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Coordinate inputting/detecting apparatus, method and computer program product designed

to precicely recognize a designating state of a designating device designating a position

(57) A coordinate inputting/detecting apparatus for
optically detecting a position of a designating device in-
serted into a flat or substantially flat two-dimensional co-
ordinate inputting/detecting area of the apparatus in-
cludes a coordinate determining device to determine two-
dimensional coordinates of the designating device in the
coordinate inputting/deteating area. A distance determin-
ing device determines a distance of the designating de-
vice from a surface of the coordinate inputting/detecting
area when the designating device is located on or in vi-
cinity to the coordinate inputting/detecting area. A mem-
orizing device memorizes information of the two-dimen-
sional coordinates determined by the coordinates deter-
mining device and information of the distance determined
by the distance determining device so as to be associated
with each other. A coordinates change detecting/mem-
orizing device detects a change of the two-dimensional
coordinates information at a predetermined time interval
and memorizes the detected change of the two-dimen-
sional coordinates information. A distance change de-
tecting/memorizing device detects a change of the dis-
tance information at a predetermined time interval and
memorizes the detected change of the distance informa-
tion. A state allocating device allocates at least one des-
ignating state among designating states of the designat-
ing device stored in advance, based upon the coordinate
change information and the distance change information.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to a coordinate inputting/detecting apparatus, and more particularly relates to an
optical touch panel type coordinate inputting/detecting apparatus, that is integrated and used with an electronic white
board or alarge display apparatus, or used in conjunction with a personal computer, and that optically detects a coordinate
position designated by a designating member, such as a pen, or a finger, for inputting or selecting information represented
by the coordinate position designated by the designating member.

Discussion of the Background

[0002] There is known a coordinate inputting/detecting apparatus in which, when a coordinate inputting surface of the
coordinate inputting/detecting apparatus is pressed by a pen or when the pen approaches the coordinate inputting
surface, an electrical change is caused by an electrostatic charge or an electromagnetic induction, and thereby the
coordinate position of a point pressed or approached by the pen is detected.

[0003] Also, a touch panel type coordinate inputting/detecting apparatus using an ultrasonic wave is known, in which,
when a panel is touched, a surface elastic wave emitted across over the panel is attenuated and thereby a touched
position on the panel is detected, as described, for example, in Japanese Patent Laid-open Publication No. 61-239322.
[0004] However, in such a coordinate inputting/detecting apparatus that detects a coordinate position using an elec-
trostatic force or an electromagnetic induction, an electrical switching function must be provided at a coordinate inputting
surface of the coordinate inputting/detecting apparatus, thus increasing the manufacturing cost of the apparatus. Further,
the pen must be connected to a main body of the apparatus, for example, by a cable, which makes the operation relatively
difficult.

[0005] Further, a coordinate inputting/detecting apparatus using an ultrasonic wave is generally configured assuming
that a finger is used for a designating device. When a pen made of soft elastic material is used for the designating device,
in writing a straight line with the pen on a panel, for example, although the attenuation of a surface elastic wave is reliably
obtained when the pen is pressed against the panel, a sufficient contact of the pen with the panel is not obtained when
the pen is moved, and thereby the line is broken. On the other hand, if the pen is pressed unnecessarily strongly while
moving the pen for obtaining the sufficient contact with the panel, as the pen is moved, the panel receives a stress from
the pen because of the elasticity of the pen. This causes a distortion in the panel, and a reverting force is exerted while
the pen is moved. Therefore, in writing a curved line with the pen, the force of pressing the pen decreases such that the
reverting force is greater than the pressing force. As a result, the attenuation of the surface elastic wave is not reliably
obtained and thereby it is determined that the input is discontinued. Thus, the coordinate inputting/detecting apparatus
using an ultrasonic wave has a problem in obtaining a high reliability of inputting when a pen is used for a designating
device.

[0006] Further, various attempts have been made to solve the drawback of the above-described coordinate inputting/
detecting apparatuses by providing optical type coordinate inputting/detecting apparatuses as described, for example,
in Japanese Patent Laid-open publications No. 5-173699 and No. 9-319501. A touch panel type coordinate inputting/
detecting apparatus having a relatively simple construction can be realized using such an optical type coordinate inputting/
detecting apparatus.

[0007] Optical type coordinate inputting/detecting apparatus are recently widely used in conjunction with a personal
computer as an effective tool for inputting or selecting information in the personal computer. However, unlike a coordinate
inputting/detecting apparatus using an ultrasonic wave, a coordinate inputting/detecting surface (i.e., a touch panel) of
such optical type coordinate inputting apparatuses does not have a detecting function by itself, and an optical detecting
area is provided at a position slightly apart from the coordinate inputting/detecting surface of the coordinate inputting/
detecting apparatus. Therefore, a space deviation exists between the actual plane where, for example, an image (e.g.,
character) is drawn (written) with a finger, i.e., the coordinate inputting/detecting surface, and a plane where the coor-
dinates of the drawn image (character) are detected, and contrary to the intention of a person drawing the image
(character), a trail is caused on the drawn image (character) that is reproduced, for example, on a display. That is, in
an optical type coordinate inputting/detecting apparatus, a leaving of a finger from the touch panel is detected not in an
instance when the finger separates from the touch panel but when the finger separates from the touch panel more than
a certain distance. Therefore, before the finger reaches such a position, separated from the touch panel more than a
certain distance and where the finger is detected as separated from the touch panel, despite the finger has already
separated from the touch panel surface and drawing of a desired character has been already completed, the finger is
still detected as touching the touch panel (as being inserted in the coordinate inputting/detecting area). Thereby, an
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unintended line is drawn at a part of a reproduced image. Such a phenomenon of drawing an intended line is called a
trailing phenomenon.

[0008] For example, as illustrated in Fig. 33, when a coordinate inputting/detecting area 200 is provided at a surface
side of a touch panel 201, and if a finger 202 draws a line along the surface of the touch panel 201 and separates from
the surface of the touch panel 201 upon ending the drawing at a point P, the finger 202 is continued to be detected by
a detecting light and thereby the finger 202 is detected as touching the touch panel 202 until reaching a point P’ where
the finger 202 leaves the coordinate inputting/detecting area 200, and the finger 202 is first detected as having been
detached from the touch panel 202 at the point P’. Accordingly, a drawing line 203 which is displayed at a surface of the
touch panel 201 via a display device does not end at the point P and extends to the point P’, and the part between the
points P and P’ is displayed as a trailing line 204. In practical drawing cases, for example, in drawing a Japanese Kanji
character "=" ("ni") as illustrated in Fig. 34A, a line is first drawn from a point (1) to a point @, and then the finger is
separated from the touch panel 202 at the point @. Thereafter, another line is drawn from a point ® to a point @, and
the finger is separated from the touch panel 201 at a point @. In actual drawing, however, when separating the finger
from the touch panel 201 at each ending portion 205 of the points @ and @, the above-described trailing phenomenon
occurs, such that a trailing 204 like a whisker is generated at each ending portion 205 as illustrated in Fig. 34B, thereby
deteriorating the visibility of the drawn character. Therefore, after the drawing is completed, a troublesome operation,
such as erasing the trailing 204 by manipulating an erasing tool, is necessary.

[0009] Further, some Japanese Kanji and Hiragana characters have a sweeping up portion, such as, for example, a

sweeping up portion 206 of Japanese Kanji character "”"\'f " ("sun") as illustrated in Fig. 34C, and a sweeping portion,

such as, for example, a sweeping portion 207 of Japanese Hiragana character n A ("tsu") as illustrated in Fig. 34E.
Because these sweeping up and sweeping portions are requisite drawings in Japanese Kanji and Hiragana characters,
it is necessary to distinguish these sweeping up and sweeping portions from a trailing in the ending portion 205. Figs.

34D and 34F illustrate examples of reproduced drawn Kanji character i ("sun") and Hiragana character "2 "
("tsu™). As illustrated, a trailing 204 is generated at each of the ending portions 205 and tip ends of the sweeping up
portion 206 and the sweeping portion 207.

[0010] Thugs the above-described trailing problem in the optical type coordinate inputting/detecting apparatus is
caused by a fact that a deviation exists between the actual designating condition of a designating member, such a finger,
and the determination or the recognition of the designating device in the coordinate inputting area of the coordinate
inputting/detecting apparatus and that thereby determination as to whether the designating device is inserted in the
coordinate inputting/detecting area or recognition of the designating member in the coordinate inputting/detecting area
of the coordinate inputting/detecting apparatus is not reliably made,

SUMMARY OF THE INVENTION

[0011] The present invention has been made in view of the above-discussed and other problems and addresses the
above-discussed and other problems.

[0012] Preferred embodiments of the present invention provide a novel coordinate inputting/detecting apparatus and
method that precisely recognizes a designating state of a designating device designating a drawing positionin a coordinate
inputting/detecting area, such that a relatively appropriate coordinate inputting/detecting processing is realized and a
trailing phenomenon in a reproduced image is reduced.

[0013] Another preferred embodiment of the present invention provides a novel coordinate inputting/detecting appa-
ratus and method that processes a coordinate inputting/detecting process while taking into consideration characteristics
of Japanese Kanji and Hiragana characters appearing at sweeping up and ending portions of the characters.

[0014] According to a preferred embodiment of the present invention, a novel coordinate inputting/detecting apparatus
for optically detecting a position of a designating device inserted into a flat or substantially flat two-dimensional coordinate
inputting/detecting area of the apparatus includes a coordinate determining device to determine two-dimensional coor-
dinates of the designating device in the coordinate inputting/detecting area. A distance determining device determines
a distance of the designating device from a surface of the coordinate inputting/detecting area when the designating
device is located on or in vicinity to the coordinate inputting/detecting area. A memorizing device memorizes information
of the two-dimensional coordinates determined by the coordinates determining device and information of the distance
determined by the distance determining device so as to be associated with each other. A coordinates change detecting/
memorizing device detects a change of the two-dimensional coordinates information memorized in the memorizing
device at a predetermined time interval and memorizes the detected change of the two-dimensional coordinates infor-
mation. A distance change detecting/memorizing device detects a change of the distance information memorized in the
memorizing device at a predetermined time interval and memorizes the detected change of the distance information. A
state allocating device allocates at least one designating state among designating states of the designating device stored
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in advance, based upon the coordinate change information detected and memorized by the coordinate change detecting/
memorizing device and the distance change information detected and memorized by the distance change detecting/
memorizing device.

[0015] According to another preferred embodiment of the present invention, a novel coordinate inputting/detecting
apparatus for optically detecting a position of a designating device inserted into a flat or substantially flat two-dimensional
coordinate inputting/detecting area of the apparatus includes a coordinate determining device to determine two-dimen-
sional coordinates of the designating device in the coordinate inputting/detecting area. A distance determining device
determines a distance of the designating device from a surface of the coordinate inputting/detecting area when the
designating device is located on or in vicinity to the coordinate inputting/detecting area. A memorizing device memorizes
information of the two-dimensional coordinates determined by the coordinates determining device and information of
the distance determined by the distance determining device so as to be associated with each other. A coordinates
change detecting/memorizing device detects a change of the two-dimensional coordinates information memorized in
the memorizing device at a predetermined time interval and memorizes the detected change of the two-dimensional
coordinates information, and a distance change detecting/memorizing device detects a change of the distance information
memorized in the memorizing device at a predetermined time interval and memorizes the detected change of the distance
information. Further, a ratio calculating device calculates a ratio between the coordinates change detected by the coor-
dinates change detecting/memorizing device and the distance change detected by the distance change detecting/mem-
orizing device, and a threshold value memorizing device memorizes at least one predetermined threshold value for the
ratio. A comparing device compares the ratio calculated by the ratio calculating device and the threshold value memorized
by the threshold memorizing device, and a state allocating device allocates at least one designating state among des-
ignating states of the designating device stored in advance, based upon a result of the comparison by the comparing
device.

[0016] According to still another preferred embodiment of the present invention, a novel coordinate inputting/detecting
apparatus for optically detecting a position of a designating device inserted into a flat or substantially flat two-dimensional
coordinate inputting/detecting area of the apparatus includes a coordinate determining device to determine two-dimen-
sional coordinates of the designating device in the coordinate inputting/detecting area and a distance determining device
to determine a distance of the designating device from a surface of the coordinate inputting/detecting area when the
designating device is located on or in vicinity to the coordinate inputting/detecting area. A memorizing device memorizes
information of the two-dimensional coordinates determined by the coordinates determining device and information of
the distance determined by the distance determining device so as to be associated with each other. A coordinates
change detecting/memorizing device detects a change of the two-dimensional coordinates information memorized in
the memorizing device at a predetermined time interval and memorizes the detected change of the two-dimensional
coordinates information, and a distance change detecting/memorizing device detects a change of the distance information
memorized in the memorizing device at a predetermined time interval and memorizes the detected change of the distance
information. Further, a gradient calculating device calculates a gradient of the distance change detected by the distance
change detecting/memorizing device relative to the coordinates change detected by the coordinates change detecting/
memorizing device, and a threshold value memorizing device memorizes at least one predetermined threshold value
forthe gradient. Acomparing device compares the gradient calculated by the gradient calculating device and the threshold
value memorized by the threshold memorizing device, and a state allocating device allocates at least one designating
state among designating states of the designating device stored in advance, based upon a result of the comparison by
the comparing device.

[0017] According to the presentinvention, in the above coordinate inputting/detecting apparatuses, the state allocating
device may include a determining device to determine, according to a result of the comparison by the comparing device,
as that the designating device has not been inserted into the coordinate inputting/detecting area when the ratio is greater
than the threshold value and as that the designating device has been inserted into the coordinate inputting/detecting
area when the ratio is equal to or smaller than the threshold value.

[0018] According to another preferred embodiment of the present invention, a novel coordinate inputting/detecting
apparatus for optically detecting a position of a designating device inserted into a flat or substantially flat two-dimensional
coordinate inputting/detecting area of the apparatus includes a coordinates determining device to determine two-dimen-
sional coordinates of the designating device in the coordinate inputting/detecting area at a predetermined time interval,
and an insertion/non-insertion state detecting device to detect an insertion/non-insertion state of the designating device
relative to the coordinate inputting/detecting area. Further, a vectorization device converts information of a direction and
a length of a change between two two-dimensional coordinates sequentially detected by the coordinates determining
device atthe predetermined time interval into a coordinates vector value, and a sweeping up processing device processes,
if a change of a first coordinates vector value, obtained by the vectorization device when the non-insertion state of the
designating device is detected at a first two-dimensional coordinates by the insertion/non-insertion state detecting device,
from a second coordinates vector value, obtained by the vetorization device at a second two-dimensional coordinates
immediately before the first two-dimensional coordinates, is not greater than a predetermined value, a drawing line
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connecting between the second two-dimensional coordinates and a third two-dimensional coordinates immediately
before the second two-dimensional coordinates so as to be reduced by a predetermined length.

[0019] According to still another preferred embodiment of the present invention, a novel coordinate inputting/detecting
apparatus for optically detecting a position of a designating device inserted into a flat or substantially flat two-dimensional
coordinate inputting/detecting area of the apparatus includes a coordinates determining device to determine two-dimen-
sional coordinates of the designating device in the coordinate inputting/detecting area at a predetermined time intervals,
and an insertion/non-insertion state detecting device to detect an insertion/non-insertion state of the designating device
relative to the coordinate inputting/detecting area. Further, a vectorization device converts information of a direction and
a length of a change between two two-dimensional coordinates sequentially detected by the coordinates determining
device at the predetermined time interval into a coordinates vector value, and a trailing processing device processes, if
a change of a first coordinates vector value, obtained by the vectorization device when the non-insertion state of the
designating device is detected at a first two-dimensional coordinates by the insertion/non-insertion state detecting device,
from a second coordinates vector value, obtained by the vetorization device immediately before the first two-dimensional
coordinates, is greater than a predetermined value, a drawing line connecting between the first and second coordinates
so0 as to be made null.

[0020] According to still another preferred embodiment of the present invention, a novel coordinate inputting/detecting
apparatus for optically detecting a position of a designating device inserted into a flat or substantially flat two-dimensional
coordinate inputting/detecting area of the apparatus includes a coordinates determining device to determine two-dimen-
sional coordinates of the designating device in the coordinate inputting/detecting area at a predetermined time interval,
and an insertion/non-insertion state detecting device to detect an insertion/non-insertion state of the designating device
relative to the coordinate inputting/detecting area. A vectorization device converts information of a direction and a length
of a change between two two-dimensional coordinates sequentially detected by the coordinates determining device at
the predetermined time interval into a coordinates vector value, and a trailing processing device processes, if a change
of a first coordinates vector value, obtained by the vectorization device when the non-insertion state of the designating
device is detected at a first two-dimensional coordinates by the insertion/non-insertion state detecting device, from a
second coordinates vector value, obtained by the vectorization device immediately before the first two-dimensional
coordinates, is greater than a predetermined value, a drawing line connecting between the first and second two-dimen-
sional coordinates so as to be made null. Further, a trailing length calculating device calculates an average length value
of the drawing lines made null by the trailing processing device, and a sweeping up processing device processes, if the
change of the first coordinates vector value, obtained by the vectorization device when the non-insertion state of the
designating device is detected at the first two-dimensional coordinates by the insertion/non-insertion state detecting
device, from the second coordinates vector value, obtained by the vectorization device at the second two-dimensional
coordinates immediately before the first two-dimensional coordinates, is not greater than the predetermined value, a
drawing line connecting between the second two-dimensional coordinates and a third two-dimensional coordinates
immediately before the second two-dimensional coordinates so as to be reduced by a length of the average length value.
[0021] According to the present invention, in the above coordinate inputting/detecting apparatuses, the coordinates
determining device may include a plurality of light emitting devices to emit optical beams two-dimensionally toward the
coordinate inputting/detecting area, a light returning reflective device to reflect the optical beams emitted by the plurality
of light emitting devices so as to return in substantially reversed directions in the coordinate inputting/detecting area,
and a plurality of light receiving devices respectively disposed in positions to receive the optical beams reflected by the
light returning reflective device so as to detect light intensity distribution of the optical beams. The designating device
has alightinterrupting property, and the two-dimensional coordinates of the designating device in the coordinate inputting/
detecting area are recognized based upon existence of the designating device in emitted/received light optical paths
formed in the coordinate inputting/detecting area via the light returning reflective device, and the distance determining
device determines the distance of the designating device from the surface of the coordinate inputting/detecting area
based upon light intensity of the optical beams received by the plurality of light receiving devices.

[0022] Further, according to the present invention, in the above coordinate inputting/detecting apparatuses, the coor-
dinates determining device may include an image inputting device to optically input image information of the coordinate
inputting/detecting area, and a conversion device to convert a part of the image information inputted by the image
inputting device to information of two-dimensional coordinates of the designating device. The distance determining
device determines the distance of the designating device from the surface of the coordinate inputting/detecting area
based upon image density information of the image information inputted by the image inputting device.

[0023] Furthermore, according to the present invention, in the above coordinate inputting/detecting apparatuses, the
coordinates determining device may include a plurality of light emitting devices to emit optical beams toward the coordinate
inputting/detecting area, a plurality of light receiving devices arranged in vicinity of the plurality of light emitting devices
so as to correspond to the plurality of light emitting devices, respectively, and a light returning reflective device to reflect
the optical beams emitted by the plurality of light emitting devices so as to return to substantially same positions as those
of the plurality of light emitting devices to be guided to respective corresponding light receiving devices. The two-
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dimensional coordinates of the designating device in the coordinate inputting/detecting area are recognized based upon
light intensity distribution corresponding to an inserted position of the designating device in the coordinate inputting/
detecting area, and the distance determining device determines the distance of the designating device from the surface
of the coordinate inputting/detecting area based upon light intensity of the optical beams received by the plurality of light
receiving devices.

[0024] Still furthermore, according to the present invention, in the above coordinate inputting/detecting apparatus, the
coordinates determining device may include a plurality of light emitting devices to emit optical beams two-dimensionally
toward the coordinate inputting/detecting area, and a plurality of light receiving devices arranged in positions facing the
plurality of light emitting devices via the coordinate inputting/detecting area, respectively. The designating device has a
light interrupting property, and the two-dimensional coordinates of the designating device in the coordinate inputting/
detecting area are recognized based upon existence of the designating device in emitted/received light optical paths
formed in the coordinate inputting/detecting area, and the distance determining device determines the distance of the
designating device from the surface of the coordinate inputting/detecting area based upon light intensity of the optical
beams received by the plurality of light receiving devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] A more complete appreciation of the present invention and many of the attendant advantages thereof will be
readily obtained as the same becomes better understood by reference to the following detailed description when con-
sidered in conjunction with accompanying drawings, wherein:

Fig. 1 is a front view illustrating a construction of a coordinate inputting/detecting apparatus employing a so-called
returning light interrupting method;

Fig. 2 is a schematic drawing illustrating an exemplary construction of an optical unit to emit and receive a light, that
is attached to a coordinate inputting surface of a coordinate inputting/detecting area of the coordinate inputting/
detecting apparatus, which is viewed in a direction perpendicular to the coordinate inputting/detecting area of the
coordinate inputting/detecting apparatus;

Fig. 3 is a schematic drawing for explaining an operation of detecting a designated point in the coordinate inputting/
detecting area of the coordinate inputting/detecting apparatus;

Fig. 4 is another schematic drawing for explaining the operation of detecting a designated point in the coordinate
inputting/detecting area of the coordinate inputting/detecting apparatus;

Fig. 5 is a cross section view illustrating an example of arranging the optical unit at a display surface of a display
apparatus;

Fig. 6 is a block diagram illustrating a construction of a control circuit of a light source and a light receiving element
of the optical unit;

Fig. 7 is a schematic drawing illustrating an example of a coordinate inputting/detecting apparatus using an LED
array system;

Fig. 8 is a block diagram illustrating a construction of a coordinate inputting/detecting apparatus using a camera
imaging system;

Fig. 9 is a timing chart illustrating signal wave forms of the coordinate inputting/detecting apparatus using a camera
imaging system;

Figs. 10A-10C are a diagram for explaining a method of calculating a two-dimensional coordinates position in the
coordinate inputting/detecting apparatus;

Fig. 11 illustrates a coordinate inputting/detecting apparatus using a rotation scanning system including a pen having
a reflective plate;

Fig. 12 illustrates a configuration of an optical unit used in the coordinate inputting/detecting apparatus;

Fig, 13 is a perspective view illustrating an example of a cursor for inputting a coordinate used in the coordinate
inputting/detecting apparatus;

Fig. 14 is a block diagram illustrating an example of a construction of electrical circuits of the coordinate inputting/
detecting apparatus;

Fig. 15 is atiming chart illustrating wave forms of the electrical circuit of the coordinate inputting/detecting apparatus;
Fig. 16 is a block diagram of a coordinate inputting/detection apparatus having the characteristic configuration of a
first example according to the present invention;

Fig. 17 is a flowchart illustrating an exemplary operation of the coordinate inputting/detecting apparatus having the
characteristic configuration of the first example;

Fig. 18 is a block diagram of a coordinate inputting/detection apparatus having the characteristic configuration of a
second example according to the present invention;

Fig. 19 is a flowchart illustrating an exemplary operation of the coordinate inputting/detecting apparatus having the
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characteristic configuration of the second example;

Fig. 20 is a block diagram of a coordinate inputting/detecting apparatus having the characteristic configuration of a
third example according to the present invention;

Figs. 21A-21C are cross sections illustrating an exemplary coordinate inputting operation, viewed from the direction
which is parallel to the surface of a coordinate inputting/detecting area set in front of a display surface;

Figs. 22A-22C are diagrams illustrating light-intensity distribution in respected states illustrated in Figs. 21A-21C;
Fig. 23 is a diagram illustrating an example of the change of a dip amount of light intensity according to the change
of the distance of a finger from the inputting surface;

Figs. 24A and 24B are explanatory diagrams illustrating sectional views of a trace of a fingertip in drawing characters;
Figs. 25A and 25B are explanatory diagrams schematically illustrating sectional views of the trace of the fingertip
illustrated in Figs. 24A and 24B, slightly enlarged;

Fig. 26 is a flowchart illustrating an exemplary operation of the coordinate inputting/detecting apparatus having the
characteristic configuration of the third example;

Fig. 27 is a diagram illustrating another example of the change of a dip amount of light intensity according to the
change of the distance of a finger from the inputting surface;

Figs. 28A and 28B are diagrams illustrating the change of the dip amount in output waveforms;

Fig. 29 is a block diagram illustrating a coordinate inputting/detecting apparatus having the characteristic configu-
ration of a fourth example according to the present invention;

Fig. 30 is a diagram for explaining a method of calculating a coordinates vector value;

Fig. 31 is a diagram illustrating a change of two-dimensional coordinates according to a movement of a finger;
Fig. 32 is a block diagram illustrating a coordinate inputting/detecting apparatus having the characteristic configu-
ration of a fifth example according to the present invention;

Fig. 33 is an explanatory drawing for explaining an operation of drawing with a finger; and

Figs. 34A-34F are exaggerated drawings for explaining examples of structures of representative Japanese charac-
ters and examples of drawing such characters.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0026] Referring now to the drawings, wherein like reference numerals designate identical or corresponding parts
throughout the several views, preferred embodiments of the present invention are described.

[0027] First, an exemplary construction of a coordinate inputting/detecting apparatus to which the present invention
is applied is described referring to Figs. 1-6. Fig. 1 is a front view illustrating a construction of a coordinate inputting/
detecting apparatus 1 employing a so-called returning light interrupting method. A coordinate inputting/detecting area
3, which is an internal space of a coordinate inputting/detecting member 2 formed in a square shaped frame, is two-
dimensionally shaped and is flat or substantially flat. The coordinate inputting/detecting area 3 may be formed, for
example, by a display surface of a display apparatus that electronically displays information, e.g., a plasma display, or
by a white board for writing information thereupon with a writing pen such as a marker. The coordinate inputting/detecting
apparatus 1 is configured such that, when a designating device 4, that is made of an optically opaque material so as to
function as a light interrupting device, for example, a finger of an operating person, a pen or a designating rod, touches
on the coordinate inputting/detecting area 3, the coordinates of the designating device 4 in the coordinating inputting/
detecting area 3 are detected.

[0028] Alight emitting/receiving device 5 is arranged at each of the upper (or lower) corners of the coordinate inputting/
detecting area 3 in Fig. 1, and as illustrated as an example, probing light fluxes L1, T2, T3, .., Ln are emitted from the
light emitting/receiving device 5 at the left side toward the coordinate inputting/detecting area 3. Specifically, these
probing light fluxes L1-Ln progress, while forming a fan-like plate, along a plane parallel to a coordinate inputting plane
of the coordinate inputting/detecting area 3 extending from a secondary light source 6 having a spot shape.

[0029] Lightreturningreflective member 7s are attached to circumferential portions of the coordinate inputting/detecting
area 3 such that respective light returning reflecting surfaces thereof face a center of the coordinate inputting/detecting
area 3, respectively.

[0030] The light returning reflective member 7 has the property to reflect an incident light thereto in a reversed direction
independent of the incident angle. For example, a beam 8 emitted from the light emitting/receiving device 5 at the left
side is reflected by the light returning reflective member 7 so as to return toward the light emitting/receiving device 5,
as a returning reflected light 9, while passing through the same optical path the beam 8 has passed when progressed
toward the light reflective member 7 from the light emitting/receiving device 5. A light receiving device (described later)
is arranged in the light emitting/receiving device 5 so as to determine if a returning light has returned to the light emitting/
receiving device 5 with respect to each of the probing light fluxes L1-Ln.

[0031] For example, if the operator touches a position P by a finger (the designating device 4), a probing light flux 10
is interrupted by the finger and thereby the light flux 10 does not reach the light returning reflective member 7. Accordingly,
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a returning light of the probing light 10 does not reach the light emitting/receiving device 5, and thereby the returning
light corresponding to the probing light flux 10 is detected as not having been received by the light receiving device.
Thus, it is detected that the designating member 4 is inserted on a path (a straight line L) of the probing light 10. Likewise,
by emitting a probing light flux 11 from the light emitting/receiving device 5 provided at the upper right corner of the
coordinate inputting/detecting area 3 and by detecting that a returning light corresponding to the probing light flux 11 is
not received by the right side light emitting/receiving device 5, it is determined that the designating device 4 is inserted
on a path (a straight line R) of the probing light flux 11. Here, if the information of the line L and the line R can be obtained,
by obtaining the coordinates of the point P by calculation, the coordinates of a position in the coordinate inputting area
3 where the designating device 4 is inserted can be obtained.

[0032] Next, a construction of the light emitting/receiving device 5 and a mechanism to detect which one of the probing
light fluxes L1-Ln has been interrupted are described. Fig. 2 is a diagram illustrating an exemplary construction of the
light emitting/receiving device 5 attached to the coordinate inputting plane of the coordinate inputting/detecting area 3,
which is viewed in a direction perpendicular to the coordinate inputting/detecting area 3. For simplicity sake, the expla-
nation is made for a two-dimensional plane parallel to the coordinate inputting/detecting area 3.

[0033] The light emitting/receiving device 5 includes, as illustrated in Fig. 2, the secondary light source 6, a condensing
lens 12, and a light receiving element 13 including, for example, a photodiode (PD), as a light receiving device. The
secondary light source 6 emits light fluxes formed in a fan-like shape in a direction opposite the light receiving element
13 when viewed from the secondary light source 6. The fan-like shaped light fluxes emitted from the secondary light
source 6 are the collected beams proceeding in directions indicated by arrows 14, 15 and in other directions. Also, a
beam proceeded in the direction indicated by the arrow 14 is reflected by the light returning reflective member 7 in a
direction indicated by an arrow 16 and passes the condensing lens 12 to reach a position 17 on the light receiving
element 13. A beam proceeded in the direction indicated by the arrow 15 is reflected by the light returning reflective
member 7 and passes the condensing lens 12 to reach a position 19 on the light receiving element 13. Thus, the light
fluxes, which have been emitted from the secondary light source 6 and reflected by the light returning reflective member
7 so as to return through respective light paths passed when proceeding to the light returning reflective member 7, reach
different positions on the light receiving element 13, respectively. Accordingly, if the designating device 4 is inserted in
a certain position in the coordinate inputting/detecting area 3 and a light flux is interrupted by the designating device 4,
a returning light does not reach a position on the light receiving element 13 corresponding to the interrupted light flux.
Therefore, by examining the light intensity distribution on the light receiving element 13, which one of the light fluxes L1-
Ln has been interrupted can be recognized.

[0034] The above operation is described more in detail with reference to Fig. 3. In Fig. 3, the light receiving element
13 is arranged at a focusing plane (at a position of a focusing length f) of the condensing lens 12. A light flux emitted
from the light source 6 toward the right side in Fig, 3 is reflected by the light returning reflective member 7 so as to return
passing through the same optical path as when proceeded to the light returning reflective member 7. Accordingly, the
reflected returning light flux is again condensed at the position of the secondary light source 6. The condensing lens 12
is arranged such that the center thereof coincides with the position of the secondary light source 6. Because a reflected
light returned from the light returning reflective member 7 passes the center of the condensing lens 12, the reflected
returning light proceeds toward a rear side of the condensing lens 12 (toward the light receiving element 13) passing
through a symmetrical light path.

[0035] If the designating device 4 is not inserted in the coordinate inputting/detecting area 3, the light intensity distri-
bution on the light receiving element 13 is substantially uniform. However, as illustrated in Fig. 3, if the designating device
4 having the property of interrupting a light is inserted in the coordinate inputting/detecting area 3 at the position P, a
light flux passing the point P is interrupted by the designating device 4, and thereby an area where the light intensity is
weak (a blind point) is generated at a position on the light receiving element 13 a distance Dn apart from the position
corresponding to the optical axis of the condensing lens 12. The distance Dn corresponds to an emerging/incident angle
on of the interrupted light flux, and the angle 6n can be known by detecting the distance Dn. That is, the angle 6n can
be expressed as a function of the distance Dn as follows;

On=arctan(Dn/f) .. (1)

emitting/receiving device 5 at the upper left corner of the coordinate inputting/detecting area 3 in Fig. 1 are respectively
replaced with an angle 6nL and a distance DnL.

[0036] Further, in Fig. 4, according to a conversion coefficient "g" of a geometrical relationship between the light
emitting/receiving device 5 and the coordinate inputting/detecting area 3, an angle 6L formed by the designating device
4 and the coordinate inputting/detecting area 3 can be expressed as a function of the distance DnL obtained by the
above equation (1), as follows;
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0L=g (BnL) .. (2),

wherein 6nL=arctan(DnL/f).

[0037] Likewise, with respectto the light emitting/receiving device 5 arranged at the upper right corner of the coordinate
inputting/detecting area 3 in Fig. 1, replacing reference L in the above equations (1) and (2) with reference R, according
to a conversion coefficient "h" of a geometrical relationship between the light emitting/receiving device 5 at the upper
right corner and the coordinate inputting/detecting area 3, an angle 6R formed by the designating device 4 and the
coordinate inputting/detecting area 3 can be expressed as follows;

OR=h (BnR) .. (3),

wherein &nR=arctan(DnR/f).
[0038] When an interval between the light emitting/receiving devices 5 arranged at the upper right and left corners of

the coordinate inputting/detecting area 3 is expressed by "w" and the origin of the coordinate axes is set as illustrated
in Fig. 4, two-dimensional coordinates (x, y) of the point P designated by the designating device 4 are expressed as follows;

x=wetanfnR/ (tanOnl+tandnR) .. (4)

y=wetandnLetanOnR/ (tanbnl+tanbnR) .. (5)

Thus, "x" and "y" are expressed as a function of DnL and DnR. That is, the two-dimensional coordinates of the point P
designated by the designating device 4 can be obtained by detecting the distances DnL, DnR of the blind points on the
light receiving element 13 of the light emitting/receiving devices 5 provided at the upper left and right corners of the
coordinate inputting/detecting area 3 and by considering the geometrical disposition of the light emitting/receiving devices
5.

[0039] Next, an example in which an optical system is disposed in the coordinate inputting/detecting area 3, for
example, at a surface of a display apparatus, is described. Fig. 5 illustrates an example in which one of the light emitting/
receiving devices 5 is arranged at a display surface of a display apparatus.

[0040] In Fig. 5, reference numeral 20 denotes a cross section of the display surface viewed in a direction from a
negative side to a positive side of the y axis illustrated in Fig. 2, that is, in a x-z direction. The same portions of the light
emitting/receiving device 5 viewed from different directions (a x-y direction, a y-z direction) are also illustrated in Fig. 5
in the parts enclosed by two-dot-straight lines.

[0041] As a light source 21, a laser diode or a pinpoint LED, which can make an optical spot relatively small, is used.
A light flux emitted by the light source 21 in a direction perpendicular to the display surface 20 is collimated only in the
x direction by a cylindrical lens 22, such that, the collimated light flux, after later having been reflected by a half-mirror
23, proceeds in a direction perpendicular to the display surface 20 as a parallel light flux. After passing the cylindrical
lens 22, the light flux is converged in the y direction by two cylindrical lenses 24, 25, that have a curvature distribution
in a direction crossing with that of the cylindrical lens 22.

[0042] An area condensed in a linear shape is formed by the function of these cylindrical lenses 22, 24, 25 at the rear
of the cylindrical lens 25, where a slit 26 which is narrow in the y direction and elongated in the x direction is inserted,
That is, the secondary light source 6 having a linear shape is formed at the position of the slit 26. A light emitted from
the secondary light source 6 is reflected by the half-mirror 23, and proceeds as a parallel light along the display surface
20, while not extending in a direction perpendicular to the display surface 20, but extending in a fan-like shape about
the secondary light source 6 in a direction parallel to the display surface 20. The light flux is reflected by the light returning
reflective member 7 provided at circumferential edges of the display apparatus, and the reflected light returns to the
half-mirror 23 (in a direction indicated by an arrow C) passing through the same light path the light flux has passed when
proceeded toward the light returning reflective member 7. The light flux which has passed the half-mirror 23 proceeds
in parallel to the display surface 20, and passes a cylindrical lens 12 to be incident on the light receiving element 13.
[0043] The secondary light source 6 and the cylindrical lens 12 are both arranged at a position a distance D apart
from the half-mirror 23 and are in a conjugate relationship. Accordingly, the secondary light source 6 having a linear
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shape corresponds to the light source 6 having a spot shape in Fig. 3 and the cylindrical lens 12 corresponds to the lens
12 in Fig. 3.

[0044] Fig. 6 is a block diagram illustrating a construction of a control circuit for the light source 21 and the light
receiving element 13. In Fig. 6, the light receiving element 13 is labeled as PD 13. The control circuit controls the emission
of the light source 21 and calculates the output from the light receiving element 13. As illustrated in Fig. 6, the control
circuit includes a CPU 31, a ROM 32 for storing programs and data, a RAM 33, an interface driver 34, an A/D converter
35, and an LD/LED driver 36, each connected to a bus. The CPU 31, the ROM 32 and the RAM 33 constitutes a
microcomputer, and a FD driver (FDD) 38 attaching a FD 37, and a CD-ROM driver 40 attaching a CD-ROM 39 are
connected thereto.

[0045] An amplifier 41 and an analogue calculating circuit 42 are connected to an output terminal of the light receiving
element 13 as the circuits for calculating the output of the light receiving element 13. The output from the light receiving
element 13 (a light intensity distribution signal) is input to the amplifier 41 so as to be amplified. The amplified signal is
processed by the analogue calculating circuit 42, converted to a digital signal by the A/D converter 35, and is then
transferred to the CPU 31. Thereafter, the CPU 31 calculates a light receiving angle at the light receiving element 13
and two-dimensional coordinates of the designating device 4.

[0046] The control circuit may be housed in a housing of one of the light emitting/receiving devices 5, or may be housed
in a separate housing and accommodated in a part of the coordinate inputting/detecting area 3. Further, an output
terminal may be preferably provided to the control circuit for outputting calculated coordinate data to a personal computer
via the interface driver 34.

[0047] Fig. 7 illustrates an example of a coordinate inputting/detecting apparatus 51 using an LED array system, which
is described, for example, in Japanese Patent Laid-open publication No. 5-173699.

[0048] The coordinate inputting/detecting apparatus 51 includes, as illustrated in Fig. 7, a Xm number of light emitting
devices 52, for example, light emitting diodes (LEDs), which are arranged in a horizontal direction, a Xm number of light
receiving devices 53, for example, phototransistors, which are arranged so as to face the LEDs 52, respectively, a Yn
number of LEDs 54 which are arranged in a vertical direction, and a Yn number of phototransistors 55 which are arranged
so as to face the LEDs 54, respectively, such that a coordinate inputting/detecting area 57 is formed as an internal space
of a coordinate inputting/detecting member 56 formed in a rectangular shaped frame.

[0049] If a designating device having the light interrupting property, for example, a finger 58, is inserted into the
coordinate inputting/detecting area 57 so as to touch a surface of the coordinate inputting/detecting area 57, a light path
between the light emitting device 52 and the light receiving device 53 passing the position where the finger 58 is located
is interrupted by the finger 58 , and thereby each receiving light quantity of the phototransistors 53 and 55, which are
located in the interrupted light path, decreases. Therefore, by averaging the positions of the phototransistors 53 and 55,
the two-dimensional coordinates 59 of a portion in the coordinate inputting/detecting area 57 touched by the finger 58
are obtained.

[0050] Fig. 8 is a block diagram of a coordinate inputting/detecting apparatus 61 using a camera imaging system.
Reference numeral 62 denotes an infrared rays position detecting part, and reference numerals 63a and 63b respectively
denote infrared rays CCD cameras as optical units serving as image inputting devices, which are arranged in a horizontal
direction so as to be spaced from each other a distance L in the infrared rays position detecting part 62. Reference
numeral 64 denotes an infrared rays LED, and reference numeral 65 denotes a coordinate inputting unit serving as a
designating device. The coordinate inputting unit 65 is formed in a pen-like shape and has the infrared rays LED 64 at
a tip end thereof so as to irradiate infrared rays from the infrared rays LED 64 upward. Thus, an imaging range of the
infrared rays position detecting part 62 is set as a two-dimensional coordinate inputting/detecting area 66 and is formed
in a plane by the coordinate inputting/detecting member (not shown).

[0051] Reference numeral 68 denotes a control part, reference numeral 69 denotes a reset signal, which is generated
at the control part 68 and is input to the infrared rays CCD cameras 63a, 63b of the infrared rays position detecting part
62, reference numeral 70 denotes a vertical clock signal for scanning in a vertical direction, which is generated at the
control part 68 and which is input to the infrared rays CCD cameras 63a, 63b, and numeral 71 denotes a horizontal clock
signal for scanning in a horizontal direction, which is generated at the control part 68 and which is input to the infrared
rays CCD cameras 63a, 63b. The infrared rays cameras 63a, 63b start scanning in a X-Y direction in response to inputting
of the reset signal 69, the vertical clock signal 70 and the horizontal clock signal 71.

[0052] Reference numerals 72a, 72b respectively denote image signals, which are output from the infrared rays CCD
cameras 63a, 63b. Reference numeral 73 denotes a reset circuit to generate the reset signal 69, reference numeral 74
denotes a vertical clock circuit to generate the vertical clock signal 70, and reference numeral 75 denotes a horizontal
clock circuit to generate the horizontal clock signal 71. Reference numerals 76a, 76b denote peak detect circuits which
respectively detect the peaks of waves based upon the image signals 72a, 72b and generate peak signals in corre-
spondence to a cycle of the horizontal clock signal 71. Reference numerals 77a, 77b respectively denote peak detect
signals obtained from the peak detect circuits 76a, 76b.

[0053] Reference numeral 78 denotes a calculation circuit to calculate the coordinates of a position. Reference numeral
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79 denotes an interface circuit that transfers the coordinates calculated by the calculation circuit 78 to a computer (not
shown). Reference numeral 80 denotes a display circuit to display the position according to the coordinates calculated
by the calculation circuit 78 in a display apparatus used with the coordinate inputting/detecting apparatus 61. Further,
an audio circuit that generates, for example an alerting sound, when the coordinate inputting part 65 is positioned at a
position outside the imaging range (the coordinate inputting/detecting area 66) of the infrared rays position detect part
62, may be arranged, so that the operability is enhanced. Furthermore, a lens magnification adjusting circuit or a focal
length adjusting circuit may be provided at each of the infrared rays CCD cameras 63a, 63b, so that the inputting
resolution and the detect range can be set according to the size of an original, the required precision level of inputting,
orthe space allowed for operating the apparatus 61. Thereby, the operability of the apparatus 61 can be further enhanced.
[0054] In the above coordinate inputting/detecting apparatus 61, the control part 68 is separated from the infrared
rays position detect part 62, however, by making each of the above-described circuits small, the control part 68 and the
infrared rays detect part 62 may be integrated.

[0055] Now, an operation of the coordinate inputting/detecting apparatus 61 as described above is described referring
to Fig. 9, which is a timing chart illustrating signal wave forms of the coordinate inputting/detecting apparatus 61.
[0056] First, the reset signal 69, the vertical clock signal 70, the horizontal clock signal 71 are simultaneously input to
the infrared rays CCD cameras 63a, 63b, and thereby the infrared rays position detect part 62 inputs the image signals
72a, 72b from the infrared rays CCD cameras 63a, 63b into the control part 68.

[0057] If the infrared rays CCD cameras 63a, 63b photograph the pen-like shaped coordinate inputting part 65 at a
normal exposure, the whole part of the pen-like shaped coordinate inputting part 65 is imaged. However, if the infrared
ryas CCD cameras 63a, 63b photograph the pen-like shaped coordinate inputting part 65 at an underexposure, only a
light emitting part of the infrared rays LED 64 is imaged, and the other parts of the coordinate inputting part 65 are not
imaged and are black.

[0058] Accordingly, strong peaks appear in the image signals 72a, 72b of the infrared rays CCD cameras 63a, 63b
at the positions corresponding to the position of the infrared rays LED 64, respectively. The strong peaks are respectively
detected by the peak detect circuits 76a, 76b and resulting peak detect signals 77a, 77b are sent to the calculating circuit
78. At the calculating circuit 78, according to a conversion table (not shown) stored in advance in a ROM (not shown)
of the control part 68, the angles of the position of the infrared rays LED 64, corresponding to which the peaks have
appeared in the image signals 72a, 72b of the infrared rays CCD cameras 63a, 63b, relative to respective origin points
of the infrared rays CCD cameras 63a, 63b, can be determined. Therefore, based upon the above angle information of
the infrared rays LED 64 relative to the origin points of the infrared rays CCD cameras 63a, 63b and a distance L between
the two infrared rays CCD cameras 63a, 63b, the two-dimensional coordinates position of the coordinate inputting part
65 can be calculated. The data of the two-dimensional coordinates thus obtained is then sent, for example, to the
computer via the interface circuit 79, so that the position according to the calculated coordinates is displayed in the
display apparatus.

[0059] Next, amethod of calculating two-dimensional coordinates in the above coordinate inputting/detecting apparatus
61 is described with reference to Figs. 10A-10C. The peak detect signals 77a, 77b indicating the position of the coordinate
inputting part 65 having the infrared rays LED 64 are respectively obtained from the image signals 72a, 72b of the two
infrared rays CCD cameras 63a, 63b, and based upon the position of the vertical clock signal 70 from the reset signal
69 and the position of the horizontal clock signal 71, respective two-dimensional coordinates (x1, y1) and (x2, y2) of the
coordinate inputting part 65 with respect to the infrared rays CCD cameras 63a and 63b are obtained.

[0060] The origin points of the coordinate axes are appropriately determined for the infrared rays CCD cameras 63a,
63b, respectively. For example, in this embodiment, the origin points are set at the lower left corners of the photographing
areas of the infrared rays CCD cameras 63a, 63b, respectively. Accordingly, angles o, B of the infrared rays LED 64
relative to the origin points at the infrared rays CCD cameras 63a, 63b are obtained by the following formula (6);

O=tan™ (y1/xl)

p=tan™ (y2/x2) .. (6)

From these formulas, the angles a, B of the infrared rays LED 64 relative to the infrared rays CCD cameras 63a, 63b
are obtained. Here, when the position of one of the infrared rays CCD cameras 63a, 63b is set to be the origin point and
a distance between the two infrared rays CCD cameras 63a, 63b is represented by L, as illustrated in Fig. 10C, straight
lines (a) and (b) are expressed by the following formula (7);
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(a) y=(tano)*x

(b) y={tan (n-B)®(x-L) .. (7)

The coordinates of the coordinate inputting part 65 are obtained by solving the above simultaneous equations of first
degree. For increasing the operating speed of the calculating circuit 78, a conversion table for obtaining the coordinates
based upon the angles «,  is provided, and thereby the coordinates are immediately obtained and smooth inputting of
figures and characters is realized.

[0061] Thus, in the coordinate inputting/detecting apparatus 61 using a camera imaging system including an image
inputting device such as an electronic camera, the two-dimensional coordinates of an inputting figure can be precisely
detected without a need of placing a touch panel, for example, on an operating table, and using a space over the operating
table. Therefore, the operating table can be used in a more effective manner. Further, even when the original is a bundled
one, an operation of designating and inputting a position of the figure can be performed on the bundled original placed
on the operating table. Furthermore, when the original includes a figure, for example, the photographing range can be
variably set and the resolution can be also set according to the size of the original by the function of the lens magnification
adjusting circuit, and thereby the operability and the easiness of use are enhanced.

[0062] Fig. 11 illustrates a coordinate inputting/detecting apparatus 91 using a rotation scanning system including a
pen having a reflective plate. As illustrated in Fig. 11, the coordinate inputting/detecting apparatus 91 includes a flat
member 93 that defines a two-dimensional coordinate inputting/detecting area 92. A cursor 94 functioning as a designating
device is movably arranged on the coordinate inputting/detecting area 92. The cursor 94 has a function to reflect a
scanning light, which is parallel to a surface of the coordinate inputting/detecting area 92, so as to be returned to an
emerged point. By adjusting a center point P of the cursor 94 to a position desired to be input, the two-dimensional
coordinates of the position are designated.

[0063] A pair of optical units 95, 96 are arranged above the coordinate inputting/detecting area 92 so as to be spaced
from each other. A fixed light source 97 as a light emitting device including, for example a laser emitting diode, is
accommodated within the optical unit 95 at the right side. Further, a reflective mirror 98 that rotates at a constant speed
around a predetermined rotation axis is arranged so as to sequentially reflect the light fluxes emitted by the light source
97 so that a first rotating scanning light flux is generated over the surface of the coordinate inputting/detecting area 92.
Also, the coordinate inputting/detecting apparatus 91 includes a light receiving element (not shown) for receiving a
returning light reflected by the cursor 94 so as to be returned. By being configured as described above, the optical unit
95 measures a declination angle 6, of a returning light.

[0064] The optical unit 96 at the left side has a similar configuration, and the light fluxes emitted by a fixed light source
99 are sequentially reflected by a reflective mirror 100 rotating around a rotation axis M2, so that a second scanning
light flux crossing the first scanning light flux is generated. Similarly, the optical unit 96 measures a declination angle 6,
of a returning light reflected by the cursor 94.

[0065] A calculating part 101 including a computer is connected to the pair of optical units 95, 96, and the two-
dimensional coordinates (x, y) of the inputting point P are calculated using a predetermined two-dimensional coordinates
calculation formula (8) , described below, based upon the measured values of a pair of the declination angles 64, 6,.
Here, "W" represents a distance between the rotational centers of the rotation axes M1 and M2.

X=wetan0;/ (tanby+tanb;)

Y=wetanO,etand;/ (tanby+tand) .. (8)

[0066] Fig. 12 illustrates a configuration of the optical unit 95 at the right side. The optical unit 96 at the left side has
a similar configuration. The optical unit 95 includes a fixed light source 97, a reflective mirror 98 that rotates at a constant
equiangular speed around the rotation axis M1, and a light receiving element 103 for receiving a returning light reflected
by the cursor 94 so as to return and generating a detect signal. A light flux emitted by the fixed light source 97 passes
a half-mirror 104 and progresses toward a vicinity of the rotation axis M1 of the reflective mirror 98. The light flux is
scanned at a constant equiangular speed, and when passing a central axis of the cursor 94, the light flux is reflected so
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as to return to the reflective mirror 98. The light flux is reflected by the reflective mirror 98 again, and after passing a
filter 105 via the half-mirror 104, the light flux is received by a light receiving element 103 including, for example, a
photodiode. The light receiving element 103 outputs a detect signal in synchronism with a light receiving timing.
[0067] The reflective mirror 98 is rotated at a constant equiangular velocity by a driving circuit 106. The driving circuit
106 outputs a timing pulse for each rotation cycle of the reflective mirror 98. The timing pulse output by the driving circuit
106 and the detect pulse output by the light receiving element 103 are input into a wave shape processing circuit 107,
and, after having been processed by the wave shape processing circuit 107, are output from an output terminal of the
wave shape processing circuit 107. An output signal from the wave shape processing circuit 107 is output on the basis
of the timing pulse and while being adjusted to a time interval between the times when detect pulses are generated.
Therefore, because the reflective mirror 98 rotates at a constant equiangular velocity, the output signal indicates an
angle 6 + 8 including a declination angle of a returning light flux.

[0068] Fig. 13 is a perspective view illustrating an example of the cursor 94 for inputting coordinates. The cursor 94
includes a light reflective member 108 having a central axis and formed in a cylinder shape, and a support member 109.
An aiming member (not shown) having a hair cross mark, whose crossing point coincides with the axis of the cylinder
shaped light reflective member 108, is attached to the inside of the light reflective member 108. If the cursor 94 is placed
while a bottom surface of the support member 109 being contacted with a given surface of the coordinate inputting/
detecting surface 92, the central axis of the cylinder shaped light reflective member 108 is vertically placed relative to
a coordinate inputting plane (the coordinate inputting/detecting surface 92). In this state, a point, which is desired to be
input, is designated while holding the support member 109 and using the aiming member. Because a scanning light flux,
that is in parallel to a coordinate plane and that progresses toward the central axis of the reflective member 108, is
incident on a reflective surface of the reflective member 108 in a vertical direction relative to the reflective surface of the
reflective member 108, the scanning light is reflected so as to return in a reversed direction through a same light path,
through which the scanning light has progressed to be incident on the reflective surface of the reflective member 108,
and thereby a returning light returns toward the fixed light source 97. The cursor 94 may be used for any coordinate
plane as long as the coordinate plane is within a range where the scanning light flux reaches.

[0069] Fig. 14 is a block diagram illustrating an example of a construction of the electrical circuits of the coordinate
inputting/detecting apparatus 91. The coordinate inputting/detecting apparatus 91 includes the pair of the optical units
95, 96, as described above, and a computer 110 including the calculating part 101. The optical units 95, 96 and the
computer 110 are electrically connected with each other by cables. The optical unit 95 includes a driving circuit 106 for
rotating the reflective mirror 98 at a constant equiangular velocity and a timing detect circuit 111 connected with the
driving circuit 106. The timing detect circuit 111 outputs a timing pulse A1, each time when the reflective mirror 98 rotates
in a predetermined cycle T at a predetermined timing, for example, at a timing that a normal line for the reflective mirror
98 is in parallel to a light flux from the light source 97 (see Fig. 16). The light receiving element 103 is connected with
an amplifying circuit 112, and a detect signal, is output, after having been amplified, as a detect pulse B1. The wave
form processing circuit 107 is connected with the timing detect circuit 111 and the amplifying circuit 112, so as to process
the wave forms of the received timing pulse A1 and detect pulse B1 and outputs an output pulse C1. The output pulse
C1 is generated in synchronism with receiving of a returning light reflected by the cursor 94, and therefore relates to a
combined angle of a declination angle of the returning light and an attachment angle of the optical unit 95, i.e., 8, + 6,4.
The optical unit 96 has a similar electrical configuration, and therefore the description thereof is omitted.

[0070] The computer 110 has a first timing circuit 113 and times a pulse interval of the output pulse C1 from the right
side optical unit 95 so as to obtain angle data 6,. The computer 110 also has a second timing circuit 114 and times a
pulse interval of the output pulse C2 from the left side optical unit 96 so as to obtain angle data 6,. The calculating part
101 is connected with the first and second timing circuits 113 and 114 via interfaces 115 and 116. The calculating part
101 calculates the two-dimensional coordinates of a position desired to be input based upon a pair of angle data 8, and
0,, which has been actually measured, using the predetermined coordinates calculation formula (8) described above.
[0071] A method of measuring a declination angle is briefly described referring to a timing chart illustrated in Fig. 15.
First, when the reflective mirror 98 is rotated in a cycle T at the right side optical unit 95, the timing detect circuit 111
outputs the timing pulse A1inthe cycle T. At this time, the amplifying circuit 112 outputs the detect pulse B1 in synchronism
with a light receiving timing of the light receiving element 103. The detect pulse B1 has a large peak and a small peak
following the large peak. The large peak is generated when the reflective mirror 98 is perpendicular to a light flux from
the light source 97. The large peak of the detect pulse B1 is in synchronism with the timing pulse A1, and not related to
a returning light from the cursor 94. The small peak following the large peak is in synchronism with a timing that a
returning light from the cursor 94 is received by the light receiving element 103, and if the small peak is assumed to
have been generated a time t1 after the large peak, the time t1 is proportionally related to the angle data 6, + 6,, which
is desired to be obtained. The wave form processing circuit 107 processes the wave forms of the timing pulse A1 and
the detect pulse B1 and outputs the output pulse C1.

[0072] A similar operation is performed at the left side optical unit 96. A rotation cycle and phase of the reflective mirror
100 coincides with that of the right side optical unit 95, and therefore a same timing pulse A2 as the timing pulse A1 is
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obtained. A detect pulse B2 has a large peak, which is followed by a small peak a time 2 thereafter. A returning light
from the cursor 94 is received at the timing of the small peak. An output pulse C2 is obtained based upon the timing
pulse A2 and the detect pulse B2, and a time t2 between the large and small peaks is proportionally related to the angle
data 6 + 05, which is desired to be obtained.

[0073] Then, the first timing circuit 113 times the pulse time interval t1 of the output pulse C1 and obtains the angle
data 64 by subtracting a known attaching angle 8,. Also, the second timing circuit 114 times the pulse time interval t2
of the output pulse C2, and obtains the angle data 6, by subtracting a known attaching angle 6y,

[0074] In the above embodiment, the coordinate inputting/detecting apparatus 1 using a returning light interrupting
system, the coordinate inputting/detecting apparatus 61 using a camera photographing system, the coordinate inputting/
detecting system 91 using a rotation scanning system including a pen having a reflective plate, and the coordinate
inputting/detecting apparatus 51 using an LED array have been demonstrated as examples. However, the present
invention can be applied in general to any optical coordinate inputting/detecting apparatuses in which a coordinate
inputting/detecting area is formed at a front surface of a touch panel.

[0075] Now, afirst characteristic example of the configuration of a coordinate inputting/detecting apparatus, according
to the present invention, is described with reference to Fig. 16 and Fig. 17. Fig. 16 is a block diagram of a coordinate
inputting/detection apparatus 121 having the characteristic configuration according to the first example. The configuration
of the coordinate inputting/detecting apparatus 121 can be applied to any of the aforementioned coordinate inputting/
detecting apparatuses 1, 51, 61 and 91. In the diagram, a touch panel 122 corresponds to the coordinate inputting/
detecting areas 3, 37, 76 and 92. The coordinate inputting/detecting apparatus 121 includes a coordinate detecting
element 123 which detects two-dimensional coordinates of a designating device on the touch panel 122, for example,
the designating device 4, such as a finger, when the designating device 4 is inserted in the vicinity of a surface of the
coordinate inputting/detecting area 3, and a distance detecting element 124 which detects distance of the designating
device 4 from the surface of the touch panel 122.

[0076] In case of the coordinate inputting/detecting apparatus 1, the coordinate detecting element 123 includes the
light source 21, the light receiving element 13 and the light returning reflective member 7, and is configured so that the
two-dimensional coordinates of the designating device 4 in the coordinate inputting/detecting area 3 can be detected
according to the presence of the designating device 4, having a light interrupting property, in a light emitting/light receiving
optical path formed in the coordinate inputting/detecting area 3 via the light returning reflective member 7. The distance
detecting element 124 is configured so that the distance of the designating device 4 from the surface of the coordinate
inputting/detecting area 3 can be detected based on the intensity of an optical beam which is received by the light
receiving element 13. In this case, as the designating device 4 approaches to the surface of the coordinate inputting/
detecting area 3, an amount of the interrupted light increases. Hence, the dip of intensity of light is deepened.

[0077] Further, in case of the coordinate inputting/detecting apparatus 51, the coordinate detecting element 123
includes the plurality of LEDs 52 and 54 and the plurality of phototransistors 53 and 55, and is configured so that the
two-dimensional coordinates of the designating device 59 in the coordinate inputting/detecting area 57 can be detected
according to the presence of the designating device 59, having a light interrupting property, in a light emitting/light
receiving optical path formed in the coordinate inputting/detecting area 57. The distance detecting element 124 is con-
figured so that the distance of the designating device 59 from the surface of the coordinate inputting/detecting area 57
can be detected based on the intensity of an optical beam which is received by the phototransistors 53 and 55. Also in
this case, as the designating device 59 approaches to the surface of the coordinate inputting/detecting area 57, an
amount of the interrupted light increases. Hence, the dip of intensity of light is deepened.

[0078] In case of the coordinate inputting/detecting apparatus 61, the coordinate detecting element 123 includes the
infrared rays CCD cameras 63a and 63b, and the calculation circuit 78 which functions as a converting device, and the
distance detecting element 124 is configured so that the distance of the pen-like shaped coordinate inputting part 65 as
the designating device from the surface of the coordinate inputting/detecting area 66 is detected based on the density
information of an image inputted by the infrared rays CCD cameras 63a and 63b. In this case, as the coordinate inputting
part 65 approaches to the surface of the coordinate inputting/detecting area 66, an amount of the reflected light increases.
Hence, the intensity of light for the part increases and the density is thinned.

[0079] In case of the coordinate inputting/detecting apparatus 91, the coordinate detecting element 123 includes the
fixed light sources 97 and 99, and the light receiving elements 103, and is configured so that the two-dimensional
coordinates of the cursor 94, having the light reflective member 108, can be detected according to the light-intensity
distribution according to the insertion position of the cursor 94 in the coordinate inputting/detecting area 92, and the
distance detecting element 124 is configured so that the distance of the cursor 94 from the surface of the coordinate
inputting/detecting area 92 is detected based on the intensity of an optical beam received by the light reception elements
103. In this case, as the cursor 94 approaches to the surface of the coordinate inputting/detecting area 92, an amount
of the reflected light from the cursor 94 increases. Hence, the dip of intensity of light is increased (reversed with the case
of a light interrupting system).

[0080] Fromthe coordinate detecting element 123 and the distance detecting element 124, for example, the coordinates
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(x0, y0) of a finger which is located in the vicinity of the touch panel 122 at time t0 and the distance DO of the finger from
the surface of the touch panel 122 are output, and the coordinates (x0, y0) and the distance (DO0) are associated with
each other as the information detected at the same time t0, and are stored in a memory (not shown) by a memorizing
unit 125. Similarly, predetermined n pieces of set information (X1, y1, D1), (x2, y2, D2), (x3, y3, D3), ..., (xn, yn, Dn)
of the two-dimensional coordinates and distance detected by the coordinate detecting element 123 and the distance
detecting element 124 are sequentially stored in time series at subsequent sampling times t1, {2, t3,... and tn at prede-
termined time intervals. Because the set information of the two-dimensional coordinates and distance is sequentially
output from the coordinate detecting element 123 and the distance detecting element 124, when new set information of
the two-dimensional coordinates and distance is detected, the new set information is stored in the memory and the
oldest past data is sequentially erased. Accordingly, in a steady state, the n sets of the set information of the two-
dimensional coordinates and distance are always stored in the memory.

[0081] A coordinate change detecting/memorizing unit 126 and a distance change detecting/memorizing unit 127 are
provided at the rear stage of the memorizing unit 125. The coordinate change detecting/memorizing unit 126 obtains
differentiation or differences of the time series data of the two-dimensional coordinates stored in the memory in the
memorizing unit 125, thereby calculating a change of the coordinates and memorizing the change in a memory (not
shown). For differentiation, a simple method of obtaining differences of adjacent coordinate value columns or a method
of obtaining smoothing differentiation regarding n pieces of stored time series data of the two-dimensional coordinates
may be used. Similarly, the distance change detecting/memorizing unit 127 obtains differentiation or differences of the
time series data of the distance information stored in the memory in the memorizing unit 125, thereby calculating a
change of the distance information and memorizing the change in a memory (not shown). For differentiation, a simple
method of obtaining differences of adjacent distance information value columns or a method of obtaining smoothing
differentiation regarding n pieces of stored time series data of the distance information may be used.

[0082] A state allocating unit 128 is provided at the rear stage of these coordinate change detecting/memorizing unit
126 and the distance change detecting/memorizing unit 127. The state allocating unit 128 selects one (for example,
state 1) of n pieces of states (state 1, state 2, ..., and state n) regarding the designating state of a designating device
previously set and stored in a memory (not shown) based on the coordinate change information and the distance change
information calculated by the coordinate change detecting/memorizing unit 126 and the distance change detecting/
memorizing unit 127, and outputs the information of the selected state as the currently designating state of the designating
device. Here, the designating states may include, as typical examples, inserted and non-inserted (attached and detached)
states of the designating device relative to the touch panel 122. In addition, for example, the designating states may
also include state information, such as approaching and being separated states of the designating device relative to the
touch panel 122. Thus, the designating states of a designating device may properly be set according to an application
or purpose.

[0083] Therefore, according to the first characteristic configuration example of the present invention, regarding a state
of a designating device, because the information about the distance of the designating device from the surface of the
touch panel 122 as well as the two-dimensional coordinates of the designating device on the touch panel 122 are
obtained, an inputting state of the designating device relative to the touch panel 122, which could not be recognized
from only the two-dimensional coordinates, can be recognized, and the inputting state can be reflected in various operating
states of a coordinate inputting/detecting system, thereby realizing a smooth coordinate inputting operation.

[0084] The operation of the coordinate inputting/detecting apparatus 12| having the above-described characteristic
configuration of the first example can also be executed by allowing a computer to read a program previously stored in
an FD or CD-ROM. For example, referring to the example shown in Fig. 6, the FD 37 and the CD-ROM 39 are provided,
in addition to the ROM 32 and the ROM 33, as the information storage medium for storing the program and for providing
the stored program to a computer, in particular, to the CPU 31. A control program for allowing the CPU 31 to execute
various processing operations, in particular, the processing functions, which correspond to the operations described
above with respect to the above-described first characteristic configuration example of a coordinate inputting/detecting
apparatus, is previously set as software and is stored in the CD-ROM 39, for example. The control program is copied
into the RAM 33 when the CPU 31 is started, and is read by the CPU 31 when the CPU 31 is operating. Various processing
functions are realized by allowing the CPU 31 to read various programs in this manner and to execute the corresponding
processing. Therefore, the computer results in executing the coordinate inputting/detecting processing described above.
[0085] Fig. 17 is a flowchart illustrating an exemplary operation of the coordinate inputting/detecting apparatus 121
having the above-described characteristic configuration of the first example. A program for allowing a computer to execute
the functions illustrated in Fig. 17 and described below may be stored in an information storage medium, such as the
CD-ROM S9 . The operation of the coordinate inputting/detecting apparatus 121 includes: a coordinate detection function
(step S1) to detect two-dimensional coordinates x;, y; of the designating device in the touch panel 122; a distance
detection function (S2) to detect distance D, of the designating device from the surface of the touch panel 122 when the
designating device is located on the touch panel 122 (or in the vicinity thereof) ; an associating and memorizing function
(S3) to associate the two-dimensional coordinates information, detected using the coordinate detection function, and
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the distance information, detected using the distance detection function, with each other like (x;, y;, D;) and to memorize
the associated information in a memory; a coordinate change detecting/memorizing function (S4) to detect a change of
the two-dimensional coordinates information memorized in the memory using the memorizing function, at predetermined
time intervals, according to V{(x; - X.1) + (¥; - Y1)}, and to memorize the detected change in the memory; a distance
change detecting/memorizing function (S5) to detect a change of the distance information memorized in the memory
using the storage function (S3), at the predetermined time intervals, according to (D; - D;_1), and to memorize the detected
change in the memory; and a state allocating function (S6) to allocate at least one designating state among one or more
previously stored designating states of the designating device based on the coordinate change information detected
using the coordinate change detecting/memorizing function and memorized in the memory and the distance change
information detected using the distance change detecting/memorizing function and memorized in the memory.

[0086] Now, a second characteristic example of the configuration of a coordinate inputting/detecting apparatus, ac-
cording to the present invention, is described with reference to Fig. 18 and Fig. 19. Fig. 18 is a block diagram of a
coordinate inputting/detection apparatus 131 having the characteristic configuration of the second example. The same
parts as the parts illustrated in the first characteristic example are illustrated using the same signs, and the description
thereof is omitted (this applies to subsequent characteristic configuration examples in the same manner).

[0087] In the second characteristic configuration example, the state allocating 128 is provided at the rear stages of
the coordinate change detecting/memorizing unit 126 and the distance change detecting/memorizing unit 127 via a ratio
calculating unit 132 and a comparing unit 133. The ratio calculating unit 132 calculates a ratio of a distance change
detected by the distance change detecting/memorizing unit 127 to a coordinate change detected by the coordinate
change detecting/memorizing unit 126, that is, a distance change/coordinate change ratio. A threshold value memorizing
unit 135 which stores at least one or more threshold values for the distance change/coordinate change ratio is connected
to the comparing unit 133. The comparing unit 133 compares the distance change/coordinate change ratio calculated
by the ratio calculating unit 132 and a predetermined threshold value stored in the threshold value memorizing unit 135,
and outputs a comparison result to the state allocating unit 128.

[0088] The state allocating unit 128 selects one (for example, state 1) from among n pieces of states (state 1, state
2, ..., and state n) regarding the designating states of a designating device previously set and stored in a memory (not
shown) based on the comparison result by the comparing unit 133, and outputs the information of the selected designating
state as the currently designating state of the designating device. Here, the designating states may include, as typical
examples, inserted and non-inserted (attached and detached) states of the designating device relative to the touch panel
122. In addition, for example, the designating states may also include state information such as approaching and being
separated states of the designating device relative to the touch panel 122. Thus, the designating states of a designating
device may properly be set according to an application or purpose.

[0089] Hence, according to the second characteristic configuration example of the present invention, regarding the
state of a designating device relative to the touch panel 122, because not only the two-dimensional coordinates of the
designating device on the touch panel 122 and the information about the distance from the surface of the touch panel
122, but also the ratio of the change of the coordinates and the distance is obtained, an inputting state of the designating
device relative to the touch panel 122, which could not be recognized from only the two-dimensional coordinates and
the distance information, can be recognized more in detail, including the movement of the designating device, and the
inputting state can be reflected in various operating states of a coordinate inputting/detecting system, thereby realizing
a smooth coordinate inputting operation.

[0090] The operation of the coordinate inputting/detecting apparatus 131 having the above-described characteristic
configuration of the second example can also be executed by allowing a computer to read a program previously stored
in an FD or CD-ROM. For example, a program for allowing a computer to execute the functions illustrated in Fig. 19 and
described below may be stored in an information storage medium, such as the CD-ROM 39 of Fig. 6. The operation of
the coordinate inputting/detecting apparatus 131 includes, for example; a coordinate detection function (step S1) to
detect two-dimensional coordinates X;, y; of a designating device on the touch panel 122; a distance detection function
(S2) to detect distance D, from the surface of the touch panel 122 when the designating device is located on the touch
panel 122 (or in the vicinity thereof) ; an associating and memorizing function (S3) to associate the two-dimensional
coordinates information detected using the coordinate detection function and the distance information detected using
the distance detection function like (x;, y;, D;) and to memorize the associated information in a memory; a coordinate
change detecting/memorizing function (S4) to detect a change of the coordinates change information memorized in the
memory using the memorizing function (S3) , at predetermined time intervals, according to V{(x; - X;.1) + (; -Yi.1)}, and
to memorize the detected change in the memory; a distance change detecting/memorizing function (S5) to detect a
change of the distance information memorized in the memory using the memorizing function (S3), at the predetermined
time intervals, according to (D, - D;.4) and memorize the detected change in the memory; a ratio calculating function (S9)
to calculate a ratio of a distance change detected using the distance change detecting/memorizing function (S5) to a
coordinate change detected using the coordinate change detecting/memorizing function (S4) according to (D; - D;_4) N
{(x; - X1 + (i -Y;-1)}; and a comparing function and a state allocating function (S10 and S11) to compare the ratio
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calculated using the ratio calculating function (S9) and a predetermined threshold value th regarding the ratio previously
stored in the memory and to allocate at least one designating state among the previously stored one or more designating
states of the designating device based on the comparison result obtained using the comparing function.

[0091] A third characteristic example of the configuration of a coordinate inputting/detecting apparatus, according to
the present invention, is described with reference to Fig. 20 through Fig. 28. Fig. 20 is a block diagram of a coordinate
inputting/detecting device 141 having the characteristic configuration of the third example.

[0092] In the coordinate inputting/detecting device 141 having the characteristic configuration of the third example,
the state allocating unit 128 is configured by the comparing unit 133 and the threshold value memorizing unit 135, so
that, according to the result of the comparison by the comparing unit 133, the state allocating unit 128 determines as
that the designating state of a designating device, such as a finger, is in the non-inserted (detached) state relative to
the touch panel 122 if the ratio of a distance change to a coordinate change exceeds a predetermined threshold value,
and in the inserted state (attached) relative to the touch panel 122 if the ratio of the distance change to the coordinate
change is below the predetermined threshold value.

[0093] Here, taking the aforementioned exemplary construction of a coordinate inputting/detecting apparatus illustrated
in Figs. 1-6 as an example and referring to Figs. 21A -21C through Fig. 25, an inputting/detecting operation of the
coordinate inputting/detecting apparatus 141 having the characteristic configuration of the third example is described in
detail. Figs. 21A -21C are, in the same manner as for Fig. 5, for example, cross sections viewed from the direction which
is parallel to the surface of the coordinate inputting/detecting area 3 set in the front of the display surface 20, and Figs.
22A - 22C are characteristic diagrams of light-intensity distribution in each of the cases illustrated in Figs 21A - 21C. In
Figs. 21A - 21C, a light source and a light receiving element are omitted. Further, in the diagrams, a detecting light 143
is propagated from left to right and is reflected by the light returning reflective member 7 so as to inversely progress,
through the same route as the detecting light 143 has progressed toward the light returning reflective member 7, as a
returning light 144.

[0094] First, Fig. 21A illustrates a state in which the designating device 4 such as a finger is located in distance h =
h1 from the display surface 20 in the coordinate inputting/detecting area 3. At this time, because the designating device
4 is in the state in which only a small amount of the returning light 144 is interrupted, the intensity distribution of the
returning light 144 detected by the light receiving element 13 produces a dip which decreases by d = d1 as illustrated
in Fig. 22A. Figs. 21B and 21C illustrate the state in which the distance of the designating device 4 from the display
surface 20 is h = h2 and h = h3 in the coordinate inputting/detecting area 3, respectively. At this time, an amount in
which the returning light 144 is interrupted is varied depending on the distance h of the designating device 4. Fig. 23 is
a characteristic diagram illustrating the state in which a dip amount in the light intensity distribution is varied in accordance
with the distance (position) of the finger from the display surface 20. As a result, the distance h of the designating device
4 from the display surface 20 device 4 appears as the size of a dip amount d in the light intensity distribution detected
by the light receiving element 13. The principle on which two-dimensional coordinates in which the designating device
4 is located are obtained from the dip position in the intensity distribution of the returning light has been described above,
in particular referring to Fig. 3. Further, by detecting such dip amount d, the distance h from the display surface 20 of
the designating device 4 can be detected.

[0095] Next, a method of determining whether the designating device 4 is in the inserted state (attached state to the
display surface 20) or the non-inserted state (detached state from the display surface 20) is described using the distance
information about such designating device 4. Figs. 24A and 24B collectively illustrate the relationship between a track
of afingertip of a finger, as the designating device 4, when drawing a character on the display surface 20 via the coordinate
inputting/detecting area 3, and the distance h of the fingertip from the surface of the display surface 20, when the display
surface 20 is viewed in terms of a cross section. As specific examples, Fig. 24A and Fig. 24B are diagrams in which a

Japanese Hiragana character "~ " ("tsu") and a Japanese Kaniji character " . " ("ni") are drawn, respectively.

[0096] First, in drawing the Hiragana character "~ " ("tsu"), as illustrated in Fig. 24A, a fingertip follows a route shown
in the order of points @, @, ® and®. At this time, the distance h of the fingertip from the display surface 20 is zero up
to the points @, @, ® and the fingertip makes contact with the display surface 20. However, between the points ® and
®), the fingertip follows the drawing operation of the sweeping portion 207 (see Figs. 34E and 34F) at the end of the

character "2 " ("tsu"), and performs the operation in which the fingertip slowly separates from the display surface 20.
At this time, in order to satisfactorily detect the sweeping portion 207 at the end of the coordinates which construct the

character "2 " ("tsu") to be drawn, a threshold value for the dip detection on the light receiving element 13 is set to a
value from which h = h2 can be detected, that is, a threshold value A (see Fig. 23). If the dip amount exceeds the
threshold value A, itis determined as that the fingertip is in the attached state, i.e., in the inserted state, and the coordinates
of the fingertip are outputted as input coordinates.

[0097] On the other hand, in drawing the Kanji character " " " ("ni"), as illustrated in Fig. 24B, the fingertip moves to
a point ® after having drawn a stroke between points @ and @. Then, the distance of the fingertip from the display
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surface 20 is as illustrated in the following diagram of Fig. 24B. That is, when the fingertip moves to the point @ to reach
the ending portion 205 (see Figs. 34A and 34B), after having drawn the first stroke of Kanji " 7 " ("ni"), the fingertip is
steeply separated from the display surface 20, moves in accordance with an aerial track illustrated by a dotted line and
reaches a point ®. At this time, if determination as to the insertion/non-insertion state of the fingertip is made using the
same threshold value A as in Fig. 24A, then, even if the distance of the fingertip exceeds h = h3 in the vicinity where
the first stroke has been drawn up to the point @, the dip distance exceeds the threshold value A when h < h2. Thus,
this case is determined as the inserted (attached) state, and as a result, the second stroke is not disconnected satisfac-
torily, and as illustrated in Fig. 34B, the whisker-shaped trailing 204 occurs in the ending portion 205. Accordingly, in
order to satisfactorily detect the state of a designating device in the vicinity of such ending portion of a character, it is
necessary to change the threshold value, for example, from the threshold value A to a threshold value B (Fig. 23).
However, it is exceedingly difficult to automatically process such a change of the threshold value.

[0098] In the characteristic configuration of the third example, the above difficulty is addressed by paying attention to
a ratio of a distance change to a coordinate change, which is described with reference to Figs. 25A and 25B. Figs. 25A
and 25B are explanatory diagrams schematically illustrating sectional views of the trace of the fingertip illustrated in
Figs. 24A and 24B, slightly enlarged. In the diagrams, the portion marked by a circle shows a sampling point of coordinates
sampled at predetermined time intervals. The trace of the fingertip clearly differs between the sweeping portion 207
(illustrated in Fig. 24A) and the ending portion 205 (illustrated in Fig. 24B), as illustrated in Figs. 25A and 25B. That is,
in the sweeping portion 207, because the fingertip continuously moves following the drawing of the sweeping portion
207 , the fingertip is slowly separated from the display surface 20. However, in the ending portion 205, the fingertip is
steeply separated from the display surface 20. By detecting the difference of such movement, the sweeping portion 207
(same as the sweeping up portion 206 illustrated in Figs. 34C and 34D) and the ending portion 205 can definitely be
distinguished.

[0099] Specifically, distinguishing the sweeping portion 207 and the sweeping up portion 206 from the ending portion
205 is made according to the size of a ratio of a distance change to a coordinate change. As described previously, in
the coordinate change detecting/memorizing unit 126, a coordinate change As at every sampling is detected, and in the
distance change detecting/memorizing unit 127, a distance change Ah at every sampling is detected. Then, in the ratio
calculating unit 128, the ratio of the distance change Ah to the coordinate change As, that is, Ah/As is calculated. In the
comparing unit 133, a predetermined threshold value stored in the threshold value memorizing unit 135 and the ratio
Ah/As are compared. As a result of the comparison, if the ratio Ah/As is higher than the threshold value, it is determined
as that the movement, in which the trace of a fingertip is steeply be separated from the display surface 20, is performed,
as illustrated in Fig. 25B, and thereby it is assumed as the movement after the ending portion 205 has been drawn and
is determined as that the fingertip has immediately shifted to the non-inserted state (detached state) On the other hand,
as aresult of the comparison, if the proportion Ah/As is below the threshold value, it is determined as that the movement,
in which the fingertip is moving while making contact with the display surface 20, or the trace of the fingertip is slowly
separated from the display surface 20 following the sweeping portion 207, as illustrated in Fig. 25A, is performed, and
thereby it is determined as that the fingertip is in the inserted state (attached state).

[0100] In Figs. 25A and 25B, the trace of the fingertip is illustrated as a change from the point @ to the point @. In
the practical processing operation, the sweeping portion 207 and the sweeping up portion 206 can be appropriately
distinguished from the ending portion 205 by fully shortening the sampling intervals of the sampling points marked by a
circle and sequentially obtaining the difference between respective sampling points, and by thereby obtaining the infor-
mation about the coordinate change and distance change in the trace of the fingertip.

[0101] Thus, according to the third characteristic configuration example, an inputting state of a designating device can
be recognized more properly and an appropriate processing is enabled by more practically paying attention to a natural
and different movement of the designating device such as a finger in the sweeping portion 207, the sweeping up portion
206 and the ending portion 205 (i. e. , such difference that while a trace of a fingertip is slowly separated from the display
surface 20 in the sweeping portion 207 and the sweeping up portion 206, the trace of the fingertip is steeply separated
from the display surface 20 in the ending portion 205), by comparing a ratio Ah/As of a distance change to a coordinate
change with a previously set, predetermined threshold value, and by determining as that a designating state of the
designating device is in the inserted state or non-inserted state according to the result of the comparison.

[0102] The operation of the coordinate inputting/detecting apparatus 141 having the above characteristic configuration
of the third example can also be executed by allowing a computer to read a program previously stored in an information
storage medium such as an FD or CD-ROM. In case of the characteristic configuration of the third example, referring
to the flowchart illustrated in Fig. 26, in addition to the program for the second characteristic configuration example, with
regard to the state allocating function, an additional program may be stored in the information storage medium such as
the CD-ROM 39 for allowing a computer to execute a comparing and determining function (S11’) to determine, as a
result of the comparison using the comparing function to compare the ratio Ah/As calculated using the ratio calculating
function (S9) and a predetermined threshold value th regarding the ratio previously stored in the memory, as that the
designating state of a designating device is in the non-inserted state relative to the touch panel 122 if the ratio Ah/As
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exceeds the threshold value th and the designating state of the designating device is in the inserted state relative to the
touch panel 122 if the ratio Ah/As is below the threshold value th.

[0103] In the above second and third characteristic configuration examples, for distinguishing the sweeping portion
207 and the sweeping up portion 206 from the ending portion 205, a ratio of a distance change to a coordinate change
is used. Instead of such ratio, an angle (= tan6 = Ah/As) of a distance change to a coordinate change may be used. For
example, it may be set such that if this angle is higher than a previously set predetermined threshold value 6th (for
example, about 40 degrees) as illustrated in Fig. 27, it is recognized as that the sweeping portion 207 or the sweeping
up portion 206 was drawn, i.e., the ending portion 205 was drawn, and that if the angle is below the predetermined
threshold 6th, it is recognized as that the sweeping portion 207 or the sweeping up portion 206 was drawn.

[0104] Inthis case, the angle of the distance change to the coordinate change may directly be calculated. Alternatively,
the angle of the distance change to the coordinate change may be determined based on the state of a change of a dip
amount in the intensity of light to be detected. That is, at the time of drawing in a manner that the angle is larger than
the predetermined threshold value 6th, the dip amount steeply decreases, for example, as illustrated att = t3 to t = t4
in Fig. 28A. Conversely, at the time of drawing in a manner that the angle is smaller the predetermined value 6th, the
dip amount decreases slowly as illustrated at t = t3, t = t4 and t = t5 in Fig. 28B. Accordingly, the angle of the distance
change to the coordinate change may be determined based upon the rapidity of the change of the dip amount.

[0105] The operation at the time when such angle information is used can also be executed by allowing a computer
to read a program previously stored in an information storage medium such as an FD or CD-ROM in the same manner
as described previously.

[0106] Now, afourth example of the characteristic configuration of a coordinate inputting/detecting apparatus according
to the present invention is described with reference to Fig. 29 through Fig. 31. Fig. 29 is a block diagram of a coordinate
inputting/detecting device 151 having the characteristic configuration of the fourth example.

[0107] Also in the fourth example, attention is paid to that the movement of a designating device such as a fingertip
differs in the sweeping portion 207, the sweeping up portion 206 and the ending portion 205, and a coordinates vector
value having both direction information and length information on a change of the designated coordinates is used for
the determination as to distinguishing the sweeping portion 207 and the sweeping up portion 206 from the ending portion
205.

[0108] First, an insertion/non-insertion detecting element 152 is provided to the touch panel 122 in conjunction with
the coordinate detecting element 123. As described previously, when a designating device, for example, the designating
device 4, such as a finger, is inserted in the vicinity of the surface of the touch panel 122, the coordinate detecting
element 123 detects two-dimensional coordinates of the designating device on the touch panel 122 at predetermined
time intervals in time series. Further, the insertion/non-insertion detecting element 152 may simply detect with a light
receiving element or the like whether there is the designating device at the position where a detecting light interferes,
regardless of whether the designating device such as the finger actually makes contact with the surface of the touch
panel 122. For example, in case of the configuration example illustrated in Figs. 1-6, the insertion/non-insertion detecting
element 152 may be any device which detects whether a dip occurs in the light-intensity distribution of the light receiving
element 13.

[0109] A vectorization unit 153 is provided at the rear of the coordinate detecting element 123. The vectorization unit
153 performs processing of converting a change between two two-dimensional coordinates (i.e., information of a direction
and a length of a line between the two two-dimensional coordinates), which are subsequently obtained in time series
by the coordinate detecting element 123 when an inserted state of a designating device is detected, into a coordinates
vector value using the vector data previously set and stored in a vector table 154, and of storing the coordinates vector
value in a memory.

[0110] Here, the method of obtaining a coordinates vector value is described with reference to Fig. 30. In Fig. 30, it
is assumed that previously detected two-dimensional coordinates are (X1, Y1) and two-dimensional coordinates obtained
this time are (X2, Y2). A coordinates vector value is calculated from a change AX = X2 - X1 in the X coordinate direction
and a change AY = Y2 - Y1 in the Y coordinate direction according to AY/Ax. In this case, coordinates vector values are
expressed in numeric values at intervals of ten degrees from the X-axis direction as listed in Table 1, and are previously
stored in the vector table 154. These intervals (ten degrees) may optionally be set. Further, itis assumed that a coordinates
vector value uses an approximate value of a calculation result. For example, in case of AY/AX = 0.900 for -AY and -AX,
the coordinates vector value is 24.

[Table 1]
Coordinates vector value AX AY AY/AX
1 0 + oo (tan 90°)
2 + + 5.671 (tan80°)
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(continued)

Coordinates vector value | AX AY AY/AX
3 + + 2.747 (tan70°)
4 + + 1.732 (tan60°)
5 + + 1.192  (tan50°)
6 + + 0.839 (tan40°)
7 + + 0.577 (tan30°)
8 + + 0.364 (tan20°)
9 + + 0.176  (tan10°)
10 + 0 0 (tan 0°)
11 + - 0.176  (tan10°)
12 + - 0.364 (tan20°)
13 + - 0.577 (tan30°)
14 + - 0.839 (tan40°)
15 + - 1.192 (tan50°)
16 + - 1.732  (tan60°)
17 + - 2.747 (tan70°)
18 + - 5.671 (tan80°)
19 0 - oo (tan 90°)
20 - - 5.671 (tan80°)
21 - - 2.747 (tan70°)
22 - - 1.732  (tan60°)
23 - - 1.192  (tan50°)
24 - - 0.839 (tan40°)
25 - - 0.577  (tan 30°)
26 - - 0.364 (tan20°)
27 - - 0.176  (tan10°)
28 - 0 0 (tan 0°)
29 - + 0.176  (tan10°)
30 - + 0.364 (tan20°)
31 - + 0.577  (tan30°)
32 - + 0.839 (tan40°)
33 - + 1.192 (tan50°)
34 - + 1.732  (tan60°)
35 - + 2.747 (tan70°)
36 - + 5.671 (tan80°)

[0111] Further, referring to the movement of a fingertip illustrated in Fig. 31, when the insertion state is detected relative
to the touch panel 122, two-dimensional coordinates are sampled at the same time intervals like (X1, Y1), (X2, Y2), (X8,
Y3)and (X4, Y4). When the fingertip exits from the detection area, it is assumed that a non-insertion detection (detachment
detection) signal is issued from the insertion/non-insertion detecting element 152. In such movement, the coordinates
vector value between coordinates in each sampling is calculated as described above, and the length L between the
respective coordinates, for example, if the length between coordinates (X1, Y1) and (X2, Y2) is L1, is calculated from
the following equation;

Ll = 4 {(¥2 - Y1)? + (X2-X1)%)

Thus, the coordinates vector value and the length information are calculated and stored for every sampled coordinates.
Table 2 shows a data example converted into coordinates vector values when the movement illustrated in Fig. 28 is
performed.
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[Table 2]
Coordinate input X1,Y1 | X2,Y2 | X3,Y3 | X4,Y4 | X5,Y5 | Detachment
Coordinates vector value 12 11 6 16(6)
Length L1 L2 L3 L4 L5

[0112] A vector information determining unit 155 is provided at the rear of the vectorization unit 153. The vector
information determining unit 155 determines the size of a change in the vector information (coordinates vector value
and length) at the time when the change into the non-inserted state (detached state) of a designating device is detected
by the insertion/non-insertion detecting element 152. A sweeping up processing unit 156 and an end trailing processing
unit 157 are provided at the rear of the vector information determining unit 155 to perform different processing according
to the determining result.

[0113] The sweeping up processing unit 156 assumes, when the non-insertion of a designating device is detected by
the insertion/non-insertion detecting element 152, if there is no great change exceeding a predetermined value (for
example, "4" for a coordinates vector value) in the coordinates vector value obtained by the vectorization unit 153, that
trailing has occurred in the sweeping portion or the sweeping up portion of a drawn character, and performs processing
of shortening a drawing line connecting the two-dimensional coordinates immediately before the non-insertion of the
designating device has been detected and the preceding two-dimensional coordinates by a predetermined length. It is
usual for the sweeping up portion 206 illustrated in Figs. 34C and 34D or the sweeping portion 207 illustrated in Figs.
34E and 34F that a finger advances in the same or almost same direction when the finger is separated from the touch
panel 122. Such movement of a finger is demonstrated by that there is no great change in the coordinates vector values.
Therefore, in such case, the trailing 204 occurs following the sweeping up portion 206 or the sweeping portion 207, and
the sweeping up portion 206 and the sweeping portion 207 are drawn longer than the intended lengths. Consequently,
processing is performed so that a redundant part due to the trailing 204 cannot be drawn.

[0114] Forexample, referring to Fig. 31, when the detached state of a designating device is detected, if the coordinates
vector value, calculated from the coordinates (X5, Y5) (side A) detected immediately before the detached state of the
designating device is detected, is not greatly changed from the preceding coordinates (X4, Y4), as shown by "6" and
"(6)" in Table 2, it is assumed that the trailing 204 has occurred in the sweeping up portion 206 between the detected
coordinates (X4, Y4) and (X5, Y5) (side A), and the sweeping up portion 206 is drawn by shortening the sweeping up
portion 206 by a previously set, fixed length, at a part of the seeping up portion 206 immediately before the detached
state is detected, Accordingly, the sweeping up portion 206 or the sweeping portion 207 is drawn in the state having no
trailing 204 in Figs. 34D and 34F (thatis, drawn in such redundancy-free original state as illustrated in Figs. 34C and 34E).
[0115] On the other hand, when the non-insertion of the designating device is detected by the insertion/non-insertion
detecting element 152, if there is a great change exceeding a predetermined value in the coordinates vector value
obtained by the vectorization unit 153, the end trailing processing unit 157 assumes that trailing has occurred in the
ending portion 205, and performs processing of disabling drawing of the line connecting between the two-dimensional
coordinates where the non-insertion is detected and the preceding coordinates. It is usual in case of the ending portion
205 illustrated in Figs. 34A and 34B that after drawing the ending portion 205, a finger steely advances to the direction
which greatly differs from the moving direction before reaching the ending portion 205, because the finger is once stopped
at the ending portion 205 and is then separated from the touch panel 122 for moving to a next point to start drawing a
subsequent stroke. Such movement of the finger is demonstrated by that the coordinates vector value is greatly changed
and the length is exceedingly shortened. In such case, because the whisker-shaped trailing 204 is drawn in the ending
portion 205, processing is performed so that none of such trailing 204 cannot be drawn.

[0116] Forexample, referringto Fig. 31, when the detached state of the designating device is detected, if the coordinate
vector value calculated from the before-preceding detected coordinates (X4, Y4) and the preceding detected coordinates
(X5, Y5) (side B) is changed greatly as shown by "6" and "16" in Table 2, it is assumed that trailing has occurred after
the coordinates (X4, X4), and the drawing line after the coordinates (X4, Y4) is disabled so as to terminate with the
ending portion 205. Accordingly, the ending portion 205 is drawn in the state having no trailing 204 illustrated in Fig.
34B (that is, drawn in such redundancy-free original state as illustrated in Fig. 34A).

[0117] Hence, in the fourth characteristic configuration example, attention is paid to the fact that it is more practically
usual that, when a designating device such as a finger is separated from the touch panel 122 in the sweeping up portion
206 of a Kaniji character, the designating device advances toward the sweeping up direction. Further, regarding the state
of the designating device, including the two-dimensional coordinates, the direction and the length of a change regarding
the dislocation of the two-dimensional coordinates are converted into coordinates vector values, and when non-insertion
of the designating device is detected, the degree of the change of the coordinates vector value is recognized. If there
is no great change in the coordinates vector value, it is assumed that trailing has occurred following the sweeping up
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portion 206, and a redundant part due to the trailing can be prevented from being drawn in the sweeping up portion 206
by performing processing of shortening the drawing line by a predetermined length. Similarly, attention is paid to that it
is more practically usual in the ending portion 205 in Kanji characters that, when the designating device such as a finger
is separated from the touch panel 122, the designating device steeply and shortly moves in the direction which greatly
differs from the preceding drawing direction. Further, regarding the state of the designating device, including the two-
dimensional coordinates, the direction and the length of the change regarding the dislocation of the two-dimensional
coordinates are converted into coordinates vector values, and when non-insertion of the designating device is detected,
the degree of the change of the coordinates vector value is recognized. If there is a great change in the coordinates
vector value, it is recognized that trailing has occurred in the ending portion 205, and the trailing drawing line 204 will
not be added to the ending portion 205 by performing processing for disabling the trailing. Accordingly, such processing
to erase a trailed part of a drawn character in an erasing mode is not needed.

[0118] The operation of the coordinate inputting/detecting apparatus 151 having the above-described characteristic
configuration of the fourth example can also be executed by allowing a computer to read a program previously stored
in the information storage medium such as an FD or CD-ROM. For example, a program for allowing the computer to
execute the following functions may be stored in an information storage medium such as the CD-ROM 39: a coordinate
detection function to detect the two-dimensional coordinates of a designating device on the touch panel 122 at prede-
termined time intervals; an insertion/non-insertion detection function to detect the inserted/non-inserted state of the
designating device relative to the touch panel 122; a vectorization function to convert into coordinates vector values the
direction of a change between the two-dimensional coordinates which are sequentially detected at predetermined time
intervals by the coordinate detection function; and a sweeping up processing function to shorten a drawing line connecting
the two-dimensional coordinates intermediately before non-insertion of the designating device is detected and the pre-
ceding two-dimensional coordinates by a predetermined length if there is no great change exceeding a predetermined
value in the coordinates vector values obtained using the vectorization function when the non-insertion of the designating
device is detected using the insertion/non-insertion detection function. Alternatively, a program for allowing the computer
to execute the following functions may be stored in an information storage medium such as the CD-ROM 39: a coordinate
detection function to detect the two-dimensional coordinates of the designating device on the touch panel 122 at pre-
determined time intervals; an insertion/non-insertion detection function to detect the inserted/non-inserted state of the
designating device relative to the touch panel 122; a vectorization function to convert into coordinates vector values the
direction and length of a change between the two-dimensional coordinates which are sequentially detected at predeter-
mined time intervals using the coordinate detection function; and an end trailing processing function to disable drawing
of the line connecting between the two-dimensional coordinates where the non-insertion of the designating device is
detected and the preceding two-dimensional coordinates if there is a great change exceeding a predetermined value in
the coordinates vector values obtained using the vectorization function when the non-insertion of the designating device
is detected using the insertion/non-insertion detection function.

[0119] A fifth characteristic example of the configuration of a coordinate inputting/detecting apparatus according to
the present invention is described with reference to Fig. 32. Fig. 32 is a block diagram of a coordinate inputting/detecting
device 161 having the characteristic configuration of the fifth example.

[0120] In the fifth characteristic configuration example, the sweeping up processing unit 156 is configured such that
when the processing of the sweeping up processing unit 156 is executed, the trailing length information obtained from
the processing of the end trailing processing unit 157 is reflected on a length by which a trailing portion of the sweeping
portion 207 and the sweeping up portion 206 is shortened. Therefore, a trailing length calculation unit 158 is provided
to the end trailing processing unit 157 and the output is given to the sweeping up processing unit 156. The trailing length
calculation unit 158 calculates an average of drawing line lengths of the trailing drawing lines 204 between the detachment
detected coordinates and the preceding coordinates which are disabled in the end trailing processing unit 157, and
outputs the information of the average length to the sweeping up processing unit 156.

[0121] That s, in the aforementioned fourth characteristic configuration example, as the trailing length following the
sweeping portion 207 or the sweeping up portion 206, an experimentally obtained fixed value is used, and the trailing
portion following the sweeping portion 207 or the sweeping up portion 206 is shortened by that fixed value. Therefore,
an individual difference among the users operating the apparatus is not considered in particular. In the fifth characteristic
configuration example, the trailing length following the sweeping portion 207 or the sweeping up portion 206 is estimated
by learning using the trailing length information, including the individual difference among the users operating the ap-
paratus, obtained through the drawing of the ending portion 205 in actual use, without performing an experiment in
particular, and thereby more appropriate shortening processing of the trailing in which the individual difference of the
users is reflected is enabled.

[0122] Specifically, according to the fifth characteristic configuration example, by calculating the average of the length
of drawing lines, which are disabled in the end trailing processing unit 157, by the trailing length calculation unit 158,
and by reflecting the information of the average length on the trailing length in the sweeping up processing unit 156, the
trailing length following the sweeping portion 207 or the sweeping up portion 206 may be estimated by learning while
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absorbing the individual difference on a practical level without performing an experiment, and thereby appropriate sweep-
ing up processing which matches each user is enabled.

[0123] The operation of the coordinate inputting/detecting apparatus 161 having the above-described characteristic
configuration of the fifth example can also be executed by allowing a computer to read a program previously stored in
the information storage medium such as an FD or CD-ROM. The program allows the computer, for example, the following
functions: a coordinate detection function to detect the two-dimensional coordinates of a designating device on the touch
panel 122 at predetermined time intervals; an insertion/non-insertion detection function to detect the inserted/non-inserted
state of the designating device relative to the touch panel 122; a vectorization function to convert into coordinates vector
values the direction of a change between the two-dimensional coordinates which are sequentially detected at predeter-
mined time intervals by the coordinate detection function; an end trailing processing function to disable a drawing line
connecting between the two-dimensional coordinates where the non-insertion of the designating device is detected and
the preceding coordinates if there is a great change exceeding a predetermined value in the coordinates vector value
obtained using the vectorization function when the non-insertion of the designating device is detected using the inser-
tion/non-insertion detection function; a trailing length calculation function to calculate the average of the lengths of the
drawing lines which are disabled in the end trailing processing function; and a sweeping up processing function to shorten
a drawing line connecting the two-dimensional coordinates intermediately before the non-insertion of the designating
device is detected and the preceding two-dimensional coordinates by the average length calculated by the trailing length
calculation function if there is no great change exceeding a predetermined value in the coordinates vector value obtained
using the vectorization function when the non-insertion of the designating device is detected using the insertion/non-
insertion detection function.

[0124] The mechanism and processes set forth in the present description may be implemented using a conventional
general purpose microprocessor programmed according to the teachings in the present specification, as will be appre-
ciated to those skilled in the relevant art. Appropriate software coding can be readily prepared by skilled programmers
based upon the teachings of the present disclosure, as will also be apparent to those skilled in the art.

[0125] The present invention thus also includes a computer program product which may be hosted on a storage
medium and include instructions which can be used to program a microprocessor to perform a process in accordance
with the present invention. The storage medium can include, but is not limited to, any type of disk including floppy disks,
optical disks, CD-ROMs, magneto-optical disks, ROMs, RAMs, EPROMS, EEPROMSs, flash memory, magnetic or optical
cards, or any type of media suitable for storing electronic instructions.

[0126] Numerous additional modifications and variations of the present invention are possible in light of the above
teachings. It is therefore to be understood that within the scope of the appended claims, the present invention may be
practiced otherwise than as specifically described herein.

[0127] The present application claims priority and contains subject matter related to Japanese Patent Application No.
11-257906 filed in the Japanese Patent Office on September 10, 1999, and the entire contents of which are hereby
incorporated by reference.

[0128] The invention further relates to the following embodiments which are parts of the description. Advantageous
features of the different embodiments can be combined with each other in one embodiment. It is further possible to omit
one or more features from a specific embodiment. The omitted one or more features are not necessary for the specific
embodiment.

[0129] Preferred embodiments and/or features of the invention are indicated as follows:

Embodiment no. A.: A coordinate inputting/detecting apparatus for optically detecting a position of a designating
means inserted into a flat or substantially flat two-dimensional coordinate inputting/detecting area (3,122) of the
apparatus, comprising:

a coordinate determining means (123) to determine two-dimensional coordinates of the designating means (4)
in the coordinate inputting/detecting area;

a distance determining means (124) to determine a distance of the designating means from a surface of the
coordinate inputting/detecting area when the designating means is located on or in vicinity to the coordinate
inputting/detecting area (3, 122);

a memorizing means (125) to memorize information of the two-dimensional coordinates determined by the
coordinates determining means (123) and information of the distance determined by the distance determining
means (124) so as to be associated with each other;

a coordinates change detecting/memorizing means (126) to detect a change of the two-dimensional coordinates
information memorized in the memorizing means at a predetermined time interval and memorize the detected
change of the two-dimensional coordinates information;

a distance change detecting/memorizing means (127) to detect a change of the distance information memorized
in the memorizing means at a predetermined time interval and memorize the detected change of the distance
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information; and

a means for allocating at least one designating state among designating states of the designating means stored
in advance, based upon the coordinate change information detected and the distance change information
detected.

Embodiment no. B: Apparatus according to Embodiment no. A, wherein said means for allocating comprises a state
allocating means (128) to allocate at least one designating state among designating states of the designating means
storedin advance, based upon the coordinate change information detected and memorized by the coordinate change
detecting/memorizing means (126) and the distance change information detected and memorized by the distance
change detecting/memorizing means (127).

Embodiment no. C: Apparatus according to Embodiment no. A, wherein said means for allocating comprises

a ratio calculating means (132) to calculate a ratio between the coordinates change detected by the coordinates
change detecting/memorizing means (126) and the distance change detected by the distance change detecting/
memorizing means (127);

a threshold value memorizing means (135) to memorize at least one predetermined threshold value for the ratio;
a comparing means (133) to compare the ratio calculated by the ratio calculating means and the threshold value
memorized by the threshold memorizing means; and a state allocating means (128) to allocate at least one desig-
nating state among designating states of the designating means stored in advance, based upon a result of the
comparison by the comparing means.

Embodiment no. D: Apparatus according to Embodiment no. C, the state allocating means including a determining
means to determine, according to a result of the comparison by the comparing means, as that the designating means
has not been inserted into the coordinate inputting/detecting area when the ratio is greater than the threshold value
and as that the designating means has been inserted into the coordinate inputting/detecting area when the ratio is
equal to or smaller than the threshold value.

Embodiment no. E. Apparatus according to Embodiment no. A, wherein said means for allocating comprises

a gradient calculating means (132) to calculate a gradient of the distance change detected by the distance change
detecting/memorizing means (127) relative to the coordinates change detected by the coordinates change detecting/
memorizing means (126);

a threshold value memorizing means (135) to memorize at least one predetermined threshold value for the gradient;
a comparing means (133) to compare the gradient calculated by the gradient calculating means and the threshold
value memorized by the threshold memorizing means; and

a state allocating means to allocate at least one designating state among designating states of the designating
means stored in advance, based upon a result of the comparison by the comparing means.

Embodiment no. F: Apparatus according to Embodiment no. E, the state allocating means including a determining
means to determine, according to a result of the comparison by the comparing means, as that the designating means
has not been inserted into the coordinate inputting/detecting area when the gradient is greater than the threshold
value and as that the designating means has been inserted into the coordinate inputting/detecting area when the
gradientis equal to or smaller than the threshold value. Embodiment no. G: A coordinate inputting/detecting apparatus
for optically detecting a position of a designating means inserted into a flat or substantially flat two-dimensional
coordinate inputting/detecting area of the apparatus, comprising:

a coordinates determining means to determine two-dimensional coordinates of the designating means in the
coordinate inputting/detecting area at a predetermined time interval;

an insertion/non-insertion state detecting means to detect an insertion/non-insertion state of the designating
means relative to the coordinate inputting/detecting area;

avectorization means to convert information of a direction and a length of a change between two two-dimensional
coordinates sequentially detected by the coordinates determining means at the predetermined time interval into
a coordinates vector value; and

a sweeping up processing means that processes, if a change of a first coordinates vector value, obtained by
the vectorization means when the non-insertion state of the designating means is detected at a first two-dimen-
sional coordinates by the insertion/non-insertion state detecting means, from a second coordinates vector value,
obtained by the vetorization means at a second two-dimensional coordinates immediately before the first two-
dimensional coordinates, is not greater than a predetermined value, a drawing line connecting between the
second two-dimensional coordinates and a third two-dimensional coordinates immediately before the second
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Embodiment no. H: A coordinate inputting/detecting apparatus for optically detecting a position of a designating

means inserted into a flat or substantially flat two-dimensional coordinate inputting/detecting area of the apparatus,
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a coordinates determining means to determine two-dimensional coordinates of the designating means in the
coordinate inputting/detecting area at a predetermined time interval;

an insertion/non.insertion state detecting means to detect an insertion/non-insertion state of the designating
means relative to the coordinate inputting/detecting area;

avectorization means to convert information of a direction and a length of a change between two two-dimensional
coordinates sequentially detected by the coordinates determining means at the predetermined time interval into
a coordinates vector value; and

a trailing processing means that processes, if a change of a first coordinates vector value, obtained by the
vectorization means when the non-inseition state of the designating means is detected at a first two-dimensional
coordinates by the insertion/non-insertion state detecting means, from a second coordinates vector value,
obtained by the vetorization means immediately before the first two-dimensional coordinates, is greater than a
predetermined value, a drawing line connecting between the first and second coordinates so as to be made null.

Embodiment no. I: A coordinate inputting/detecting apparatus for optically detecting a position of a designating
means inserted into a flat or substantially flat two-dimensional coordinate inputting/detecting area of the apparatus,
comprising:

a coordinates determining means to determine two-dimensional coordinates of the designating means in the
coordinate inputting/detecting area at a predetermined time interval;

an inseition/non-insertion state detecting means to detect an insertion/non-insertion state of the designating
means relative to the coordinate inputting/detecting area;

avectorization means to convert information of a direction and a length of a change between two two-dimensional
coordinates sequentially detected by the coordinates determining means at the predetermined time interval into
a coordinates vector value;

a trailing processing means that processes, if a change of a first coordinates vector value, obtained by the
vetorization means when the non-insertion state of the designating means is detected at a first two-dimensional
coordinates by the insertion/non-insertion state detecting means, from a second coordinates vector value,
obtained by the vectorization means immediately before the first two-dimensional coordinates, is greater than
a predetermined value, a drawing line connecting between the first and second two-dimensional coordinates
so as to be made null;

a trailing length calculating means to calculate an average length value of the drawing lines made null by the
trailing processing means; and

a sweeping up processing means that processes, if the change of the first coordinates vector value, obtained
by the vectorization means when the non-insertion state of the designating means is detected at the first two-
dimensional coordinates by the insertion/non-insertion state detecting means, from the second coordinates
vector value, obtained by the vectorization means at the second two-dimensional coordinates immediately
before the first two-dimensional coordinates, is not greater than the predetermined value, a drawing line con-
necting between the second two-dimensional coordinates and a third two-dimensional coordinates immediately
before the second two-dimensional coordinates so as to be reduced by a length of the average length value.

Embodiment no. J: Apparatus according to Embodiments no. A to |, the coordinates determining means including:

a plurality of light emitting means (5) to emit optical beams (10, 11) two-dimensionally toward the coordinate
inputting/detecting area (3, 122);

a light returning reflective means (7) to reflect the optical beams emitted by the plurality of light emitting means
so as to return in substantially reversed directions in the coordinate inputting/detecting area (3, 122); and

a plurality of light receiving means respectively disposed in positions to receive the optical beams reflected by
the light returning reflective means so as to detect light intensity distribution of the optical beams;

wherein, the designating means (4) has a light interrupting property, and the two-dimensional coordinates of
the designating means in the coordinate inputting/detecting area are recognized based upon existence of the
designating means in emitted/received light optical paths formed in the coordinate inputting/detecting area via
the light returning reflective means, and the distance determining means determines the distance of the desig-
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nating means from the surface of the coordinate inputting/detecting area based upon light intensity of the optical
beams received by the plurality of light receiving means.

Embodiment no. K: Apparatus according to Embodiments no. A to J, the coordinates determining means including:

an image inputting means to optically input image information of the coordinate inputting/detecting area; and
a conversion means to convert a part of the image information inputted by the image inputting means to infor-
mation of two-dimensional coordinates of the designating means;

wherein the distance determining means determines the distance of the designating means from the surface
ofthe coordinate inputting/detecting area based upon image density information of the image information inputted
by the image inputting means.

Embodiment no. L: Apparatus according to Embodiments no. A to |, the coordinates determining means including:

a plurality of light emitting means to emit optical beams toward the coordinate inputting/detecting area;

a plurality of light receiving means arranged in vicinity of the plurality of light emitting means so as to correspond
to the plurality of light emitting means, respectively; and a light returning reflective means to reflect the optical
beams emitted by the plurality of light emitting means so as to return to substantially same positions as those
of the plurality of light emitting means to be guided to respective corresponding light receiving means;
wherein, the two-dimensional coordinates of the designating means in the coordinate inputting/detecting area
are recognized based upon light intensity distribution corresponding to an inserted position of the designating
means in the coordinate inputting/detecting area, and the distance determining means determines the distance
of the designating means from the surface of the coordinate inputting/detecting area based upon light intensity
of the optical beams received by the plurality of light receiving means.

Embodiment no. M: Apparatus according to Embodiments no. A to |, the coordinates determining means including:

a plurality of light emitting means (5) to emit optical beams two-dimensionally toward the coordinate inputting/
detecting area (3, 122); and

a plurality of light receiving means (7) arranged in positions facing the plurality of light emitting means via the
coordinate inputting/detecting area (3, 122), respectively;

wherein, the designating means (4) has a light interrupting property, and the two-dimensional coordinates of
the designating means in the coordinate inputting/detecting area are recognized based upon existence of the
designating means in emitted/received light optical paths formed in the coordinate inputting/detecting area, and
the distance determining means determines the distance of the designating means from the surface of the
coordinate inputting/detecting area based upon light intensity of the optical beams received by the plurality of
light receiving means.

Embodiment no. N: Apparatus according to Embodiments no. | to K, the coordinates determining means including:

a plurality of light emitting means to emit light beams two-dimensionally toward the coordinate inputting/detecting
area;

a light returning reflective means to reflect the optical beams emitted by the plurality of light emitting means so
as to return in substantially reversed directions in the coordinate inputting/detecting area; and

a plurality of light receiving means respectively disposed in positions to receive the optical beams reflected by
the light returning reflective means so as to detect light intensity distribution of the optical beams;

wherein, the designating means has a light interrupting property, and the two-dimensional coordinates of the
designating means in the coordinate inputting/detecting area are recognized based upon existence of the des-
ignating means in emitted/received light optical paths formed in the coordinate inputting/detecting area via the
light returning reflective means.

Embodiment no. O Apparatus according to Embodiments no. | to K, the coordinates determining means including:

an image inputting means to optically input image information of the coordinate inputting/detecting area; and
a conversion means to convert a part of the image information inputted by the image inputting means into
information of two-dimensional coordinates of the designating means.

Embodiment no. P: Apparatus according to Embodiments no. | to K, the coordinates determining means including:
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a plurality of light emitting means to emit light beams toward the coordinate inputting/detecting area;

a plurality of light receiving means arranged in vicinity of the plurality of light emitting means so as to correspond
to the plurality of light emitting means, respectively;

a light returning reflective means to reflect the optical beams emitted by the plurality of light emitting means so
as to return in substantially same positions as those of the plurality of light emitting means to be guided to
respective corresponding light receiving means;

wherein, the two-dimensional coordinates of the designating means in the coordinate inputting/detecting area
are recognized based upon light intensity distribution of the optical beam corresponding to an inserted position
of the designating means in the coordinate inputting/detecting area.

Embodiment no. Q: Apparatus according to Embodiments no. | to K, the coordinates determining means including:

a plurality of light emitting means to emit light beams two-dimensionally toward the coordinate inputting/detecting
area; and

a plurality of light receiving means arranged in positions facing the plurality of light emitting means across the
coordinate inputting/detecting area, respectively;

wherein, the designating means has a light interrupting property, and the two-dimensional coordinates of the
designating means in the coordinate inputting/detecting area are recognized based upon existence of the des-
ignating means in emitted/received light optical paths formed in the coordinate inputting/detecting area.

Embodimentno. R: Amethod of optically detecting a position of a designating means inserted into a flat or substantially
flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/detecting apparatus and inputting/
detecting two-dimensional coordinates of the designating means in the coordinate inputting/detecting area of the
apparatus, the method comprising steps of:

determining the two-dimensional coordinates of the designating means in the coordinate inputting/detecting area;
determining a distance of the designating means from a surface of the coordinate inputting/detecting area when
the designating means is located on or in vicinity to the coordinate inputting/detecting area;

memorizing information of the two-dimensional coordinates determined in the coordinates determining step and
information of the distance determined in the distance determining step so as to be associated with each other;
detecting a change of the two-dimensional coordinates information memorized in the memorizing step at a
predetermined time interval and memorizing the detected change of the two-dimensional coordinates informa-
tion;

detecting a change of the distance information memorized in the memorizing step at a predetermined time
interval and memorizing the detected change of the distance information; and

allocating at least one designating state among designating states of the designating means stored in advances,
based upon the coordinates change information detected and the distance change information detected.

Embodiment no. S: Method according to Embodiment no. R, wherein

at least one designating state among designating states of the designating means stored in advance is allocated,
based upon the coordinates change information detected and memorized in the coordinates change detecting/
memorizing step and the distance change information detected and memorized in the distance change detecting/
memorizing step.

Embodiment no. T: Method according to Embodiment no. R, wherein

allocating said at least one designating state comprises the steps of: calculating a ratio between the coordinates
change detected in the coordinates change detecting/memorizing step and the distance change detected in the
distance change detecting/memorizing step; memorizing at least one predetermined threshold value for the ratio;
comparing the ratio calculated in the calculating step and the threshold value memorized in the threshold memorizing
step; and

allocating at least one designating state among designating states of the designating means stored in advance,
based upon a result of the comparison in the comparing step.

Embodiment no. U: Method according to Embodiment no. R, wherein allocating said at least one designating state
comprises the steps of:

calculating a gradient of the distance change detected in the distance change detecting/memorizing step relative
to the coordinates change detected in the coordinates change detecting/memorizing step;
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memorizing at least one predetermined threshold value for the gradient;

comparing the gradient calculated in the calculating step and the threshold value memorized in the threshold
memorizing step; and

allocating at least one designating state among designating states of the designating means stored in advance,
based upon a result of the comparison in the comparing step.

Embodiment no. V: Method according to Embodiment no. T, the state allocating step including a step of determining,
according to a result of the comparison step, as that the designating means has not been inserted into the coordinate
inputting/detecting area when the gradient is greater than the threshold value and as that the designating means
has been inserted into the coordinate inputting/detecting area when the gradient is equal to or smaller than the
threshold value.

Embodiment no. W: Method according to Embodiment no. U, the state allocating step including a step of determining,
according to a result of the comparison step, as that the designating means has not been inserted into the coordinate
inputting/detecting area when the gradient is greater than the threshold value and as that the designating means
has been inserted into the coordinate inputting/detecting area when the gradient is equal to or smaller than the
threshold value.

Embodiment no. X: Amethod of optically detecting a position of a designating means inserted into a flat or substantially
flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/detecting apparatus and inputting/
detecting two-dimensional coordinates of the designating means in the coordinate inputting area of the apparatus,
the method comprising steps of:

determining the two-dimensional coordinates of the designating means in the coordinate inputting/detecting
area at a predetermined time interval;

detecting an insertion/non-insertion state of the designating means relative to the coordinate inputting/detecting
area;

converting information of a direction and a length of a change between two two-dimensional coordinates se-
quentially detected in the coordinates determining step at the predetermined time interval into a coordinates
vector value; and

processing, if a change of a first coordinates vector value, obtained in the vector conversion step when the non-
insertion state of the designating means is detected at a first two-dimensional coordinates in the insertion/non-
insertion state detecting step, from a second coordinates vector value obtained in the vector conversion step
at a second two-dimensional coordinates immediately before the first two-dimensional coordinates, is not greater
than a predetermined value, a drawing line connecting between the second two-dimensional coordinates and
a third two-dimensional coordinates immediately before the second two-dimensional coordinates so as to be
reduced by a predetermined length.

Embodimentno. Y: Amethod of optically detecting a position of a designating means inserted into a flat or substantially
flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/detecting apparatus and inputting/
detecting two-dimensional coordinates of the designating means in the coordinate inputting/detecting area of the
apparatus, the method comprising steps of:

determining the two-dimensional coordinates of the designating means in the coordinate inputting/detecting
area at a predetermined time interval;

detecting an insertion/non-insertion state of the designating means relative to the coordinate inputting/detecting
area;

converting information of a direction and a length of a change between two two-dimensional coordinates se-
quentially detected in the coordinates determining step at the predetermined time interval into a coordinates
vector value; and

processing, if a change of a first coordinates vector value, obtained by the vector conversion step when the
non-insertion state of the designating means is detected at a first two-dimensional coordinates in the inser-
tion/non-insertion state detecting step, from a second coordinates vector value, obtained by the vector conversion
step at a second two-dimensional coordinates immediately before the first two-dimensional coordinates, is
greater than a predetermined value, a drawing line connecting the first and second two-dimensional coordinates
so as to be made null.

Embodimentno. Z: Amethod of optically detecting a position of a designating means inserted into a flat or substantially
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flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/detecting apparatus and inputting/
detecting two-dimensional coordinates of the designating means in the coordinate inputting/detecting area of the
apparatus, the method comprising steps of:

determining two-dimensional coordinates of the designating means in the coordinate inputting/detecting area
at a predetermined time interval;

detecting an insertion/non-insertion state of the designating means relative to the coordinate inputting/detecting
area;

converting information of a direction and a length of a change between two two-dimensional coordinates se-
quentially detected in the coordinates determining step at the predetermined time interval into a coordinates
vector value;

processing, if a change of a first coordinates vector value, obtained in the vector conversion step when the non-
insertion state of the designating means is detected at a first two-dimensional coordinates in the insertion/non-
insertion state detecting step, from a second coordinates vector value, obtained in the vector conversion step
immediately before the first two-dimensional coordinates, is greater than a predetermined value, a drawing line
connecting between the first and second two-dimensional coordinates so as to be made null to avoid trailing;

calculating an average length value of the drawing lines made null in the trailing avoiding processing step; and
processing, if the change of the first coordinates vector value, obtained in the vector conversion step when the
non-insertion state of the designating means is detected at the first two-dimensional coordinates in the inser-
tion/non-insertion state detecting step, from the second coordinates vector value, obtained by the vector con-
version at the second two-dimensional coordinates immediately before the first two-dimensional coordinates,
is not greater than the predetermined value, a drawing line connecting between the second two-dimensional
coordinates and a third two-dimensional coordinates immediately before the second two-dimensional coordi-
nates so as to be reduced by a length of the average length value.

Embodiment no. AA: A computer program product stored on a computer usable medium comprising computer
readable program means for causing a computer to control optical detection of a position of a designating means
inserted into a flat or substantially flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/
detecting apparatus and inputting/detecting of two-dimensional coordinates of the designating means in the coor-
dinate inputting/detecting area of the apparatus, the computer readable program means including:

a first computer code means configured to determine the two-dimensional coordinates of the designating means
in the coordinate inputting/detecting area;

asecond computer code means to determine adistance of the designating means from a surface of the coordinate
inputting/detecting area when the designating means is located on or in vicinity to the coordinate inputting/
detecting area;

athird computer code means configured to memorize information of the two-dimensional coordinates determined
by the first computer code means and information of the distance determined by the second computer code
means so as to be associated with each other;

a fourth computer code means configured to detect a change o;f the two-dimensional coordinates information
memorized by the third computer code means at a predetermined time interval and to memorize the detected
change of the two-dimensional coordinates information;

a fifth computer code means configured to detect a change of the distance information memorized by the third
computer code means at a predetermined time interval and to memorize the detected change of the distance
information; and

a sixth computer code means configured to allocate at least one designating state among designating states
of the designating means stored in advance, based upon the coordinate change information detected and
memorized by the fourth computer code means and the distance change information detected and memorized
by the fifth computer code means.

Embodiment no. BB: A computer program product stored on a computer usable medium comprising computer
readable program means for causing a computer to control optical detection of a position of a designating means
inserted into a flat or substantially flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/
detecting apparatus and inputting/detecting of two-dimensional coordinates of the designating means in the coor-
dinate inputting/detecting area of the apparatus, the computer readable program means including:

a first computer code means configured to determine the two-dimensional coordinates of the designating means
in the coordinate inputting/detecting area;
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a second computer code means configured to determine a distance of the designating means from a surface
of the coordinate inputting/detecting area when the designating means is located on orin vicinity to the coordinate
inputting/detecting area;

athird computer code means configured to memorize information of the two-dimensional coordinates determined
by the first computer coded means and information of the distance determined by the second computer code
means so as to be associated with each other;

a fourth computer code means configured to detect a change of the two-dimensional coordinates information
memorized by the third computer code means at a predetermined time interval and to memorize the detected
change of the two-dimensional coordinates information;

a fifth computer code means configured to detect a change of the distance information memorized by the third
computer code means at a predetermined time interval and to memorize the detected change of the distance
information;

a sixth computer code means configured to calculate a ratio between the coordinates change detected by the
fourth computer code means and the distance change detected by the fifth computer code means;

a seventh computer code means configured to memorize atleast one predetermined threshold value for the ratio;
an eighth computer code means configured to compare the ratio calculated by the sixth computer code means
and the threshold value memorized by the seventh computer code means; and

a ninth computer code means configured to allocate at least one designating state among designating states
of the designating means stored in advance, based upon a result of the comparison by the eighth computer
code means.

Embodiment no. CC: A computer program product stored on a computer usable medium comprising computer
readable program means for causing a computer to control optical detection of a position of a designating means
inserted into a flat or substantially flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/
detecting apparatus and inputting/detecting of two-dimensional coordinates of the designating means in the coor-
dinate inputting/detecting area of the apparatus, the computer readable program means including:

a first computer code means configured to determine the two-dimensional coordinates of the designating means
in the coordinate inputting/detecting area;

a second computer code means configured to determine a distance of the designating means from a surface
of the coordinate inputting/detecting area when the designating means is located on or in vicinity to the coordinate
inputting/detecting area;

athird computer code means configured to memorize information of the two-dimensional coordinates determined
by the first computer code means and information of the distance determined by the second computer code
means so as to be associated with each other;

a fourth computer code means configured to detect a change of the two-dimensional coordinates information
memorized by the third computer code means at a predetermined time interval and to memorize the detected
change of the two-dimensional coordinates information;

a fifth computer code means configured to detect a change of the distance information memorized by the third
computer code means at a predetermined time interval and to memorize the detected change of the distance
information;

a sixth computer code means to calculate a gradient of the distance change detected by the fifth computer code
means relative to the coordinates change detected by the fourth computer code means;

a seventh computer code means to memorize at least one predetermined threshold value for the gradient;

an eighth computer code means configured to compare the gradient calculated by the sixth computer code
means and the threshold value memorized by the seventh computer code means; and

a ninth computer code means configured to allocate at least one designating state among designating states
of the designating means stored in advance, based upon a result of the comparison by the eighth computer
code means.

Embodiment no. DD: The computer program product according to Embodiment no. BB, the ninth computer code
means including a tenth computer code means configured to determine, according to a result of the comparison by
the eighth computer code means, as that the designating means has not been inserted into the coordinate inputting/
detecting area when the ratio is greater than the threshold value and as that the designating means has been
inserted into the coordinate inputting/detecting area when the ratio is equal to or smaller than the threshold value.

Embodiment no. EE: The computer program product according to Embodiment no. CC, the ninth computer code
means including a tenth computer code means configured to determine, according to a result of the comparison by
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the eighth computer code means, as that the designating means has not been inserted into the coordinate inputting/
detecting area when the ratio is greater than the threshold value and as that the designating means has been
inserted into the coordinate inputting/detecting area when the ratio is equal to or smaller than the threshold value.

Embodiment no. FF: A computer program product stored on a computer usable medium comprising computer
readable program means for causing a computer to control optical detection of a position of a designating means
inserted into a flat or substantially flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/
detecting apparatus and inputting/detecting of two-dimensional coordinates of the designating means in the coor-
dinate inputting/detecting area of the apparatus, the computer readable program means including:

a first computer code means configured to determine the two-dimensional coordinates of the designating means
in the coordinate inputting/detecting area at a predetermined time interval,

a second computer code means configured to detect an insertion/non-insertion state of the designating means
relative to the coordinate inputting/detecting area;

a third computer code means configured to convert information of a direction and a length of a change between
two two-dimensional coordinates sequentially detected by the first computer code means at the predetermined
time interval into a coordinates vector value; and

a fourth computer code means configured to process, if a change of a first coordinates vector value, obtained
by the third computer code means when the non-insertion state of the designating means is detected at a first
two-dimensional coordinates by the second computer code means from a second coordinates vector value
obtained by the third computer code means at a second two-dimensional coordinates immediately before the
first two-dimensional coordinates, is not greater than a predetermined value, a drawing line connecting between
second two-dimensional coordinates and a third two-dimensional coordinates immediately before the second
two-dimensional coordinates so as to be reduced by a predetermined length.

Embodiment no. GG; A computer program product stored on a computer usable medium comprising computer
readable program means for causing a computer to control optical detection of a position of a designating means
inserted into a flat or substantially flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/
detecting apparatus and inputting/detecting of two-dimensional coordinates of the designating means in the coor-
dinate inputting/detecting area of the apparatus, the computer readable program means including:

a first computer code means configured to determine the two-dimensional coordinates of the designating means
in the coordinate inputting/detecting area at a predetermined time interval;

a second computer code means configured to detect an insertion/non-insertion state of the designating means
relative to the coordinate inputting/detecting area;

a third computer code means configured to convert information of a direction and a length of a change between
two two-dimensional coordinates sequentially detected by the first computer code means at the predetermined
time interval into a coordinates vector value; and a fourth computer code means configured to process, if a
change of a first coordinates vector value, obtained by the third computer code means when the non-insertion
state of the designating means is detected at a first two-dimensional coordinates by the second computer code
means, from a second coordinates vector value, obtained by the third computer code means at a second two-
dimensional coordinates immediately before the first two-dimensional coordinates, is greater than a predeter-
mined value, a drawing line connecting between the first and second two-dimensional coordinates so as to be
made null.

Embodiment no. HH: A computer program product stored on a computer usable medium comprising computer
readable program means for causing a computer to control optical detection of a position of a designating means
inserted into a flat or substantially flat two-dimensional coordinate inputting/detecting area of a coordinate inputting/
detecting apparatus and inputting/detecting of two-dimensional coordinates of the designating means in the coor-
dinate inputting/detecting area of the apparatus, the computer readable program means including:

a first computer code means configured to determine two-dimensional coordinates of the designating means
in the coordinate inputting/detecting area at a predetermined time interval,

a second computer code means configured to detect an insertion/non-insertion state of the designating means
relative to the coordinate inputting/detecting area;

a third computer code means configured to convert information of a direction and a length of a change between
two two-dimensional coordinates sequentially detected by the first computer code means at the predetermined
time interval into a coordinates vector value;
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a fourth computer code means configured to process, if a change of a first coordinates vector value, obtained
by the third computer code means when the non-insertion state of the designating means is detected at a first
two-dimensional coordinates by the second computer code means, from a second coordinates vector value,
obtained by the third computer code means immediately before the first two-dimensional coordinates, is greater
than a predetermined value, a drawing line connecting between the first and second two-dimensional coordinates
so as to be made null to avoid trailing;

a fifth computer code means configured to calculate an average length value of the drawing lines made null by
the fourth computer code means; and

a sixth computer code means configured to process, if the change of the first coordinates vector value, obtained
by the third computer code means when the non-insertion state of the designating means is detected at the first
two-dimensional coordinates by the second computer code means, from the second coordinates vector value,
obtained by the third computer code means at the second two-dimensional coordinates immediately before the
firsttwo-dimensional coordinates, is not greater than the predetermined value, a drawing line connecting between
the second two-dimensional coordinates and a third two-dimensional coordinates immediately before the second
two-dimensional coordinates so as to be reduced by a length of the average length value.

Embodiment no. Il: A computer program product directly loadable into an internal memory of a computer, comprising
software code mechanism for performing the steps of any of claims 18 to 26, when the computer program product
is run on the computer.

Claims

1. A coordinate inputting/detecting apparatus for optically detecting a position of a designating device inserted into an
at least substantially flat two-dimensional coordinate inputting/detecting area of the apparatus., comprising:

a coordinates determining device configured to determine two-dimensional coordinates of the designating device
in the coordinate inputting/detecting area at a predetermined time interval;

an insertion/non-insertion state detecting device configured to detect an insertion/non-insertion state of the
designating device relative to the coordinate inputting/detecting area;

a vectorization device configured to convert information of a direction and a length of a change between two
two-dimensional coordinates sequentially detected by the coordinates determining device at the predetermined
time interval into a coordinates vector value; and

a processing device configured to selectively execute one of a sweeping up processing and a trailing processing
in accordance with a detection result of the insertion/non-insertion state detecting device if the coordinates
vector value changes by more than a prescribed level in the non-insertion state, said a sweeping up processing
being operative to reduce a drawing line by a prescribed length, said trailing processing being operative to
cancel the drawing line, and said drawing line connecting between two coordinates lastly determined succes-
sively.

2. The coordinate inputting/detecting apparatus as claimed in claim 1, the processing device executes the sweeping
up processing when the detection result of the inseition/non-inseition state detecting device is that the coordinates
vector value does not change by more than the prescribed level.

3. The coordinate inputting/detecting apparatus as claimed in claim 1, the processing device executes the trailing
processing when the detection result of the insertion/non-insertion state detecting device is that the coordinates
vector value changes by more than the prescribed level.

4. The coordinate inputting/detecting apparatus of claim 1, the coordinates determining device including:

a plurality of light emitting devices configured to emit light beams two-dimensionally toward the coordinate
inputting/detecting area;

a light returning reflective device configured to reflect the optical beams emitted by the plurality of light emitting
devices so as to return in substantially reverse directions in the coordinate inputting/detecting area; and

a plurality of light receiving devices respectively disposed in positions to receive the optical beams reflected by
the light returning reflective device so as to detect a light intensity distribution of the optical beams;

wherein, the designating device has a light interrupting property, and the two-dimensional coordinates of the
designating device in the coordinate inputting/detecting area are recognized based upon existence of the des-
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ignating device in emitted/received light optical paths formed in the coordinate inputting/detecting area via the
light returning reflective device.

5. The coordinate inputting/detecting apparatus of claim 1, the coordinates determining device including:

an image inputting device configured to optically input image information of the coordinate inputting/detecting
area; and

a conversion device configured to convert a part of the image information input by the image inputting device
into information of two-dimensional coordinates of the designating device.

6. The coordinate inputting/deteeting apparatus of claim 1, the coordinates determining device including:

a plurality of light emitting devices configured to emit light beams toward the coordinate inputting/detecting area;
a plurality of light receiving devices arranged in vicinity of the plurality of light emitting devices so as to correspond
to the plurality of light emitting devices, respectively; and

a light returning reflective device configured to reflect the optical beams emitted by the plurality of light emitting
devices so as to return in substantially same positions as those of the plurality of light emitting devices to be
guided to respective corresponding light receiving devices;

wherein, the two-dimensional coordinates of the designating device in the coordinate inputting/detecting area
are recognized based upon a light intensity distribution of the optical beam corresponding to an inserted position
of the designating device in the coordinate inputting/detecting area.

7. The coordinate inputting/detecting apparatus of claim 1, the coordinates determining device including:

a plurality of light emitting devices configured to emit light beams two-dimensionally toward the coordinate
inputting/detecting area; and

a plurality of light receiving devices arranged in positions facing the plurality of light emitting device across the
coordinate inputting/detecting area, respectively;

wherein, the designating device has a light interrupting property, and the two-dimensional coordinates of the
designating device in the coordinate inputting/detecting area are recognized based upon existence of the des-
ignating device in emitted/received light.

8. The coordinate inputting/detecting apparatus as claimed in any one of claims 1 to 7, further comprising:

a distance determining device to determine a distance of the designating device from a surface of the coordinate
inputting/detecting area when the designating device is located on or in vicinity to the coordinate inputting/
detecting area;

amemorizing device to memorize information of the two-dimensional coordinates determined by the coordinates
determining device and information of the distance determined by the distance determining device so as to be
associated with each other;

a coordinates change detecting/memorizing device to detect a change of the two-dimensional coordinates
information memorized in the memorizing device at a predetermined time interval and memorize the detected
change of the two-dimensional coordinates information;

a distance change detecting/memorizing device to detect a change of the distance information memorized in
the memorizing device at a predetermined time interval and memorize the detected change of the distance
information; and

a device for allocating at least one designating state among designating states of the designating device stored
in advance, based upon the coordinate change information detected and the distance change information
detected.

9. The coordinate inputting/detecting apparatus as claimed in any one of claims 1 to 8, further comprising:

a sweeping up processing means that processes, if a change of a first coordinates vector value, obtained by
the vectorization device when the non-insertion state of the designating device is detected at a first two-dimen-
sional coordinates by the insertion/non-insertion state detecting device, from a second coordinates vector value,
obtained by the vectorization device at a second two-dimensional coordinates immediately before the first two-
dimensional coordinates, is not greater than a predetermined value, a drawing line connecting between the
second two-dimensional coordinates and a third two-dimensional coordinates immediately before the second

33



10

15

20

25

30

35

40

45

50

55

EP 2 234 004 A2

two-dimensional coordinates so as to be reduced by a predetermined length.

10. The coordinate inputting/detecting apparatus as claimed in any one of claims 1 to 9, further comprising:

a trailing processing means that processes, if a change of a first coordinates vector value, obtained by the
vectorization device when the non-insertion state of the designating device is detected at a first two-dimensional
coordinates by the insertion/non-insertion state detecting device, from a second coordinates vector value, ob-
tained by the vectorization device immediately before the first two-dimensional coordinates, is greater than a
predetermined value, a drawing line connecting between the first and second coordinates so as to be made null.

11. The coordinate inputting/detecting apparatus as claimed in claim 10, further comprising:

a trailing length calculating means to calculate an average length value of the drawing lines made null by the
trailing processing means; and

a sweeping up processing means that processes, if the change of the first coordinates vector value, obtained
by the vectorization device when the non-insertion state of the designating device is detected at the first two-
dimensional coordinates by the insertion/non-insertion state detecting device, from the second coordinates
vector value, obtained by the vectorization device at the second two-dimensional coordinates immediately before
the first two-dimensional coordinates, is not greater than the predetermined value, a drawing line connecting
between the second two-dimensional coordinates and a third two-dimensional coordinates immediately before
the second two-dimensional coordinates so as to be reduced by a length of the average length value.

12. A method for optically detecting a position of a designating device inserted into an at least substantially flat two-
dimensional coordinate inputting/detecting area of a coordinate inputting/detecting apparatus, comprising:

a coordinates determining step for determining two-dimensional coordinates of the designating device in the
coordinate inputting/detecting area at a predetermined time interval;

an insertion/non-insertion state detecting step for detecting an insertion/non-insertion state of the designating
device relative to the coordinate inputting/detecting area;

a vectorization step for converting information of a direction and a length of a change between two two-dimen-
sional coordinates sequentially detected in the coordinates determining step at the predetermined time interval
into a coordinates vector value; and

a processing step for selectively executing one of a sweeping up processing and a trailing processing in ac-
cordance with a detection result of the insertion/non-insertion state detecting step if the coordinates vector value
changes by more than a prescribed level in the non-insertion state, said a sweeping up processing being
operative to reduce a drawing line by a prescribed length, said trailing processing being operative to cancel the
drawing line, and said drawing line connecting between two coordinates lastly determined successively.

13. A computer program product stored on a computer usable medium comprising computer readable program means
for causing a computer to perform all of the steps of claim 12.
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