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FIG. 3A FIG. 3B
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FIG. 8A FIG. 8B
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FIG. 12
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FIG. 15A FIG. 15B

X0 X1 X2 X3 X4 X5 X6 X7 X8 X9 X0 X1 X2 X3 X4 X5 X6 X7 X8 X9
Y0{0/0/0[1]0(/0;2]0]0]0 Y0|0/0[0/0/0{0/0|0(0]0
Y1]0[{1]0(10,0]020{0|0]0 Y¥110(0[0/0/0{0/0/0/01]0
Y2 01]10/20/50/21]19]51]25/ 2 | 0 Y2|040[0]1]0[{0)1]0/010
Y3[0]2]52{99|79|72/98/51]10| 0 Y300t 11 1(111]0]0
Y4100 |14]85/29(21(65/20/1 | 0 :>Y40001001000
Y5/ 016/4/70[1910(1]0(0]0 ¥5/0/0/0]1]10{0/0j0/0]0
Y6[0]2]58/98/38/2/0,0]0]0 Y6|0{0)1]1/1]0/0]0[0]0
Y7/ 00 |21/55/15/4(0/0/0]0 Y7/0/0)01140]0,0]0]0]|0
Y8/ 0(0]0[4]2][0]{0]0]0]0 ¥8/0]0(0]0]0/0]/0j040]0




Patent Application Publication = May 21, 2015 Sheet 15 of 18 US 2015/0138147 A1

e |
O S
CO | % '
~ Q
. T TRy T « I A
Q i CL<JE5] 1
LL
L]
O
O ~
A wane i %
0) - ¥
LL. -
m
(0]
b e
: TR —| T S35
)
L

FIG. 16A
1)(
R




Patent Application Publication = May 21, 2015 Sheet 16 of 18 US 2015/0138147 A1

FIG. 17

X0 X1 X2 X3 X4 X5 X6 X7 X8 X9
Y0 >
Y1 >
7. NE
Y3
Y4
Y5
Y6 N
Y7
Y8

' [j OFF DATA VALUES
 ON DATA VALUES

L




US 2015/0138147 A1l

May 21, 2015 Sheet 17 of 18

Patent Application Publication

[ INiod annno [ |

SAINVAYLVANO Y
| SINTVAVLVA 440 [ 1]
: — J19YAON \Sz
8A 8A 8A [
LA LA LA R
9A 9A 9A N
GA GA SA
TA = YA = A <= |
1 cA <« EA - CA M
M ZA ZA ZA

LA LA LA
0A 0A 0A

BXEXLXAXGXTXEXTX L XOX BXEXLXIXGXTXEXTX L XOX BXGXIXIXSXPXEXTX L XOX BXBXLXIXSXIXEXTXLXOX

H81 9id 981 9Ol 481 Ol 481 9Ol4
( JIGVAON \Sz

3A ! 8A 3A
IA | LA N 1A
9A 9A 9A
GA GA GA
VA <= A <= VA <= N
EA ~ eA - €A
ZA ZA ZA
LA LA LA
0A 0A 0A

BX 8X LXIXSXTX EXTX LXO0X BX X X 9X SXPXEXZX IX0X BX8X LX OX SX VX EXTX LX0X BX8X LX IX SXPX EXTX X OX

asi oid 081 Ol a8l 9ld v8l 9Ol



US 2015/0138147 A1l

May 21,2015 Sheet 18 of 18

Patent Application Publication

[en]{an]{as] [as] [en] [en ] [an] [an] [es)

olololo|lo|lo|lo|lolo

OO |D— OO |OO
O[O [ OO |DO
OO OO |O|DO|O
[an] [aw] fan ] [en) [en] [an] | (e ] L)
O|O|O OO | x|
DO |O DO O

OO |OIO(OID|DO|O

OO QO[O O

Q61 Old

d6l 9Ol

0/0(0/0/0/0/0/0]0}|0
0/0/0/0j0/0})4]01]0]0
0/0/0[0jO0}L 100
0/0/0]0j0}{0}1]0{0]O0
0/0(0]Jl]0j0OJL]0I0]|0
01O {bIbILILLL]010
0/0(0fL]0|0fL}}10]0
0/0/0({0]0|0|0(0|0}|0
0/0{0{0]{0]0j0f0]0}|0
V6l Old




US 2015/0138147 Al

INPUT DEVICE, AND INFORMATION INPUT
METHOD OF THE SAME

CLAIM OF PRIORITY

[0001] This application claims benefit of priority to Japa-
nese Patent Application No. 2013-238686 filed on Nov. 19,
2013, which is hereby incorporated by reference in its
entirety.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] The present disclosure relates to an input device of

an information device such as a computer or smartphone or
the like and an information input method of the same, and
more particularly relates to an input device which identifies a
region on an operating face where an object such as a finger or
pen has come into contact or into proximity, and inputs infor-
mation based on the identified region.

[0004] 2. Description of the Related Art

[0005] Devices such as touch pads and touch panels have
come into widespread used as input interfaces of information
equipment such as laptop personal computers (PCs), tablet
terminals, smartphones, and so forth. These devices have
sensors to detect contact positions of objects such as a finger
or a pen. There are various types of sensors, which detect
contact positions of objects, such as resistive film and capaci-
tive types. Recently, there has been increased use of capaci-
tive sensors, which are capable of handling so called “multi-
touch”, where multiple contact positions are detected.
[0006] Common capacitive sensors have multiple elec-
trodes arrayed in a grid pattern, and detect capacitance
between electrodes (mutual capacitance) and capacitance
between electrodes and a ground (self capacitance). An input
device described in Japanese Unexamined Patent Application
Publication No. 2012-43395 has multiple X electrodes and
multiple Y electrodes arrayed in a grid pattern (FIGS. 1 and
2), with capacitance being detected at positions correspond-
ing to each grid intersection point. One of the X electrodes
andY electrodes is used as driving electrodes, and the other as
receiving electrodes. Mutual capacitance at points where the
receiving electrodes and driving electrodes intersect is
detected in accordance with current flowing through the
receiving electrodes when driving pulses are applied to the
driving electrodes.

[0007] The input device described in Japanese Unexam-
ined Patent Application Publication No. 2012-43395 yields
capacitance detection data at each intersection of the X elec-
trodes and Y electrodes arrayed in the grid pattern. Collecting
the detection data from each intersection forms two-dimen-
sional data representing the capacitance at each position on
the operating face. Information of finger contact positions on
the operating face is obtained based on this two-dimensional
data. This is performed by scanning the detection data of the
two-dimensional data one line at a time, in the horizontal
direction, from the bottom to the top. A region where the
detection data indicating contact by the finger is consecutive
is given the same label in the scanning of each line. This
scanning is performed for horizontal lines, in a direction from
the bottom to the top and in the opposite direction, and more-
over, such scanning is performed for the vertical lines from
the left edge to the right edge, and in the opposite direction.
[0008] However, this method of scanning the two-dimen-
sional data several times necessitates a broad range of scan
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history to be stored, which is problematic in that the memory
capacity required for this is great, and that the computation
load also is great.

SUMMARY

[0009] An input device, to input information according to
an object coming into contact or proximity with an operating
face thereof, includes: a sensor unit configured to detect con-
tact or proximity of an object at a plurality of detection posi-
tions distributed on the operating face; a two-dimensional
data generating unit configured to generate two-dimensional
data made up of a plurality of detection data values represent-
ing objects coming into contact or proximity at a plurality of
positions on the operating face, based on detection results at
the sensor unit; a data conversion unit configured to convert
each of the plurality of detection data values included in the
two-dimensional data into either of an on data value, which
indicates contact or proximity of an object, and an off data
value, which indicates no contact or proximity of an object;
and a region identifying unit configured to sequentially
acquire each converted data value of the two-dimensional
data from an edge of the operating face, determine whether or
not the on data value, and if an acquired data value is an on
data value, set the acquired data value as a starting point, track
anoutline of a set region outline of a region where adjacent on
data values form a set, starting from the starting point and
sequentially tracking the outline until returning to the starting
point, and identify a region where one object has come into
contact or proximity with the operating face, based on the
outline tracking results.

[0010] According to a second aspect of the present inven-
tion, an input device, to input information according to an
object coming into contact or proximity with an operating
face thereof, includes: a sensor unit configured to detect con-
tact or proximity of an object at a plurality of detection posi-
tions distributed on the operating face; a two-dimensional
data generating unit configured to generate two-dimensional
data made up of a plurality of detection data values represent-
ing objects coming into contact or proximity at a plurality of
positions on the operating face, based on detection results at
the sensor unit; a region identifying unit configured to
sequentially acquire each detection data value in the two-
dimensional data from an edge of the operating face, deter-
mine whether or not the data value indicates contact or prox-
imity of an object, and if an acquired detection data value
indicates contact or proximity of an object, set the acquired
detection data value as a starting point, track an outline ofa set
region outline of a region where adjacent detection data val-
ues indicating contact or proximity of an object form a set,
starting from the starting point and sequentially tracking the
outline until returning to the starting point, and identify a
region where one object has come into contact or proximity
with the operating face, based on the outline tracking results.
[0011] According to a third aspect of the present invention,
and information input method, performed at an input device
to input information according to an object coming into con-
tact or proximity with an operating face thereof, includes: a
step to detect a state of contact or proximity of an object at a
plurality of detection positions distributed on the operating
face; a step to generate two-dimensional data made up of a
plurality of detection data values representing objects coming
into contact or proximity at a plurality of positions on the
operating face, based on detection results at the plurality of
detection positions; a step to convert each of the plurality of
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detection data values included in the two-dimensional data
into either of an on data value, which indicates contact or
proximity of an object, and an oft data value, which indicates
no contact or proximity of an object; a step to sequentially
acquire each converted data value of the two-dimensional
data from an edge of the operating face and determine
whether or not the on data value; and a step to, if an acquired
data value from the two-dimensional data is determined to be
an on data value in the determining step, set the acquired data
value as a starting point, track an outline of a set region outline
of a region where adjacent on data values form a set, starting
from the starting point and sequentially tracking the outline
until returning to the starting point, and identify a region
where one object has come into contact or proximity with the
operating face, based on the outline tracking results.

[0012] According to a fourth aspect of the present inven-
tion, an information method, performed at an input device to
input information according to an object coming into contact
or proximity with an operating face thereof, includes: a step to
detect a state of contact or proximity of an object at a plurality
of detection positions distributed on the operating face; a step
to generate two-dimensional data made up of a plurality of
detection data values representing objects coming into con-
tact or proximity at a plurality of positions on the operating
face, based on detection results at the plurality of detection
positions; a step to sequentially acquire each detection data
value in the two-dimensional data from an edge of the oper-
ating face, and determine whether or not the data value indi-
cates contact or proximity of an object; and a step to, if an
acquired detection data value acquired from the two-dimen-
sional data has been determined to indicate contact or prox-
imity of an object, set the acquired detection data value as a
starting point, track an outline of a set region outline of a
region where adjacent detection data values indicating con-
tact or proximity of an object form a set, starting from the
starting point and sequentially tracking the outline until
returning to the starting point, and identify a region where one
object has come into contact or proximity with the operating
face, based on the outline tracking results in the step to deter-
mine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a diagram illustrating an example of the
configuration of an input device according to a first embodi-
ment;

[0014] FIG.2 is a flowchart for describing operations of the
input device according to the first embodiment;

[0015] FIGS. 3A and 3B are diagrams illustrating an
example of converting detection data values in two-dimen-
sional data to on data values and off data values, in which FIG.
3 A illustrates two-dimensional data before conversion, and
FIG. 3B illustrates two-dimensional data after conversion;
[0016] FIG. 4 is a diagram illustrating an example process-
ing to search for on data values in two-dimensional data;
[0017] FIG. 5 is a flowchart for describing an example of
outline tracking processing by the input device according to
the first embodiment;

[0018] FIG. 6 is adiagram illustrating an example of search
directions to be set in outline tracking;

[0019] FIGS. 7A through 7E are diagrams for describing a
specific example of outline tracking;

[0020] FIGS. 8A and 8B are diagrams illustrating process-
ing where the inside of an outline obtained by the outline
tracking illustrated in FIGS. 7A through 7E is filled in;

May 21, 2015

[0021] FIGS. 9A through 9C are diagrams illustrating pro-
cessing to update on data values, within a set region obtained
by the outline tracking illustrated in FIGS. 7A through 7E, to
off data values;

[0022] FIG. 10 is a diagram illustrating an another example
of search directions to be set in outline tracking;

[0023] FIG. 11 is a flowchart for describing a modification
of outline tracking processing in an input device according to
the first embodiment;

[0024] FIG. 12 is a diagram illustrating a modification of
processing to search for on data values within two-dimen-
sional data;

[0025] FIGS. 13 A through 13H are diagrams for describing
a specific example of outline tracking in a case of four search
directions;

[0026] FIG. 14 is a flowchart for describing an example of
outline tracking processing by the input device according to a
second embodiment;

[0027] FIGS. 15A and 15B are diagrams illustrating
examples of two-dimensional data, in which FIG. 15A illus-
trates two-dimensional data generated at a two-dimensional
data generating unit, and FIG. 15B illustrates two-dimen-
sional data obtained by converting the two-dimensional data
in FIG. 15A by a data conversion unit;

[0028] FIGS. 16A through 16D are diagrams illustrating
examples of coeflicients to calculate evaluation values;
[0029] FIG. 17 is a diagram illustrating an example of pro-
cessing to search for on data values within two-dimensional
data;

[0030] FIGS. 18A through 18H are diagrams for describing
a specific example of outline tracking in a case of determining
whether movement in a search direction can be made based
on evaluation value; and

[0031] FIGS. 19A through 19C are diagrams illustrating
processing to update on data values, within a set region
obtained by the outline tracking illustrated in FIGS. 18A
through 18H, to off data values.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

First Embodiment

[0032] An input device according to a first embodiment of
the present invention will be described with reference to the
drawings. The input device is used by a user bringing an
object such as a finger or pen into contact or into proximity
with an operating face provided with a sensor, thereby input-
ting information corresponding to the contact or proximal
position.

[0033] FIG. 1 is a diagram illustrating an example of the
configuration of the input device according to the first
embodiment. The input device illustrated in FIG. 1 includes a
sensor unit 10, a processing unit 20, a storage unit 30, and an
interface unit 40. Note that the term “proximity” as used in the
present Specification includes both concepts of being in prox-
imity in a state of being in contact, and being in proximity in
a state of not being in contact.

[0034] Sensor Unit 10

[0035] The sensor unit 10 detects the proximal or contact-
ing state of an object such as a finger or a pen, at multiple
detection positions distributed on the operating face. The
sensor unit 10 includes, for example, a sensor matrix 11
where multiple capacitive sensor elements 12, of which the
capacitance changes by an object being in contact or proxim-
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ity, being formed into a matrix, a capacitance-voltage conver-
sion circuit (CV conversion circuit) 13 which converts change
in capacitance that has occurred at the capacitive sensor ele-
ments 12 of the sensor matrix 11 into voltage, and a sensor
driving circuit 14 which supplies voltage to the capacitive
sensor elements 12 of the sensor matrix 11.

[0036] The sensor matrix 11 has multiple electrodes [x
extending in the vertical direction, and multiple electrodes Ly
extending in the horizontal direction. The multiple electrodes
Lx are arrayed in the horizontal direction in parallel, and the
multiple electrodes Ly are arrayed in the vertical direction in
parallel. The multiple electrodes Lx and the multiple elec-
trodes Ly intersect to form a grid pattern, with a capacitive
sensor element 12 formed at each intersection thereof. One of
the electrodes [x and electrodes Ly serve as driving elec-
trodes, and the other as detecting electrodes.

[0037] The sensor driving circuit 14 sequentially selects
one driving electrode from the multiple driving electrodes,
and applies pulse voltage to that one driving electrode.
[0038] The capacitance-voltage conversion circuit 13
sequentially selects one detecting electrode from the multiple
detecting electrodes, and transfers a charge, passing through
a capacitive sensor element 12 in accordance with application
of'pulse voltage by the sensor driving circuit 14, from this one
detecting electrode to a referencing capacitor. The capaci-
tance-voltage conversion circuit 13 outputs a detection signal
corresponding to the capacitance at the capacitive sensor
element 12, based on the voltage generated at the referencing
capacitor by the charge transferred from the capacitive sensor
element 12.

[0039] The sensor unit 10 converts the detection signals
output from the capacitance-voltage conversion circuit 13
into digital signals at an analog-to-digital converter, which is
omitted from illustration, and outputs the digital signals to the
processing unit 20 as detection data values.

[0040] While the sensor unit 10 is described in the above
example as using the capacitances (mutual capacitance) gen-
erated between the electrodes as the capacitive sensor ele-
ments 12, and detecting contact or proximity of an object by
change in the capacitance, this example is not restrictive, and
contact or proximity of an object may be detected by various
other methods. For example, the sensor unit 10 may detect
capacitance generated between electrodes and a ground (self
capacitance). The sensor unit 10 further is not restricted to a
capacitive type, and may be a resistive film type of electro-
magnetic inductance type, for example.

[0041] Processing Unit 20

[0042] Theprocessingunit20is a circuit which controls the
overall operations of the input device, and includes, for
example, a central processing unit (CPU) which performs
processing following command code of a program, logic
circuits which realize particular functions, and so forth. The
processing ofthe processing unit 20 may all be realized by the
CPU based on computer programs, or part or all thereof may
be realized by logic circuits.

[0043] In the example in FIG. 1, the processing unit 20
includes a timing control unit 21, a two-dimensional data
generating unit 22, a data conversion unit 25, a two-dimen-
sional data updating unit 26, a region identifying unit 27, and
a coordinate calculating unit 28.

[0044] The timing control unit 21 controls the detection
timing at the sensor unit 10. Specifically, the timing control
unit 21 controls the capacitance-voltage conversion circuit 13
and the sensor driving circuit 14 so that selection of driving
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electrode and generating of pulse voltage at the sensor driving
circuit 14, and selection of detecting electrode and generating
of detection signals at the capacitance-voltage conversion
circuit 13, are performed at a suitable timing.

[0045] The two-dimensional data generating unit 22 gen-
erates two-dimensional data made up of multiple detection
data values indicating the contact or proximity state of objects
at multiple locations on the operating face, based on the
detection results of the sensor unit 10. The two-dimensional
data is stored in two-dimensional data memory 33 of the
storage unit 30.

[0046] The two-dimensional data generating unit 22 has a
data acquisition unit 23 and an amount-of-change computing
unit 24, as illustrated in FIG. 1, for example. The data acqui-
sition unit 23 stores the detection data values output from the
sensor unit 10 in current value memory 31 of the storage unit
30, as two-dimensional data in a matrix format. The amount-
of-change computing unit 24 computes the difference
between each detection data value of the two-dimensional
data stored in the current value memory 31 of the storage unit
30 and each detection data value of the two-dimensional data
stored in standard value memory 32 of the storage unit 30, for
each pair of mutually corresponding detection data values,
and stores the computation results thereof in the two-dimen-
sional data memory 33 of the storage unit 30 in a matrix
format.

[0047] The standard value memory 32 stores beforehand
detection data values output from the sensor unit 10 is a state
where nothing is in contact or in proximity of the operating
face. Accordingly, the detection data values calculated by the
amount-of-change computing unit 24 represents the amount
of change from the state where no object is in contact or in
proximity of the operating face.

[0048] Note that each detection data value of the two-di-
mensional data generated at the two-dimensional data gener-
ating unit 22 is not restricted to a data value representing the
amount of change from a non-contact state, and may be the
same as the detection data value output from the sensor unit
10, for example.

[0049] The data conversion unit 25 converts the multiple
detection data values included in the two-dimensional data
stored in the two-dimensional data memory 33 of the storage
unit 30 into “on” data values (e.g., data of a value “1”) rep-
resenting that there is contact or proximity of an object, or
“oft” data values (e.g., data of a value “0”) representing that
there is neither contact nor proximity of an object. The con-
version results are then stored in two-dimensional data
memory 34 of the storage unit 30. For example, the data
conversion unit 25 compares a detection data value with a
predetermined threshold value, and converts the detection
data value in to an on data value or an off data value, according
to whether greater than the threshold value or not.

[0050] Note that by converting detection data into on data
values and oft data values based on comparison results with a
single threshold value, the conversion results may vary in an
unstable manner if the detection data value fluctuates near the
threshold value. Accordingly, the data conversion unit 25 may
be arranged to convert the detection data values into on data
values and oft data values, based on the comparison results of
the detection data values as to two threshold values distanced
by a hysteresis width. That is to say, in a case where a detec-
tion data value is not included between the two threshold
values (hysteresis range), the data conversion unit 25 converts
the detection data value into an on data value or off data value
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depending on the magnitude relation of the detection data
value and the two threshold values. On the other hand, in a
case where a detection data value is included in the hysteresis
range, the data conversion unit 25 takes on the previous con-
version results (on data value off data value) stored separately
in the two-dimensional data memory 34 as the conversion
results for this time. Thus, providing a hysteresis range where
conversion results from the previous time in the determina-
tion by threshold value can make it harder for unstable change
of conversion results, such as described above, to occur.
[0051] The region identifying unit 27 references the two-
dimensional data obtained by each detection data value being
converted into an on data value or an off data value by the data
conversion unit 25, and tracks the outline of a region where
adjacent on data values form a set (hereinafter may be
referred to simply as “set region”), thereby identifying a
region where an object has come into contact or proximity.
[0052] Specifically, the region identifying unit 27 acquires
each data value from the two-dimensional data stored in the
two-dimensional data memory 34 of the storage unit 30 in
order from an edge of the operating face, and determines
whether an on data value or not. In a case where the acquired
data value is an on data value, the region identifying unit 27
sets the acquired data value as a starting point, and stores the
coordinates thereof in starting point memory 36 of the storage
unit 30. The region identifying unit 27 tracks the outline of the
set region where adjacent on data values form a set, starting
from this starting point in order until returning to this starting
point again. The region identifying unit 27 identifies a region
where one object has come into contact or proximity with the
operating face, based on the outline tracking results, and
stores information relating to the identified region in region
information memory 35 of the storage unit 30.

[0053] Also, after having performed outline tracking of the
on set region, in a case where the on data values belonging to
this set region are updated to off data values by the later-
described two-dimensional data updating unit 26, and there is
still remaining data in the two-dimensional data stored in the
two-dimensional data memory 34 of the storage unit 30
regarding which determination of whether on data values or
not has not been made, the region identifying unit 27 sequen-
tially acquires the undetermined data values in order, and
performs determination of whether on data values or not. Ina
case where an acquired data values is an on data value, the
region identifying unit 27 takes the acquired data value as a
new starting point and performs outline tracking of a set
region in the same way as described above, so as to identify a
region where an object has come into contact or proximity
with the operating face, based on the results of this outline
tracking.

[0054] Each time outline tracking of a set region is per-
formed by the region identifying unit 27, the two-dimensional
data updating unit 26 updates (rewrites) the on data values
belonging to the set region which has been the subject of the
outline tracking in the two-dimensional data stored in the
two-dimensional data memory 34 of the storage unit 30, to off
data values.

[0055] The on data values included in the two-dimensional
data stored in the two-dimensional data memory 34 is gradu-
ally updated to off data values, by the outline tracking and
identifying of contact regions (proximity regions) by the
region identifying unit 27, and updating of the two-dimen-
sional data by the two-dimensional data updating unit 26,
being repeatedly performed. Upon all contact regions and
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proximity regions where an object has come into contact or
proximity with the operating screen being identified, all data
values included in the two-dimensional data have become off
data values. In a case of performing conversion at the data
conversion unit 25 using a hysteresis range such as described
above, the conversion results form the previous type need to
be referenced for the conversion, so in this case, two-dimen-
sional data may be stored in the two-dimensional data
memory 34 for the data conversion unit 25 to reference,
separately from the two-dimensional data to be converted by
the two-dimensional data updating unit 26.

[0056] The coordinate calculating unit 28 computes the
coordinates on the operating screen where the object has
come into contact or proximity, based on the contact region or
proximity region of the object identified by the region iden-
tifying unit 27. For example, the coordinate calculating unit
28 creates profile data for each of the horizontal direction
(direction in which the electrodes Lx are arrayed) and vertical
direction (direction in which the electrodes Ly are arrayed).
The profile data in the horizontal direction is obtained by
calculating the sum of detection data in one group in the
vertical direction of the operating screen for each column, and
arraying the sums of detection data in order in the horizontal
direction of the operating screen. The profile data in the
vertical direction is obtained by calculating the sum of detec-
tion data in one group in the horizontal direction of the oper-
ating screen for each row, and arraying the sums of detection
data in order in the vertical direction of the operating screen.
The coordinate calculating unit 28 calculates the peak posi-
tion and center-of-gravity position of the detection data, for
each of the horizontal direction profile data and vertical direc-
tion profile data. The positions in the horizontal direction and
positions in the vertical direction obtained by this computa-
tion represent the coordinates where objects have come into
contact or proximity with the operating face. The coordinate
calculating unit 28 stores the coordinate data obtained by
such computation in object coordinates memory 38 of the
storage unit 30. The coordinate calculating unit 28 also stores
the number of objects regarding which coordinates on the
operating face have been obtained, in object count memory 37
of the storage unit 30.

[0057] Storage Unit 30

[0058] The storage unit 30 stores constant values data and
variable values data used in processing by the processing unit
20. In a case where the processing unit 20 includes a CPU,
programs executed by the CPU may also be stored in the
storage unit 30. The storage unit 30 is configured including,
for example, volatile memory such as random access memory
(RAM), dynamic RAM (DRAM), or the like, or nonvolatile
memory such as flash memory or the like.

[0059] Interface Unit 40

[0060] The interface unit 40 is a circuit to exchange data
between the input device and other control devices (a con-
troller integrated circuit (IC) installed in the an information
device in which the input device has been installed, or the
like). The processing unit 20 outputs information (coordi-
nates of objects, number of objects, etc.) stored in the storage
unit 30 from the interface unit 40 to a control device which is
omitted from illustration.

[0061] The operations of the input device of which the
configuration has been described above, are illustrated with
reference to the flowchart in FIG. 2. The flowchart in FIG. 2
illustrates processing which is executed each time detection
of'the entire face of the operating face of the sensor unit 10 is
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performed. In a case of being applied to operating an infor-
mation device such as a smartphone, this processing is repeat-
edly executed at predetermined time intervals.

[0062] ST100

[0063] The timing control unit 21 of the processing unit 20
controls the sensor unit 10 so that detection data is obtained at
the multiple detection positions distributed on the entire face
of the operating face. The sensor driving circuit 14 of the
sensor unit 10 selects a driving electrode of the multiple
driving electrodes of the sensor matrix 11 in order, and
applies pulse voltage, under control of the timing control unit
21. The capacitance-voltage conversion circuit 13 selects a
detecting electrode of the multiple detecting electrodes of the
sensor matrix 11 in order, each time one driving electrode is
selected and driven, and outputs detection signals having
voltage corresponding to the capacitance of the capacitive
sensor elements 12 at the intersections of the driving elec-
trodes and detecting electrodes. The sensor unit 10 converts
detection signals sequentially output from the capacitance-
voltage conversion circuit 13 into digital signals, and outputs
to the processing unit 20 as detection data. The two-dimen-
sional data generating unit 22 of'the processing unit 20 stores
the detection data sequentially output from the sensor unit 10
in the current value memory 31 of the storage unit 30 in a
matrix format.

[0064] ST105

[0065] Upon the detection data of the entire face of the
operating face being stored in the current value memory 31 in
a matrix format as two-dimensional data, the two-dimen-
sional data generating unit 22 computes the difference
between each detection data value stored in the current value
memory 31 and each detection data value stored in standard
value memory 32 (detection data for when no object is in
contact with the operating face), for each pair of mutually
corresponding detection data values (detection data values at
the same position on the operating face). The detection data
obtained as the result of the computation represents the
amount of change from a state where no object is in contact.
The two-dimensional data generating unit 22 stores two-
dimensional data made up of detection data values represent-
ing this amount of change in the two-dimensional data
memory 33 of the storage unit 30.

[0066] ST110

[0067] The data conversion unit 25 converts each detection
data value included in the two-dimensional data stored in the
two-dimensional data memory 33 into an on data value or an
off data value, and stores the conversion results thereof in the
two-dimensional data memory 34.

[0068] FIGS. 3A and 3B are diagrams illustrating an
example of converting detection data values in two-dimen-
sional data to on data values and off data values. FIG. 3A
illustrates two-dimensional data before conversion, and FIG.
3B illustrates two-dimensional data after conversion. In the
example illustrated in FIGS. 3A and 3B, detection data values
greater than the threshold value “50” are converted in to on
data (value “1”), and detection data values equal to or smaller
than the threshold value “50” are converted in to off data
(value “07).

[0069] ST115, ST120

[0070] The region identifying unit 27 sequentially obtains
each data value of the two-dimensional data stored in the
two-dimensional data memory 34 from the edge of the oper-
ating face (ST115), and determines whether or not an on data
value (ST120). In a case where the obtained data value is an
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on data value, the region identifying unit 27 performs the
processing of steps ST130 through ST150 which will be
described later. FIG. 4 is a diagram illustrating an example of
processing performed by the region identifying unit 27 to
search for on data values in the two-dimensional data. In the
example in FIG. 4, columns are selected in order from the left
end of the operating face to the right end, search for on data
values has been performed from the top toward the bottom of
each selected column, and the first on data value has been
found at the position of coordinates (X1, Y3).

[0071] ST130

[0072] Upon an on data value being found in the two-
dimensional data by the search in steps ST115 and ST120, the
region identifying unit 27 performs processing to track the
outlines of the set region of on data values, with that on data
value as the starting point.

[0073] FIG. 5 is a flowchart for describing an example of
outline tracking processing by the input device according to
the present embodiment. The region identifying unit 27 stores
the coordinates of the on data value found by the search in
steps ST115 and ST120 in the starting point memory 36
(ST200), as the coordinates of the starting point for outline
tracking. The region identifying unit 27 also sets this starting
point as the first search point (ST205), and also sets a search
direction instructing the position of the next search point
candidate from that search point, in the direction of “0” (up-
per right direction) defined in FIG. 6 (ST210).

[0074] FIG. 6 is a diagram illustrating an example of search
directions which can be set in the outline tracking. In the
example in FIG. 6, eight directions centered on the search
point (upper right, right, lower right, down, lower left, left,
upper left, and up) can be set as search directions, each direc-
tion being assigned a numeral of “0” through “7”.

[0075] The region identifying unit 27 also saves the search
point in the region information memory 35 as an outline point
(ST215). The region information memory 35 stores two-
dimensional data in which outline points are represented by
“1” and other points by “0”. The region identifying unit 27
rewrites data values corresponding to search points in this
two-dimensional data to “1”.

[0076] Next, the region identifying unit 27 acquires a data
value in the search direction from the two-dimensional datain
the two-dimensional data memory 34 (ST220), and deter-
mines whether an on data value or not (ST225). In the case
where the data value in the search direction is an on data
value, the region identifying unit 27 moves the search point in
the search direction (ST260), and sets the left side toward the
search direction as a new search direction (ST265).

[0077] For example, in a case where the search point is
moved to “0” (upper right), the region identifying unit 27 sets
“6” which is the left side of that direction, as the new search
direction. The new search direction is “7” if the search point
has been moved to “17, and the new search direction is “0”” of
the search point has been moved to “2”. That is to say, the
value indicating the new search direction can be obtained by
adding “6” to the value of the current search direction, divid-
ing the added result by “8”, and taking the residual as the
value indicating the new search direction.

[0078] Upon newly setting the search point and search
direction, the region identifying unit 27 returns to step ST215
again, and saves the search point in the region information
memory 35 as an outline point. The region identifying unit 27
then acquires data in the newly-set search direction from the
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two-dimensional data memory 34 (ST220), and determines
whether or not an on-data value (ST225).

[0079] In a case where determination is made that the data
value acquired from the two-dimensional data memory 34 is
not an on data value (ST225), the region identifying unit 27
determines whether or not the current search point is the
starting point (ST230) and if not the starting point, changes
the search direction in the clockwise direction (ST235). That
is to say, if the search direction is “0”, the search direction is
changed to “1”, if the search direction is “1”, to “2”, if the
search direction is “2”, to “3”, if the search direction is “3”, to
“4”_ if the search direction is “4”, to “5”, if the search direc-
tion is “57, to “6”, if the search direction is “6”, to *““7”, and if
the search direction is ““7”, to “0”.

[0080] After the search direction is changed to clockwise,
the region identifying unit 27 returns to step ST220, acquires
the data value in the changed search direction from the two-
dimensional data memory 34, and determines whether an on
data value or not (ST225).

[0081] Inacase where the data value in the search direction
is not an on data value (ST225) and also the current search
point is the starting point (ST230), the region identifying unit
27 determines that outline tracking of the set region has been
completed, and ends the processing.

[0082] FIGS. 7A through 7E are diagrams for describing a
specific example of the above-described outline tracking. The
two-dimensional data subjected to the outline tracking in
FIGS. 7A through 7E is the same as that illustrated in FIG. 4.
[0083] First, the region identifying unit 27 searches through
the two-dimensional data as illustrated in FIG. 4, and takes
the coordinates where the first on data value is found (X1,Y3)
as the starting point for outline tracking. The region identify-
ing unit 27 sets this starting point as a search point, and sets
the direction of “0” as the first search direction (FIG. 7A).
There is an on data value in the direction of “0”, so the region
identifying unit 27 moves the search point to coordinates (X2,
Y2) (FIG. 7B).

[0084] Due to having moved the search point in the search
direction “0”, the region identifying unit 27 takes the direc-
tion “6”, which is to the left side of the direction “0”, as the
new search direction. The region identifying unit 27 searches
for an on data value while rotating the search direction clock-
wise from this direction “6”. The first on data value found by
this search is in the direction “1”, so the region identifying
unit 27 moves the search point in the direction “1”. Accord-
ingly, the new search point moves to coordinates (X3, Y2)
(FIG. 70).

[0085] Due to having moved the search point in the search
direction “1”, the region identifying unit 27 takes the direc-
tion *“7”, which is to the left side of the direction “1”, as the
new search direction. The region identifying unit 27 searches
for an on data value while rotating the search direction clock-
wise from this direction “7”. The first on data value found by
this search is in the direction “3”, so the region identifying
unit 27 moves the search point in the direction “3”. Accord-
ingly, the new search point moves to coordinates (X3, Y3)
(FIG. 7D).

[0086] Due to having moved the search point in the search
direction “3”, the region identifying unit 27 takes the direc-
tion “1”, which is to the left side of the direction “3”, as the
new search direction. The region identifying unit 27 searches
for an on data value while rotating the search direction clock-
wise from this direction “1”. The first on data value found by
this search is in the direction “4”, so the region identifying
unit 27 moves the search point in the direction “4”. Accord-
ingly, the new search point moves to coordinates (X2, Y4)
(FIG. 7E).
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[0087] Due to having moved the search point in the search
direction “4”, the region identifying unit 27 takes the direc-
tion “2”, which is to the left side of the direction “4”, as the
new search direction. The region identifying unit 27 searches
for an on data value while rotating the search direction clock-
wise from this direction “2”. The first on data value found by
this search is in the direction “6”, so the region identifying
unit 27 moves the search point in the direction “6”. Accord-
ingly, the new search point moves to the starting point at
coordinates (X1, Y3).

[0088] Due to having moved the search point in the search
direction “6”, the region identifying unit 27 takes the direc-
tion “4”, which is to the left side of the direction “6”, as the
new search direction, but the data value in this search direc-
tion is an off data value. The search point and the starting
point are thus equal, and the search direction is “4”, so the
region identifying unit 27 ends the outline tracking process-
ing.

[0089] This so far has been a description of the outline
tracking processing (ST130) in the flowchart in FIG. 2.
[0090] ST135

[0091] Upon the outline tracking ending, the region identi-
fying unit 27 performs processing to fill in the inside of the
outline. That is to say, the region identifying unit 27 searches
for points in the two-dimensional data stored in the region
information memory 35 that are on the inner side of the
outline, and sets the found points to “1”.

[0092] FIGS. 8A and 8B are diagrams illustrating process-
ing where the inside of an outline obtained by the outline
tracking illustrated in FIGS. 7A through 7E is filled in. In a
case where an outline surrounding coordinates (X2, Y3) has
been obtained by the outline tracking in FIGS. 7A through 7E
(FIG. 8A), the region identifying unit 27 sets the data value of
the coordinates (X2, Y3) to “1” (FIG. 8B). Thus, the two-
dimensional data in the region information memory 35
becomes data identifying a solid region where a single object
has come into contact or proximity, by filling in the inside of
the outline with the same data values.

[0093] ST140

[0094] Upon a solid region where a single object has come
into contact or proximity being identified by the region iden-
tifying unit 27 and two-dimensional data indicating that
region being stored in the region information memory 35, the
coordinate calculating unit 28 calculates the coordinates on
the operating face where the object has come into contact or
proximity, based on the two-dimensional data stored in the
region information memory 35. For example, the coordinate
calculating unit 28 creates horizontal direction profile data
and vertical direction profile data of the region which the
two-dimensional data stored in the region information
memory 35 indicates, calculates the peak position and center-
of-gravity position of detection data values for each profile
data, and obtains coordinates indicating the position in the
horizontal direction and vertical direction. The region iden-
tifying unit 27 then stores the information of the coordinates
obtained by computation in the object coordinates memory
38.

[0095] ST145

[0096] Upon having calculated the coordinates indicating
the position of the object, the coordinate calculating unit 28
increments the value of the object count stored in the object
count memory 37 by 1.

[0097] ST150

[0098] Upon outline tracking of a set region of on data
values being performed by the region identifying unit 27, the
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two-dimensional data updating unit 26 updates the on data
values belonging to the set region in the two-dimensional data
stored in the two-dimensional data memory 34 which has
been subjected to the outline tracking, to on data values. For
example, the two-dimensional data updating unit 26 searches,
from the two-dimensional data stored in the two-dimensional
data memory 34, a region the same as the region, which the
two-dimensional data stored in the region information
memory 35 represents, and rewrites all data values the
searched data into off data values.

[0099] FIGS. 9A through 9C are diagrams illustrating pro-
cessing to update on data values, within a set region obtained
by the outline tracking illustrated in FIGS. 7A through 7E, to
off data values. FIG. 9A illustrates the two-dimensional data
stored in the two-dimensional data memory 34, FIG. 9B
illustrates the two-dimensional data stored in the region infor-
mation memory 35, and FIG. 9C illustrates two-dimensional
data after updating by the two-dimensional data updating unit
26.

[0100] By thus updating on data of a set region where
outline tracking has been performed into off data, even in a
case where multiple objects have come into contact or prox-
imity with the operating face, the contact region or proximity
region of each object can be identified by outline tracking.

[0101] STI125

[0102] Inacasewhere determination is made in step ST120
that a data value acquired from the two-dimensional data in
the two-dimensional data memory 34 is an off data value, or,
in a case where the processing of steps ST130 through ST150
has been executed due to having determined that the data
value obtained from the two-dimensional data is an on data
value, the region identifying unit 27 returns to step ST115 if
there is a data value remaining in the two-dimensional data
regarding which determination of whether or not an on data
value (ST120) has not been performed, acquires the undeter-
mined data value from the two-dimensional data, and per-
forms the determination of step ST120. In a case where an on
data value is found in this determination, the region identify-
ing unit 27 executes the processing of steps ST130 through
ST150 in the same way as above. In a case where the deter-
mination of step ST120 has been performed for all data values
in this two-dimensional data, the region identifying unit 27
ends the processing regarding this two-dimensional data.

[0103] Asdescribed above, according to the input device of
the present embodiment, each of multiple detection data val-
ues included in two-dimensional data generated based on
detection results at the sensor unit 10 is converted at the data
conversion unit 25 into either of an on data value and an off
data value. Each converted data value included in the con-
verted two-dimensional data is sequentially acquired from an
edge of the operating face by the region identifying unit 27,
and whether or not an on data value is determined. If the
region identifying unit 27 determines an acquired data value
to be an on data value, the acquired data value is set as a
starting point, and an outline of a set region outline of'a region
where adjacent on data values form a set is tracked, starting
from the starting point and sequentially tracking the outline
until returning to the starting point. A region where one object
has come into contact or proximity with the operating face is
identified, based on the outline tracking results.

[0104] Accordingly, processing to identify a contact (prox-
imity) region is performed narrowed down to a part of the
two-dimensional data (around the outline of an on data set
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region), so memory capacity necessary for processing is
reduced, and the computing load is smaller.

[0105] The input device of the present embodiment prefer-
ably further updates on data values, belonging to the set
region in the two-dimensional data of which the outline has
been tracked in the two-dimensional data converted by the
data conversion unit 25, into off data values by the two-
dimensional data updating unit 26, each time outline tracking
of the set region is performed by the region identifying unit
27. In a case where a data value regarding which determina-
tion has not been made yet by the region identifying unit 27
regarding whether or not an on data value exists in the con-
verted two-dimensional data when the updating of the two-
dimensional data is performed by the two-dimensional data
updating unit 26, the region identifying unit 27 may sequen-
tially acquire this unidentified data value and perform deter-
mining whether an on data value or not. Each time an on data
value is found in the determination by the region identifying
unit 27, the outline tracking may be performed with this
acquired on data value as a new starting point, to identify a
region where an object has come into contact or proximity
with the operating face.

[0106] Accordingly, even in a case of contact or proximity
of multiple objects with the operating face at the same time,
the contact region or proximity region of each object can be
accurately identified. Also, contact regions or proximity
regions of objects are identifying while rewriting a part of the
two-dimensional data stored in the two-dimensional data
memory 34 (two-dimensional data after conversion to on data
values and off data values), so memory capacity necessary for
processing can be reduced, and the computing load can be
made smaller.

[0107] Next, amodification ofthe input device according to
the present embodiment will be described. While an example
of setting eight directions in the perimeter of the search point
in the outline tracking as search directions has been described
in the embodiment above (FIG. 6), the search directions can
be optionally changed, and the search directions may be set to
the four directions in the perimeter of the search point, as
illustrated in FIG. 10 for example.

[0108] FIG. 11 is a flowchart for describing a modification
of'the outline tracking processing by the input device accord-
ing to the present embodiment. Steps ST300 through ST365
in the flowchart in FIG. 11 each correspond to steps ST200
through ST265 in the flowchart in FIG. 5, and generally the
same processing is performed. Note however, that the initial
value “0” of the search direction set in step ST310 is the right
direction, as illustrated in FIG. 10.

[0109] Also, in a case of changing the search direction in
the clockwise direction in step ST335, if the search direction
is “0” this is changed to “1”, if the search direction is “1” this
is changed to “2”, if the search direction is “2” this is changed
to “3”, and if the search direction is ““3” this is changed to “0”.

[0110] Further, in a case where a new search direction is to
be set to the left side of the original search direction in step
ST365, if the search point is moved to “0” the new search
direction is “3”, if the search point is moved to “1” the new
search direction is “0”, if the search point is moved to “2” the
new search direction is “1”, and if the search point is moved
to “3” the new search direction is “2”. That is to say, the
numerical value indicating the new search direction can be
obtained by adding “3” to the numerical value of the current
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search direction, dividing the result by “4”, and taking the
residual as the numerical value indicating the new search
direction.

[0111] Also, in a case of performing outline tracking pro-
cessing following the flowchart illustrated in FIG. 11, search
of'on data by the region identifying unit 27 (ST115, FI1G. 2) is
performed in the order illustrated in FIG. 12. In the example
in FIG. 12, rows are selected from the top to the bottom of the
operating face, and on data values are searched in order from
the left end to the right end of the selected row, with the first
on data value having been found at the position of coordinates
(X2,Y2).

[0112] FIGS. 13A through 13H are diagrams for describing
a specific example of outline tracking in a case of four search
directions. The two-dimensional data regarding which out-
line tracking is performed in the specific example in FIGS.
13 A through 13H is the same as that illustrated in FIG. 12.
[0113] First, the region identifying unit 27 searches for
two-dimensional data as illustrated in FIG. 12, and takes the
data value at the coordinates (X2, Y2) where the first on data
values is found, as the stating point for outline tracking. The
region identifying unit 27 uses this starting point as a search
point, and sets the direction “0 (right)” as the first search
direction (FIG. 13A). There is an on data value in the direction
“0 (right)”, so the region identifying unit 27 moves the search
point to coordinates (X3,Y2) (FIG. 13B).

[0114] The search point has been moved to the search direc-
tion “0 (right)”, so the region identifying unit 27 sets the
direction “3 (up)”, which is to the left of the direction “0
(right)”, as the new search direction. The region identifying
unit 27 rotates the search direction in the clockwise direction
from the direction *“3 (up)”, and searches for an on data value.
The first on data value found by this search is in the direction
“1 (down)”, so the region identifying unit 27 moves the search
point in the direction “1 (down)”. Thus, the new search point
moves to coordinates (X3, Y3) (FIG. 13C).

[0115] The search point has been moved to the search direc-
tion “1 (down)”, so the region identifying unit 27 sets the
direction “0 (right)”, which is to the left of the direction “1
(down)”, as the new search direction. The region identifying
unit 27 rotates the search direction in the clockwise direction
from the direction “0 (right)”, and searches for an on data
value. The first on data value found by this search is in the
direction “2 (left)”, so the region identifying unit 27 moves
the search point in the direction “2 (left)”. Thus, the new
search point moves to coordinates (X2, Y3) (FIG. 13D).
[0116] Thereafter, the search point is moved to “1 (down)”,
“3 (up)”, “2 (left)”, “0 (right)”, and “3 (up)”, in the same way,
returning to the coordinates (X2, Y2) at the original starting
point (FIGS. 13D through 13H). The search point has moved
in the search direction “3 (up)” and thus returned to the
starting point, so the region identifying unit 27 takes the
direction “2 (left)” which is to the left of the direction “3
(up)”, as a new search direction, but the data value in this
search direction is an off data value. The search point is equal
to the starting point, and the search direction is “2 (left)”, so
the region identifying unit 27 ends the outline tracking pro-
cessing.

[0117] Ina case where four search directions are used as in
this modification, and oblique directions are not used as
search directions, the search point may return to the starting
point partway through the outline tracking. Ending the outline
tracking due to the search point having returned to the starting
point results in incomplete outline tracking. Accordingly, the
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outline tracking is not ended by continued in all cases except
for when the search direction in step ST340 is “2 (left)”, to
avoid such a situation.

[0118] Inacase where the search direction in step ST340 is
“2 (left)”, there is only off data values in all directions of “2
(left)” through “3 (up)” as seen from the starting point, which
can be understood from the search for on data values illus-
trated in FIG. 12. Accordingly, it is clear that on data values
cannot be found in these directions by rotating the search
direction clockwise. Thus, determination is made that the
outline tracking of the set region has been completed in this
case, and the processing ends.

[0119] Accordingly, the outline of a set region of on data
values can be tracked even if the search directions from the
search point is restricted to four directions, so a contact region
or proximity region of an object can be identified.

SECOND EMBODIMENT

[0120] Next, a second embodiment of the present invention
will be described. The input device according to the second
embodiment has the same configuration as the above-de-
scribed input device illustrated in FIG. 1, but differs from the
input device illustrated in FIG. 1 with regard to region iden-
tifying processing by the region identifying unit 27.

[0121] FIG. 14 is a flowchart for describing an example of
outline tracking processing by the input device according to
the second embodiment. The flowchart in FIG. 14 has the
steps ST300 through ST365, which are the same as in FIG. 11
described with the modification of the first embodiment, and
also has steps ST350 and ST355 executed between steps
ST325 and ST360.

[0122] In step ST325, in a case where determination is
made that a data value in the search direction, obtained from
the two-dimensional data in the two-dimensional data
memory 34, is an on data value, the region identifying unit 27
calculates an evaluation value for determining whether or not
that search direction can be moved in, based on a detection
data value of the two-dimensional data stored in the two-
dimensional data memory 33 (ST350). In the region identi-
fying unit 27 determines whether or not that search direction
can be moved in, based on the evaluation value (ST355), and
in a case of determining that moving can be performed,
advances to step ST360. In a case of determining that moving
cannot be performed, the region identifying unit 27 advances
to step ST340.

[0123] FIGS. 15A and 15B are diagrams illustrating an
example of two-dimensional data generated at the two-di-
mensional data generating unit 22 and two-dimensional data
after conversion at the data conversion unit 25. FIG. 15A
illustrates two-dimensional data generated at two-dimen-
sional data generating unit 22, and FIG. 15B illustrates two-
dimensional data obtained by converting the two-dimen-
sional data in FIG. 15A by the data conversion unit 25.
[0124] For example, in a case of performing outline track-
ing of the two-dimensional data after conversion illustrated in
FIG. 15B using the input device according to the first embodi-
ment, the entire region surrounded by heavy lines in FIG. 15B
is identified as a region corresponding to a single object.
However, closely observing the numerical values of the two-
dimensional data illustrated in FIG. 15A reveals that there are
three peak coordinates (X3, Y3), (X6, Y3), and (X3, Y6) in
this region. While the intermediate portions therebetween are
determined to be on data, but are trough regions where the
detection data values are lower. A detection data value pattern
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having such a trough region readily occurs at gaps between
objects in a case where multiple objects come into contact
(proximity) with the operating face in a state of being close
together. Accordingly, the region identifying unit 27 may
calculate an evaluation value based on the group of detection
data arrayed in the line in the search direction, to check
whether or not there is such a gap between objects in the
search direction.

[0125] That is to say, preferably, the region identifying unit
27 acquires detection data corresponding to the search point,
the next search point candidate in the search direction, at least
one search direction point adjacent to the search direction as
seen from the next search point candidate, and at least one
reverse search direction point adjacent to a reverse direction
to the search direction as seen from the search point, from the
two-dimensional data stored in the two-dimensional data
memory 33. The region identifying unit 27 may calculate an
evaluation value, indicating the relationship in magnitude
between a degree of contact or proximity of an object at the
search point and the next search point candidate, and a degree
of contact or proximity of an object at the search direction
point and the reverse search direction point, based on the
acquired group of detection data. In a case where the degree of
contact or proximity of an object at the search point and the
next search point candidate, is smaller than the degree of
contact or proximity of an object at the search direction point
and the reverse search direction point, by a certain level in this
evaluation value, the search point and the next search point
candidate may be estimated to be situated in a gap between
objects, so the region identifying unit 27 may determine that
it cannot move in that search direction.

[0126] Specifically, the region identifying unit 27 prefer-
ably calculates the evaluation value by adding a value
obtained by multiplying each of the detection data values
corresponding to the search point and the next search point
candidate by a first coefficient K1, and a value obtained by
multiplying each of the detection data values corresponding
to the search direction point and the reverse search direction
point by a second coefficient K2 (where “K2” has the oppo-
site sign of “K1”). The region identifying unit 27 may deter-
mine whether moving in the search direction is be performed
in accordance with the result of comparing the calculated
evaluation value with a threshold value.

[0127] FIGS. 16A through 16D are diagrams illustrating
examples of coeflicients to calculate evaluation values. FIG.
16A illustrates a case where the search direction is “O (right)”,
FIG. 16B illustrates a case where the search direction is “1
(down)”, FIG. 16C illustrates a case where the search direc-
tion is “2 (left)”, and FIG. 16D illustrates a case where the
search direction is “3 (up)”. In the example in FIG. 16, the
coefficient K1 by which the detection data values correspond-
ing to the search point and next search point candidate are
multiplied is “1”, and the coefficient K2 by which the detec-
tion data values corresponding to the search direction point
and reverse search direction point are multiplied is “-1".
[0128] A specific example of outline tracking by the input
device according to the present embodiment will be described
with reference to FIGS. 17 through 18H. FIG. 17 is a diagram
illustrating an example of processing to search for on data
values within two-dimensional data, in the outline tracking
according to the present embodiment. FIGS. 18A through
18H are diagrams for describing a specific example of outline
tracking in a case of determining whether movement in a
search direction can be made based on evaluation value.
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[0129] The on data value search processing in FIG. 17 is
performed in the same way as in FIG. 12, where rows are
selected in order from the top to the bottom of the operating
face, and on data values are searched in order from the left end
to the right end of the selected row. The first on data value has
been found at the position of coordinates (X3, Y2).

[0130] First, the region identifying unit 27 searches the
two-dimensional data as illustrated in FIG. 17, and takes the
data value of the coordinates (X3,Y?2) where an on data value
is first found, as the starting point of the outline tracking. The
region identifying unit 27 sets this starting point as a search
point, sets the direction “0 (right)” as the first search direction,
and searches for an on data value in the clockwise direction.
Upon the first on data value being found by the search in the
direction “1 (down)”, the region identifying unit 27 calculates
an evaluation value in the direction “1 (down)”. Referencing
the detection data values illustrated in FIG. 15A and the
coefficient values illustrated in FIG. 16B yields that the evalu-
ation value in this case is calculated by “~10+50+99-85", so
the value thereof is “54”. The region identifying unit 27
determines that moving can be performed in a case where this
evaluation value is greater than “~20”, for example, and deter-
mines that moving cannot be performed if smaller. Accord-
ingly, in this case, the region identifying unit 27 determines
that movement can be made in the direction “1 (down)”. The
region identifying unit 27 moves the search point to coordi-
nates (X3, Y3) in the direction “1 (down)” (FIG. 18B).
[0131] Next, the region identifying unit 27 sets the direc-
tion “0 (right)” to the left side of the direction “1 (down)” as
the search direction. There is an on data value at “0 (right)”, so
the region identifying unit 27 calculates an evaluation value in
the direction “0 (right)”. Referencing the detection data val-
ues illustrated in FIG. 15A and the coefficient values illus-
trated in FIG. 16A yields that the evaluation value in this case
is calculated by “-52+99+79-72", so the value thereof is
“54”. Accordingly, the region identifying unit 27 determines
that movement can be made in the direction “0 (right)”. The
region identifying unit 27 moves the search point to coordi-
nates (X4, Y3) in the direction “0 (right)” (FIG. 18C).
[0132] Next, the region identifying unit 27 sets the direc-
tion “3 (up)” to the left side of the direction “0 (right)” as the
search direction, and searches for an on data value in the
clockwise direction. The first on data value being found by the
search is in the direction “0 (right)”, so the region identifying
unit 27 calculates an evaluation value in the direction “0
(right)”. Referencing the detection data values illustrated in
FIG. 15A and the coefficient values illustrated in FIG. 16A
yields that the evaluation value in this case is calculated by
“~099+79+72-98”, so the value thereof is “~46”. The region
identifying unit 27 determines that moving cannot be per-
formed in the direction “0 (right)”. Accordingly, the region
identifying unit 27 further changes the search point in the
clockwise direction, and finds an on data value being in the
direction “2 (left)”. The region identifying unit 27 then cal-
culates an evaluation value in the direction “2 (left)”. The
evaluation value in this case is calculated by “-52+99+79-
727, so the value thereof is “54”. Accordingly, the region
identifying unit 27 determines that movement can be made in
the direction “2 (left)”. The region identifying unit 27 moves
the search point to coordinates (X3, Y3) in the direction “2
(left)” (FIG. 18D).

[0133] Thereafter, the region identifying unit 27 moves the
search point to “1 (down)”, “3 (up)”, “2 (left)”, “0 (right)”,
and “3 (up)”, and returns to the original starting point coor-
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dinates (X3, Y2) (FIGS. 18D to 18H). Due to having moved
the search point in the search direction “3 (up)” and thus has
returned to the starting point, so the region identifying unit 27
takes the direction “2 (left)” which is to the left of the direc-
tion “3 (up)”, as a new search direction, but the data value in
this search direction is an off data value. The search point is
equal to the starting point, and the search direction is “2
(left)”, so the region identifying unit 27 ends the outline
tracking processing.

[0134] FIGS. 19A through 19C are diagrams illustrating
processing to update on data values, within a set region
obtained by the outline tracking illustrated in FIGS. 18A
through 18E, to off data values. In FIGS. 19A through 19C, a
partial region having a detection data value peak on coordi-
nates (X3, Y3) is identified by outline tracking among from
the regions where on data values are continuous, and distin-
guished from the other regions.

[0135] Asdescribed above, according to the input device of
the present embodiment, in the outline tracking processing of
a setregion of on data values, detection data corresponding to
the search point in the search direction, the next search point
candidate, at least one search direction point adjacent to the
search direction as seen from the next search point candidate,
and at least one reverse search direction point adjacent to a
reverse direction to the search direction as seen from the
search point, are preferably acquired from the two-dimen-
sional data generated by the two-dimensional data generating
unit 22. An evaluation value, indicating the relationship in
magnitude between a degree of contact or proximity of an
object at the search point and the next search point candidate,
and a degree of contact or proximity of an object at the search
direction point and the reverse search direction point, may be
calculated based on the acquired group of detection data. In a
case where the degree of contact or proximity of an object at
the search point and the next search point candidate, is
smaller than the degree of contact or proximity of an object at
the search direction point and the reverse search direction
point, by a certain level, the search point and the next search
point candidate may be estimated to be situated in a gap
between objects, so determination may be made that move-
ment cannot be made in that search direction.

[0136] Thus, determination is not made based on one detec-
tion data value alone, but on a tendency of a group of detection
data values adjacent thereto, to determine whether or not gaps
exist between objects in the search direction for outline track-
ing. Accordingly, outline tracking is prevented from being
performed over a gap, so even in a case where multiple objects
come into contact or proximity with the operating face in a
state of being close together, the contact region or proximity
region of each object can be accurately identified.

[0137] While the present invention has been described with
reference to several embodiments, the present invention is not
restricted to the above embodiments, and encompasses vari-
ous variations.

[0138] Forexample, while description has been made in the
above embodiments that all of the two-dimensional data gen-
erated by the two-dimensional data generating unit 22 is
converted into on data values and off data values at the data
conversion unit 25 before performing outline tracking by the
region identifying unit 27, this conversion by the data con-
version unit 25 may be omitted in another embodiment of the
present invention. In this case, the region identifying unit 27
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performs determination of whether detection data values are
on data values or off data values in the process of performing
outline tracking.

[0139] Specifically, the conversion processing by the data
conversion unit 25 in step ST100 is omitted from the flow-
chart in FIG. 2, for example.

[0140] In step ST115 (FIG. 2), the region identifying unit
27 sequentially acquires each detection data value of the
two-dimensional data stored in the two-dimensional data
memory 33 from an edge of the operating face. Next, in step
ST120, the region identifying unit 27 determines whether or
not the acquired detection data value is an on data value based
on comparison with a threshold value, and in a case where
determination is made that the detection data value is an on
data value, advances to step ST130. In a case where determi-
nation is made that the detection data value is an off data
value, the region identifying unit 27 advances to step ST125.
[0141] Further, instep ST150 of the flowchart in FIG. 2, the
two-dimensional data updating unit 26 updates detection data
values, belonging to a set region in the two-dimensional data
stored in the two-dimensional data memory 33 regarding
which outline tracking has been performed, to values which
will be determined to be off data values by the region identi-
fying unit 27.

[0142] Moreover, in step ST220 of the flowchart in FIG. 5
(and also the same with step ST320 of the flowcharts in FIGS.
11 and 14), the region identifying unit 27 acquires detection
data values in the search direction from the two-dimensional
data stored in the two-dimensional data memory 33. Next, in
step ST225 (step ST325), the region identifying unit 27 deter-
mines whether or not the acquired detection data value is an
on data value, based on comparison with a threshold value,
and in a case of determining that this is an on data value,
advances to step ST260 (ST360). In a case of determining that
this is an off data value, the region identifying unit 27
advances to step ST230 (ST330).

[0143] While the above-described second embodiment
describes an example where an evaluation value for four
directions is calculated in a case where four search directions
are set in the outline tracking, but this present invention is not
restricted to this example. In a case where eight search direc-
tions are set in the outline tracking, an evaluation value for
eight directions is calculated to determine whether or not
moving can be performed.

What is claimed is:

1. An input device to input information according to a
condition of contact or proximity of an object with an oper-
ating face thereof, the input device comprising:

a sensor unit configured to detect contact or proximity of an
object at a plurality of detection positions distributed on
the operating face;

a two-dimensional data generating unit configured to gen-
erate two-dimensional data made up of a plurality of
detection data values representing the condition of con-
tact or proximity of the object at a plurality of positions
on the operating face, based on detection results at the
sensor unit;

a data conversion unit configured to convert each of the
plurality of detection data values included in the two-
dimensional data into either of an on data value, which
indicates contact or proximity of an object, and an off
data value, which indicates no contact or proximity of an
object; and
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a region identifying unit configured to:

sequentially acquire each converted data value of the
two-dimensional data from an edge of the operating
face,

determine whether or not the on data value, and if an
acquired data value is an on data value,

set the acquired data value as a starting point,

track an outline of a set region where adjacent on data
values form a set, starting from the starting point and
sequentially tracking the outline until returning to the
starting point, and

identify a region where one object has come into contact
or proximity with the operating face, based on the
outline tracking results.

2. The input device according to claim 1, further compris-
ing:

atwo-dimensional data updating unit configured to update
on data values, belonging to the set region in the con-
verted two-dimensional data of which the outline has
been tracked, into off data values, each time outline
tracking of the set region is performed by the region
identifying unit,

wherein, in a case where a data value regarding which
determination has not been made yet regarding whether
or not an on data value exists in the converted two-
dimensional data when the updating of the two-dimen-
sional data is performed by the two-dimensional data
updating unit, the region identifying unit:
sequentially acquires this unidentified data value and

performs the determining,

and if the acquired data value is an on data value,
performs the outline tracking with this acquired data

value as a new starting point.
3. An input device to input information according to a
condition of contact or proximity of an object with an oper-
ating face thereof, the input device comprising:
asensor unit configured to detect contact or proximity of an
object at a plurality of detection positions distributed on
the operating face;
a two-dimensional data generating unit configured to gen-
erate two-dimensional data made up of a plurality of
detection data values representing the condition of con-
tact or proximity of the object at a plurality of positions
on the operating face, based on detection results at the
sensor unit;
a region identifying unit configured to:
sequentially acquire each detection data value in the
two-dimensional data from an edge of the operating
face,

determine whether or not the data value indicates contact
or proximity of an object,
and if an acquired detection data value indicates contact or
proximity of an object,
set the acquired detection data value as a starting point,
track an outline of a set region where adjacent detection
data values indicating contact or proximity of an
object form a set, starting from the starting point and
sequentially tracking the outline until returning to the
starting point, and

identify a region where one object has come into contact
or proximity with the operating face, based on the
outline tracking results.

4. The input device according to claim 3, further compris-
ing:

atwo-dimensional data updating unit configured to update
detection data values, belonging to the set region in the
two-dimensional data of which the outline has been
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tracked, into detection data values indicating no contact

or proximity of an object, each time outline tracking of

the set region is performed by the region identifying
unit,

wherein, in a case where a detection data value regarding

which determination has not been made yet exists in the

two-dimensional data when the updating of the two-

dimensional data is performed by the two-dimensional

data updating unit, the region identifying unit:

sequentially acquires this unidentified detection data
value and performs the determining,

and if the acquired data value indicates contact or proxim-

ity of an object,

performs the outline tracking with this acquired detec-
tion data value as a new starting point.

5. The input device according to claim 1,

wherein the region identifying unit

sets an outline point found in the searching for outline
points forming an outline of the set region in order
from the starting point, as a search point,

and if a search direction indicating a position of a search

point candidate as seen from the search point has been

set,

extracts, from the two-dimensional data generated at the
two-dimensional data generating unit, the detection
data corresponding to:
the search point,
the next search point candidate,
at least one search direction point adjacent to the

search direction as seen from the next search point
candidate, and

at least one reverse search direction point adjacent to
a reverse direction to the search direction as seen
from the search point,

calculates, based on the acquired group of detection
data, an evaluation value indicating the relationship in
magnitude between:

a degree of contact or proximity of an object at the
search point and the next search point candidate,
and

a degree of contact or proximity of an object at the
search direction point and the reverse search direc-
tion point, and

determines, based on the calculated evaluation value,
whether or not the next search point candidate can be
set as a search point.

6. The input device according to claim 5,

wherein the region identifying unit calculates the evalua-

tion value by adding:

a value obtained by multiplying each of the detection
data values corresponding to the search point and the
next search point candidate by a first coefficient, and

a value obtained by multiplying each of the detection
data values corresponding to the search direction
point and the reverse search direction point by a sec-
ond coefficient, of which the sign is opposite that of
the first coefficient.

7. An information input method performed at an input
device to input information according to a condition of con-
tact or proximity of an object with an operating face thereof,
the method comprising:

detecting a state of contact or proximity of an object at a

plurality of detection positions distributed on the oper-

ating face;
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generating two-dimensional data made up of a plurality of
detection data values representing the condition of con-
tact or proximity of the object at a plurality of positions
on the operating face, based on detection results at the
plurality of detection positions;
converting each of the plurality of detection data values
included in the two-dimensional data into either of an on
data value, which indicates contact or proximity of an
object, and an off data value, which indicates no contact
or proximity of an object;
sequentially acquiring each converted data value of the
two-dimensional data from an edge of the operating face
and determining whether or not the on data value; and

if an acquired data value from the two-dimensional data is
determined to be an on data value in the determining, set
the acquired data value as a starting point, tracking an
outline of a set region where adjacent on data values
form a set, starting from the starting point and sequen-
tially tracking the outline until returning to the starting
point, and identify a region where one object has come
into contact or proximity with the operating face, based
on the outline tracking results.
8. The information input method according to claim 7,
further comprising:
updating on data values, belonging to the set region in the
converted two-dimensional data of which the outline has
been tracked, into off data values, each time outline
tracking of the set region is performed by the identifying
a region,

wherein, in a case where a data value regarding which
determination has not been made yet regarding whether
or not an on data value exists in the converted two-
dimensional data when the updating of the two-dimen-
sional data is performed by the updating the converted
two-dimensional data, this unidentified data value is
sequentially acquired and the determining is performed
by the determining,

and wherein, each time the on data value is found in the step

to determine, the outline tracking is performed by the
identifying a region, with the found on data value as a
new starting point.

9. An information method performed at an input device to
input information according to a condition of contact or prox-
imity of an object with an operating face thereof, the method
comprising:
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detecting a state of contact or proximity of an object at a
plurality of detection positions distributed on the oper-
ating face;

generating two-dimensional data made up of a plurality of
detection data values representing the condition of con-
tact or proximity of the object at a plurality of positions
on the operating face, based on detection results at the
plurality of detection positions;

sequentially acquiring each detection data value in the
two-dimensional data from an edge of the operating
face, and determining whether or not the data value
indicates contact or proximity of an object; and

if a detection data value acquired from the two-dimen-
sional data has been determined to indicate contact or
proximity of an object, setting the acquired detection
data value as a starting point, tracking an outline of a set
region where adjacent detection data values indicating
contact or proximity of an object form a set, starting
from the starting point and sequentially tracking the
outline until returning to the starting point, and identi-
fying a region where one object has come into contact or
proximity with the operating face, based on the outline
tracking results by the determining.

10. The information input method according to claim 9,

further comprising:

updating detection data values, belonging to the set region
in the two-dimensional data of which the outline has
been tracked, into data values indicating no contact or
proximity of an object in the step to determine, each time
outline tracking of the set region is performed by the to
identifying a region,

wherein, in a case where a detection data value regarding
which determination has not been made yet exists in the
two-dimensional data when the updating of the two-
dimensional data is performed by updating the two-
dimensional data, this unidentified detection data value
is sequentially acquired and the determining is per-
formed by the determining,

and wherein, each time the detection data value indicating
contact or proximity of an object is found in the step to
determine, the outline tracking is performed by the step
to identifying a region, with this found detection data
value as a new starting point.
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