contact sensor section 2 1s discriminated at
a specified threshold whereby a pressure value detected by
the pressure sensor sections 3 1s interpreted 1n one of two
directions, a positive or a negative direction from 0. Here,
the control section 4 of FIG. 1 may be provided as an
interface circuit with respect to the internal circuitry of the
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input device 1 or the bus 110. However, the control section
4 may be implemented software-wise, 1n part or 1n whole,
using the CPU 101 (and the ROM 102, the RAM 103, and
the like), as necessary. It should be noted that specific
examples of the input operation to the mput device 1 by a
finger or the like are as described with reference to FIGS. 2-5
above, and thus their description will be omitted.

To the bus 110 of FIG. 6, there are connected, as neces-
sary, a display section 105, a hard disk drive (HDD) 106, a
disk drive 107 for reproducing and/or recording data from/
into CDs or DV Ds (Digital Versatile Discs (trademark)), and
the like. For example, i1 this information processing appa-
ratus 100 1s supposed to be a so-called navigation system,
the apparatus 100 reproduces a CD-ROM or a DVD-ROM
having map data recorded thereon with 1ts disk drive 107,
and displays the acquired map data on its display section 105
such as an LCD (Liquid Crystal Display) or the like. In
addition, 1 communication circuitry, tuner circuitry, and the
like are added or if unnecessary circuitry 1s eliminated, as
necessary, the information processing apparatus 100 can, of
course, be configured to be a personal computer, a hard disk
recorder, a television recerver, or other electronic equipment.
Moreover, the present invention may also be applied to a
so-called touch panel disposed on the surface of a display
screen as a transparent plate-shaped member or a transparent
film to detect contact by a finger or the like. In this case, a
transparent type of the contact sensor section 2 shown in
FIG. 1 above may be disposed on the display screen, to
cause the pressure sensors 3 to detect a pressing force
applied to this transparent contact sensor 2. Alternatively, a
touch panel serving as the contact sensor section may be
stuck to the surface of a plate-shaped display member such
as an LCD panel, and the pressure sensors may be disposed
on the underside of the plate-shaped display member,
whereby to detect a pressing force applied through the touch
panel to the pressure sensor sections via the plate-shaped
display member.

In the above-described embodiment, the contact sensor
section 2 has even the function of detecting a contact
position of a finger or the like. However, any contact sensor
section 2 may be acceptable as long as i1t can detect at least
a contact area. FIGS. 7A and 7B are a schematic sectional
view and a schematic plan view both showing an input
device 1' having such a contact sensor section 2' capable of
detecting a contact area, and the pressure sensor sections 3.

In FIGS. 7TA and 7B, the pressure sensor sections 3 are
provided on the underside of the contact sensor section 2'
that detects a contact area when a finger or the like touches
its surface, whereby a force from the finger or the like
pressing the contact sensor section 2' 1s applied to the
pressure sensor sections 3. Similarly to the mput device 1
described above with reference to FIG. 1 above, an area S1
detected when a user applies pressure to the contact sensor
section 2' by erecting his/her finger and thus with the
fingertip 1s related to an areca S2 detected when the user
applies pressure to the contact sensor section 2' by laying
his/her finger down and thus with the finger pad as S1<82.
Consequently, the areas S1, S2 can be distinguished by
setting an appropriate threshold St. By pressing the input
device 1' by erecting the finger and thus with the fingertip,
the user can perform first processing for, €.g., zooming 1n on
an 1mage 1n response to the pressing force detected by the
pressure sensor sections 3, whereas by pressing the input
device 1' by laying his/her finger down and thus with the
finger pad, the user can perform second processing for, e.g.,
zooming out on the 1mage in response to the pressing force
detected.
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FIG. 8 1s a flowchart for illustrating operation of switch-
ing the first and second processing for varying a value (or
controlled variable) with such pressing forces, on the basis
ol contact area.

In a first step S21 of FIG. 8, whether a pressure detected
by the above-mentioned pressure sensor sections 3 1s greater
than the specified threshold Pt or not 1s determined. When
the detected pressure 1s greater than the specified threshold
Pt, the processing proceeds to step S22, whereas when the
detected pressure 1s equal to or smaller than the specified
threshold Pt, the processing returns to step S21. In step S22,
whether a contact area detected by the contact sensor section
2' 1s smaller than the above-mentioned specified threshold St
or not 1s determined. When the detected contact area 1is
determined to be smaller than the specified threshold St
(YES) 1n step S22, the processing proceeds to step S23, to
perform the first processing. When the detected contact area
1s determined to be equal to or greater than the threshold St
(NO), the processing proceeds to step S24, to perform the
second processing. As the first and second processing,
different types of processing may be adopted, for varying a
value (or controlled variable) with a pressing force applied
during operation with a finger. For example, 1t may be
arranged such that the first processing 1s up scroll process-
ing, and that the second processing 1s down scroll process-
ing. Alternatively, as mentioned above, the first processing
may be the zoom-in processing, whereas the second pro-
cessing may be zoom-out processing, for displaying a map
or the like.

Next, FIGS. 9A and 9B show an example of an input
device 70 as still another embodiment of the present inven-
tion. The input device 70 1s an array of configurations such
as described with reference to FIGS. 7A, 7B above. FIG. 9A
1s a schematic plan view of the mput device 70, 1n which a
total of twelve buttons 1s arranged 1n, €.g., a 4x3 matrix-like
configuration. Each of the buttons 1s a button 71 having a
configuration of the mput device 1' such as described with
reference to FIGS. 7A, 7B above. FIG. 9B shows an
example of an image indicating functional nformation
assigned to one of these buttons 71, which serves as a control
input section. The buttons 71 of the input device 70 shown
in FIG. 9A are displayed as soft buttons 81 of a so-called soft
key pad 80 on a display screen of FIG. 9B.

In such a configuration, when a user touches, e.g., a button
71a of the buttons 71 1n the mput device 70 with his/her
finger, a soft button 81a of the soit key pad 80 on the display
screen corresponding to this button 71a 1s highlighted. In an
example of FIG. 9B, the soft button 81a corresponds to a
volume (VOL.) control button. When the user presses the
button 71a by erecting the finger and thus with the fingertip
(1.e., covering a small contact area as mentioned above), the
volume 1s increased, whereas when the user presses the
button 71a by laying down the finger and thus with the finger
pad (1.e., covering a large contact area), the volume 1s
decreased. Thus, bi-directional control 1s eflected. Addition-
ally, various functions may be assigned to the respective
buttons 71. For example, brightness may be varied to be
brighter and darker, and hue may also be varied in both a
plus (+) direction and a minus (-) direction, Moreover, a
display button may be varied 1in two directions, 1.¢., to zoom
in and zoom out.

It should be noted that 1n the example of FIG. 9B, the
function name (VOL.) 1s indicated only on the soit button
81a corresponding to the button touched by the finger.
However, other soft buttons 81 not touched by the finger
may, ol course, have function names, icons representing,
functions, or the like respectively indicated thereon.
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In the embodiment of FIGS. 9A and 9B, function infor-
mation about one or more functions assigned to the buttons
71 forming the control input sections of the mput device 70
may be displayed as the soit buttons 80 of the soft key pad
80 on display means, not shown. A contact detection result
from the above-mentioned contact sensor section, which
serves as the contact detection means, 1s reflected in the
above-mentioned function information displayed. As a
result, when the above-mentioned control 1nput section 1s
pressed with the contact detection result, which 1s reflected
in the function information, the first signal or the second
signal 1s outputted.

As 1s apparent from the foregoing, the embodiment of the
present mvention uses a combination of a value about a
contact area touched by a finger and a pressure value to
identify a control mode. That 1s, the contact area S1 by the
fingertip applying pressure 1s related to the contact area S2
by the finger pad (laying the finger down) applying pressure
as S1<.S2. These areas 51, S2 are distinguished by setting an
approprate threshold St, whereby under each distinguished
state, a pressure value can be used 1n two directions, positive
and negative, such as zooming in when pressure 1s applied
by the fingertip (processing the pressure as a positive value)
and zooming out when pressure 1s applied with the finger
laid down (processing the pressure as a negative value). That
1s, two types of control modes, 1n each of which a value (or
controlled variable) varies with pressure can be switched
according to a contact area touched by the finger.

It should be noted that the present invention 1s not limited
to the above-described embodiments, but may also be
applied to an embodiment 1n which, e.g., the first and second
processing 1includes, 1n addition to zooming 1n/zooming out,
any two kinds of processing, in each of which a value or
controlled variable varies with pressure, such as controlling
brightness to levels brighter (positive) or darker (negative)
than a reference level (0), switching pages or layers toward
the positive side or the negative side from a reference page
or layer 1n a plurality of pages or layers.

Furthermore, the above embodiment has been described
in terms ol a hardware configuration. However, the present
invention 1s not limited to this configuration, but may be
realized by causing the CPU to execute the processing by
means of a computer program. In this case, the computer
program may be provided by recording on a recording
medium, or by transmission via the Internet or a like
transmission medium.

The present invention contains subject matter related to
Japanese Patent Application JP 2005-168699 filed 1n the
Japanese Patent Oflice on Jun. 8, 2005, the entire contents of
which being incorporated herein by reference.

It should be understood by those skilled 1n the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

[1. An information processing method comprising:

an input step; and

a processing step including performing processing in
response to a signal obtained by the mput step;

wherein the mput step includes:

a contact detection step including detecting a size of a
contact area by detecting a physical contact with a
control 1nput section;

a pressure detection step including detecting a pressure
applied by the physical contact;
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an area determination step including comparing the size
of the contact area with a size of a predetermined
contact area threshold; and

a control step including outputting signals in response to
detection of outputs produced by the area determination
step and the pressure detection step;

wherein the control step executes:

a first processing by a first signal carrying a value which
varies 1n response to the pressure detected by the
pressure detection step when the result of the compari-
son 1ndicates the size of the contact area 1s equal to or

smaller than the size of the predetermined contact area
threshold, and

a second processing by a second signal carrying a value
which varies 1n response to the pressure detected by the
pressure detection step when the result of the compari-
son indicates the size of the contact area 1s greater than
the size of the predetermined contact area threshold.}

[2. The information processing method according to claim
1, wherein:

detecting a physical contact with the control input section
further comprises detecting a position of a physical
contact with the control input section.}

[3. The information processing method according to claim

1, wherein the control step further comprises outputting the
first or second signal when the detected pressure 1s greater
than a predetermined pressure threshold.]

[4. The information processing method according to claim
1, further comprising:

displaying function information about one or more func-
tions assigned to the control mnput section; and

reflecting the contact detection result from the contact
detection step in the function information displayed;

wherein the control put section outputs the first or
second signal 11 the control input section 1s pressed
while the contact detection result 1s being reflected in
the function information displayed.]

[5. A storage medium that stores a program for causing a
computer to execute an information processing method, the
information processing method comprises an input step; and

a processing step including performing processing in
response to a signal obtained by the input step;

wherein the mput step ncludes:

a contact detection step including detecting a size of a
contact area by detecting a physical contact with a
control 1input section;

a pressure detection step including detecting a pressure
applied by the physical contact;

an area determination step including comparing the size
of the contact area with a size of a predetermined
contact area threshold; and

a control step including outputting signals 1n response to
detection of outputs produced by the area determination
step and the pressure detection step;

wherein the control step executes:

a first processing by a first signal carrying a value which
varies 1n response to the pressure detected by the
pressure detection step when the result of the compari-
son 1ndicates the size of the contact area 1s equal to or
smaller than the size of the predetermined contact area
threshold, and

a second processing by a second signal carrying a value
which varies in response to the pressure detected by the
pressure detection step when the result of the compari-
son indicates the size of the contact area 1s greater than
the size of the predetermined contact area threshold.}
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[6. An input device comprising:

a contact detector configured to detect a size of a contact
area by detecting a physical contact with a control input
section;

a pressure detector configured to detect a pressure applied
by the physical contact;

an area determinator configured to compare the size of the
contact area with a size of a predetermined contact area

threshold; and

a controller configured to output signals in response to
detection of outputs from the area determinator and the
pressure detector;
wherein the controller 1s configured to output:
a {irst signal carrying a value which varies in response to
the pressure detected by the pressure detector when the
result of the comparison indicates that the size of the
contact area 1s equal to or smaller than the size of the
predetermined contact area threshold,
a second signal carrying a value which varies in response
to the pressure detected by the pressure detector when
the result of the comparison indicates that the size of
the contact area 1s greater than the size of the prede-
termined contact area threshold.]
7. An information processing apparatus comprising:
a circuitry configured to
detect a size of a contact arvea of an operation body on
a touch sensitive surface,

compare the size of the contact area with a size of a
predetermined contact area threshold, and

control display of a display content displaved on a
display screen, in vesponse to an operation of the
operation body input through the touch semnsitive
surface,

wherein the circuitry is configured to control zooming
display of the display content based on the result of the
comparison of the size of the contact area and a
pressing force of the operation on the touch sensitive
surface, and

wherein the civcuitry is further configured to selectively
control between executing opposite functions in
response to the same pressing force of the operation
being input by the same operation body at a same
contact position, wherein a selected one of either a
function of zoom in on the display content by a zoom
amount correlated with a magnitude of the pressing
Jorce or a function of zoom out on the display content
by a zoom amount correlated with the magnitude of the
pressing force is executed based on whether the size of
the contact area of the operation body exceeds the size
of the predetermined contact avea threshold.

8. The information processing apparatus according to
claim 7, whevein the cirvcuitry is further configured to set a
value associated with the zooming display according to an
intensity of the pressing force.

9. The information processing apparatus according to
claim 8, wherein the display of the display content is zoomed
out in correlation with an increase of the pressing force.

10. The information processing apparatus according to
claim 7, wherein the circuitry executes a process for the
zooming display based on the pressing force being deter-
mined to be higher than a predetermined threshold.

11. The information processing apparatus according to
claim 7, wherein the circuitry executes a process for the
zooming display based on an information vegarding a con-
tact condition of the operation body in relation to the touch
sensitive surface, which is determined based on output of a
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touch sensor provided in relation to the touch sensitive
surface, and information regarvding the pressing force.

12. The information processing apparatus according to
claim 11, further comprising:

a touch sensor; and S

a pressing force sensov configured to sense the pressing

Jorce of the operation on the touch sensitive surface.

13. The information processing apparatus according to
claim 12, whervein the circuitry is further configured to
initiate a scrolling of display of the display content based on
output of the touch sensor.

14. The information processing apparatus according to
claim 12, wherein the touch sensor is provided separately
from the pressing force sensor.

15. The information processing apparatus according to
claim 12, wherein the touch sensor comprises a capacitive
Sensor or a resistive Sensor.

16. The information processing apparatus according to
claim 12, wherein the pressing force semnsor comprises a 30
piezoelectric element, a pressure-resistance transducer, or
an electric-resistance transducer.

17. The information processing apparatus according to
claim 16, wherein the display content comprises an image of
a map. 25

18. The information processing apparatus according to
claim 16, wherein the display content comprises a touch
operable control button.

19. The information processing apparatus according to
claim 7, wherein the cirvcuitry is further configured to initiate
a scrolling of display of the display content, based on a
movement of the operation body while the operation body is
contacting the touch sensitive surface.

20. The information processing apparatus accorvding to
claim 7, wherein the touch sensitive surface is provided on
the display screen.

21. The information processing apparatus accovding to
claim 7, further comprising a communication civcuitry.

22. The information processing apparatus according to 4
claim 7, further comprising a tuner circuitry.

23. An information processing method comprising:

detecting a size of a contact arvea of an operation body on

a touch sensitive surface;

comparing the size of the contact area with a size of a 45

predetermined contact area threshold;
controlling display of a display content displaved on a
display screen, in response to an operation of the
operation body input through the touch sensitive sur-
face; and >0

controlling zooming display of the display content based
on the vesult of the comparison of the size of the contact
area and a pressing force of the operation on the touch
sensitive surface,

wherein the controlling zooming display comprises a

selective controlling between executing opposite func-
tions in vesponse to the same pressing force of the
operation being input by the same operation body at a
same contact position, wherein a selected one of either
a function of zoom in on the display content by a zoom
amount correlated with a magnitude of the pressing
Jorce or a function of zoom out on the display content

by a zoom amount correlated with the magnitude of the
pressing force is executed based on whether the size of 65
the contact area of the operation body exceeds the size

of the predetermined contact avea threshold.
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24. A non-transitory computer-readable medium having
embodied thereon a program, which when executed by a
processor causes the processor to execute a method, the
method comprising:

detecting a size of a contact area of an operation body on
a touch sensitive surface;

comparing the size of the contact avea with a size of a
predetermined contact arvea threshold;

controlling display of a display content displayed on a
display screen, in rvesponse to an operation of the
operation body input through the touch sensitive sur-
face; and

controlling zooming display of the display content based
on the result of the comparison of the size of the contact
area and a pressing force of the operation on the touch
sensitive surface,

wherein the controlling zooming display comprises a
selective controlling between executing opposite func-
tions in vesponse to the same pressing force of the
operation being input by the same operation body at a
same contact position, wherein a selected one of either
a function of zoom in on the display content by a zoom
amount correlated with a magnitude of the pressing
Jorce or a function of zoom out on the display content
by a zoom amount correlated with the magnitude of the
pressing force is executed based on whether the size of
the contact area of the operation body exceeds the size
of the predetermined contact avea threshold.

25. An information processing method comprising:

an input step,; and

a processing step including performing processing in
response to a signal obtained by the input step,

wherein the input step includes:

a contact detection step including detecting a size of a
contact arvea by detecting a physical contact, made by
an operation body, with a control input section;

a pressure detection step including detecting a pressure
applied by the physical contact made by the operation
body;

an area determination step including comparing the size
of the comntact arvea with a size of a predetermined
contact area threshold; and

a control step including outputting signals in vesponse to
detection of outputs produced by the area determina-
tion step and the pressure detection step,

wherein the control step is configured to selectively con-
trol between executing opposite functions in response

to a same pressing force of the detected pressure being

detected at a same contact position of the physical

contact made by the same operation body, and
execules:

a first processing by a first signal carrying a value
which varies in response to the pressure detected by
the pressure detection step when the result of the
comparison indicates the size of the contact area is
equal to or smaller than the size of the predetermined
contact area threshold; and

a second processing by a second signal carrying a
value which varies in rvesponse to the pressure
detected by the pressurve detection step when the
result of the comparison indicates the size of the
contact avea is greater than the size of the predeter-
mined contact area threshold,

whevrein the first processing and the second processing
are opposite functions and correspond to rvespective
ones of a function of zoom in on a display content by
a zoom amount correlated with a magnitude of the
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pressing force and a function of zoom out on the
display content by a zoom amount correlated with
the magnitude of the pressing force, and a selected
one of either the first processing ov the second
processing is selected to be executed based omn
whether the size of the contact area of the operation
body exceeds the size of the predetermined contact
area threshold.

26. The information processing method according to
claim 25, wherein detecting a physical contact with the
control input section further comprises detecting a position
of a physical contact with the control input section.

27. The information processing method according to
claim 25, wherein the control step further comprises out-
putting the first or second signal when the detected pressure
is greater than a predetermined pressure threshold.

28. The information processing method according to
claim 25, further comprising:

displaving function information about one or more func-

tions assigned to the control input section; and

reflecting the contact detection vesult from the contact
detection step in the function information displayed,

wherein the control input section outputs the first or
second signal if the control input section is pressed
while the contact detection result is being veflected in
the function information displayed.

29. A storage medium that stores a program for causing
a comptuter to execute an information processing method,
the information processing method comprising:

an input step; and

a processing step including performing processing in

response to a signal obtained by the input step,

whevrein the input step includes:

a contact detection step including detecting a size of a
contact area by detecting a physical contact, made
by an operation body, with a control input section;

a pressure detection step including detecting a pressure
applied by the physical contact made by the opera-
tion body;

an area determination step including comparing the
size of the contact area with a size of a predeter-
mined contact area threshold; and

a control step including outputting signals in response
to detection of outputs produced by the area deter-
mination step and the pressure detection step,

wherein the control step is configured to selectively con-

trol between executing opposite functions in vesponse
to a same pressing force of the detected pressure being
detected at a same contact position of the physical
contact made by the same operation body, and
execules:

a first processing by a first signal carrying a value
which varies in vesponse to the pressure detected by
the pressure detection step when the result of the
comparison indicates the size of the contact area is
equal to or smaller than the size of the predetermined
contact area threshold: and
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a second processing by a second signal carrying a
value which varies in rvespomnse to the pressure
detected by the pressurve detection step when the
result of the comparison indicates the size of the
contact area is greater than the size of the predeter-
mined contact area threshold,

whevrein the first processing and the second processing
are opposite functions and correspond to respective
ones of a function of zoom in on a display content by
a zoom amount correlated with a magnitude of the
pressing force and a function of zoom out on the
display content by a zoom amount correlated with
the magnitude of the pressing force, and a selected
one of either the first processing or the second
processing is selected to be executed based on
whether the size of the contact area of the operation
body exceeds the size of the predetermined contact
area threshold.

30. An input device comprising:

a contact detector configured to detect a size of a contact
area by detecting a physical contact, made by an
operation body, with a control input section;

a pressure detector configured to detect a pressure
applied by the physical contact made by the operation
body;

an arvea determinator configured to compare the size of
the contact area with a size of a predetermined contact
area threshold: and

a controller configured to output signals in vesponse to
detection of outputs from the area determinator and the
pressure detector,

wherein the controller is configured to output:

a first signal carryving a value which varies in response
to the pressurve detected by the pressure detector
when the vesult of the comparison indicates that the
size of the contact area is equal to or smaller than the
size of the predetermined contact area threshold;
and

a second signal carrying a value which varies in
response to the pressure detected by the pressure
detector when the vesult of the comparison indicates
that the size of the contact avea is greater than the
size of the predetermined contact area threshold, and

wherein the controller is further configured to selectively

control between executing opposite functions in
response to the same pressure applied by the same
operation body at a same contact position, wherein a
selected one of either a function of zoom in on a display
content by a zoom amount correlated with a magnitude
of the pressure or a function of zoom out on the display
content by a zoom amount correlated with the magni-
tude of the pressure is executed based on whether the
size of the contact area exceeds the size of the prede-
termined contact avea threshold.
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