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(57) A display device is equipped with a proximity
touch panel 50 that detects coming into proximity or con-
tact of a detection target; a position detection unit 30 that
detects position coordinates of the detection target
whose coming into proximity or contact has been detect-
ed, the position coordinates consisting of coordinates in
the X and Y directions and a coordinate in the Z direction;
a display unit 40 on which the touch panel 50 is placed;
a direction judgment unit 12 that judges a direction of the
detection target on the basis of the detected position co-
ordinates; and a display control unit 14 for controlling the
display unit 40 to perform a display so that a part of display
contents of the display unit 40 which would otherwise be
hidden by the detection target is prevented from being
hidden, on the basis of the direction of the direction-
judged detection target.



EP 2 711 818 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a display deice,
a display control method, and a display control program
for controlling the display of a display unit which is pro-
vided with a touch panel, as well as to an input device,
an input assistance method, and a program for receiving
an input manipulation made on a touch panel.

Background Art

[0002] A proximity touch panel technology which is ap-
plicable to display devices is known in the art. The prox-
imity touch panel technology is a technology which, by
detecting not only positions in the X and Y directions
which are parallel with a panel but also a position in the
Z direction which is perpendicular to the panel, enables
processing corresponding to an XYZ coordinate position
(refer to Non-patent document 1, for example).
[0003] One proximity touch panel device is known
which calculates a distance between the screen of a dis-
play unit and a commanding means (finger, stylus pen,
or the like) and changes the contents of a display accord-
ing to the calculated distance (refer to Patent document
1, for example).

Prior Art Documents

Patent Documents

[0004] Patent document 1: JP-A-2008-250948

Non-patent Documents

[0005] Non-patent document 1: Hiroyuki Washino,
Yuichi Okano, and Takenori Kawamata, "3D Touch Pan-
el Interface," Information Processing Society of Japan,
Interaction 2009.

Summary of the Invention

Problems to Be Solved by the Invention

[0006] However, the proximity touch panel device of
Patent document 1 which is the above-described con-
ventional display device is associated with the following
problem because it does not take a direction of a finger
or the like into consideration. If the contents of a display
are changed merely by an action that a finger or the like
is brought close to the proximity touch panel, part of new
display contents may be hidden unexpectedly by a finger
or the like and is thereby rendered difficult to see, lower-
ing the visibility of display contents for the user.
[0007] The present invention has been made in the
above circumstances, and an object of the invention is
to provide a display deice, a display control method, and

a display control program which allow a user to visually
recognize information displayed on the screen easily
while he or she is using a touch panel.

Means for Solving the Problems

[0008] A display device according to one embodiment
of the invention comprises a touch panel that detects
coming into proximity or contact of a detection target; a
position detection unit that detects position coordinates
of the detection target whose coming into proximity or
contact has been detected by the touch panel, the posi-
tion coordinates including coordinates in X and Y direc-
tions that are parallel with a surface of the touch panel
and a coordinate in a Z direction that is perpendicular to
the surface of the touch panel; a display unit on which
the touch panel is placed; a direction judgment unit that
judges a direction of the detection target on the basis of
the position coordinates detected by the position detec-
tion unit; and a display control unit for controlling the dis-
play unit to perform a display so that a part of display
contents of the display unit which would otherwise be
hidden by the detection target are prevented from being
hidden, on the basis of the direction of the detection target
judged by the direction judgment unit.
[0009] With this configuration, the display of the display
unit is controlled according to a direction of a detection
target so that that portion of the screen of the display unit
which is hidden by the detection target is not used. As a
result, when the screen of the display unit is touched by
a detection target such as a finger, display items dis-
played on the screen are prevented from being hidden
by the detection target. When the touch panel is used,
the user can easily recognize information displayed on
the screen. Thus, the visibility for the user of display con-
tents is not lowered.
[0010] A display control method according to one em-
bodiment of the invention is a display control method of
a display device having a touch panel that detects coming
into proximity or contact of a detection target, comprising
the steps of detecting position coordinates of the detec-
tion target whose coming into proximity or contact has
been detected by the touch panel, the position coordi-
nates including coordinates in X and Y directions that are
parallel with a surface of the touch panel and a coordinate
in a Z direction that is perpendicular to the surface of the
touch panel; judging a direction of the detection target
on the basis of the detected position coordinates; and
controlling a display unit on which the touch panel is
placed to perform a display so that a part of display con-
tents of the display unit which would otherwise be hidden
by the detection target is prevented from being hidden,
on the basis of the direction of the direction-judged de-
tection target.
[0011] With this method, the display of the display unit
is controlled according to a direction of a detection target
so that that portion of the screen of the display unit which
is hidden by the detection target is not used. As a result,
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when the screen of the display unit is touched by a de-
tection target such as a finger, display items displayed
on the screen are prevented from being hidden by the
detection target. When the touch panel is used, the user
can easily recognize information displayed on the screen.
Thus, the visibility for the user of display contents is not
lowered.
[0012] A display control program according to one em-
bodiment of the invention is a program for causing a com-
puter which is a display device having a touch panel that
detects coming into proximity or contact of a detection
target, to execute the steps of detecting position coordi-
nates of the detection target whose coming into proximity
or contact has been detected by the touch panel, the
position coordinates including coordinates in X and Y di-
rections that are parallel with a surface of the touch panel
and a coordinate in a z direction that is perpendicular to
the surface of the touch panel; judging a direction of the
detection target on the basis of the position coordinates
detected by the position detection unit; and controlling a
display unit on which the touch panel is placed to perform
a display so that a part of display contents of the display
unit which would otherwise be hidden by the detection
target is prevented from being hidden, on the basis of
the direction of the detection target judged by the direc-
tion judgment unit.
[0013] With this program, the display of the display unit
is controlled according to a direction of a detection target
so that that portion of the screen of the display unit which
is hidden by the detection target is not used. As a result,
when the screen of the display unit is touched by a de-
tection target such as a finger, display items displayed
on the screen are prevented from being hidden by the
detection target. When the touch panel is used, the user
can easily recognize information displayed on the screen.
Thus, the visibility for the user of display contents is not
lowered.
[0014] An input device according to one embodiment
of the invention comprises a touch panel that detects
coming into proximity or contact of a detection target; a
position detection unit that detects position coordinates
of the detection target whose coming into proximity or
contact has been detected by the touch panel, the posi-
tion coordinates including coordinates in X and Y direc-
tions that are parallel with a surface of the touch panel
and a coordinate in a z direction that is perpendicular to
the surface of the touch panel; a display unit on which
the touch panel is placed; a pointer coordinates control
unit that judges whether to display an indicator for point-
ing a position of a manipulation target designated by the
detection target on the basis of information including the
coordinate in the z direction detected by the position de-
tection unit and a predetermined judgment condition; and
a display control unit for controlling the display unit to
display the indicator if the pointer coordinates control unit
judges that the indicator should be displayed.
[0015] With this configuration, whether to display, on
the screen, an indicator for pointing a target of an input

manipulation performed by a user on the touch panel can
be judged in a simplified manner according to the input
manipulation. The user can thus enjoy ease of operation
that is in a comfortable level.
[0016] An input assistance method according to one
embodiment of the invention is an input assistance meth-
od of an input device having a display unit on which a
touch panel is placed, comprising the steps of detecting
coming into proximity or contact of a detection target by
the touch panel; detecting position coordinates of the de-
tection target whose coming into proximity or contact has
been detected, the position coordinates including coor-
dinates in X and Y directions that are parallel with a sur-
face of the touch panel and a coordinate in a z direction
that is perpendicular to the surface of the touch panel;
judging whether to display an indicator for pointing a po-
sition of a manipulation target designated by the detec-
tion target on the basis of information including the de-
tected coordinate in the z direction and a predetermined
judgment condition; and controlling the display unit to
display the indicator if it is judged that the indicator should
be displayed.
[0017] With this method, whether to display, on the
screen, an indicator for pointing a target of an input ma-
nipulation performed by a user on the touch panel can
be judged in a simplified manner according to the input
manipulation. The user can thus enjoy ease of operation
that is in a comfortable level.
[0018] A program according to one embodiment of the
invention is a program for causing a computer which is
an input device having a display unit on which a touch
panel is placed, to execute the steps of detecting coming
into proximity or contact of a detection target by the touch
panel; detecting position coordinates of the detection tar-
get whose coming into proximity or contact has been de-
tected, the position coordinates including coordinates in
X and Y directions that are parallel with a surface of the
touch panel and a coordinate in a Z direction that is per-
pendicular to the surface of the touch panel; judging
whether to display an indicator for pointing a position of
a manipulation target designated by the detection target
on the basis of information including the detected coor-
dinate in the Z direction and a predetermined judgment
condition; and controlling the display unit to display the
indicator if it is judged that the indicator should be dis-
played.
[0019] With this program, whether to display, on the
screen, an indicator for pointing a target of an input ma-
nipulation performed by a user on the touch panel can
be judged in a simplified manner according to the input
manipulation. The user can thus enjoy ease of operation
that is in a comfortable level.

Advantages of the Invention

[0020] The invention allows a user to visually recognize
information displayed on the screen easily while he or
she is using a touch panel.
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Brief Description of the Drawings

[0021]

[Fig. 1] Fig. 1 is a block diagram showing an example
functional configuration of a 3D touch panel device
which is a display device according to a first embod-
iment.
[Fig. 2] Figs. 2(A) and 2(B) show an example ap-
pearance of the 3D touch panel device according to
the first embodiment.
[Fig. 3] Figs. 3(A) and 3(B) show an example height
range of detection of a proximity touch panel used
in the first embodiment.
[Fig. 4] Fig. 4 is a flowchart showing an example
display control procedure of the 3D touch panel de-
vice according to the first embodiment.
[Fig. 5] Figs. 5(A) and 5(B) show an example method
for determining a direction of a finger in the first em-
bodiment.
[Fig. 6] Figs. 6(A)-6(C) show example pictures dis-
played on a display unit in the first embodiment in
which a pop-up picture is displayed as a result of
approach of a finger.
[Fig. 7] Figs. 7(A) and 7(B) show example pictures
displayed on the display unit in the first embodiment
in cases that a finger is located within the first thresh-
old value and the second threshold value, respec-
tively.
[Fig. 8] Fig. 8 is a block diagram showing an example
functional configuration of a 3D touch panel device
which is an input device according to each of second
and following embodiments.
[Fig. 9] Fig. 9 shows specific examples of a picture
displayed on a display unit of the 3D touch panel
device and a position of a finger of a user.
[Fig. 10] Fig. 10 shows a specific example of a po-
sitional relationship between a user finger and the
manipulation surface of the 3D touch panel device.
[Fig. 11] Fig. 11 is a flowchart showing how the 3D
touch panel device according to a second embodi-
ment operates.
[Fig. 12] Fig. 12 is a flowchart showing how the 3D
touch panel device according to a third embodiment
operates.
[Fig. 13] Fig. 13 is a flowchart showing how the 3D
touch panel device according to a fourth embodiment
operates.
[Fog. 14] Fig. 14 is a flowchart showing how the 3D
touch panel device according to a fifth embodiment
operates.
[Fig. 15] Fig. 15 is a flowchart showing how the 3D
touch panel device according to a sixth embodiment
operates.
[Fig. 16] Fig. 16 is a flowchart showing how the 3D
touch panel device according to a seventh embodi-
ment operates.
[Fig. 17] Fig. 17 is a flowchart showing how the 3D

touch panel device according to an eighth embodi-
ment operates.
[Fig. 18] Fig. 18 is a flowchart showing how the 3D
touch panel device according to a ninth embodiment
operates.

Mode for Carrying out the Invention

(Embodiment 1)

[0022] A display device according to a first embodi-
ment of the present invention will be hereinafter de-
scribed with reference to the drawings.
[0023] The display device according to this embodi-
ment is applied to a 3D touch panel device which incor-
porates a proximity touch panel capable of detecting not
only positions in the X and Y directions which are parallel
with the surface of the touch panel but also a position in
the Z direction which is perpendicular to the touch panel.
[0024] Fig. 1 is a block diagram showing an example
functional configuration of a 3D touch panel device 1
which is the display device according to the first embod-
iment. The 3D touch panel device 1 is composed of a
control unit 10, a position detection unit 30, a display unit
40, and a proximity touch panel 50.
[0025] The control unit 10, which controls the entire 3D
touch panel device 1, has a direction judgment unit 12,
and a display control unit 14.
[0026] As described later, the direction judgment unit
12 judges a direction of a detection target such as a finger
to come into contact with the proximity touch panel 50
on the basis of position coordinates detected by the po-
sition detection unit 30. A judgment method of the direc-
tion judgment unit 12 will be described later.
[0027] The display control unit 14 controls display of
the display unit 40, and also controls, on the basis of a
direction of a finger or the like communicated from the
direction judgment unit 12, controls the display position
of a pop-up picture such as a balloon which is displayed
when a finger or the like comes close. At this time, the
display control unit 14 controls, on the basis of a direction
of a detection target such as a finger judged by the di-
rection judgment unit 12, the display of the display unit
40 so as to avoid use of that portion of the display unit
40 which is hidden by the detection target.
[0028] The position detection unit 30 detects a position
of a finger or the like that is close to or in contact with the
proximity touch panel 50, that is, coordinates in the X and
Y directions which are parallel with the proximity touch
panel 50 and a coordinate in the Z direction that is per-
pendicular to the proximity touch panel 50 on the basis
of an output of the proximity touch panel 50, and com-
municates the detected position to the direction judgment
unit 12 the control unit 10. That is, the position detection
unit 30 detects position coordinates, including coordi-
nates in the X and Y directions and a coordinate in the
Z direction, of a detection target such as a finger that has
been detected as being close to the proximity touch panel
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50.
[0029] The display unit 40, which is a liquid crystal dis-
play (LCD) or an organic EL (electroluminescence) dis-
play, displays various icons etc. on the screen. The prox-
imity touch panel 50 is provided on the display unit 40.
[0030] The proximity touch panel 50 is a capacitive
touch panel that is provided on the screen of the display
unit 40 and is capable of multiple-point detection. That
is, the proximity touch panel 50 detects whether a finger
or the like as a detection target is close to or in contact
with it. The proximity touch panel 50 outputs, to the po-
sition detection unit 30, a signal corresponding to a dis-
tance to the proximity touch panel 50 in the vertical di-
rection (Z direction) utilizing a phenomenon that current
values detected by sensors arranged in the X and Y di-
rections which are parallel with the proximity touch panel
50 increase as a finger of a user, for example, comes
closer to the proximity touch panel 50.
[0031] Fig. 2 shows an example appearance of the 3D
touch panel device 1 according to the first embodiment.
Fig. 2(A) shows a case that a menu picture is displayed
on the display unit 40 with its longitudinal direction ex-
tending in the vertical direction. When one of various
icons 41 in the menu picture is touched by a finger,
processing corresponding to the touched icon 41 is per-
formed by the control unit 10. Fig. 2(B) shows a case that
a photograph list picture is displayed on the display unit
40 with its longitudinal direction extending in the horizon-
tal direction. When a thumbnail 45 in the photograph list
picture is touched, processing such as enlargement of
the touched thumbnail 45 is performed.
[0032] In the 3D touch panel device 1 according to the
first embodiment, as described later, a display on the
screen of the display unit 40 is changed even in a state
that a finger is close to the screen (not in contact with it
yet; hovering). Fig. 3 shows an example height range of
detection of the proximity touch panel 50 used in the first
embodiment. Fig. 3(A) shows an example height range
for a finger in the height direction with respect to the
screen as viewed in the horizontal direction (thickness
direction) of the proximity touch panel 50. Fig. 3(B) shows
an example positional relationship between the proximity
touch panel 50 and the finger as viewed from above the
proximity touch panel 50.
[0033] In this embodiment, two threshold values (first
threshold value and second threshold value) are set in
the position detection unit 30. Based on a signal that is
output from the proximity touch panel 50, the position
detection unit 30 discriminates between proximity of a
finger within the first threshold value (5 cm) and proximity
of a finger within the second threshold value (1 cm). The
first threshold value and the second threshold value can
be set arbitrarily according to the specification of the prox-
imity touch panel 50, ease of operation, etc. The degree
of proximity of a finger may be judged by setting three of
more threshold values.
[0034] An example display operation of the 3D touch
panel device 1 having the above configuration will be

described.
[0035] In the 3D touch panel device 1, when a finger
(example detection target) has gone down in the height
direction with respect to the screen (LCD surface) and
reached a first coordinate range which is smaller than or
equal to the first threshold value (e.g., 5 cm), the direction
judgment unit 12 judges a direction of the finger. When
the finger has gone down further and reached a second
coordinate range which is smaller than or equal to the
second threshold value (e.g., 1 cm), a pop-up picture of
an item (icon 41 or thumbnail 45) corresponding to the
finger position s displayed according to the finger direc-
tion. When the finger has come into contact with the prox-
imity touch panel 50, processing corresponding to an
item touched by the finger is performed by the control
unit 10. It is possible to perform an operation correspond-
ing to a finger direction also when contact is made.
[0036] As described above, the direction judgment unit
12 judges a direction of a detection target such as a finger
if the z coordinate of the detection target detected by the
position detection unit 30 is in the first coordinate range.
And the display control unit 14 controls the display of the
display unit 40 so as to avoid use of that portion of the
screen of the display unit 40 which is hidden by the de-
tection target if the z coordinate of the detection target is
in the second coordinate range. With this measure, the
3D touch panel device 1 can perform processing step by
step according to the spatial position of a finger (detection
target) in the Z direction.
[0037] Fig. 4 is a flowchart showing an example display
control procedure of the 3D touch panel device 1 accord-
ing to the first embodiment. This display control program
is stored in a ROM of the control unit 10, and is run by a
CPU of the control unit 10 as interrupt processing when
the position detection unit 30 detects a finger being lo-
cated within the first threshold value (5 cm). This process-
ing is stopped if the finger comes not to be detected as
being located within the first threshold value (5 cm).
[0038] First, the control unit 10 sets the finger direction
to a default direction "up" (step S1). In the embodiment,
the finger direction can be set to any of eight directions,
that is, up, down, left, right, top-right, bottom-right, top-
left, and bottom-left. The finger direction settable direc-
tions are not limited to the eight directions and may be
arbitrary directions.
[0039] The CPU 10 then judges whether or not the po-
sition detection unit 30 has detected a finger as being
located within the second threshold value (1 cm) (step
S2). If the height of a finger exceeds the second threshold
value (step S2: no), the control unit 10 judges whether
or not the proximity touch panel 50 has detected two or
more points (step S3).
[0040] If only one point is detected (step S3: no), the
control unit 10 returns to step S2. On the other hand, if
two or more points are detected (step S3: yes), the di-
rection judgment unit 12 determines a direction of the
finger on the basis of positions of the two or more detec-
tion points (step S4). The process of CPU 10 then returns
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to step S2.
[0041] On the other hand, if the height of a finger is
smaller than or equal to the second threshold value (1
cm) (step S2: yes), based on the finger direction deter-
mined at step S4, the display control unit 14 displays a
pop-up picture adjacent to and pointed by the tip of the
finger (see Figs. 6(A) to 6(C); step S5). In this example,
the pop-up picture is displayed at such a position as to
be deviated from the tip of the finger in one, pointed by
the tip of the finger, of eight directions. The process of
CPU 10 then returns to step S2.
[0042] Fig. 5 shows an example method for determin-
ing a direction of a finger at step S4 in the first embodi-
ment. Fig. 5(A) shows an example of positions, as viewed
from above the proximity touch panel 50, of hovering fin-
gers that are close to the proximity touch panel 50. Fig.
5(B) shows an example of positions, as viewed in the
horizontal direction (thickness direction) of the proximity
touch panel 50, of the hovering fingers that are close to
the proximity touch panel 50.
[0043] For example, when a touch manipulation is
made by an index finger, usually the thumb and the mid-
dle finger are also located within the first threshold value
(5 cm) and three points corresponding to these three fin-
gers may be detected. In this case, as shown in Fig. 5(A),
a triangle is formed by the detection points of the index
finger, the thumb, and the middle finger when viewed
from above the proximity touch panel 50 (in the Z direc-
tion). The direction judgment unit 12 determines a direc-
tion of the index finger on the basis of the inclination or
shape of the triangle that has the detection point 65 of
the index finger as the top apex and has, as the base,
the line segment connecting the detection point 66 of the
thumb and the detection point 67 of the middle finger. If
the detection point (first point) of the middle finger that is
third closest to the proximity touch panel 50 is located on
the right of the straight line connecting the detection point
(third point) of the index finger that is closest to the prox-
imity touch panel 50 and the detection point (second
point) of the thumb that is second closest to the proximity
touch panel 50, the direction judgment unit 12 can judge
that the right hand is being used. On the other hand, if
the detection point (first point) of the middle finger is lo-
cated on the left of the straight line, the direction judgment
unit 12 can judge that the left hand is being used.
[0044] As described above, when sets of position co-
ordinates of three points are detected by the position de-
tection unit 30, the direction judgment unit 12 judges a
direction of a detection target such as a finger on the
basis of a positional relationship between a straight line
connecting a first point having a largest z coordinate
among the three points and a second point having a sec-
ond largest z coordinate and a third point having a third
largest z coordinate. For example, in the example of Fig.
5(B), the first point having a largest z coordinate is the
detection point 65 of the index finger, the second point
having a second largest z coordinate is the detection
point 66 of the thumb, and the third point having a third

largest z coordinate is the detection point 67 of the middle
finger. Thus, the direction judgment unit 12 can deter-
mine a direction of the finger (e.g., index finger) reliably
using the three detection points 65, 66, and 67.
[0045] Various other methods for determining a finger
direction are conceivable. For example, when a touch
manipulation is made by an index finger, two points (of
the index finger and the thumb) may be detected. In this
case, the direction judgment unit 12 determines a direc-
tion of the detection target (finger) on the basis of the
direction of a vector that has, as the initial point, a detec-
tion point (first point) of the thumb having a large z coor-
dinate and has, as the terminal point, a detection point
(second point) of the index finger having a small z coor-
dinate. In this manner, the direction judgment unit 12 can
determine a finger direction easily even using two points.
Furthermore, if a vector that has, as the initial point, a
distant point (such as of a thumb) and has, as the terminal
point, a point near the proximity touch panel 50 (such as
of an index finger) and is directed up leftward is deter-
mined as a finger direction, the direction judgment unit
12 can judge, at the same time, that the right hand is
being used.
[0046] The direction of an index finger varies depend-
ing on whether the thumb is located on the right or left of
a straight line that passes through a detection point of
the index finger and is parallel with the X axis or the Y
axis. For example, the following operation is possible.
The display control unit 14 identifies a display item such
as an icon using a detection point (second point) of an
index finger, for example. And the user intentionally con-
trols the display position of a pop-up picture or the like
for the display item by moving the detection point (first
point) of the thumb to the right side or left side of a straight
line as mentioned above. In this manner, the display con-
trol unit 14 may identify a display item being displayed
on the screen of the display unit 40 using a second point
of the two points and control the display position, on the
display unit 40, of information relating to the identified
display item according to position coordinates of a first
point. Thus, the display control unit 14 can change the
display position of such information flexibly according to
a user operation.
[0047] When a touch manipulation is made by a thumb
in the case of single-hand handling, the direction judg-
ment unit 12 can determine a direction of the finger by
detecting its cushion and root portion.
[0048] Where three or more points are detected, the
direction judgment unit 12 may judge which of the right
hand or the left hand is being used on the basis of on
which side of a straight line determined by two detection
points of an index finger and a thumb the number or area
of detection points is larger.
[0049] In the embodiment, a finger direction is deter-
mined when two or more points are detected. However,
even in the case of one detection point, when coordinates
of another point are detected as being spaced from first-
detected coordinates by a prescribed distance or more,
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the direction judgment unit 12 may judge that these two
points are of different fingers and determine a finger
movement direction on the basis of a movement direction
of the detection points. The display control unit 14 may
control the display position of a pop-up to adjacent to a
movement destination.
[0050] In parallel with determining a finger direction at
step S4, the display control unit 14 estimates an overlap
range (overlap region) in an XY plane between a hand
portion including the index finger and the screen of the
display unit 40. The overlap range to be estimated is that
range of the screen of the display unit 40 which would
be hidden and rendered unseen by a hand portion around
the index finger of the user himself or herself, and can
be calculated on the basis of, for example, the number
of detected points and their sets of position coordinates.
[0051] For example, the direction judgment unit 12
judges which of the right hand or the left hand is being
used on the basis of a finger direction. If it is judged that
the right hand is being used, the display control unit 14
judges that a geometrical shape having position coordi-
nates of a detection point of the index finger as the top
apex is a hand portion and calculates an overlap range
in an XY plane between the hand portion and the screen
of the display unit 40. In this manner, the display control
unit 14 can quantitatively determine that range of the
screen of the display unit 40 which would be hidden and
rendered unseen.
[0052] As described above, the display control unit 14
estimates an overlap portion in an XY plane between a
detection target and the screen of the display unit 40 and
controls the display of the display unit 40 so as to avoid
use of the overlap portion. This prevents necessary in-
formation from being hidden by the detection target such
as a finger and thereby allows a user to recognize display
contents easily. Thus, the visibility for the user of display
contents on the display unit 40 is not lowered.
[0053] It is not necessary to determine a shape of a
hand portion in the form of a strict shape; the display
control unit 14 can calculate an overlap range easily by
replacing it with a simple figure such as an ellipse or a
tetragon. Alternatively, the display control unit 14 may
always regard a range that is within a predetermined dis-
tance of a detection point as a hand portion. In this case,
the display control unit 14 can employ a shape such as
a tetragon having the top-left corner as the top apex in
the case where an index finger having a detection point
is of the right hand and employ a shape such as a tetragon
having the top-right corner as the top apex in the case
where an index finger having a detection point is of the
left hand.
[0054] Although the above description is directed to
the case that the determination of a finger direction and
the judgment as to which of the right hand or the left hand
is being used is made simultaneously, they need not al-
ways be made simultaneously. For example, a hand to
be always used for touch manipulations may be regis-
tered in the display control unit 14 in advance. The display

control unit 14 controls the display of a pop-up or the like
so that it is not hidden and rendered unseen by the right
hand or the left hand (e.g., it is displayed at a top-left
position in the case of the right hand setting and at a top-
right position in the case of the left hand setting).
[0055] Fig. 6 shows example pictures displayed on the
display unit 40 in the first embodiment in which a pop-up
picture is displayed as a result of approach of a finger.
Fig. 6(A) shows an example in which an instruction is
made by the index finger of the right hand on a menu
picture being displayed with the longitudinal direction ex-
tending in the vertical direction. In this case, a pop-up
picture (balloon) 42 indicating the content of an icon 41
to which the index finger 63 has come close is displayed
at a top-left position so as to escape from the index finger
63, that is, to avoid use of an overlap range as mentioned
above.
[0056] Fig. 6(B) shows an example in which an instruc-
tion is made by the index finger of the left hand on a
photograph list picture being displayed with the longitu-
dinal direction extending in the horizontal direction. In
this case, a pop-up picture (balloon) 46 indicating the
content of a thumbnail 45 to which the index finger 63
has come close is displayed at a top-right position. Fig.
6(C) shows an example in which an instruction is made
by the index finger of the right hand on a photograph list
picture being displayed with the longitudinal direction ex-
tending in the horizontal direction. In this case, likewise,
a pop-up picture (balloon) 46 indicating the content of a
thumbnail 45 to which the index finger 63 has come close
is displayed at a top-left position.
[0057] As described above, based on a direction of a
detection target such as a finger that has been judged
by the direction judgment unit 12, the display control unit
14 may control the display unit 40 so that it displays in-
formation (e.g., pop-up) relating to the display target at
a position that is deviated from the detection target in its
direction (e.g., in the case of the right hand, information
is displayed on the top left of an icon or the like because
the index finger is directed up leftward). This makes it
possible to display a pop-up or the like at such a position
that it can be seen more easily.
[0058] As described above, in the 3D touch panel de-
vice 1 according to the embodiment, when the proximity
touch panel 50 is used by touch-manipulating an icon or
a thumbnail being displayed on the screen with an index
finger or the like, a pop-up picture is displayed so as to
escape from the index finger or the like. As a result, in
the 3D touch panel device 1, an event that an item dis-
played on the screen is hidden by a hand including an
index finger or the like is avoided, whereby the user is
allowed to visually recognize the item etc. displayed on
the screen of the display unit 40 easily.
[0059] Although the above embodiment is directed to
the case that a pop-up picture relating to an item to which
a finger has come close is displayed, the picture whose
display form is changed is not limited to a pop-up picture.
The display control unit 14 may enlargement-display only
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an item to which a finger has come close according to a
direction of the finger. Or the display control unit 14 may
change the display of the entire screen so that items that
would be displayed in a screen range (overlap range)
covered with a hand including a finger escape from the
overlap range by moving to the remaining screen portion.
[0060] When a finger has gone down from above the
screen to be located within the first threshold value of the
screen or has further gone down to be located within the
second threshold value, the display control unit 14 may
display information to that effect (i.e., the finger is hov-
ering) on the screen of the display unit 40.
[0061] Fig. 7 shows example pictures displayed on the
display unit 40 in the first embodiment in cases that a
finger is located within the first threshold value and within
the second threshold value, respectively. In the example
of Fig. 7(A), a text message 71 "Hovering" is displayed
at a top position on the screen when a finger has come
to be located within the first threshold value. In the ex-
ample of Fig. 7(B), not only is a text message 71 "Hov-
ering" displayed at a top position on the screen but also
a pop-up indicating the content of an item is displayed
on the screen when the finger has come to be located
within the second threshold value. With this measure,
the 3D touch panel device 1 can explicitly cause the user
to recognize that the finger is hovering. The 3D touch
panel device 1 may continue to display the text message
71 "Hovering" while a finger is located within the first
threshold value or the second threshold value. In this
case, the display control unit 14 may discriminate be-
tween a state that a finger is located within the first thresh-
old value and a state that the finger is located within the
second threshold value by changing the message con-
tent or the character attribute (e.g., color, size, or font).
[0062] Although the above embodiment is directed to
the case that the proximity touch panel 50 detects a po-
sition of a finger or the like that is close to it, it may be
configured so as to detect a conductive stylus pen instead
of a finger.
[0063] The scope of the invention encompasses a pro-
gram for implementing the functions of the embodiment,
the program being supplied to the 3D touch panel device
1 via a network or any of various storage media and read
out and run by a computer of the 3D touch panel device 1.
[0064] An input display device disclosed in Referential
patent document 1 is known as a prior art technique re-
lating to the proximity touch panel 50 according to the
first embodiment. In the input display device disclosed in
Referential patent document 1, a pointer is displayed at
a position that is deviated from a finger position. When
a user touches a small button or the like on the screen,
the manipulation target button is prevented from being
hidden by the finger. A manipulation for correctly deter-
mining a position where a finger manipulation should be
made can be simplified.

(Referential patent document 1) JP-A-2009-26155

[0065] However, when a user attempts to manipulate
a relatively large-sized object such as a large button or
image, it is difficult to position a finger contrary to the
intention because the position of a pointer pointing a ma-
nipulation position is deviated from an actual finger po-
sition. That is, even in the case of manipulating a large-
sized object, the user cannot make an intuitive manipu-
lation and, instead, needs to position a finger by moving
it carefully while looking at a displayed pointer. As a re-
sult, a quick touch manipulation cannot be made and
hence the ease of operation of the user is lowered.
[0066] An information processing apparatus disclosed
in Referential patent document 2 is known as a prior art
technique relating to the technique of displaying a pointer
at a position that is deviated from a detection target in
the first embodiment. This information processing appa-
ratus is equipped with a pen input device. Whether to set
an offset between a tip position of the pen input device
to be manipulated and a position of a pen cursor dis-
played on the screen is switched for each region on the
screen. This makes it possible to suppress reduction in
ease of operation due to the offset.

(Referential patent document 2) JP-A-6-131120

[0067] However, in Referential patent document 2, an
attribute indicating whether to set an offset needs to be
determined in advance for each region on the screen.
Therefore, it would be difficult to use this technique for
general purposes. For example, it is difficult to determine
an attribute in advance in the case of displaying a content
that is described in HTML (hypertext markup language)
using a web browser because whether targets to be
touched are large or not depends on the content.

(Embodiment 2 to Embodiment 9)

[0068] In view of the above, input devices, input assist-
ance methods, and programs which allow a user to enjoy
a comfortable feeling of manipulation by judging, in a
simplified manner, whether to display an indicator directly
pointing a target of an input manipulation on the screen
according to an input manipulation made on a touch panel
by the user will be described in second and following
embodiments.

<Description of assumptions>

[0069] An input device according to each of the follow-
ing embodiments can be incorporated in electronic ap-
paratus including a display unit having a function of dis-
playing various kinds of information or data on the screen.
Specific examples of such electronic apparatus are cell-
phones, smartphones, tablet terminals, digital still cam-
eras, PDAs (personal digital assistants), and e-book ter-
minals. In the following description, each of the second
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and following embodiments will be directed to a case that
the input device is a smartphone as a typical example.
[0070] The invention can be expressed in the form of
a device (input device) or a program for causing an input
device to operate as a computer. The invention can also
be expressed in the form of an input assistance method
including steps to be executed by an input device. That
is, the invention can be expressed in any of categories
of a device, a method, and a program.
[0071] The input device according to each of the fol-
lowing embodiments receives an input manipulation of a
user and displays or does not display (erases), on the
screen, an indicator (e.g., pointer PT) that directly points
a position of the manipulation intended by the user for
display contents (e.g., objects) displayed on the screen.
[0072] The input device according to each of the fol-
lowing embodiments can perform, for example, process-
ing commanded by a user by receiving an input manip-
ulation of the user. Examples of the object as a subject
of processing are a data file of a processable content, a
partial region of a content, an application (program), an
icon that is correlated with a content or an application,
and a hyperlinked character string. Specific examples of
the content are a still picture, a moving picture, a char-
acter string, and combinations thereof.
[0073] Furthermore, typical examples of the process-
ing performed in each of the following embodiments are
as described below. However, the invention is not limited
to those kinds of processing. First processing is process-
ing of activating an application specified by a user ma-
nipulation. Second processing is processing of opening
a file of a content specified by a user manipulation. Third
processing is processing of performing a function spec-
ified by a user manipulation on an activated application.
Fourth processing is processing of performing an edit
specified by a user manipulation on a content being proc-
essed.
[0074] As described later, the input device according
to each of the following embodiments can detect a posi-
tion of a finger of a user on the user manipulation surface
of a touch panel and the screen surface of a display unit
or in a space close to those surfaces. To express this
position, pieces of position information on three orthog-
onal axes, that is, the x axis, y axis, and z axis, are used.
The x axis and the y axis are axes that are parallel with
the surface of the touch panel, and the z axis is an axis
that is perpendicular to the surface of the touch panel.
[0075] In the following description, two-dimensional
coordinates (x, y) on the two axes are used to express a
planar position of a finger or the like of a user that is in
contact with the surface of the touch panel. Three-dimen-
sional coordinates (x, y, z) on the three axes to express
a spatial position of a finger or the like of a user that is
close to a spatial position that is spaced from the surface
of the touch panel. The position on the z axis of the three-
dimensional coordinates (x, y, z) on the three axes rep-
resents a height in the direction (z direction) that is per-
pendicular to the surface of the touch panel.

[0076] Furthermore, in the following description, the
term "hover manipulation" is defined as a manipulation
of holding a finger at a spatial position that is spaced from
the touch panel surface or sliding a finger from spatial
position that is spaced from the touch panel surface ap-
proximately parallel with the touch panel surface. There-
fore, a manipulation that a finger touches the touch panel
surface directly is not a hover manipulation but a touch
manipulation. It is preferable that the distance between
a finger and the touch panel surface of a hovering ma-
nipulation correspond to a capacitance in such a range
as to be detectable by the touch panel, because it is in-
versely proportional to a capacitance detected by the
touch panel.
[0077] The term "hover-in" is defined as a state that a
finger has been moved from a position sufficiently distant
from the touch panel surface and brought close to the
touch panel to cause a transition to a hover manipulation.
Therefore, if the threshold z coordinate (height) of detec-
tion of coming into proximity of a finger by the touch panel
is written as "zth," a state that a transition has been made
to hover-in is a state that the distance between a finger
and the touch panel (z coordinate, height) has become
[0078] The term "hover-out" is defined as a state that
a finger has been moved away from the touch panel sur-
face from a state of a hover manipulation and the hover
manipulation has thereby been canceled. Therefore, a
state that a transition has been made to hover-out is a
state that the distance between a finger and the touch
panel (z coordinate, height) has become larger than the
threshold value zth. Although here the threshold value
zth is a length, it may be a capacitance, for example, in
which case the unit of the threshold value zth is F (farad)
rather than a length unit (e.g., cm).

<Example configuration of 3D touch panel device 1 com-
mon to second and following embodiments>

[0079] Fig. 8 is a block diagram showing an example
functional configuration of a 3D touch panel device 1
which is the input device according to each of the second
and following embodiments. The configuration of the 3D
touch panel device 1 shown in Fig. 8 is common to all of
the various embodiments described below.
[0080] As shown in Fig. 1, the 3D touch panel device
1 includes a control unit 10, a position detection unit 30,
a display unit 40, and a proximity touch panel 50. The
control unit 10 includes a pointer coordinates control unit
11, an application processing unit 13, and a pointer dis-
play control unit 15.
[0081] Having a planar manipulation surface, the prox-
imity touch panel 50 (touch panel) can detect, for each
minute region of the manipulation surface, that a detec-
tion target (e.g., finger or stylus) is close to or in contact
with the manipulation surface. The proximity touch panel
50 acquires information of three-dimensional coordi-
nates (x, y, z) of a detection target (e.g., a user finger)
periodically (e.g., every 15 ms). The following description
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will be directed to a case that the detection target of the
proximity touch panel 50 is a user finger. That is, a user
can make an input manipulation on the 3D touch panel
device 1 by bringing a finger close to the manipulation
surface of the proximity touch panel 50. It is possible to
use a pen or a stylus instead of a finger. In a specific
example, the proximity touch panel 50 can detect a de-
tection target such as a finger being in a close proximity
state or a contact state by detecting the magnitude of a
capacitance for each minute region of the manipulation
surface.
[0082] The position detection unit 30 calculates and
extracts three-dimensional coordinates (x, y, z) of a de-
tection target such as a finger that is close to or in contact
with the manipulation surface of the proximity touch panel
50. The position detection unit 30 detects, as a state of
a detection target such as a finger, one of a "non-detec-
tion state," a "proximity state," and a "contact state." A
proximity state is detected while a user finger is being
hover-manipulated, and a contact state is detected while
a user finger is being touch-manipulated.
[0083] The display unit 40, which is, for example, an
LCD or an organic EL display having a display screen,
displays visible information such as data or a pointer that
is output from the control unit 10. The manipulation sur-
face of the proximity touch panel 50 made of a transpar-
ent material is placed on the display screen of the display
unit 40.
[0084] A control is made so that two-dimensional co-
ordinates (x, y) of a finger manipulation position detected
on the proximity touch panel 50 coincide with a position
on the display screen of the display unit 40. Therefore,
while looking at visible information (e.g., object) dis-
played on the display screen of the display unit 40, a user
can make a manipulation with such a feeling that he or
she is touching the visible information directly.
[0085] The control unit 10, which is configured by using
a CPU (central processing unit), an MPU (microprocess-
ing unit), or a DSP (digital signal processor), controls the
3D touch panel device 1 in a unified manner and performs
various other kinds of computation processing and con-
trol processing. The control unit 10 performs various
kinds of processing in each of the second and following
embodiments by reading programs and data stored in a
ROM (not shown) incorporated therein.
[0086] The pointer coordinates control unit 11 judges
whether to display a pointer PT on the basis of three-
dimensional coordinates (x, y, z) of a finger detected by
the position detection unit 30 and a predetermined judg-
ment condition, and outputs a judgment result to the
pointer display control unit 15. The pointer coordinates
control unit 11 detects a hover manipulation or a touch
manipulation as a user input manipulation on the basis
of three-dimensional coordinates (x, y, z) of a finger de-
tected by the position detection unit 30 and a predeter-
mined judgment condition, and outputs an instruction cor-
responding to the input manipulation to the application
processing unit 13. The pointer coordinates control unit

11 refers to a status of the application processing unit 13
when necessary.
[0087] The application processing unit 13 runs one of
various application programs automatically or according
to a user input manipulation. The application processing
unit 13 displays, on the display screen of the display unit
40, various kinds of visible information generated by an
application program, such as a frame indicating the entire
application, menus, buttons, and icons. The application
processing unit 13 makes a judgment as to information
of an application being executed or pieces of information
of objects that are displayed in respective display regions
of the display screen of the display unit 40, and outputs
a judgment result to the pointer coordinates control unit
11.
[0088] The pointer display control unit 15 displays, on
the display screen of the display unit 40, a pointer PT
pointing a position of a manipulation target. A position
where to display a pointer PT is determined on the basis
of two-dimensional coordinates (x, y) of a finger or the
like detected by the position detection unit 30. The display
position of a pointer PT will be described later in detail.
Whether to display a pointer PT on the display screen of
the display unit 40 is determined on the basis of a judg-
ment result of the pointer coordinates control unit 11.

<Example picture displayed on display unit 40>

[0089] Fig. 9 shows specific examples of a picture dis-
played on the display unit 40 of the 3D touch panel device
1 and a position of a finger UF of a user. As shown in
Fig. 9, various kinds of visible information (objects) such
as icons are displayed on the display screen of the display
unit 40. Since the proximity touch panel 50 is placed on
the display screen of the display unit 40, a user can make
a desired input manipulation by bringing a finger UH close
to the display screen and performing such a manipulation
as to touch a desired manipulation target while looking
at display contents on the display screen.
[0090] In the example of Fig. 9, an object having an
arrow-shaped pattern is displayed as a pointer PT on the
display screen. This pointer PT is controlled so that the
arrow head points a position of a manipulation target. In
the example of Fig. 9, the display position of the pointer
PT is given prescribed offsets. That is, the pointer PT is
not displayed at the position of two-dimensional coordi-
nates (x, y) of a tip position of the user finger UF but at
a position that is deviated from the two-dimensional co-
ordinates (x, y) of the tip position of the user finger UF
by the prescribed offsets.
[0091] In the 3D touch panel device 1, since as de-
scribed above a pointer PT is not displayed at the position
of two-dimensional coordinates (x, y) of a tip position of
a user finger UF but at a position that is deviated from
the two-dimensional coordinates (x, y) of the tip position
of the user finger UF by prescribed offsets, the pointer
PT or a small manipulation target object (e.g., icon or
button) can be prevented from being hidden by the finger
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UF and rendered unseen to the user. Thus, the visibility
of display contents on the display screen for the user can
be increased.

<Specific example of finger detection state>

[0092] Fig. 10 shows a specific example of a positional
relationship between a user finger UF and the manipu-
lation surface of the 3D touch panel device 1. According
to theoretical values of the performance of the proximity
touch panel 50 which is placed on the display screen of
the display unit 40, as shown in Fig. 10, the proximity
touch panel 50 can detect presence of a finger UF and
three-dimensional coordinates (x, y, z) indicating its po-
sition if its distance from the display screen (the manip-
ulation surface of the proximity touch panel 50) in the z
direction is within 10 cm, for example. And the proximity
touch panel 50 is rendered in a non-detection state if the
distance becomes longer than 10 cm.
[0093] However, if a finger UF is too distant from the
manipulation surface of the proximity touch panel 50, the
proximity touch panel 50’s accuracy of determination of
a position of a finger UF may lower depending on the use
situation of the 3D touch panel device 1. In view of this,
as shown in Fig. 10, setting is made in the proximity touch
panel 50 so that it receives a hover manipulation of a
user finger UF when the distance of the user finger UF
from the manipulation surface of the proximity touch pan-
el 50 in the z direction is within 2 cm, for example. In this
case, the threshold value zth for judgment as to whether
or not the proximity touch panel 50 can detect a proximity
state of a finger UF is set equal to 2 cm.
[0094] That is, the pointer coordinates control unit 11
compares the position in the z direction of three-dimen-
sional coordinates (x, y, z) detected by the position de-
tection unit 30 with the threshold value zth (2 cm) and
judges whether a hover manipulation of a user finger UF
is being performed or not. Therefore, as shown in Fig.
10, as a hand UH of a user hand UH is brought closer to
the proximity touch panel 50, the non-detection state is
canceled at a time point when the distance between the
finger UF and the manipulation surface of the proximity
touch panel 50 in the z direction becomes within 10 cm.
On the other hand, the proximity touch panel 50 detects
a hover-out state when the distance between the finger
UF and the manipulation surface of the proximity touch
panel 50 in the z direction has become longer than the
threshold value zth (2 cm).
[0095] When the distance between a finger UF and the
manipulation surface of the proximity touch panel 50 in
the z direction has become shorter than or equal to the
threshold value zth (2 cm), the proximity touch panel 50
detects a hover-in state in which a hover manipulation is
being performed by the user finger UF. The proximity
touch panel 50 detects that a touch manipulation has
been performed by a user finger UF when detecting that
the distance between the finger UF and the manipulation
surface of the proximity touch panel 50 in the z direction

has become shorter than a predetermined touch detec-
tion threshold value or detecting actual contact. The
threshold value zth may be changed during operation of
the 3D touch panel device 1.

<Operations of 3D touch panel devices 1 >

[0096] Next, how the 3D touch panel devices 1 as the
input devices according to the second and following em-
bodiments operate will be described with reference to
Figs. 11-18, respectively.

<Embodiment 2>

[0097] Fig. 11 is a flowchart showing how the 3D touch
panel device 1 according to the second embodiment op-
erates. The pointer coordinates control unit 11 of the con-
trol unit 10 performs a control as to display/non-display
of a pointer PT and controls the display position of a point-
er PT by executing the process of the flowchart of Fig.
11. In the steps shown in Fig. 11, the equal sign "=" means
substituting a value or the like on the right side into the
left side, which also applies to Fig. 12 and the charts
following it.
[0098] Upon a start of a coordinates input control
shown in Fig. 11, the pointer coordinates control unit 11
monitors finger position coordinates that are output from
the position detection unit 30 and stands by until detection
of coming into proximity of a finger UF (S11). That is, the
pointer coordinates control unit 11 compares a distance
of a position of a finger UF from the manipulation surface
of the proximity touch panel 50 in the z direction with the
threshold value zth shown in Fig. 10 (S11). If a user finger
UF has come close to the proximity touch panel 50 to
cause a transition from a hover-out state to a hover-in
state, that is, if the distance of the position of a finger UF
from the manipulation surface of the proximity touch pan-
el 50 in the z direction has become shorter than or equal
to the threshold value zth (S11: yes), the process of the
pointer coordinates control unit 11 moves to the next step
S 12.
[0099] The pointer coordinates control unit 11 initializ-
es the coordinate offsets for a display position of a pointer
PT (S12). That is, the pointer coordinates control unit 11
substitutes "0" into parameters dX and dY which repre-
sent the offsets in the x direction and y direction, respec-
tively. Therefore, at the initial state, the offsets are made
equal to "0." The offsets mean a deviation between a
display position of a pointer PT and two-dimensional co-
ordinates (x, y) of a position on the proximity touch panel
50 that correspond to three-dimensional coordinates (x,
y, z) of detection of coming into proximity of a finger UF.
[0100] The pointer coordinates control unit 11 controls
the pointer display control unit 15 not to display a pointer
PT (S13). To measure an elapsed time from a start of a
hover manipulation, the pointer coordinates control unit
11 controls a timer (not shown) to start a time measure-
ment operation (S14). Although the timer is not shown in
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Fig. 8 as a unit of the 3D touch panel device 1, it is pro-
vided in, for example, the control unit 10 and starts a time
measurement operation in response to an instruction
from each unit of the control unit 10. Elapsed time infor-
mation that is counted by a time measurement operation
of the timer is referred to by each unit of the control unit
10 when necessary.
[0101] To monitor the manipulation state of the user
finger UF, the pointer coordinates control unit 11 acquires
information of three-dimensional coordinates (x, y, z) rep-
resenting a position of the finger UF from the 3D touch
panel device 1 and acquires manipulation state informa-
tion indicating a type (e.g., touch manipulation or hover
manipulation) of a manipulation being performed by the
user finger UF (S15).
[0102] In a step group PR1 which is executed after step
S15, the pointer coordinates control unit 11 performs a
display control for a pointer PT. The third, fourth, fifth,
sixth, seventh, and eighth embodiments are different
from each other in the details of step groups PR2, PR3,
PR41, PR42, PR43, and PR5 enclosed by broken lines
in Figs. 12, 13, 14, 15, 16, and 17, respectively.
[0103] First, the pointer coordinates control unit 11
judges whether to display a pointer PT according to a
predetermined judgment condition (S16). That is, in the
step group PR1, the pointer coordinates control unit 11
judges whether or not the manipulation state information
acquired at step S15 is information indicating a non-touch
manipulation and a prescribed time T1 has elapsed from
the start (made at step S14) of the time measurement
operation of the timer (S16). If the manipulation state
information is information indicating a non-touch manip-
ulation (e.g., it indicates a hover manipulation; this also
applies to the following description) and the prescribed
time T1 has elapsed from the start of the time measure-
ment operation of the timer (S16: yes), the pointer coor-
dinates control unit 11 judges that a pointer PT should
be displayed. The process of the pointer coordinates con-
trol unit 11 then moves to step S17.
[0104] On the other hand, if the manipulation state in-
formation is not information indicating a non-touch ma-
nipulation, that is, information indicating a touch manip-
ulation or the prescribed time T1 has elapsed yet (S16:
no), the pointer coordinates control unit 11 judges that a
pointer PT should not be displayed. The process of the
pointer coordinates control unit 11 then moves to step S
19.
[0105] At step S17, the pointer coordinates control unit
11 substitutes predetermined constants OX and OY into
the parameters dX and dY as offsets for a display position
of a pointer PT, respectively (S17). In the following de-
scription, the constants OX and OY are prescribed pos-
itive values.
[0106] The pointer coordinates control unit 11 outputs,
to the pointer display control unit 15, an instruction to
display a pointer PT at a position that is deviated from
the position of the two-dimensional coordinates (x, y) on
the proximity touch panel 50 corresponding to the three-

dimensional coordinates (x, y, z) detected at step S11
as indicating the position of the finger UF by the offsets
(dX, dY) that were substituted at step S17 (S18). This
instruction includes information of the offsets (dX, dY).
[0107] According to the instruction that is output from
the pointer coordinates control unit 11, the pointer display
control unit 15 displays a pointer PT at the position that
is deviated from the position of the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF by the offsets (dX, dY) that were substituted at
step S17 (S18). For example, the pointer PT is displayed
on the extension in the direction indicated by the finger
UF.
[0108] The pointer coordinates control unit 11 em-
ploys, as two-dimensional coordinates on the proximity
touch panel 50 indicating a position of a user manipula-
tion target among the objects displayed on the display
screen, coordinates obtained by adding the offsets (dX,
dY) substituted at step S17 to the two-dimensional coor-
dinates (x, y) on the proximity touch panel 50 correspond-
ing to the three-dimensional coordinates (x, y, z) detected
at step S11 as indicating the position of the finger UF
(S19).
[0109] Although at step S19 the offsets (dX, dY) are
added to the two-dimensional coordinates (x, y) on the
proximity touch panel 50 corresponding to the three-di-
mensional coordinates (x, y, z) detected at step S11 as
indicating the position of the finger UF, the offsets (dX,
dY) may be either added or subtracted according to the
direction of the finger UF. This also applies to each of
the following embodiments.
[0110] For example, after judging the direction of the
user finger UF in the manner described in the first em-
bodiment, the pointer coordinates control unit 11 sub-
tracts the offset dX and adds the offset dY if the finger
UF is directed to the negative side of the X axis and to
the positive side of the Y axis (see Fig. 9). The pointer
coordinates control unit 11 adds the offset dX and sub-
tracts the offset dY if the finger UF is directed to the pos-
itive side of the X axis and to the negative side of the Y
axis. This manner of addition or subtraction of an offset
also applies to each of the following embodiments.
[0111] If it is judged at step S16 that the prescribed
time T1 has not elapsed yet, a pointer PT is not displayed
but the initial offsets (dX, dY) = (0, 0) that were set at
step S12 are added to the two-dimensional coordinates
(x, y) on the proximity touch panel 50 corresponding to
the three-dimensional coordinates (x, y, z) of the finger
UF detected at step S11 (S19).
[0112] The pointer coordinates control unit 11 commu-
nicates, to the application processing unit 13, the display
position of the pointer PT as corrected through addition
or subtraction at step S19, that is, the coordinates of the
position indicating the user manipulation target, and the
manipulation state information (i.e., information indicat-
ing such a state as occurrence/non-occurrence of a
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touch) of the user finger UF (S20). The application
processing unit 13 can receive an input manipulation
such as a touch made by the user finger UF.
[0113] While judging, on the basis of the output of the
position detection unit 30, that a touch manipulation or a
hover manipulation is being performed (S21: yes), the
pointer coordinates control unit 11 executes steps S15-
S21 repeatedly. If the user finger UF is spaced from the
manipulation surface of the proximity touch panel 50 by
more than the threshold value zth (S21: no), the process
of the pointer coordinates control unit 11 moves to step
S22.
[0114] The pointer coordinates control unit 11 controls
the pointer display control unit 15 to turn off the display
of the pointer PT (S22), and informs the application
processing unit 13 that a hover manipulation of a finger
UF is not detected (S23). The process of Fig. 11 is exe-
cuted repeatedly. That is, after the execution of step S23,
the process returns to step S11 and steps S11-S23 are
executed again.
[0115] By executing the process of Fig. 11, the pointer
coordinates control unit 11 according to this embodiment
can automatically switch between display and non-dis-
play of a pointer PT. That is, a pointer PT is not displayed
at the initial state. A non-display state of a pointer PT is
maintained until the prescribed time T1 (e.g., 1 s) elapses
after a transition from hover-out to hover-in (hover ma-
nipulation state) caused by a user manipulation of bring-
ing a finger close to the manipulation surface. When the
prescribed time T1 has elapsed from the transition to
hover-in (hover manipulation state), switching is made
to a display state of a pointer PT. If a transition is then
made to hover-out from a touch manipulation state or a
hover manipulation state because of a user manipulation
of moving the finger away, switching is made to a non-
display state of a pointer PT.
[0116] While a pointer PT is displayed, a user manip-
ulation position is deviated from an actual finger position
by offsets (dx, dy). While a pointer PT is not displayed,
influence of offsets disappears and a user manipulation
position coincides with an actual finger position.
[0117] For example, when a user attempts to manipu-
late a relatively large button displayed on the screen by
touching it with a finger, the user can touch the button
quickly with the finger because the manipulation target
region has a large area. In this case, because of a short
time required by a finger manipulation, the touch manip-
ulation is finished before a lapse of the prescribed time
T1 from a transition from hover-out to hover-in (hover
manipulation state). Therefore, in this case, non-display
of a pointer PT is maintained and a manipulation position
is not influenced by offsets. Thus, the user can complete
the input manipulation quickly by making an intuitive fin-
ger manipulation.
[0118] On the other hand, when a user attempts to ma-
nipulate a relatively small button displayed on the screen
by touching it with a finger, since the manipulation target
region has a small area, the user needs to finely adjust

the manipulation finger position. In this case, whereas a
pointer PT is not displayed at the beginning, a pointer PT
is displayed automatically if the prescribed time T1 has
elapsed from a transition from hover-out to hover-in (hov-
er manipulation state) with no state change. A display
position of the pointer PT is deviated from a finger position
by the offset (dx, dy). Therefore, even if the user brings
the finger close to the manipulation surface, the manip-
ulation target button or the pointer PT is not hidden by
the finger and hence the finger can be positioned easily.
[0119] As is understood from the above description, in
the 3D touch panel device 1 according to this embodi-
ment, a user can easily make an input manipulation
through a finger touch on both of a button having a large
area and a button having a small area. Furthermore,
since it is not necessary to determine, in advance, wheth-
er to display a pointer PT, the 3D touch panel device 1
is high in versatility and can be used for various purposes
irrespective of the kind of objects.

<Embodiment 3>

[0120] Fig. 12 is a flowchart showing how the 3D touch
panel device 1 according to the third embodiment oper-
ates. Like the step group PR1 shown in Fig. 11, a step
group PR2 shown in Fig. 12 describes a display control
for a pointer PT and is executed by the pointer coordi-
nates control unit 11 of the control unit 10. In this embod-
iment, step S201 shown in Fig. 12 is executed after ex-
ecution of steps S11-S15 shown in Fig. 11 and step S20
and the steps following it shown in Fig. 11 are executed
after execution of step S205 shown in Fig. 12. In each of
this and following embodiments, descriptions of steps
S11-S15 and step S20 and the steps following it which
are shown in Fig. 11 will be omitted.
[0121] In the step group PR2 which is executed after
step S15 shown in Fig. 11, the pointer coordinates control
unit 11 outputs, to the application processing unit 13, the
information of the two-dimensional coordinates (x, y) on
the proximity touch panel 50 corresponding to the three-
dimensional coordinates (x, y, z) that has been acquired
from the position detection unit 30 and indicates the finger
position (S201). The application processing unit 13 judg-
es information of an object that is displayed in a display
region located at the position of the two-dimensional co-
ordinates (x, y) that are output from the pointer coordi-
nates control unit 11, and outputs a judgment result to
the pointer coordinates control unit 11 (S201).
[0122] The pointer coordinates control unit 11 judges
whether a touch manipulation is not being performed and
display of a pointer PT is necessary on the basis of the
information of the object (e.g., button, menu, or icon) that
is output from the application processing unit 13 and the
manipulation state information acquired at step S15
(S202). For example, the pointer coordinates control unit
11 judges whether or not the manipulation state informa-
tion acquired at step S15 is information indicating a non-
touch manipulation, and compares the size of the object
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displayed in the display region of the two-dimensional
coordinates (x, y) on the manipulation surface of the prox-
imity touch panel 50 corresponding to the position of the
finger UF being hover-manipulated with a prescribed
threshold value. The pointer coordinates control unit 11
judges that display of a pointer PT is not necessary if the
manipulation state information is not information indicat-
ing a non-touch manipulation or the object is a large one
whose size exceeds the prescribed threshold value. The
pointer coordinates control unit 11 judges that display of
a pointer PT is necessary if the manipulation state infor-
mation is information indicating a non-touch manipulation
and the object is a small one whose size does not exceed
the prescribed threshold value.
[0123] Even if the manipulation state information ac-
quired at step S15 is information indicating a non-touch
manipulation, if a document content written in HTML is
displayed on the display screen of the display unit 40,
the pointer coordinates control unit 11 judges whether
display of a pointer PT is necessary or not according to
the kind or size of an object, such as an image, a button,
or a link, buried in each region of the content. For exam-
ple, even if the manipulation state information acquired
at step S15 is information indicating a non-touch manip-
ulation, the pointer coordinates control unit 11 judges that
display of a pointer PT is not necessary if the position of
the two-dimensional coordinates (x, y) on the proximity
touch panel 50 corresponding to the finger UF being hov-
er-manipulated is located inside a large size image or
button of the content. And the pointer coordinates control
unit 11 judges that display of a pointer PT is necessary
if the manipulation state information acquired at step S15
is information indicating a non-touch manipulation and
the position of the two-dimensional coordinates (x, y) is
in the vicinity of a region where a small size link is dis-
played.
[0124] If the manipulation state information is informa-
tion indicating a non-touch manipulation and it is judged
resultantly that display of a pointer PT is necessary
(S202: yes), the process of the pointer coordinates con-
trol unit 11 moves to step S203. If the manipulation state
information is not information indicating a non-touch ma-
nipulation and it is judged resultantly that display of a
pointer PT is not necessary (S202: no), the process of
the pointer coordinates control unit 11 moves to step
S205.
[0125] At step S203, the pointer coordinates control
unit 11 substitutes predetermined constants OX and OY
into the parameters dX and dY as offsets for a display
position of a pointer PT, respectively (S203).
[0126] The pointer coordinates control unit 11 outputs,
to the pointer display control unit 15, an instruction to
display a pointer PT at a position that is deviated from
the position of the two-dimensional coordinates (x, y) on
the proximity touch panel 50 corresponding to the three-
dimensional coordinates (x, y, z) detected at step S11
as indicating the position of the finger UF by the offsets
(dX, dY) that were substituted at step S203 (S204). This

instruction includes information of the offsets (dX, dY).
[0127] According to the instruction that is output from
the pointer coordinates control unit 11, the pointer display
control unit 15 displays a pointer PT at the position that
is deviated from the position of the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF by the offsets (dX, dY) that were substituted at
step S203 (S204).
[0128] The pointer coordinates control unit 11 em-
ploys, as two-dimensional coordinates on the proximity
touch panel 50 indicating a position of a user manipula-
tion target among the objects displayed on the display
screen, coordinates obtained by adding the offsets (dX,
dY) substituted at step S203 to the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF (S205).
[0129] If it is judged at step S202 that display of a point-
er PT is not necessary, a pointer PT is not displayed but
the initial offsets (dX, dY) = (0, 0) that were set at step
S12 are added to the two-dimensional coordinates (x, y)
on the proximity touch panel 50 corresponding to the
three-dimensional coordinates (x, y, z) of the finger UF
detected at step S11 (S205).
[0130] As is understood from the above description, in
the 3D touch panel device 1 according to the third em-
bodiment, whether to display a pointer PT for a region
being pointed by a user finger UF can be switched dy-
namically by executing the step group PR2 shown in Fig.
12. That is, it is possible to abstain from displaying a
pointer PT in a case that a user would want to make an
intuitive manipulation with a finger UF without using a
pointer PT as in a case of manipulating a large object
whose size exceeds the prescribed threshold value. It is
also possible to display a pointer PT in a case that a user
would require a pointer PT as in a case of manipulating
a small object whose size is smaller the prescribed
threshold value. In the 3D touch panel device 1 according
to this embodiment, unlike in the second embodiment, it
is not necessary to wait until lapse of the prescribed time
T1 for the purpose of judging whether to display a pointer.
Thus, a pointer PT can be displayed quickly.

<Embodiment 4>

[0131] Fig. 13 is a flowchart showing how the 3D touch
panel device 1 according to the fourth embodiment op-
erates. Like the step group PR1 shown in Fig. 11, a step
group PR3 shown in Fig. 13 describes a display control
for a pointer PT and is executed by the pointer coordi-
nates control unit 11 of the control unit 10. In this embod-
iment, step S301 shown in Fig. 13 is executed after ex-
ecution of steps S11-S15 shown in Fig. 11 and step S20
and the steps following it shown in Fig. 11 are executed
after execution of step S307 shown in Fig. 13.
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[0132] In the step group PR3 which is executed after
step S15 shown in Fig. 11, the pointer coordinates control
unit 11 judges whether or not this is the first time a z
coordinate is acquired from the position detection unit 30
after the transition from the hover-out state to the hover-
in state (S301). That is, the pointer coordinates control
unit 11 judges whether or not past coordinate data exists
which is necessary for calculation of a movement speed
(approach speed) of the finger UF in the z direction. If
this is the first time a z coordinate is acquired, the process
of the pointer coordinates control unit 11 moves to step
S306 because an approach speed in the z direction can-
not be calculated. If this is the second or later time a z
coordinate is acquired, the process of the pointer coor-
dinates control unit 11 moves to step S302.
[0133] At step S302, the pointer coordinates control
unit 11 acquires an elapsed time from preceding acqui-
sition of a z coordinate to the present time and a move-
ment distance in the z direction (a change in z coordinate)
(S302). Furthermore, the pointer coordinates control unit
11 judges whether or not the manipulation state informa-
tion acquired at step S15 is information indicating a touch
manipulation on the basis of the manipulation state in-
formation acquired at step S15 and the elapsed time and
the movement distance in the z direction acquired at step
S302. And the pointer coordinates control unit 11 calcu-
lates an instantaneous movement speed of this time, that
is, a quotient of the movement distance divided by the
elapsed time (both acquired at step S302). It is assumed
here that the movement distance and the movement
speed are positive when the finger UF is moved in such
a direction (negative z-axis direction) as to come closer
to the manipulation surface of the proximity touch panel
50 (display screen), and that they are negative when the
finger UF is moved in such a direction (positive z-axis
direction) as to go away from the manipulation surface
of the proximity touch panel 50 (display screen). Still fur-
ther, the pointer coordinates control unit 11 compares
the instantaneous movement speed in the z direction ob-
tained at step S302 with a predetermined speed thresh-
old value V1 (S303).
[0134] The process of the pointer coordinates control
unit 11 moves to step S306 if the manipulation state in-
formation is information indicating a touch manipulation
or the instantaneous movement speed is higher than the
speed threshold value V1. The process of the pointer
coordinates control unit 11 moves to step S304 if the
manipulation state information is information indicating
a non-touch manipulation and the instantaneous move-
ment speed is lower than or equal to the speed threshold
value V1.
[0135] At step S304, the pointer coordinates control
unit 11 substitutes predetermined constants OX and OY
into the parameters dX and dY as offsets for a display
position of a pointer PT, respectively (S304).
[0136] The pointer coordinates control unit 11 outputs,
to the pointer display control unit 15, an instruction to
display a pointer PT at a position that is deviated from

the position of the two-dimensional coordinates (x, y) on
the proximity touch panel 50 corresponding to the three-
dimensional coordinates (x, y, z) detected at step S11
as indicating the position of the finger UF by the offsets
(dX, dY) that were substituted at step S304 (S305). This
instruction includes information of the offsets (dX, dY).
[0137] According to the instruction that is output from
the pointer coordinates control unit 11, the pointer display
control unit 15 displays a pointer PT at the position that
is deviated from the position of the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF by the offsets (dX, dY) that were substituted at
step S304 (S305).
[0138] The pointer coordinates control unit 11 em-
ploys, as two-dimensional coordinates on the proximity
touch panel 50 indicating a position of a user manipula-
tion target among the objects displayed on the display
screen, coordinates obtained by adding the offsets (dX,
dY) substituted at step S304 to the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF (S306).
[0139] If it is judged at step S301 that this is the first
time a z coordinate is acquired, a pointer PT is not dis-
played but the initial offsets (dX, dY) = (0, 0) that were
set at step S12 are added to the two-dimensional coor-
dinates (x, y) on the proximity touch panel 50 correspond-
ing to the three-dimensional coordinates (x, y, z) of the
finger UF detected at step S11 (S306).
[0140] So that the coordinate acquired this time from
the position detection unit 30 and the time of acquisition
of this coordinate will be used at step S303 and the steps
following it in the next loop, the pointer coordinates con-
trol unit 11 stores these pieces of information in a memory
(not shown in Fig. 8) that is incorporated in the 3D touch
panel device 1 (S307).
[0141] As is understood from the above description, in
the 3D touch panel device 1 according to this embodi-
ment, it is possible to judge whether to display a pointer
PT in a simplified manner on the basis of the magnitude
of an actual movement (approach speed) of a user finger
UF by executing the step group PR3 shown in Fig. 13.
That is, in a situation that a user wants to make an intuitive
manipulation by directly touching a large size button or
the like, it is highly probable that the user quickly brings
a finger closer to the display screen. In this case, the
instantaneous movement speed in the z direction should
be higher than the speed threshold value V1 and hence
the 3D touch panel device 1 can abstain from displaying
a pointer PT. In this case, since there is no influence of
offsets, an input manipulation can be made at a position
touched by a user finger UF.
[0142] On the other hand, in a situation that a user
wants to manipulate a button that is so small as to be
hidden and rendered unseen by a finger, for example, a
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user would move a finger UF carefully. It is therefore high-
ly probable that the user brings a finger UF closer to the
display screen relatively slowly. In this case, the instan-
taneous movement speed in the z direction should be
lower than or equal to the threshold value V1 and hence
the 3D touch panel device 1 can display a pointer PT at
a position that is deviated by offsets. Therefore, the user
can make an input manipulation easily with accurate po-
sitioning while visually recognizing a manipulation posi-
tion using the pointer PT that is displayed at the position
that is a little deviated from the position of the finger UF.

<Embodiment 5>

[0143] Fig. 14 is a flowchart showing how the 3D touch
panel device 1 according to the fifth embodiment oper-
ates. Like the step group PR1 shown in Fig. 11, a step
group PR41 shown in Fig. 14 describes a display control
for a pointer PT and is executed by the pointer coordi-
nates control unit 11 of the control unit 10. In this embod-
iment, step S411 shown in Fig. 14 is executed after ex-
ecution of steps S11-S15 shown in Fig. 11 and step S20
and the steps following it shown in Fig. 11 are executed
after execution of step S415 shown in Fig. 14.
[0144] In the step group PR41 which is executed after
step S15 shown in Fig. 11, the pointer coordinates control
unit 11 judges whether or not the user has made a ma-
nipulation of releasing the finger UF from the display
screen after touching it (S411). That is, based on pieces
of information of three-dimensional coordinates (x, y, z)
of the finger UF acquired from the position detection unit
30, the pointer coordinates control unit 11 judges whether
or not information acquired last time indicates a touch
state ((z coordinate) = 0) and information acquired this
time indicates a non-touch state ((z coordinate) ≠ 0)
(S411).
[0145] The symbol "&&" used in step S411 means the
logical addition (AND) (this also applies to the embodi-
ments described below). The process of the pointer co-
ordinates control unit 11 moves to step S412 if a transition
has occurred in the z coordinate of the three-dimensional
coordinates of the finger UF acquired by the proximity
touch panel 50 from "0" (last time; touch state) to a non-
zero value (this time; non-touch state) (S41 1: yes). The
process of the pointer coordinates control unit 11 moves
to step S416 if a transition has not occurred in the z co-
ordinate of the three-dimensional coordinates of the fin-
ger UF acquired by the proximity touch panel 50 from "0"
(last time; touch state) to a non-zero value (this time; non-
touch state) (S411: no).
[0146] At step S412, the pointer coordinates control
unit 11 resets the counter which started the time meas-
urement operation at step S14 shown in Fig. 11 and con-
trols the timer to restart a time measurement operation
(S412).
[0147] The pointer coordinates control unit 11 cancels
the offsets for the display position of the pointer PT. More
specifically, the pointer coordinates control unit 11 sub-

stitutes "0" into the parameters dX and dY (S413).
[0148] The pointer coordinates control unit 11 controls
the pointer display control unit 15 not to display a pointer
PT (S414).
[0149] On the other hand, at step S416, the pointer
coordinates control unit 11 judges whether or not the ma-
nipulation state information acquired at step S15 is infor-
mation indicating a non-touch manipulation and a pre-
scribed time T1 has elapsed from the start (made at step
S14) of the time measurement operation of the timer
(S416). If the manipulation state information is informa-
tion indicating a non-touch manipulation and the pre-
scribed time T1 has elapsed (S416: yes), the pointer co-
ordinates control unit 11 judges that a pointer PT should
be displayed. After the making of this judgment, the proc-
ess of the pointer coordinates control unit 11 then moves
to step S417.
[0150] On the other hand, if the manipulation state in-
formation is not information indicating a non-touch ma-
nipulation, that is, information indicating a touch manip-
ulation or the prescribed time T1 has elapsed yet (S416:
no), the pointer coordinates control unit 11 judges that a
pointer PT should not be displayed. After the making of
this judgment, the process of the pointer coordinates con-
trol unit 11 moves to step S415.
[0151] At step S417, the pointer coordinates control
unit 11 substitutes predetermined constants OX and OY
into the parameters dX and dY as offsets for a display
position of a pointer PT, respectively (S417).
[0152] The pointer coordinates control unit 11 outputs,
to the pointer display control unit 15, an instruction to
display a pointer PT at a position that is deviated from
the position of the two-dimensional coordinates (x, y) on
the proximity touch panel 50 corresponding to the three-
dimensional coordinates (x, y, z) detected at step S11
as indicating the position of the finger UF by the offsets
(dX, dY) that were substituted at step S417 (S418). This
instruction includes information of the offsets (dX, dY).
[0153] According to the instruction that is output from
the pointer coordinates control unit 11, the pointer display
control unit 15 displays a pointer PT at the position that
is deviated from the position of the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF by the offsets (dX, dY) that were substituted at
step S417 (S418).
[0154] The pointer coordinates control unit 11 em-
ploys, as two-dimensional coordinates on the proximity
touch panel 50 indicating a position of a user manipula-
tion target among the objects displayed on the display
screen, coordinates obtained by adding the offsets (dX,
dY) substituted at step S417 to the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF (S415).
[0155] If it is judged at step S416 that the prescribed
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time T1 has not elapsed yet, a pointer PT is not displayed
but the initial offsets (dX, dY) = (0, 0) that were set at
step S12 are added to the two-dimensional coordinates
(x, y) on the proximity touch panel 50 corresponding to
the three-dimensional coordinates (x, y, z) of the finger
UF detected at step S11 (S415).
[0156] When a user attempts to manipulate one of var-
ious objects on the screen, an example situation is sup-
posed; the user manipulates another, relatively large but-
ton after manipulating a relatively small button. There-
fore, where the 3D touch panel device 1 executes the
step group PR1 shown in Fig. 11, a pointer PT is dis-
played when the user manipulates a small button and
the pointer PT continues to be displayed unless the user
moves the finger to the hover-out position. As a result,
when the user manipulates a large button next as part of
a series of successive manipulations, influence of the
offsets appears to hinder the user from making an intend-
ed intuitive manipulation.
[0157] As described above, by executing the step
group PR41 shown in Fig. 14, the 3D touch panel device
1 according to this embodiment displays a pointer PT
when a user manipulates a small button. If the user touch-
es the screen with a finger and releases the touch imme-
diately thereafter, at step S414 the 3D touch panel device
1 turns off display of a pointer PT temporarily to eliminate
influence of the offsets. When the user manipulates a
large button soon after the manipulation of the small but-
ton, the 3D touch panel device 1 allows the user to make
an intuitive input manipulation (e.g., direct touching of a
target button) easily without being affected by offsets.
[0158] Furthermore, in the 3D touch panel device 1,
the condition for judging whether to display a pointer PT
which is employed in the second embodiment is com-
bined with the specific feature of this embodiment that
display of a pointer PT is turned off after release of a
touch. Therefore, switching between display and non-
display of a pointer PT can be made in a simplified man-
ner depending on whether or not a user finger UF is kept
in a proximity state for more than the prescribed time T1.

<Embodiment 6>

[0159] Fig. 15 is a flowchart showing how the 3D touch
panel device 1 according to the sixth embodiment oper-
ates. Like the step group PR1 shown in Fig. 11, a step
group PR42 shown in Fig. 15 describes a display control
for a pointer PT and is executed by the pointer coordi-
nates control unit 11 of the control unit 10. In this embod-
iment, step S421 shown in Fig. 15 is executed after ex-
ecution of steps S11-S15 shown in Fig. 11 and step S20
and the steps following it shown in Fig. 11 are executed
after execution of step S425 shown in Fig. 15.
[0160] In the step group PR42 which is executed after
step S15 shown in Fig. 11, the pointer coordinates control
unit 11 judges whether or not the user has made a ma-
nipulation of releasing the finger UF from the display
screen after touching it (S421). That is, based on pieces

of information of three-dimensional coordinates (x, y, z)
of the finger UF acquired from the position detection unit
30, the pointer coordinates control unit 11 judges whether
or not information acquired last time indicates a touch
state ((z coordinate) = 0) and information acquired this
time indicates a non-touch state ((z coordinate) ≠ 0)
(S421).
[0161] The process of the pointer coordinates control
unit 11 moves to step S422 if a transition has occurred
in the z coordinate of the three-dimensional coordinates
of the finger UF acquired by the proximity touch panel 50
from "0" (last time; touch state) to a non-zero value (this
time; non-touch state) (S421: yes). The process of the
pointer coordinates control unit 11 moves to step S426
if a transition has not occurred in the z coordinate of the
three-dimensional coordinates of the finger UF acquired
by the proximity touch panel 50 from "0" (last time; touch
state) to a non-zero value (this time; non-touch state)
(S421: no).
[0162] At step S422, the pointer coordinates control
unit 11 resets the counter which started the time meas-
urement operation at step S14 shown in Fig. 11 and con-
trols the timer to restart a time measurement operation
(S422).
[0163] The pointer coordinates control unit 11 cancels
the offsets for the display position of the pointer PT. More
specifically, the pointer coordinates control unit 11 sub-
stitutes "0" into the parameters dX and dY (S423).
[0164] The pointer coordinates control unit 11 controls
the pointer display control unit 15 not to display a pointer
PT (S424).
[0165] On the other hand, at step S426, the pointer
coordinates control unit 11 outputs, to the application
processing unit 13, the information of the two-dimension-
al coordinates (x, y) on the proximity touch panel 50 cor-
responding to the three-dimensional coordinates (x, y, z)
that has been acquired from the position detection unit
30 and indicates the finger position (S426). The applica-
tion processing unit 13 judges information of an object
that is displayed in a display region located at the position
of the two-dimensional coordinates (x, y) that are output
from the pointer coordinates control unit 11, and outputs
a judgment result to the pointer coordinates control unit
11 (S426).
[0166] The pointer coordinates control unit 11 judges
whether a touch manipulation is not being performed and
display of a pointer PT is necessary on the basis of the
information acquired from the application processing unit
13 and the manipulation state information acquired at
step S15 (S427). Step S427 will not be described in detail
because it is the same as step S202 shown in Fig. 12.
[0167] If the manipulation state information is informa-
tion indicating a non-touch manipulation and it is judged
resultantly that display of a pointer PT is necessary
(S427: yes), the process of the pointer coordinates con-
trol unit 11 moves to step S428. If the manipulation state
information is not information indicating a non-touch ma-
nipulation and it is judged resultantly that display of a
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pointer PT is not necessary (S427: no), the process of
the pointer coordinates control unit 11 moves to step
S425.
[0168] At step S428, the pointer coordinates control
unit 11 substitutes predetermined constants OX and OY
into the parameters dX and dY as offsets for a display
position of a pointer PT, respectively (S428).
[0169] The pointer coordinates control unit 11 outputs,
to the pointer display control unit 15, an instruction to
display a pointer PT at a position that is deviated from
the position of the two-dimensional coordinates (x, y) on
the proximity touch panel 50 corresponding to the three-
dimensional coordinates (x, y, z) detected at step S11
as indicating the position of the finger UF by the offsets
(dX, dY) that were substituted at step S428 (S429). This
instruction includes information of the offsets (dX, dY).
[0170] According to the instruction that is output from
the pointer coordinates control unit 11, the pointer display
control unit 15 displays a pointer PT at the position that
is deviated from the position of the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF by the offsets (dX, dY) that were substituted at
step S428 (S429).
[0171] The pointer coordinates control unit 11 em-
ploys, as two-dimensional coordinates on the proximity
touch panel 50 indicating a position of a user manipula-
tion target among the objects displayed on the display
screen, coordinates obtained by adding the offsets (dX,
dY) substituted at step S428 to the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF (S425).
[0172] If it is judged at step S427 that display of a point-
er PT is not necessary, a pointer PT is not displayed but
the initial offsets (dX, dY) = (0, 0) that were set at step
S12 are added to the two-dimensional coordinates (x, y)
on the proximity touch panel 50 corresponding to the
three-dimensional coordinates (x, y, z) of the finger UF
detected at step S11 (S425).
[0173] As is understood from the above description, in
the 3D touch panel device 1 according to this embodi-
ment, by executing the step group PR42 shown in Fig.
15, switching can be made temporarily in a simplified
manner to non-display of a pointer PT if a user cancels
a touch state by releasing a finger from the display screen
after a pointer PT was displayed, as in the case that the
step group PR41 shown in Fig. 14 is executed.
[0174] Furthermore, in the 3D touch panel device 1,
the condition for judging whether to display a pointer PT
which is employed in the third embodiment is combined
with the specific feature of this embodiment that display
of a pointer PT is turned off after release of a touch. There-
fore, switching as to whether to display a pointer PT in a
region currently pointed by a user finger UF can be made
dynamically.

<Embodiment 7>

[0175] Fig. 16 is a flowchart showing how the 3D touch
panel device 1 according to the seventh embodiment op-
erates. Like the step group PR1 shown in Fig. 11, a step
group PR43 shown in Fig. 16 describes a display control
for a pointer PT and is executed by the pointer coordi-
nates control unit 11 of the control unit 10. In this embod-
iment, step S431 shown in Fig. 16 is executed after ex-
ecution of steps S11-S15 shown in Fig. 11 and step S20
and the steps following it shown in Fig. 11 are executed
after execution of step S436 shown in Fig. 16.
[0176] In the step group PR43 which is executed after
step S15 shown in Fig. 11, the pointer coordinates control
unit 11 judges whether or not the user has made a ma-
nipulation of releasing the finger UF from the display
screen after touching it (S431). That is, based on pieces
of information of three-dimensional coordinates (x, y, z)
of the finger UF acquired from the position detection unit
30, the pointer coordinates control unit 11 judges whether
or not information acquired last time indicates a touch
state ((z coordinate) = 0) and information acquired this
time indicates a non-touch state ((z coordinate) ≠ 0)
(S431).
[0177] The process of the pointer coordinates control
unit 11 moves to step S432 if a transition has occurred
in the z coordinate of the three-dimensional coordinates
of the finger UF acquired by the proximity touch panel 50
from "0" (last time; touch state) to a non-zero value (this
time; non-touch state) (S431: yes). The process of the
pointer coordinates control unit 11 moves to step S437
if a transition has not occurred in the z coordinate of the
three-dimensional coordinates of the finger UF acquired
by the proximity touch panel 50 from "0" (last time; touch
state) to a non-zero value (this time; non-touch state)
(S431: no).
[0178] At step S432, the pointer coordinates control
unit 11 resets the counter which started the time meas-
urement operation at step S14 shown in Fig. 11 and con-
trols the timer to restart a time measurement operation
(S432).
[0179] The pointer coordinates control unit 11 cancels
the offsets for the display position of the pointer PT. More
specifically, the pointer coordinates control unit 11 sub-
stitutes "0" into the parameters dX and dY (S433).
[0180] The pointer coordinates control unit 11 controls
the pointer display control unit 15 not to display a pointer
PT (S434).
[0181] On the other hand, at step S437, the pointer
coordinates control unit 11 judges whether or not this is
the first time a z coordinate is acquired from the position
detection unit 30 after the transition from the hover-out
state to the hover-in state (S437). That is, the pointer
coordinates control unit 11 judges whether or not past
coordinate data exists which is necessary for calculation
of a movement speed (approach speed) of the finger UF
in the z direction. If this is the first time a z coordinate is
acquired, the process of the pointer coordinates control
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unit 11 moves to step S435 because an approach speed
in the z direction cannot be calculated. If this is the second
or later time a z coordinate is acquired, the process of
the pointer coordinates control unit 11 moves to step
S438.
[0182] At step S438, the pointer coordinates control
unit 11 acquires an elapsed time from preceding acqui-
sition of a z coordinate to the present time and a move-
ment distance in the z direction (a change in z coordinate)
(S438). Furthermore, the pointer coordinates control unit
11 judges whether or not the manipulation state informa-
tion acquired at step S15 is information indicating a touch
manipulation on the basis of the manipulation state in-
formation acquired at step S15 and the elapsed time and
the movement distance in the z direction acquired at step
S438. And the pointer coordinates control unit 11 calcu-
lates an instantaneous movement speed of this time, that
is, a quotient of the movement distance divided by the
elapsed time (both acquired at step S438). It is assumed
here that the movement distance and the movement
speed are positive when the finger UF is moved in such
a direction (negative z-axis direction) as to come closer
to the manipulation surface of the proximity touch panel
50 (display screen), and that they are negative when the
finger UF is moved in such a direction (positive z-axis
direction) as to go away from the manipulation surface
of the proximity touch panel 50 (display screen). Still fur-
ther, the pointer coordinates control unit 11 compares
the instantaneous movement speed in the z direction ob-
tained at step S438 with a predetermined speed thresh-
old value V1 (S439).
[0183] The process of the pointer coordinates control
unit 11 moves to step S435 if the manipulation state in-
formation is information indicating a touch manipulation
or the instantaneous movement speed is higher than the
speed threshold value V1. The process of the pointer
coordinates control unit 11 moves to step S440 if the
manipulation state information is information indicating
a non-touch manipulation and the instantaneous move-
ment speed is lower than or equal to the speed threshold
value V1.
[0184] At step S440, the pointer coordinates control
unit 11 substitutes predetermined constants OX and OY
into the parameters dX and dY as offsets for a display
position of a pointer PT, respectively (S440).
[0185] The pointer coordinates control unit 11 outputs,
to the pointer display control unit 15, an instruction to
display a pointer PT at a position that is deviated from
the position of the two-dimensional coordinates (x, y) on
the proximity touch panel 50 corresponding to the three-
dimensional coordinates (x, y, z) detected at step S11
as indicating the position of the finger UF by the offsets
(dX, dY) that were substituted at step S304 (S441). This
instruction includes information of the offsets (dX, dY).
[0186] According to the instruction that is output from
the pointer coordinates control unit 11, the pointer display
control unit 15 displays a pointer PT at the position that
is deviated from the position of the two-dimensional co-

ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF by the offsets (dX, dY) that were substituted at
step S440 (S441).
[0187] The pointer coordinates control unit 11 em-
ploys, as two-dimensional coordinates on the proximity
touch panel 50 indicating a position of a user manipula-
tion target among the objects displayed on the display
screen, coordinates obtained by adding the offsets (dX,
dY) substituted at step S440 to the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF (S435).
[0188] If it is judged at step S437 that this is the first
time a z coordinate is acquired, a pointer PT is not dis-
played but the initial offsets (dX, dY) = (0, 0) that were
set at step S12 are added to the two-dimensional coor-
dinates (x, y) on the proximity touch panel 50 correspond-
ing to the three-dimensional coordinates (x, y, z) of the
finger UF detected at step S11 (S435).
[0189] So that the coordinate acquired this time from
the position detection unit 30 and the time of acquisition
of this coordinate will be used at step S439 and the steps
following it in the next loop, the pointer coordinates con-
trol unit 11 stores these pieces of information in a memory
(not shown in Fig. 8) that is incorporated in the 3D touch
panel device 1 (S436).
[0190] As is understood from the above description, in
the 3D touch panel device 1 according to this embodi-
ment, by executing the step group PR43 shown in Fig.
16, switching can be made temporarily in a simplified
manner to non-display of a pointer PT if a user cancels
a touch state by releasing a finger from the display screen
after a pointer PT was displayed, as in the case that the
step group PR41 shown in Fig. 14 is executed.
[0191] Furthermore, in the 3D touch panel device 1,
the condition for judging whether to display a pointer PT
which is employed in the fourth embodiment is combined
with the specific feature of this embodiment that display
of a pointer PT is turned off after release of a touch. There-
fore, switching as to whether to display a pointer PT can
be made in a simplified manner on the basis of the mag-
nitude of a movement (approach speed) of a user finger
UF.

<Embodiment 8>

[0192] Fig. 17 is a flowchart showing how the 3D touch
panel device 1 according to the eighth embodiment op-
erates. Like the step group PR1 shown in Fig. 11, a step
group PR5 shown in Fig. 17 describes a display control
for a pointer PT and is executed by the pointer coordi-
nates control unit 11 of the control unit 10. In this embod-
iment, step S501 shown in Fig. 17 is executed after ex-
ecution of steps S11-S15 shown in Fig. 11 and step S20
and the steps following it shown in Fig. 11 are executed

35 36 



EP 2 711 818 A1

20

5

10

15

20

25

30

35

40

45

50

55

after execution of step S512 shown in Fig. 17.
[0193] In the step group PR5 which is executed after
step S15 shown in Fig. 11, the pointer coordinates control
unit 11 judges whether or not the user has made a ma-
nipulation of releasing the finger UF from the display
screen after touching it (S501). That is, based on pieces
of information of three-dimensional coordinates (x, y, z)
of the finger UF acquired from the position detection unit
30, the pointer coordinates control unit 11 judges whether
or not information acquired last time indicates a touch
state ((z coordinate) = 0) and information acquired this
time indicates a non-touch state ((z coordinate) ≠ 0)
(S501).
[0194] The process of the pointer coordinates control
unit 11 moves to step S508 if a transition has occurred
in the z coordinate of the three-dimensional coordinates
of the finger UF acquired by the proximity touch panel 50
from "0" (last time; touch state) to a non-zero value (this
time; non-touch state) (S501: yes). The process of the
pointer coordinates control unit 11 moves to step S502
if a transition has not occurred in the z coordinate of the
three-dimensional coordinates of the finger UF acquired
by the proximity touch panel 50 from "0" (last time; touch
state) to a non-zero value (this time; non-touch state)
(S501: no).
[0195] At step S508, the pointer coordinates control
unit 11 resets the counter which started the time meas-
urement operation at step S14 shown in Fig. 11 and con-
trols the timer to restart a time measurement operation
(S508).
[0196] The pointer coordinates control unit 11 cancels
the offsets for the display position of the pointer PT. More
specifically, the pointer coordinates control unit 11 sub-
stitutes "0" into the parameters dX and dY (S509).
[0197] The pointer coordinates control unit 11 controls
the pointer display control unit 15 not to display a pointer
PT (S510) and sets a touch release flag F10 to "1" (S511).
It is assumed that the touch release flag F10 is set at "0"
in the initial state of the process of the flowchart of Fig. 17.
[0198] On the other hand, at step S502, the pointer
coordinates control unit 11 judges whether or not the
touch release flag F10 is equal to "0" (S502). The process
of the pointer coordinates control unit 11 moves to step
S503 if the touch release flag F10 is equal to "0" (initial
value), and to step S504 if the touch release flag F10 is
equal to "1."
[0199] The pointer coordinates control unit 11 per-
forms comparison processing relating to whether to dis-
play a pointer PT according to a predetermined first judg-
ment condition (S503). The pointer coordinates control
unit 11 performs comparison processing relating to
whether to display a pointer PT according to a predeter-
mined second judgment condition (S504).
[0200] As for specific examples, the judgment condi-
tion of step S16 shown in Fig. 11, that is, whether to
display a pointer PT is judged according to whether or
not the prescribed time T1 has elapsed from the start
(made at step S14) of the time measurement operation

of the timer, is employed as the first judgment condition.
In this embodiment, it is assumed that the first judgment
condition is predetermined in the process of the pointer
coordinates control unit 11.
[0201] The condition of steps S201 and S202 shown
in Fig. 12, that is, whether to display a pointer PT is judged
on the basis of pieces of information, output from the
application processing unit 13, of objects (e.g., buttons,
menus, or icons) in respective display regions on the dis-
play screen of the display unit 40, is employed as the
second judgment condition. In this embodiment, it is as-
sumed that the second judgment condition is predeter-
mined in the process of the pointer coordinates control
unit 11.
[0202] The above-described first judgment condition
and second judgment condition are just examples. For
example, at both of steps S503 and S504, the pointer
coordinates control unit 11 may judge whether to display
a pointer PT according to the judgment condition of step
S16 shown in Fig. 11 in such a manner that the prescribed
times T1 of the judgment conditions of steps S503 and
S504 are set at 0.5 s and 1 s, respectively.
[0203] At step S505, the pointer coordinates control
unit 11 judges whether a touch manipulation is not being
performed and display of a pointer PT is necessary on
the basis of the result of the judgment made at step S503
or S504 and the manipulation state information acquired
at step S15 (S505). The process of the pointer coordi-
nates control unit 11 moves to step S506 if the manipu-
lation state information is information indicating a non-
touch manipulation and it is judged resultantly according
to the first judgment condition of step S503 or the second
judgment condition of step S504 that display of a pointer
PT is necessary. The process of the pointer coordinates
control unit 11 moves to step S512 if the manipulation
state information is not information indicating a non-touch
manipulation and it is judged resultantly that display of a
pointer PT is not necessary.
[0204] At step S506, the pointer coordinates control
unit 11 substitutes predetermined constants OX and OY
into the parameters dX and dY as offsets for a display
position of a pointer PT, respectively (S506).
[0205] The pointer coordinates control unit 11 outputs,
to the pointer display control unit 15, an instruction to
display a pointer PT at a position that is deviated from
the position of the two-dimensional coordinates (x, y) on
the proximity touch panel 50 corresponding to the three-
dimensional coordinates (x, y, z) detected at step S11
as indicating the position of the finger UF by the offsets
(dX, dY) that were substituted at step S506 (S507). This
instruction includes information of the offsets (dX, dY).
[0206] According to the instruction that is output from
the pointer coordinates control unit 11, the pointer display
control unit 15 displays a pointer PT at the position that
is deviated from the position of the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
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ger UF by the offsets (dX, dY) that were substituted at
step S428 (S507).
[0207] The pointer coordinates control unit 11 em-
ploys, as two-dimensional coordinates on the proximity
touch panel 50 indicating a position of a user manipula-
tion target among the objects displayed on the display
screen, coordinates obtained by adding the offsets (dX,
dY) substituted at step S506 to the two-dimensional co-
ordinates (x, y) on the proximity touch panel 50 corre-
sponding to the three-dimensional coordinates (x, y, z)
detected at step S11 as indicating the position of the fin-
ger UF (S512).
[0208] If it is judged at step S505 that display of a point-
er PT is not necessary, a pointer PT is not displayed but
the initial offsets (dX, dY) = (0, 0) that were set at step
S12 are added to the two-dimensional coordinates (x, y)
on the proximity touch panel 50 corresponding to the
three-dimensional coordinates (x, y, z) of the finger UF
detected at step S11 (S512).
[0209] As is understood from the above description, in
the 3D touch panel device 1 according to this embodi-
ment, since the condition for judging whether to display
a pointer PT is switched according to the use situation
of the 3D touch panel device 1 in the manner of steps
S502-S504 shown in Fig. 17, display/non-display of a
pointer PT can be controlled in a more proper and sim-
plified manner. That is, the 3D touch panel device 1 can
display a pointer PT quickly when a user needs display
of a pointer PT, and can turn off display of a pointer PT
quickly and thereby eliminate influence of offsets when
a user does not need display of a pointer PT.

<Embodiment 9>

[0210] Fig. 18 is a flowchart showing how the 3D touch
panel device 1 according to the ninth embodiment oper-
ates. The steps shown in Fig. 18 are used in changing
the offsets or the display position of a pointer PT men-
tioned above.
[0211] For example, the steps shown in Fig. 18 are
executed by the pointer coordinates control unit 11 peri-
odically in a short cycle. Therefore, the pointer coordi-
nates control unit 11 can execute the process shown in
Fig. 18 parallel with one of the processes shown in Figs.
11-17. Whereas in each of the second to eighth embod-
iments both of the offset parameters OX and OY are a
constant, in this embodiment the parameters OX and OY
are variables. The process shown in Fig. 18 will be de-
scribed below with an assumption that a pointer PT is
displayed on the display screen of the display unit 40 as
a result of execution of the process according to one of
the second to eighth embodiments.
[0212] The pointer coordinates control unit 11 detects
whether the pointer movement direction is leftward or
rightward (in the X-axis direction) by monitoring varia-
tions of the two-dimensional coordinates (x, y) indicating
the position on the proximity touch panel 50 correspond-
ing to the three-dimensional coordinates (x, y, z) of a

finger that are output from the position detection unit 30
(S51).
[0213] The pointer coordinates control unit 11 calcu-
lates a finger approach speed Vz in the z direction by
monitoring a variation in the z direction of the three-di-
mensional coordinates (x, y, z) of the finger that are out-
put from the position detection unit 30 and a time taken
(S52).
[0214] The pointer coordinates control unit 11 com-
pares the approach speed Vz obtained at step S52 with
a predetermined speed threshold value Vth1 (S53). The
process of the pointer coordinates control unit 11 moves
to step S54 if the approach speed Vz is higher than the
speed threshold value Vth1, and moves to step S55 if
the approach speed Vz is lower than or equal to the speed
threshold value Vth1.
[0215] The pointer coordinates control unit 11 com-
pares the approach speed Vz obtained at step S52 with
a predetermined speed threshold value Vth2 (S55). The
process of the pointer coordinates control unit 11 moves
to step S56 if the approach speed Vz is higher than the
speed threshold value Vth2, and moves to step S57 if
the approach speed Vz is lower than or equal to the speed
threshold value Vth2.
[0216] At step S54, the pointer coordinates control unit
11 substitutes predetermined constants Vx0 and Vy0 into
the variables OX and OY which represent position offsets
in the x direction and the y direction, respectively (S54).
[0217] At step S56, the pointer coordinates control unit
11 substitutes predetermined constants Vx1 and Vy1 into
the variables OX and OY which represent position offsets
in the x direction and the y direction, respectively (S56).
[0218] At step S57, the pointer coordinates control unit
11 substitutes predetermined constants Vx2 and Vy2 into
the variables OX and OY which represent position offsets
in the x direction and the y direction, respectively (S57).
[0219] After executing step S54, S56, or S57, the point-
er coordinates control unit 11 judges whether the move-
ment diction of the pointer PT detected by step S51 is
leftward or rightward (S58). The process of the pointer
coordinates control unit 11 moves to step S59 if the move-
ment diction of the pointer PT is rightward. The process
shown in Fig. 18 is finished if the movement diction of
the pointer PT is leftward.
[0220] At step S59, the pointer coordinates control unit
11 inverts the sign of the variable OX which represents
the position offset in the x direction (S59). That is, the
pointer coordinates control unit 11 corrects the two-di-
mensional coordinates (x, y) of the display position of the
pointer PT which is already deviated by the offsets by
changing the value of the variable OX to a negative value
if it is a positive value and to a positive value if it is a
negative value.
[0221] As described above, the offsets between a dis-
play position of a pointer
[0222] PT and an spatial position of a finger UF being
in a proximity state are determined by the variables OX
and OY. Therefore, in the 3D touch panel device 1 ac-
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cording to this embodiment, the magnitude and the di-
rection of the offset of the display position of a pointer
PT can be changed according to a movement (approach
speed) of a user finger UF by executing the process
shown in Fig. 18. That is, one of the three sets of offsets
can be selected according to the magnitude of an ap-
proach speed at which a user brings a finger UF closer
to the display screen (proximity touch panel 50).
[0223] Furthermore, the 3D touch panel device 1 can
display a pointer PT on the top-left of a user finger UF
(see Fig. 9) when the finger UF is moving leftward on the
display screen, and display a pointer PT on the top-right
of a user finger UF by inverting the sign (+/-) of the offset
when the finger UF is moving rightward.

<Other modifications>

[0224] Although in each of the above embodiments a
pointer PT is not displayed when a user does not need
display of a pointer PT, the offsets for the display position
of a pointer PT may be changed while the pointer PT is
kept displayed. That is, if the offsets (dX, dY) are set to
0 so that the position of a finger UF is not deviated from
the position of a user manipulation target on the display
screen when the user does not need a pointer PT, no
problems occur even if a pointer PT is kept displayed.
[0225] At step S11 shown in Fig. 11, it is detected
whether or not the distance of an approach finger UF
from the display screen has become shorter than or equal
to the threshold value zth, that is, it is judged whether or
not a transition has been made to a hover-in state. That
is, a pointer PT display control is started being triggered
by a transition to a hover-in state. However, whether to
start a pointer PT display control may be judged using a
threshold distance value that is different from the one of
the condition for the judgment as to a transition to a hover-
in state (shorter than or equal to the threshold value zth).
[0226] At step S21 shown in Fig. 11, it is detected
whether or not the distance of an approach finger UF
from the display screen has become longer than the
threshold value zth, that is, it is judged whether or not a
transition has been made to a hover-out state. A pointer
PT display control is finished if the distance has exceeded
the threshold value zth. However, whether to finish a
pointer PT display control may be judged using a thresh-
old distance value that is different from the one of the
condition for the judgment as to a transition to a hover-
out state (longer than the threshold value zth).
[0227] In Fig. 11, the pointer coordinates control unit
11 turns off the display of a pointer PT (S22) as soon as
it is judged at step S21 that a transition to a hover-out
state has been made. However, various modifications
are possible for the timing of turning off of the display of
a pointer PT. For example, the display of a pointer PT
may be maintained until lapse of a prescribed time (e.g.,
0.5 s) after a judgment that a transition to a hover-out
state has been made. This also applies to the timing of
turning off the display of a pointer PT at step S414 shown

in Fig. 14.
[0228] In the step group PR3 shown in Fig. 13, at step
S303 an approach speed in the z direction is compared
with the speed threshold value V1. However, the pointer
coordinates control unit 11 may make a judgment also
taking into movement speeds in another direction into
consideration. For example, a pointer PT may be dis-
played only if a movement speed in a direction that is
parallel with the xy plane is lower than or equal to a pre-
scribed value and a movement speed in the z direction
lower than or equal to the prescribed value.
[0229] Furthermore, in the step group PR41 shown in
Fig. 14, display of a pointer PT is turned off temporarily
(S414) if it is detected at step S411 that a touch has been
canceled (released). However, the pointer coordinates
control unit 11 may turn off display of a pointer PT in
response to a manipulation other than touch release. For
example, the pointer coordinates control unit 11 may turn
off display of a pointer PT temporarily when it is detected
that a pop-up picture has been displayed on the screen
under the control of an application, and display a pointer
PT again when the condition of step S416 is satisfied.
As a further alternative, the pointer coordinates control
unit 11 may turn off display of a pointer PT temporarily
when it is detected that the approach speed of a finger
UF in the z direction (in the direction going away from
the screen) has become higher than or equal to a pre-
scribed speed in a state that a pointer PT is displayed
and display a pointer PT again when the condition of step
S303 (see Fig. 13) is satisfied.
[0230] Although the various embodiments have been
described above with reference to the drawings, it goes
without saying that the invention is not limited to those
examples. It is apparent that those skilled in the art would
conceive changes or modifications of the various embod-
iments or combinations of the various embodiments with-
in the confines of the claims. And such changes, modifi-
cations, and combinations are naturally included in the
technical scope of the invention.
[0231] The present application is based on Japanese
Patent Application No. 2011-109344 filed on May 16,
2011, the disclosure of which is incorporated herein by
reference.

Industrial Applicability

[0232] The present invention is useful when applied to
display deices, display control methods, and display con-
trol programs which allow a user to visually recognize
information displayed on the screen easily while he or
she is using a touch panel.

Description of Reference Numerals and Signs

[0233]

1: 3D touch panel device
10: Control unit
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11: Pointer coordinates control unit
12: Direction judgment unit
13: Application processing unit
14: Display control unit
15: Pointer display control unit
30: Position detection unit
40: Display unit
41: Icon
42, 46: Pop-up
45: Thumbnail
50: Proximity touch panel
63: Index finger
65, 66, 67: Detection point
71: Text message

Claims

1. A display device comprising:

a touch panel that detects coming into proximity
or contact of a detection target;
a position detection unit that detects position co-
ordinates of the detection target whose coming
into proximity or contact has been detected by
the touch panel, the position coordinates includ-
ing coordinates in X and Y directions that are
parallel with a surface of the touch panel and a
coordinate in a Z direction that is perpendicular
to the surface of the touch panel;
a display unit on which the touch panel is placed;
a direction judgment unit that judges a direction
of the detection target on the basis of the position
coordinates detected by the position detection
unit; and
a display control unit that controls the display
unit to perform a display so that a part of display
contents of the display unit which would other-
wise be hidden by the detection target is pre-
vented from being hidden, on the basis of the
direction of the detection target judged by the
direction judgment unit.

2. The display device according to claim 1, wherein the
display control unit estimates an overlap portion in
the X and Y directions between a screen of the dis-
play unit and the detection target, and controls the
display unit to perform a display so as to avoid the
overlap portion.

3. The display device according to claim 1, wherein the
display control unit controls the display unit to display
part of the display contents of the display unit is dis-
played at a position that is adjacent to and pointed
by a tip of the detection target on the basis of the
direction of the detection target judged by the direc-
tion judgment unit.

4. The display device according to any one of claims 1
to 3, wherein if sets of position coordinates of two
points are detected by the position detection unit,
the direction judgment unit judges a direction of the
detection target on the basis of a direction of a vector
that has, as an initial point, a first point having a large
coordinate in the Z direction between the two points
and has, as an terminal point, a second point having
a small coordinate in the Z direction.

5. The display device according to any one of claims 1
to 3, wherein if sets of position coordinates of three
points are detected by the position detection unit,
the direction judgment unit judges a direction of the
detection target on the basis of a positional relation-
ship between a straight line connecting a first point
having a largest coordinate in the Z direction among
the three points and a second point having a second
largest coordinate in the Z direction and a third point
having a third largest coordinate in the Z direction.

6. The display device according to claim 4, wherein the
display control unit identifies a display item displayed
on the screen using the second point between the
two points, and controls a display position of infor-
mation relating to the identified display item accord-
ing to the position coordinates of the first point.

7. The display device according to any one of claims 1
to 6, wherein:

the direction judgment unit judges a direction of
the detection target if the coordinate in the Z
direction of the detection target detected by the
position detection unit is in a first coordinate
range; and
the display control unit controls the display unit
to perform a display so as to avoid the portion
of the screen of the display unit which is hidden
by the detection target if the coordinate in the Z
direction of the detection target detected by the
position detection unit is in a second coordinate
range which is smaller in the coordinate in the
Z direction than the first coordinate range.

8. The display device according to claim 7, wherein if
the coordinate in the Z direction is in the first coor-
dinate range or the second coordinate range, the
display control unit controls the display unit to display
information to that effect.

9. A display control method of a display device having
a touch panel that detects coming into proximity or
contact of a detection target, the display control
method comprising the steps of:

detecting position coordinates of the detection
target whose coming into proximity or contact
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has been detected by the touch panel, the po-
sition coordinates including coordinates in X and
Y directions that are parallel with a surface of
the touch panel and a coordinate in a Z direction
that is perpendicular to the surface of the touch
panel;
judging a direction of the detection target on the
basis of the detected position coordinates; and
controlling a display unit on which the touch pan-
el is placed to perform a display so that a part
of display contents of the display unit which
would otherwise be hidden by the detection tar-
get is prevented from being hidden, on the basis
of the direction of the direction-judged detection
target.

10. A display control program for causing a computer
which is a display device having a touch panel that
detects coming into proximity or contact of a detec-
tion target, to execute the steps of:

detecting position coordinates of the detection
target whose coming into proximity or contact
has been detected by the touch panel, the po-
sition coordinates including coordinates in X and
Y directions that are parallel with a surface of
the touch panel and a coordinate in a z direction
that is perpendicular to the surface of the touch
panel;
judging a direction of the detection target on the
basis of the position coordinates detected by the
position detection unit; and
controlling a display unit on which the touch pan-
el is placed to perform a display so that a part
of display contents of the display unit which
would otherwise be hidden by the detection tar-
get is prevented from being hidden, on the basis
of the direction of the detection target judged by
the direction judgment unit.

11. An input device comprising:

a touch panel that detects coming into proximity
or contact of a detection target;
a position detection unit that detects position co-
ordinates of the detection target whose coming
into proximity or contact has been detected by
the touch panel, the position coordinates includ-
ing coordinates in X and Y directions that are
parallel with a surface of the touch panel and a
coordinate in a Z direction that is perpendicular
to the surface of the touch panel;
a display unit on which the touch panel is placed;
a pointer coordinates control unit that judges
whether to display an indicator for pointing a po-
sition of a manipulation target designated by the
detection target on the basis of information in-
cluding the coordinate in the Z direction detected

by the position detection unit and a predeter-
mined judgment condition; and
a display control unit for controlling the display
unit to display the indicator if the pointer coordi-
nates control unit judges that the indicator
should be displayed.

12. The input device according to claim 11, wherein to
make a judgment according to the judgment condi-
tion, the pointer coordinates control unit compares
the length of a time that has elapsed in a state that
the detection target is spaced from the surface of the
touch panel by less than a prescribed distance with
a prescribed threshold time.

13. The input device according to claim 11, further com-
prising an application processing unit that judges an
object displayed on the display unit for each of dis-
play regions of the display unit,
wherein to make a judgment according to the judg-
ment condition, the pointer coordinates control unit
judges that the position of the manipulation target
designated by the detection target is in a display re-
gion for which the indicator should be displayed or
a display region for which the indicator should not
be displayed on the basis of judgment results of the
objects in the respective display regions.

14. The input device according to claim 11, wherein to
make a judgment according to the judgment condi-
tion, the pointer coordinates control unit compares
the coordinate of the detection target in the Z direc-
tion or a speed of approach of the detection target
to the touch panel in the Z direction with a prescribed
threshold value.

15. The input device according to claim 11, wherein the
pointer coordinates control unit judges that the indi-
cator being displayed on the display unit should be
erased if a transition from a state that the detection
target is in contact with the surface of the touch panel
to a non-contact state is detected by the touch panel;
and
the display control unit erases the indicator being
displayed on the display unit on the basis of the judg-
ment result of the pointer coordinates control unit.

16. The input device according to claim 15, wherein after
making the judgment that the indicator being dis-
played on the display unit should be erased, the
pointer coordinates control unit continues to judge
whether to display the indicator again according to
the same judgment condition that was employed be-
fore the judgment.

17. The input device according to claim 15, wherein after
making the judgment that the indicator being dis-
played on the display unit should be erased, the
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pointer coordinates control unit judges whether to
display the indicator again according to a judgment
condition that is different than was employed before
the judgment.

18. The input device according to any one of claims 11
to 17, wherein the display control unit displays the
indicator at a position that is deviated from the coor-
dinates of the detection target in the X and Y direc-
tions detected by the position detection unit by pre-
scribed offsets.

19. The input device according to claim 18, wherein:

the pointer coordinates control unit judges
whether a prescribed picture has been dis-
played on the display unit; and
the display control unit changes the offsets ac-
cording to a judgment result of the pointer coor-
dinates control unit.

20. The input device according to claim 18, wherein:

the pointer coordinates control unit judges
whether a speed of a movement of the detection
target away from the touch panel in the Z direc-
tion is higher than a prescribed speed; and
the display control unit changes the offsets ac-
cording to a judgment result of the pointer coor-
dinates control unit.

21. An input assistance method of an input device having
a display unit on which a touch panel is placed, com-
prising the steps of:

detecting coming into proximity or contact of a
detection target by the touch panel;
detecting position coordinates of the detection
target whose coming into proximity or contact
has been detected, the position coordinates in-
cluding coordinates in X and Y directions that
are parallel with a surface of the touch panel and
a coordinate in a Z direction that is perpendicular
to the surface of the touch panel;
judging whether to display an indicator for point-
ing a position of a manipulation target designat-
ed by the detection target on the basis of infor-
mation including the detected coordinate in the
Z direction and a predetermined judgment con-
dition; and
controlling the display unit to display the indica-
tor if it is judged that the indicator should be dis-
played.

22. A program for causing a computer which is an input
device having a display unit on which a touch panel
is placed, to execute the steps of:

detecting coming into proximity or contact of a
detection target by the touch panel;
detecting position coordinates of the detection
target whose coming into proximity or contact
has been detected, the position coordinates in-
cluding coordinates in X and Y directions that
are parallel with a surface of the touch panel and
a coordinate in a Z direction that is perpendicular
to the surface of the touch panel;
judging whether to display an indicator for point-
ing a position of a manipulation target designat-
ed by the detection target on the basis of infor-
mation including the detected coordinate in the
Z direction and a predetermined judgment con-
dition; and
controlling the display unit to display the indica-
tor if it is judged that the indicator should be dis-
played.

Amended claims under Art. 19.1 PCT

1. (AMENDED) A display device comprising:

a touch panel that detects coming into proximity
or contact of a detection target;
a position detection unit that detects position co-
ordinates of the detection target whose coming
into proximity or contact has been detected by
the touch panel, the position coordinates includ-
ing coordinates in X and Y directions that are
parallel with a surface of the touch panel and a
coordinate in a Z direction that is perpendicular
to the surface of the touch panel;
a display unit on which the touch panel is placed;
a direction judgment unit that judges a direction
of the detection target on the basis of the position
coordinates detected by the position detection
unit; and
a display control unit that controls the display
unit to perform a display so that a part of display
contents of the display unit which would other-
wise be hidden by the detection target is pre-
vented from being hidden, on the basis of the
direction of the detection target judged by the
direction judgment unit, wherein:

the direction judgment unit judges a direc-
tion of the detection target if the coordinate
in the Z direction of the detection target de-
tected by the position detection unit is in a
first coordinate range; and
the display control unit controls the display
unit to perform a display so as to avoid the
portion of the screen of the display unit
which is hidden by the detection target if the
coordinate in the Z direction of the detection
target detected by the position detection
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unit is in a second coordinate range which
is smaller in the coordinate in the Z direction
than the first coordinate range.

2. The display device according to claim 1, wherein the
display control unit estimates an overlap portion in
the X and Y directions between a screen of the dis-
play unit and the detection target, and controls the
display unit to perform a display so as to avoid the
overlap portion.

3. The display device according to claim 1, wherein the
display control unit controls the display unit to display
part of the display contents of the display unit is dis-
played at a position that is adjacent to and pointed
by a tip of the detection target on the basis of the
direction of the detection target judged by the direc-
tion judgment unit.

4. The display device according to any one of claims 1
to 3, wherein if sets of position coordinates of two
points are detected by the position detection unit,
the direction judgment unit judges a direction of the
detection target on the basis of a direction of a vector
that has, as an initial point, a first point having a large
coordinate in the Z direction between the two points
and has, as an terminal point, a second point having
a small coordinate in the Z direction.

5. The display device according to any one of claims 1
to 3, wherein if sets of position coordinates of three
points are detected by the position detection unit,
the direction judgment unit judges a direction of the
detection target on the basis of a positional relation-
ship between a straight line connecting a first point
having a largest coordinate in the Z direction among
the three points and a second point having a second
largest coordinate in the Z direction and a third point
having a third largest coordinate in the Z direction.

6. The display device according to claim 4, wherein the
display control unit identifies a display item displayed
on the screen using the second point between the
two points, and controls a display position of infor-
mation relating to the identified display item accord-
ing to the position coordinates of the first point.

7. (DELETED)

8. (AMENDED) The display device according to claim
1, wherein if the coordinate in the Z direction is in
the first coordinate range or the second coordinate
range, the display control unit controls the display
unit to display information to that effect.

9. (AMENDED) A display control method of a display
device having a touch panel that detects coming into
proximity or contact of a detection target, the display

control method comprising the steps of:

detecting position coordinates of the detection
target whose coming into proximity or contact
has been detected by the touch panel, the po-
sition coordinates including coordinates in X and
Y directions that are parallel with a surface of
the touch panel and a coordinate in a Z direction
that is perpendicular to the surface of the touch
panel;
judging a direction of the detection target on the
basis of the detected position coordinates;
controlling a display unit on which the touch pan-
el is placed to perform a display so that a part
of display contents of the display unit which
would otherwise be hidden by the detection tar-
get is prevented from being hidden, on the basis
of the direction of the direction-judged detection
target;
judging a direction of the detection target if the
coordinate in the Z direction of the detected de-
tection target is in a first coordinate range; and
controlling the display unit to perform a display
so as to avoid the portion of the screen of the
display unit which is hidden by the detection tar-
get if the coordinate in the Z direction of the de-
tected detection target is in a second coordinate
range which is smaller in the coordinate in the
Z direction than the first coordinate range.

10. (AMENDED) A display control program for causing
a computer which is a display device having a touch
panel that detects coming into proximity or contact
of a detection target, to execute the steps of:

detecting position coordinates of the detection
target whose coming into proximity or contact
has been detected by the touch panel, the po-
sition coordinates including coordinates in X and
Y directions that are parallel with a surface of
the touch panel and a coordinate in a z direction
that is perpendicular to the surface of the touch
panel;
judging a direction of the detection target on the
basis of the position coordinates detected by the
position detection unit;
controlling a display unit on which the touch pan-
el is placed to perform a display so that a part
of display contents of the display unit which
would otherwise be hidden by the detection tar-
get is prevented from being hidden, on the basis
of the direction of the detection target judged by
the direction judgment unit,
judging a direction of the detection target if the
coordinate in the Z direction of the detected de-
tection target is in a first coordinate range; and
controlling the display unit to perform a display
so as to avoid the portion of the screen of the
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display unit which is hidden by the detection tar-
get if the coordinate in the Z direction of the de-
tected detection target is in a second coordinate
range which is smaller in the coordinate in the
Z direction than the first coordinate range.

11. An input device comprising:

a touch panel that detects coming into proximity
or contact of a detection target;
a position detection unit that detects position co-
ordinates of the detection target whose coming
into proximity or contact has been detected by
the touch panel, the position coordinates includ-
ing coordinates in X and Y directions that are
parallel with a surface of the touch panel and a
coordinate in a Z direction that is perpendicular
to the surface of the touch panel;
a display unit on which the touch panel is placed;
a pointer coordinates control unit that judges
whether to display an indicator for pointing a po-
sition of a manipulation target designated by the
detection target on the basis of information in-
cluding the coordinate in the Z direction detected
by the position detection unit and a predeter-
mined judgment condition; and
a display control unit for controlling the display
unit to display the indicator if the pointer coordi-
nates control unit judges that the indicator
should be displayed.

12. The input device according to claim 11, wherein to
make a judgment according to the judgment condi-
tion, the pointer coordinates control unit compares
the length of a time that has elapsed in a state that
the detection target is spaced from the surface of the
touch panel by less than a prescribed distance with
a prescribed threshold time.

13. The input device according to claim 11, further com-
prising an application processing unit that judges an
object displayed on the display unit for each of dis-
play regions of the display unit,
wherein to make a judgment according to the judg-
ment condition, the pointer coordinates control unit
judges that the position of the manipulation target
designated by the detection target is in a display re-
gion for which the indicator should be displayed or
a display region for which the indicator should not
be displayed on the basis of judgment results of the
objects in the respective display regions.

14. The input device according to claim 11, wherein to
make a judgment according to the judgment condi-
tion, the pointer coordinates control unit compares
the coordinate of the detection target in the Z direc-
tion or a speed of approach of the detection target
to the touch panel in the Z direction with a prescribed

threshold value.

15. The input device according to claim 11, wherein the
pointer coordinates control unit judges that the indi-
cator being displayed on the display unit should be
erased if a transition from a state that the detection
target is in contact with the surface of the touch panel
to a non-contact state is detected by the touch panel;
and
the display control unit erases the indicator being
displayed on the display unit on the basis of the judg-
ment result of the pointer coordinates control unit.

16. The input device according to claim 15, wherein after
making the judgment that the indicator being dis-
played on the display unit should be erased, the
pointer coordinates control unit continues to judge
whether to display the indicator again according to
the same judgment condition that was employed be-
fore the judgment.

17. The input device according to claim 15, wherein after
making the judgment that the indicator being dis-
played on the display unit should be erased, the
pointer coordinates control unit judges whether to
display the indicator again according to a judgment
condition that is different than was employed before
the judgment.

18. The input device according to any one of claims 11
to 17, wherein the display control unit displays the
indicator at a position that is deviated from the coor-
dinates of the detection target in the X and Y direc-
tions detected by the position detection unit by pre-
scribed offsets.

19. The input device according to claim 18, wherein:

the pointer coordinates control unit judges
whether a prescribed picture has been dis-
played on the display unit; and
the display control unit changes the offsets ac-
cording to a judgment result of the pointer coor-
dinates control unit.

20. The input device according to claim 18, wherein:

the pointer coordinates control unit judges
whether a speed of a movement of the detection
target away from the touch panel in the Z direc-
tion is higher than a prescribed speed; and
the display control unit changes the offsets ac-
cording to a judgment result of the pointer coor-
dinates control unit.

21. An input assistance method of an input device having
a display unit on which a touch panel is placed, com-
prising the steps of:
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detecting coming into proximity or contact of a
detection target by the touch panel;
detecting position coordinates of the detection
target whose coming into proximity or contact
has been detected, the position coordinates in-
cluding coordinates in X and Y directions that
are parallel with a surface of the touch panel and
a coordinate in a Z direction that is perpendicular
to the surface of the touch panel;
judging whether to display an indicator for point-
ing a position of a manipulation target designat-
ed by the detection target on the basis of infor-
mation including the detected coordinate in the
Z direction and a predetermined judgment con-
dition; and
controlling the display unit to display the indica-
tor if it is judged that the indicator should be dis-
played.

22. A program for causing a computer which is an input
device having a display unit on which a touch panel
is placed, to execute the steps of:

detecting coming into proximity or contact of a
detection target by the touch panel;
detecting position coordinates of the detection
target whose coming into proximity or contact
has been detected, the position coordinates in-
cluding coordinates in X and Y directions that
are parallel with a surface of the touch panel and
a coordinate in a Z direction that is perpendicular
to the surface of the touch panel;
judging whether to display an indicator for point-
ing a position of a manipulation target designat-
ed by the detection target on the basis of infor-
mation including the detected coordinate in the
Z direction and a predetermined judgment con-
dition; and
controlling the display unit to display the indica-
tor if it is judged that the indicator should be dis-
played.
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