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[571 ABSTRACT

A coordinate detecting device and an angle information
detecting method which are capable of detecting tilt angles
of a stylus pen with high accuracy. A coordinate detecting
device is made up of a plurality of sensor coils and a position
indicator housing an electromagnetic coupling means, and
detects coordinates and tilt angles of the position indicator
by sensing an induced voltage developed in the sensor coil
by means of electromagnetic interaction. The coordinate
detecting device is also provided with an angle information
detecting means. This angle information detecting means
correct errors in a value of a predetermined function includ-
ing main and sub-peaks, the errors arising from a difference
between a main peak induced voltage distribution and a
sub-peak induced voltage distribution within a detection
width of one sensor coil. by converting either the main peak
induced voltage distribution or the sub-peak induced voltage
distribution so as to be similar to the other one. Then, the
angle information detecting means calculate tilt angles of the
position indicator using a predetermined function including
the sub-peak induced voltage and the corrected main peak
induced voltage.

22 Claims, 7 Drawing Sheets
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ANGULAR INPUT INFORMATION SYSTEM
RELATIVE TO A TABLET FOR |
DETERMINING AN INCLINE ANGLE OF A
POINTER OR STYLUS

The instant application is a continuation-in-part (CIP) of
U.S. Ser. No. 08/421.270, pending. which was filed on Apr.
13. 199s.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a coordinate detecting
device for detecting two-dimensional coordinate' informa-
tion such as a digitizer or a tablet, and more particularly to
a coordinate detecting device having an angle information
detecting function capable of detecting the degree and
direction of a tilt angle of a pen type position indicator
(commonly referred to as a stylus pen), and an angle
information detecting method therefor.

2. Description of the Prior Art

Various types of position detecting systems for use in a
coordinate detecting device are already known. One
example of these position detecting systems is an electro-
magnetic transfer method disclosed in Japanese Patent
Application Nos. $61-213970 and H1-282852.

FIG. 1is a schematic diagram for illustrating the principal
operation of a coordinate detecting device employing the
electromagnetic transfer method. The coordinate detecting
device employing this method is made up of a sensor section
(for simplicity, only a group of X-axis semsor coils are
shown in the drawing) consisting of a plurality of sensor
coils arranged side by side in the direction of position
detection (in both X-axis and Y-axis directions) so as to
constitute a sensor plane, and a position indicator such as a
stylus pen or a cursor housing an electromagnetic coupling
means such as a coil or a resonance circuit. In the electro-
magnetic transfer method, a coordinate value of a position is
indicated by a position indicator based on a signal received
as a result of the transfer of an electromagnetic wave
between one sensor coil in the sensor plane and the position
indicator. Usually, in addition to the acquisition of data for
a coordinate value of the indicated position, the coordinate
detecting device has another object such as the acquisition of
switching information for specifying various operations at
the indicated position. To achieve this object, the position
indicator also houses a means for inputting switching infor-
mation. For example, one input means for switching infor-
mation is made of a switch which is turned on when the tip
end of the nib of the stylus pen is brought into contact with
the sensor plane. When turned on, this type of switch slightly
varies resonance conditions of the coil or the resonance
circuit by the addition of an element such as a capacitor.

In the sensor section, a pair of semsor coil groups are
respectively arranged along the X-axis and the Y-axis in
such a way as to cross each other at right angles.

Referring to FIG. 1, the process of position detection in
the electromagnetic transfer method will now be explained.
A high frequency signal is sent to one selected sensor coil
from a high frequency signal generation circuit, and as a
result an electromagnetic wave (a transmission signal) is
emitted from this sensor coil. The thus emitted electromag-
netic wave causes the resonance circuit, or the like, housed
in the position indicator to resonate (when the position
indicator is situated on these sensor coils). When the emis-
sion of the electromagnetic wave from the sensor coil is
terminated (that is, the supply of the high frequency signal

10

15

25

30

35

43

50

55

65

2

is stopped). a responding electromagnetic wave is emitted
from the resonance circuit housed in the position indicator.
This response electromagnetic wave brings about the gen-
eration of an induced voltage in the sensor coil. This induced
voltage is the received signal. This received signal is deliv-
ered to a signal processing section via a receiving circuit,
and the amplitude and phase of this signal are analyzed.

The transmission and reception of electromagnetic waves
done for one sensor coil is repeatedly carried out for each of
the plurality of sensor coils arranged in the sensor section by
alternately switching them one after the other in the direc-
tion of the position detection. This alternate switching of the
sensor coils will be hereinafter referred to as scanning.

The position detecting device is provided with a sensor
coil switching section consisting of multiplexers for
selecting, ie.. switching the plurality of sensor coils. The
switching action of the sensor coil switching section and the
transmission and reception of electromagnetic waves are
controlled by a signal control section (not shown) of the
coordinate detecting device.

The position detection process covers all processes from
the instant when coordinate information of the position
indicator is not obtained at all to the instant when the
accurate X and Y coordinates of the position indicator are
calculated. ALL SCANNING is first started for scanning all
of the sensor coils arranged in the sensor plane. This ALL
SCANNING may be said to be a type of coarse detection
process. The distribution of induced voltages over the sensor
plane is obtained on the basis of an induced voltage from
each sensor coil. When the position indicator is positioned at
a level lower than a detectable height above the sensor plane,
the maximum peak value of the distribution of induced
voltages appears at a sensor coil closest to the position
indicator. At the same time, a waveform appears which is
substantially centered at the sensor coil showing the maxi-
mum peak value. among a group of several sensor coils. In
this way, it is possible to decide a substantial position of the
position indicator. The detection process proceeds to sector
scan. In this sector scan, the previously mentioned trans-
mission and reception of electromagnetic waves is repeated
for the semsor coil showing the maximum peak value and
several sensor coils adjacent to this sensor coil. If the
maximum value is obtained again, the presence of the
position indicator will be acknowledged. Calculation includ-
ing interpolation is carried out in the signal processing
section based on data for each induced voltage obtained as
a result of the sector scan, whereby the coordinates of the
position indicator are accurately determined. To obtain more
accurate data, sector scan is commonly repeated several
times. This sector scan may be said to be a fine detail
detection process.

There is a method in which a position indicator receives
an electromagnetic wave cmitted from a sensor plane, or an
electromagnetically activated system in which a sensor
plane simply receives an electromagnetic wave emitted from
the position indicator. Moreover, there is an intersection
detecting method in which an electromagnetic wave emitted
from a sensor coil in the X-axis direction is received by a
sensor coil in the Y-axis direction. Still another method is a
self-oscillation detecting method disclosed in Japanese
Patent Application Laid-open No. H5-241722. In this self-
oscillation detecting method, a positive feedback loop is
established between amplifiers respectively connected to
sensor coils in the X-axis and Y-axis directions which are not
electromagnetically coupled together as a result of electro-
magnetic coupling between them with the resonance circuit
of the position indicator. The electromagnetic coupling
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between the position indicator and the sensor coils brings
about the self-oscillation of the amplifiers, and hence a
resultant oscillation signal is utilized in detecting the posi-
tion of the position indicator.

The utilization of an induced voltage caused by electro-
magnetic induction is common to these several types of
position detecting methods.

In the above. for simplicity. only the processing of the
maximum value (which will be hereinafter referred to as a
detected main peak voltage value or a main peak value) in
the distribution of induced voltages was referred to.
However, as disclosed in Japanese Patent Publication No.
$58-16506 and Japanese Patent Application Laid-open No.
H3-67320. sub-peaks showing maximum values smaller
than the main peak value are observed on both sides of the
main peak value in the distribution of induced voltages. FIG.
2 shows an example of the sub-peaks. A main peak repre-
senting a main peak value V ., and a pair of sub-peaks which
represent sub-pca.k values V and V pb and appear on both
sides of the main peak V, are fe shown in FIG. 2. It is known
that the magnitudes of the pair of sub-peaks and the ratio of
the sub-peaks to the main peak vary depending on a tiit angle
0 of the axis of the stylus pen (i.e., a tilt angle in relation to
the axis perpendicular to the sensor plane).

For example, the greater a tilt angle ©, of the stylus pen
on the X-axis becomes, the smaller the main peak value V,,
becomes, thereby resulting in a greater sub-peak value V,,,
Therefore, provided that the relationship between K =V, /
V,. and the tilt angle 6, of the stylus pen is prewously
obta.mcd. it will be pos51blc to find the tilt angle 0, in the
X-axis direction by obtaining K,. Similarly, even in the case
of the distribution of induced voltages along the Y-axis. it is
also possible to obtain a tilt angle 6, in the Y-axis direction
by calculating K,=V /V,,, from the mam peak value V, and
the sub-peak value V.. Thc tilt angle 6 and dn'ecuon of
inclination of the stylus pen are obtained from the tilt angles
0, and 6, of the respective axes. These type of data for the
mclmatlon of the stylus pen are utilized in correcting an
error in coordinate values, or in assigning various operations
or conditions to an indicated position in the same manner as
the switching information.

Conventionally, when data for the sub-peaks are utilized,
calculation including interpolation similar to that practiced
for the main peak is carried out for the sub-peaks to be used.
whereby accurate sub-peak values are calculated, and coor-
dinate values comesponding to these sub-peak values are
also calculated as required. For this reason, data obtained
from several sensor coils were necessary to execute the
interpolation calculation with respect to each of the sub-
peaks required as data. For example, in such a case as shown
in FIG. 2, it is necessary to scan at least three sensor coils
consisting of a sensor coil C_, showing the maximum value
and sensor coils C_g and C_; on both sides of the sensor coil
C_, in order to obtain a comect sub-peak value V.
Similarly. in order to obtain a correct sub-peak value V,,,, it
is necessary to scan at least a sensor coil C, showing the
maximum value and sensor coils C, and C; on both sides of
the sensor coil C,.

However, if there is a large number of sensor coils to be
selected during the sector scan, the scanning process will
take a longer time, and a load on the signal processing will
also be increased because of an increase in the quantity of
processing of data obtained as a result of the sector scan.
This eventually results in a drop in transmission rate of data
to a host computer. Usually, a calculation routine, including
calculation of coordinates and inclination based on data
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obtained as a result of one sector scan, is executed every
time this one sector scan has been completed. The result of
this calculation is then delivered to the host processor (the
host machine). Further. the sector scan is repeated several
times for one indicated position, and hence it is desirable
that the execution of sector scan repeated several times and
the completion of each calculation routine be finished in a
least possible time. When the position indicator is moving
very rapidly, the indicated position may change while the
sector scan and a calculation routine associated with this
sector scan are being executed. In effect, since it is necessary
to execute sector scan for both X-axis and Y-axis directions.
an inevitable time difference arises between the instant when
the sector scan is carried out for the X-axis and the instant
when the sector scan is carried out for the Y-axis. The
indicated position may change within this time difference.

For this reason, a scanning method which requires as
small a number of sensor coils as possible to be subjected to
sector scanning is desirable. One possible method is a
method in which only a sensor coil showing the maximum
value is scanned for a sub-peak value. For instance, in the
case of the peaks shown in FIG. 2, a voltage obtained from
the sensor coil C_, is taken as the sub-peak value Vpa for the
left side, and a voltage obtained from the sensor coil C, is
taken as the sub-peak value V,, for the right side. In
addition. it is known by experience that the two sensor coils.
from which the maximum sub-peak values V,,, and V,, are
obtained, are each spaced substantially the Same distance
away from the sensor coil from which the maximum main
peak value V, is obtained. Accordingly. induced voltages
obtained from sensor coils on both sides of the sensor coil
which provides the maximum main peak value V,, are taken
as the sub-peak values V,, and Vpb. the sub-peak sensor
coils being spaced apart from the main peak sensor coil by
simply a predetermined number “n” previously obtained
from the main peak sensor coil. As a result, the selection of
sensor coils to be scanned to obtain sub-peak values can be
simplified.

However. when the induced voltage of one sensor coil is
directly taken as the sub-peak value, this sub-peak value
does not represent a true sub-peak value but includes an
error. A problem caused by this error will now be described
with reference to FIGS. 3 and 4. FIGS. 3 and 4 are graphs
showing a distribution curve of induced voltages obtained
on the basis of an induced voltage obtained for each sensor
coil at a certain time point (t=t,) when the stylus pen is
moved in the plus direction along the X-axis at a constant
speed and at a constant level, for example, while being
inclined 6, in the minus direction along the X-axis (see FIG.
2).

FIG. 3 is a graph showing a main peak value acquired by
interpolation calculation using four induced voltages L, to
L, obtained from four sensor coils. The distribution curve of
induced voltages is shifted intact in the plus direction as the
stylus pen moves in the plus direction (from left to right)
along the X-axis in FIG. 3. The length designated by AX,,
represents one detection width from which the main peak
value V, is obtained, among a predetermined set of four
sensor coxls The length matches with an interval between
the sensor coils. For example, when the main peak value V,,
is determined from the set of four sensor coils C_, to C,, the
coordinates of the main peak value are present between a
sensor coil C, and a sensor coil C;. Assume that the time
period. during which the stylus pen is situated between the
sensor coil C,, and the sensor coil C,, is t=t_, tot,. Since the
main peak value V,, is obtained by interpolation calculation,
the main peak valuc Vp within the time period t_, to t, is
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constant. This main peak value is indicated as “a main peak
voltage calculation value” by a thick line in the drawing.

A sub-peak value V,, is a value of an inducted voltage
obtained from a sensor coil spaced a predetermined apart
from the main peak. In other words, a voltage detected from
a sensor coil C_g is directly used as a lefi-side sub-peak
value. A detection width designated by AX_; also matches
with a detection width of the sensor coil C_s. This is because
a sensor coil spaced a predetermined distance away from the
main peak is determined as a sensor coil for obtaining a
sub-peak value. Therefore, when the set of the sensor coils
for the main peak is switched to another set, the sensor coil
for sub-peak is also switched to another sensor coil. For
example, the instant when the set of four sensor coils C_; to
C, for use in detecting a main peak value is switched to
another set of four sensor coils Cq to C; as the stylus pen
moves, the sensor coil C_s for detecting a sub-peak is
switched to a sensor coil C_,. However, the main peak value
V,, obtained as a result of interpolation calculation is always
constant, whereas the sub-peak value V,, varies within the
period for detection. On the assumption that the distribution
curve of induced voltages shown in FIG. 3 shifts in the plus
direction as the stylus pen moves, a sub-peak value V_,
detected from the sensor coil C_s changes from V,,(-1) at
t=t_, to V,,(0) at t=t,. and further to V(1) at t=t,. This
sub-peak value is indicated as “a detected sub-peak voltage”
by a thick line in the drawing. In this way, when the sub-peak
value is taken as a value detected from one sensor coil, an
induced voltage of the sub-peak is distributed within the
detection width for one sensor coil. This implies that the data
for the sub-peak value includes level errors.

Because of this distribution of the sub-peak values within
the detection width, tilt raw data (V_,/V,)xk (k: constant)
based on the ratio of the sub-peak value to the main peak
value also includes errors. and hence the angle and direction
of inclination of the stylus pen, calculated using the tilt raw
data, also includes errors.

In the case shown in FIG. 4, the maximum value obtained
from one sensor coil closest to the indicator is used as the
main peak value V,, for use in obtaining tilt raw data instead
of a value obtained by interpolation calculation. In this case,
even the main peak value becomes variable, and hence the
induced voltage is distributed within the detection width of
the sensor coil. In other words, when the stylus pen moves
in the plus direction within the detection width AX,, of the
sensor coil C,, the main peak value V, detected by the
sensor coil C, changes from V,(—1) at t=t_, to V,,(0) at t=t,,,
and further to V,(1) at t=t,. This main peak value V,, is
indicated as “a detected main peak voltage” by a thick line
in the drawing. In the same manner as previously explained
for the case shown in FIG. 3. an induced voltage of a
sub-peak is distributed within the detection width of the
sensor coil. In other words, the sub-peak value V ,,, detected
by a sensor coil C_, changes from V,,(-1) at t=t_; to V_(0)
at t=t,,. and further to V(1) at t=t,. This sub-peak value V
is indicated as “a detected sub-peak voltage” by a thick line
in the drawing. In FIG. 4, if the main peak value and the
sub-peak value change in the same manner within respective
detection widths of the sensor coils, errors, included in the
tilt raw data which are based on the ratio of the main peak
value to the sub-peak value, will be substantially cancelled.
In other words, the errors will be cancelled so long as the
distribution curves of the induced voltages are similar in
shape to each other.

However, the distribution curves of induced voltages
occurring within the respective detection widths of the main
peak and sub-peak values will not normally be similar to
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each other in shape. This is shown in FIG. 5. FIG. § shows
each of the distribution curves of induced voltages of the
detected main peak and sub-peak voltages obtained within
the detection widths of the sensor coils shown in FIG. 4. The
horizontal axis shown in FIG. 5 represents coordinates of a
position indicated by the stylus pen. When the stylus pen
moves at a constant velocity, the horizontal axis also serves
as the time base. In this way. the distribution curves of
induced voltages of the detected main peak and sub-peak
voltages do not match in shape with each other. This is one
reason for the errors included in the tilt raw data.

FIG. 6 shows distribution curves of induced voltages
obtained when the tilt angle of the stylus pen in one axial
direction is changed. As shown in the drawing. the greater
the tilt angle becomes. the larger variations in the detected
voltage within the detection width of the sub-peak become.
This implies that an increase in the tilt angle of the stylus pen
results in an increase in the errors included in the tilt raw
data. It is apparent from FIG. 6 that the detected sub-peak
voltage comes to a minimum when the tilt angle is small.
particularly when the tilt angle is less than 30 degrees. This
is another reason why the sub-peak value is not obtained by
interpolation calculation.

FIG. 7 shows another problem arising when one sensor
coil is used for detecting an induced voltage. When the
position indicator moves from the detection width of one
sensor coil to the detection width of another sensor coil, an
induced voltage is detected by switching the sensor coil to
an adjacent sensor coil. At this time, a sensor coil for
detecting a main peak and a sensor coil for detecting a
sub-peak are simultaneously switched. FIG. 5 shows the
distribution curves of induced voltages of the sensor coils
for detecting both main and sub-peaks. When the sensor
coils used for detection are switched. level differences AV,
and AV, respectively arise in the main and sub-peak values.

As a result of this, as shown in FIG. 8, a level difference
AD also arises in calculated tilt raw data. No level difference
arises in the peak value when the main peak value is

. obtained by interpolation calculation. However, the level
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difference similarly arises in the tilt raw data because of a
level difference occurring in the sub-peak value.

FIG. 9 is a graph of tilt angles calculated on the basis of
voltages detected when the tilt angle of the stylus pen in the
direction of one axis is changed. The horizontal axis in the
graph represents merely a part of the coordinate axis. For
simplicity, a value obtained by interpolation calculation is
used as the main peak value. Originally. calculated tilt angles
had to match with the actual tilt angles. Idealistically. every
line of the calculated tilt angles shown in FIG. 9 must be a
line indicating a constant value. However, in the graph
shown in FIG. 9, the greater the tilt angle of the stylus pen
actually became, the larger variations. i.e. errors. in the
calculated tilt angles became. This is because the distribu-
tion of induced voltages of the sub-peak value becomes
larger as the tilt angle of the stylus pen becomes greater.
Further, level differences arise at the points where the sensor
coils are switched. This is also attributable to the level
differences of the sub-peak value occurring at the switching
points.

Heretofore, the calculation of inclination was corrected by
correcting tilt raw data after it had been calculated. This
correction includes (1) a correction between sensor coils
{within one detection width), (2) a correction for obtaining
an optimum tilt angle from tilt raw data, (3) a correction
allowing for a tilt angle in the direction of another coordinate
axis (for example, an influence of a tilt angle in the Y-axis
direction on a tilt angle in the X-axis). or the like.
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However, a correction to the tilt raw data obtained as a
result of calculation is not necessarily the most effective
way. It would be more effective to provide an error-free
voltage by correcting not the tilt raw data but the original
detected voltage.

The object of the present invention is to provide a
correcting method, for use in a coordinate detecting device
having a tilt angle detecting function, which is intended for
obtaining accurate tilt data allowing for the distribution of
induced voltages within a detection width of one sensor coil.

Another object of the present invention is to provide an
effective correcting method which is directly applied to a
detected induced voltage.

Still another object of the present invention is to provide
a correcting method which has general versatility with
respect to its application to coordinate detecting devices
having various specifications.

A further object of the present invention is to provide a
correcting method allowing for variations in the character-
istic of each sensor coil.

SUMMARY OF THE INVENTION

In the first aspect of the present invention, a coordinate
detecting device including a semsor section made of a
plurality of sensor coils arranged side by side in both X-axis
and Y-axis directions so as to constitate a sensor plane, a
position indicator housing an electromagnetic coupling
means, and a coordinate detecting means for detecting at
least coordinates indicated by the position indicator by
detecting the distribution of induced voltages occurring in
the sensor coil in the direction of each axis by means of
interaction between the electromagnetic coupling means and
the sensor coil, the coordinate detecting device comprises:

an induced voltage distribution converting means which

converts either a main peak induced voltage distribu-
tion or a sub-peak induced voltage distribution so as to
be similar to the other one, when an error arises in a
predetermined function of a set of induced voltages
including the main peak induced voltage and the sub-
peak induced voltage because of a difference between
the main peak induced voltage distribution and the
sub-peak induced voltage distribution within the detec-
tion width of one sensor coil resulting from the move-
ment of the position indicator; and

an angle information detecting means for calculating a tilt

angle of the position indicator in the direction of each
axis by the use of a predetermined function of a set of
induced voltages including a main peak induced volt-
age and a sub-peak induced voltage which are obtained
from the one induced voltage distribution which had
been converted by the induced voltage distribution
converting means the other induced voltage distribu-
tion.

Here, the sub-peak induced voltage may be an induced
voltage developed in a sensor coil spaced a predetermined
distance apart from a sensor coil which shows the maximum
induced voltage.

The induced voltage distribution converting means makes
the main peak may induced voltage distribution similar to
the sub-peak induced voltage distribution, and wherein the
angle information detecting means uses a comrected main
peak induced voltage obtained from the main peak induced
voltage distribution which had been converted by the
induced voltage distribution converting means.

The function may be a function of the ratio of one or a pair
of sub-peak induced voltages in the X-axis direction to the
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comrected main peak induced voltage in the X-axis direction
with respect to a tilt angle in the X-axis direction, and a
function of the ratic of one or a pair of sub-peak induced
voltages in the Y-axis direction to the corrected main peak
induced voltage in the Y-axis direction with respect to a tilt
angle in the Y-axis direction.

The function may be a function of the ratio of one or a pair
of sub-peak induced voltages in the X-axis direction to the
corrected main peak induced voltage in the X-axis direction
and the ratio of one or a pair of sub-peak induced voltages
in the Y-axis direction to the corrected main peak induced
voltage in the Y-axis direction with respect to an each tilt
angle in the X-axis and Y-axis direction.

The induced voltage distribution converting means may
comprise a means for deducing an induced voltage distri-
bution function using interpolation calculation, and a means
for subjecting the induced voltage distribution function to a
translation operation in the direction of the axis.

The induced voltage distribution function may be repre-
sented as a function of inter-sensor-coil coordinates appli-
cable to the detection width of any of the sensor coils.

The induced voltage distribution function may be repre-
sented as a function of alternative coordinates which are the
inter-sensor-coil coordinates including the translation opera-
tion.

The angle information detecting means may use param-
eters indicating variations in a detected value of the induced
voltage for each sensor coil, and parameters indicating
variations in the ratio of the sub-peak value to the corrected
main peak value for the detection width of each sensor coil.

The angle information detecting means may use param-
eters indicating variations in the ratio of the sub-peak value
of each sub-divisions to the corrected main peak value when
the detection width of the sensor coil is divided into a
plurality of sub-divisions.

In the second of the present invention, an angle informa-
tion detecting method for use in a coordinate detecting
device including a sensor section made of a plurality of
sensor coils arranged side by side in both X-axis and Y-axis
directions so as to constitute a sensor plane, a position
indicator housing an electromagnetic coupling means. and a
coordinate detecting means for detecting at least coordinates
indicated by the position indicator by detecting the distri-
bution of induced voltages occurring in the sensor coil in the
direction of each axis by means of interaction between the
electromagpetic coupling means and the sensor coil, the
angle information detecting method comprises:

an induced voltage distribution converting step for con-

verting either a main peak induced voltage distribution
or a sub-peak induced voltage distribution so as to be
similar to the other one, when an error arises im a
predetermined function of a set of induced voltages
including the main peak induced voltage and the sub-
peak induced voltage because of a difference between
the main peak induced voltage distribution and the
sub-peak induced voltage distribution within the detec-
tion width of one sensor coil resulting from the move-
ment of the position indicator; and

an angle information detecting step for calculating a tilt

angle of the position indicator in the direction of each
axis by the use of a predetermined function of a set of
induced voltages including a main peak induced volt-
age and a sub-peak induced voltage which are obtained
from the one induced voltage distribution which had
been converted by the induced voltage distribution
converting means and the other induced voltage distri-
bution.
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Here, the sub-peak induced voltage may be an induced
voltage developed in a sensor coil spaced a predetermined
distance apart from a sensor coil which shows the maximum
induced voltage.

The induced voltage distribution converting step may be
to make the main peak induced voltage distribution similar
to the sub-peak induced voltage distribution, and the angle
information detecting step may use a corrected main peak
induced voltage acquired from the main peak induced volt-
age distribution which had been converted by the induced
voltage distribution converting means.

The function may be a function of the ratio of one or a pair
of sub-peak induced voltages in the X-axis direction to the
corrected main peak induced voltage in the X-axis direction
with respect to a tilt angle in the X-axis direction, and a
function of the ratio of one or a pair of sub-peak induced
voltages in the Y-axis direction to the corrected main peak
induced voltage in the Y-axis direction with respect to a tilt
angle in the Y-axis direction.

The function may be a function of the ratio of one or a pair
of sub-peak induced voltages in the X-axis direction to the
corrected main peak induced voltage in the X-axis direction
and a function of the ratio of one or a pair of sub-peak
induced voltages in the Y-axis direction to the corrected
main peak induced voltage in the Y-axis direction with
respect to an each tilt angle in the X-axis and Y-axis
direction.

The induced voltage distribution converting step may
comprise a step for deducing an induced voltage distribution
function using interpolation calculation, and a step for
subjecting the induced voltage distribution function to a
translation operation in the direction of the axis.

The induced voltage distribution function may be repre-
sented as a function of inter-sensor-coil coordinates appli-
cable to the detection width of any of the sensor coils.

The induced voltage distribution function may be repre-
sented as a function of alternative coordinates which are the
inter-sensor-coil coordinates including the translation opera-
tion.

The angle information detecting means may use param-
eters indicating variations in a detected value of the induced
voltage for each semsor coil, and parameters indicating
variations in the ratio of the sub-peak value to the comrected
main peak value for the detection width of each sensor coil.

The angle information detecting steps may use parameters
indicating variations in the ratio of the sub-peak value of
each sub-division to the corrected main peak value when the
detection width of the sensor coil is divided into a plurality
of sub-divisions.

In one preferred embodiment, induced voltages are
respectively obtained from the distribution of main peak
induced voltages and the distribution of sub-peak induced
voltages after both distribution curves have been rendered
similar to each other by the induced voltage distribution
converter means, and the thus obtained induced voltages are
used, as the main peak induced voltage and the sub-peak
induced voltage, in calculation of the angle information
detecting means of the coordinate detecting device. As a
result of the conversion of the distribution curves, the ratio
of the main peak induced voltage to the sub-peak induced
voltage becomes constant at any specific point on the
distribution curves. Hence, it is possible to cancel errors,
caused by a difference between the distribution curves of the
induced voltages within the detection width of one sensor
coil, by a calculation using a function including the above
mentioned ratio.

In another preferred embodiment, the distribution of main
peak induced voitages is made similar to the distribution of
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sub-peak induced voltages. This converting operation is
based on the precondition that interpolation calculation is
used for calculating an induced voltage distribution curve,
and that interpolation calculation is originally executed for
calculating a coordinate with respect to the main peak
induced voltage. It is more effective to make a correction not
to the sub-peak induced voltage distribution but to the
main-peak induced voltage distribution. because the same
interpolation calculation can be utilized for two purposes.
The use of a raw induced voltage as a sub-peak value,
obtained from one predetermined sensor coil without inter-
polation calculation, allows fast calculation.

It is known that a tilt angle of the stylus pen is represented
by a function of the main peak induced voltage and the
sub-peak induced voltage. However, the main peak and
sub-peak induced voltages vary according to a distance
between the stylus pen and the coordinate input plane or a
pressing force. Hence, it is effective to handle the sub-peak
induced voltage as a so-called normalized voltage by cal-
culating the ratio of the main peak induced voltage to the
sub-peak induced voltage.

Specifically, a sub-peak induced voltage for a tilt angle in
the X-axis direction is normalized by calculating the ratio of
the sub-peak induced voltage in the X-axis direction to a
corrected main peak induced voltage in the X-axis direction.
and a sub-peak induced voltage for a tilt angle in the Y-axis
direction is normalized by calculating the ratio of the
sub-peak induced voltage in the Y-axis direction to a cor-
rected main peak induced voltage in the Y-axis direction. It
is possible to calculate a tilt angle in the direction of each
axis by means of a function of these normalized voltages.

The pattern of the induced voltage distribution function is
corrected by interpolation calculation during the conversion
of the induced voltage distribution function. This correction
is a longitudinal direction type correction. The correction is
carried out in such a way that the patterns of the induced
voltage distribution functions are made similar to each other
during a detection width of one particular sensor coil as a
result of the translation operation. This correction is a lateral
direction type correction.

In this way. the present invention provides means and a
method for use in a coordinate input device which are
intended for detecting accurate angle information.

As can be seen from embodiments of the present inven-
tion which will be described later. in an embodiment
wherein an error, caused by a distribution of induced volt-
ages within a detection width of a sensor coil resulting from
the acquisition of a sub-peak value from only one sensor
coil, is eliminated, the emror is eliminated by rendering a
distribution function of a main peak induced voltage similar
to a distribution function of a sub-peak induced voltage.
Since an actually detected main peak voltage is comrected in
the present invention, this correction is more effective com-
pared with a conventional correction made to any calculated
values. Therefore, a tilt angle without an error in the
distribution of induced voltages is calculated between sensor
coils for any tilt angle.

Moreover, since the coordinates or the alternative coor-
dinates of a sensor coil are used instead of the absolute
coordinates thereof when a distribution function of induced
voltages is handled within the detection width of one sensor
coil, the correcting method according to the present inven-
tion has general versatility to coordinate detecting devices
with several specifications which have different voltage
detecting characteristics.

Further, according to the present invention, calculations
allowing for errors caused by a tilt angle of the stylus pen in

Petitioner Shenzhen Qianfenyi Intelligent Technology Co., Ltd.

Exhibit 1014 Page 13



5,748,110

11

the direction of an axis orthogonal to the direction of a
predetermined axis are feasible during the calculation of a
tilt angle in the predetermined axis direction after errors in
a distribution of induced voltages within a detection width of
a sensor coil have been eliminated. Hence, a more accurate
tilt angle in that predetermined direction can be obtained.

In addition, since variations in the characteristics of each
sensor coil or the characteristics of one sensor coil (within
a detection width of one sensor coil) can be introduced as
parameters into the calculation of a tilt angle. a more
accurate tilt angle can be obtained.

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is a schematic representation for illustrating the
principal operation of a coordinate detecting device using a
general electromagnetic transfer method.

FIG. 2 is a schematic representation showing an example
of a distribution curve of induced voltages.

FIG. 3 is a schematic representation showing a distribu-
tion curve of induced voltages when a main peak value is
obtained by interpolation calculation.

FIG. 4 is a schematic representation showing a distribu-
tion curve of induced voltages when the main peak value is
not obtained by interpolation calculation.

FIG. § is a graph showing voltage distribution curves of
main peak and sub-peak voltages, respectively, within a
detection width of a sensor coil in the case shown in FIG. 4.

FIG. 6 is a graph showing distribution curves of induced
voltages detected when a tilt angle of a stylus pen relative to
one axial direction is changed.

FIG. 7 is a graph showing another problem arising when
one sensor coil is used for detecting an induced voltage.

FIG. 8 is a graph showing tilt raw data calculated based
on the detected induced voltages shown in FIG. 7.

FIG. 9 is a graph showing tilt angles calculated based on
voltages detected when the tilt angle of the stylus pen in one
axial direction is changed.

FIGS. 10A and 10B are explanatory views for illustrating
steps for correcting a main peak value according to the
present invention.

FIG. 11 is a graph showing a distribution function for a
main peak induced voltage and a distribution function for a
sub-peak induced voltage, according to the present
invention, after they have been corrected.

FIG. 12 is a graph showing expected tilt raw data for each
of tilt angles within a detection width of a sensor coil after
the main peak value has been corrected and

FIG. 13 is a flow chart showing steps of calculation of a
tilt angle according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the accompanying drawings, preferred
embodiments of the present invention will be described in
detail below.

As previously mentioned, the distributions of sub-peak
induced voltages necessarily arise within a detection width
of one sensor coil when a value detected by that sensor coil
is used as a sub-peak value for use in calculating a tilt angle.
This means that tilt raw data will include errors. An effective
method of eliminating the errors included in the tilt raw data,
is to make the characteristics of the sub-peak induced
voltage distribution and the main peak induced voltage
distribution, both of which arise in the detection width of
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one sensor coil, match each other. This is because the tilt raw
data are based on the ratio of the sub-peak value to the main
peak value, and hence variations in the sub-peak and main
peak values are substantially cancelled when variation char-
acteristics of the sub-peak and main peak values match each
other.

To realize this cancellation of variations, a correction is
made in such a way that the induced voltage distribution
characteristics, i.e.. an induced voltage distribution function
of either of the peak values are converted so as to become
similar to an induced voltage distribution function of the
other peak value. To be more specific. an induced voltage
distribution function of one peak value is first obtained by
the use of appropriate interpolation, whereby the thus
obtained induced voltage distribution function is provided
with the characteristics which are the same, with respect to
voltage (the vertical axis), as those of the other induced
voltage distribution function. The induced voltage distribu-
tion function is then subjected to a translation operation only
through a predetermined distance along the horizontal axis
(coordinates) so as to be endowed with the same variation
characteristics within the detection width. A new main peak
value or a sub-peak value obtained from the thus newly
converted induced voltage distribution function is used in
the calculation of tilt raw data.

The present invention is based on the assumption that
only one data item is acquired from the sub-peak. and hence
the correction is made using the main peak from which a
plurality of data items are obtained for the calculation of
coordinates. In other words, the main peak induced voltage
distribution function is corrected so as to be similar to the
sub-peak induced voltage distribution function. whereby a
newly comrected main peak value is obtained. Even if no
calculation of a tilt angle is carried out with respect to the
main peak, interpolation calculation must be executed for
the main peak in order to calculate a correct coordinate.
Hence, the interpolation calculation for the main peak will
not cause an additional burden on the processing section.

A main peak value correcting method for use in the
calculation of a tilt angle, according to the present invention,
will be described in more detail with reference to FIGS. 10
and 11. For simplicity of explanation, only the correction of
a tilt angle in the X-axis will be described, but this expla-
nation applies equally to the correction of a tilt angle in the
Y-axis. FIGS. 10A and 10B are diagrams for illustrating
procedures of a decision regarding appropriate correction of
main peak data. To begin with, simulation similar to that
carried out to obtain the induced voltage distribution curves
shown in FIGS. 3 and 4 is executed. A solid line in FIG. 10A
represents a main peak induced voltage distribution curve
obtained using interpolation calculation to obtain the main
peak value V,, and an indicated coordinate x,,. The indicated
coordinate x,, is within a range (one detection width) of the
absolute coordinate x=5 to 11 (mm). FIG. 10B shows a
sub-peak induced voltage distribution curve within the
detection width of a sub-peak detecting sensor coil obtained
at the same point in time as FIG. 10A. The object of this
correction is to make the main peak induced voltage distri-
bution curve (i.., an induced voltage distribution function)
similar in shape to the sub-peak induced voltage distribution
curve. In the case of this embodiment, interpolation is
calculated for four points to obtain V,, and x,,. This four-
point interpolation has been chosen, because a pattern
obtained by the four-point interpolation is more similar to
the sub-peak induced voltage distribution curve when com-
pared with a pattern obtained by other interpolation methods
(for example, a three-point interpolation).

Petitioner Shenzhen Qianfenyi Intelligent Technology Co., Ltd.

Exhibit 1014 Page 14



5,748,110

13

It is effective to use a coordinate *s” between sensor coils
instead of the absolute coordinate “x”. In other words, if the
interval between sensor coils which equals one detection
width is replaced with the inter-sensor-coil coordinate *‘s”
(-0.5=5=0.5), the same induced voltage distribution func-
tion V(s) can be used for all of the intervals between sensor
coils (or detection widths). The advantage of using such an
inter-sensor-coil coordinate “s” is that the same induced
voltage distribution function and the same processes of tilt
calculation can be applied to coordinate detecting systems
having various different specifications such as intervals
between sensor coils. In this embodiment, assuming that an
interval between sensor coils where the main peak value
appears is an absolute coordinate x=5 to 11 (mm), an
expression for converting X to s becomes

x=6548.

The induced voltage distribution function V{(s) used in the
four-point interpolation will be expressed as follows.
Suppose voltages detected for the main peak from four
points, namely, V(-1.5), V(-0.5), V(0.5), and V(1.5) are
expressed as o, B. v, and 3, respectively. We have
W(s)=V+(s) (0sS0.5) 1
V(s)=V~(s) (-0.55s20) 2)
where
VHs)EYis{ (0 1B+ 351 4(0-3+S)s+4(o—B-1+d)s’ }

V(s)=Vie{ (1 1B+31+5)1-4{0-3B+p+B)s+d(a-P-y+B)s’}

3
(O]

The expression (1) (that is, the expression (3)) represents
a curve on the right side with respect to the peak of the
induced voltage distribution function, whereas the expres-
sion (2) (that is. the expression (4)) represents a curve on the
left side with respect to the peak of the same. V(s) is
determined from the four detected voltages by virtue of
these expressions, and V at arbitrary coordinates can be
calculated.

A coordinate “s,” between the sensor coils where the
main peak value V, appears is expressed as follows:

Sp=(—o- Py Y{(2(—o+py-B)} &)

In the present invention, the main peak induced voltage
distribution curve shown by the solid line in FIG. 10A is
subjected to a translation operation through only a relative
coordinate “a” in the direction of the axis so as to match with
the sub-peak induced voltage distribution curve shown in
FIG. 10B. As a result, an induced voltage distribution curve
as shown by a broken line is obtained. An induced voltage
distribution function which shows the induced voltage dis-
tribution curve of the broken line is V(s+a). If u=s+a is used
as an alternative coordinate, then

V(u)=V(s+a) )

The function V(u) matches, in shape, the sub-peak induced
voltage distribution function within one interval of the
sensor coils. This is shown in FIG. 11. The inter-sensor-coil
indicated coordinate “s,” is calculated from the expression
(5). The true main peak value V,, is V(s,). However, assum-
ing that the main peak value obtained after correction, that
is. the main peak value to be used for the calculation of tilt
raw data is V),

Vo=V, (s+a) M
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As previously mentioned. the interpolation (that is, the
induced voltage distribution function) and the coordinate
translation value *a” are previously determined. These are
independent of a tilt angle and thus applicable to any tilt
angle. Thereafter, position detecting processes are practi-
cally executed. Four detected voltages (that is. c. f3, ¥ and
8) are acquired from a group of main peak detection sensor
coils by means of sector scan. The main peak induced
voltage distribution function V(s) and the inter-sensor-coil
coordinate “s,” are obtained by substituting these detected
voltages into the expressions (3). (4). and (5) (the indicated
coordinate “x_” is calculated by the expression for convert-
ing the absolute value to the inter-sensor-coil coordinate).
Subsequently, the corrected main peak value V' is obtained
by calculating V(s +a).

Ratios V,,./V,'and V,,./V ' used for obtaining tilt raw data
are calculated using the corrected main peak value V' and
the detected sub-peak values V,, and V. and the calcula-
tion of inclination is initiated. Fic. 1215 a graph showing
expected tilt raw data for each tilt angle after the correction
of the main peak value within the detection width. It can be
seen from the drawing that substantially constant tilt raw
data are obtained for every tilt angle.

The processes of tilt calculation will be initially described
in detail. Where a substantially vertical stylus pen is inclined
in the X-axis direction in FIG. 2, as the tilt angle 0, in the
X-axis direction becomes greater, the sub-peak voltage V
in the direction in which the stylus pen is inclined becomes
greater, but the sub-peak voltage V ,, in the opposite direc-
tion to the direction of the inclination of the stylus pen
becomes smaller. Hence, unless the stylus pen has a tilt angle
in the Y-axis direction, it will always be possible to calculate
a tilt angle in the X-axis from the ratio of the sub-peak
voltage to the main peak voltage along the X-axis. One
reason for the use of the ratio is the possibility of variations
in either of the peak voltages due to factors other than the tilt
angle. The other factors include, for example, the height of
the stylus pen with respect to the sensor coils. the presence
or absence of a pen-down action, and the magnitude of a
pressing force of the stylus pen. However, if the stylus pen
is inclined in the Y-axis direction, the use of only the
sub-peak/main peak voltage ratio along the X-axis cannot
prevent errors. For example, if a substantially vertical stylus
pen is inclined in only the Y-axis direction, the magnitudes
of the sub-peak voltages V,,, and V,,, along the X-axis will
be substantially equal to each other irrespective of the tilt
angle 6, in the Y-axis direction. However, the ratios of the
sub-peak values V, and V,,, to the main peak voltage V,,
(that is, the ratios V,_/V,, and V, /V,) increase as the tilt
angle 8, becomes greater. In other words, the tilt angle in the
X-axis is calculated irrespective of an tilt angle of O degree
in the X-axis direction because of variations in the sub-peak/
main peak voltage ratios along the X-axis. This is because
substantial variations in the height of the stylus pen from the
sensor plane consisting of the coils when the pen is inclined.

Therefore, when the tilt angle 9, in the X-axis direction is
generally obtained, it is necessary to conmsider both the
sub-peak/main peak ratio along the X-axis and the sub-peak/
main peak ratio along the Y-axis. Assume that the main peak
voltage (the value corrected by the previously mentioned
method) and both sub-peak voltages along the X-axis are
Vx> Vape and Vo, and that the main peak voltage (the
value similarly corrected by the previously mentioned
method) and both sub-peak voltagesare V. V... and V.
Moreover, assume also that the ratios of the sub-peak
voltage to the main peak voltage are normalized voltages
Vapxs Vopar Vapys a0 Vg, Specifically,

Vaps=Vapl Vo ®
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Vo= VYeps Vo' ®

Vepy™Vapy/ Vs
pr me/V Py

As mentioned above, these are tilt raw data which are
calculated by the use of the main peak value allowing for the
induced voltage distribution within the detection width of
the sensor coil (or the tilt raw data may often be obtained by
multiplying the tilt raw data by a constant “K”).

Steps for calculating the tilt angle 6, in the X-axis
direction from these four normalized voltages will be as
follows:

(10)

(11)

=V apy—Vipy (12)

A=y,

ape—Vpx (13

pv=A-B-®—CA%(A, B, C=constants) (14)

o =Vt hox (15)

Vipe'=Vips s h (16)

Vo Vops

A. B and C in the expression 14 are predetermined
constants. AX in the expression (13) is an interpolation
distance within the interval between sensor coils. For
example, if the interval between sensor coils is 6 mm, the
interpolation distance will be —3 mm=Ax=3 mm.

The v, is tilt raw data in the X-axis direction which is
finally obtained as a result of the tilt calculation. The tilt
angle 6, can be derived from the v,, by having previously
obtained the relationship between the inclined data Ve and
the tilt angle 6,. On the other hand, the tilt data v,, in the
Y-axis du'ectlon is calculated in the same manner. The tilt
angle 6, can be derived from the v,, by having previously
obtamed the relationship between the tilt data v, and the tilt
angle 9,.

In thls way, the relationship between the previously
obtained v,, and the tilt angle 6,. and the relationship
between v, and the tilt angle 6, are stored as tables into a
storage device such as a memory It is also possible to
constitute the system such that the tilt angles 0, and 6,
respectively corresponding to the calculated v,, and v, are
fetched from the tables.

FIG. 13 is a flow chart showing procedures of tilt calcu-
lation according to the present invention. Exemplified vari-
ables or functions represent variables or functions detected
or calculated in steps ST1 to ST7 (for simplicity, these
variables or functions are only for one sub-peak value).
Sector scan is started in step ST1, and the main peak
detected value V,, and the sub-peak detected value V,,, are
acqmred in step SI‘Z Interpolation calculation is exccuted
using voltages detected from four points in the vicinity of the
maximum main peak value in step ST3. In effect, the main
peak induced voltage distribution function V(s) and the
coordinate “s,” are obtained by substituting the voltages
detected from the four points into coefficients of the
previously-obtained main peak induced voltage distribution
function and coordinates. The main peak induced voltage
distribution function is subjected to a translation operation
using only the translation operation value “a” previously
obtained in the direction of the axis in step ST4, whereby the
corrected main peak induced voltage distribution function
V(s+a) is obtained. The corrected main peak V' is obtained
by substituting the coordinate “s,” into the corrected main
peak induced voltage distribution function V(s+a). Each

Ve Y(Vaps+Vipa) (17)
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item of tilt raw data is calculated using the corrected main
peak value V' in step STS. In step 6, correction is made to
obtain the ult angle O utilizing the tilt raw data calculated in
step ST5. In step 6, tilt raw data of the Y-axis are referred to
with respect to the X-axis direction. and tilt raw data of the
X-axis are referred to with respect to the Y-axis direction in
order to correct variations in the height of the coils caused
by the inclination of the stylus pen. In this way. calculation
results with respect to the axes which cross at right angles
are also taken into account during the calculation of a tilt
angle. Then. tilt data are obtained in step ST7.

Tilt angles can be calculated through these calculation
steps. taking into consideration induced voltage distributions
within the detection width of the sensor coil and tilt angles
in the directions of the axes.

However, in practice, induced voltage distributions within
the detection width are not the same but variable for each
detection width of each sensor coil, and these variations
result in errors. Every type of product has its own error.

For this reason, when more accurate tilt angles are desired
by taking into consideration errors due to variations in each
detection width of each sensor coil, additional correction
tables are provided. For instance, values allowing for errors
have previously been obtained for the detection width of
each sensor coil, and these values are provided as a first
correction table. Values for which the first correction table is
provided are, for example, the parameters A, B, and C in the
expression (14). Specifically, the calculation of tilt angies is
executed by fetching the appropriate parameters A, B and/or
C from the first correction table for each of the detection
widths of the sensor coils.

It is also possible to- provide this first comection table to
the inter-sensor-coil coordinate of the expression (5), the
corrected main peak value V' of the expression (7), and tilt
raw data of the expressions (8) to (11).

The first comrection table may be prepared for each of
square matrix regions defined by the sensor coils arranged in
the X-axis direction and the sensor coils arranged in the
Y-axis direction.

In some case, a second correction table may be provided
to each of sub-regions made by equally dividing the detec-
tion width of one sensor coil into a plurality of pieces. Values
allowing for variations in characteristics for each sub-region
are previously obtained with respect to the parameters A, B,
and C. The values are arranged into the second correction
table. Particularly, this correction table is useful for a large
induced voltage distribution within the detection width of
one sensor coil.

In this way, if the tilt angle 6, in the X-axis direction and
the tilt angle 6, in the Y-axis dmactxon are obtained, direc-
tions of the tilt angles of the stylus pen and the tlt anglcs 0
in the directions of tilt angles can be calculated using the
previously mentioned tilt angles. Such a calculation method
is already known.

Several embodiments of the invention have now been
described in detail. It is to be noted, however, that these
descriptions of specific embodiments are merely illustrative
of the principles underlying the inventive concept. It is
contemplated that various modifications of the disclosed
embodiments, as well as other embodiments of the invention
will, without departing from the spirit and scope of the
invention, be apparent to persons skilled in the art.

What is claimed is:

1. A coordinate detecting device including a sensor sec-
tion made of a plurality of sensor coils arranged side by side
in both X-axis and Y-axis directions so as to constitute a
sensor plane, a position indicator housing an electromag-
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netic coupling means. and a coordinate detecting means for
detecting at least coordinates indicated by the position
indicator by detecting the distribution of induced voltages
occurring in the sensor coil in the direction of each axis by
means of interaction between the electromagnetic coupling
means and the sensor coil, the coordinate detecting device
comprising:

an induced voltage distribution converting means for

converting one of a main peak induced voltage distri-
bution and a sub-peak induced voltage distribution so
as to be similar to the other one when an error arises in
a predetermined function of a set of induced voltages
including the main peak induced voltage and the sub-
peak induced voltage because of a difference between
the main peak induced voltage distribution and the
sub-peak induced voltage distribution within the detec-
tion width of one sensor coil resulting from the move-
ment of the position indicator; and

an angle information detecting means for calculating a tilt

angle of the position indicator in the direction of each
axis by the use of a predetermined function of a set of
induced voltages including a main peak induced volt-
age and a sub-peak induced voltage which are obtained
from (i) said one induced voltage distribution which
had been converted by the induced voltage distribution
converting means, and (ii) the other induced voltage
distribution.

2. The coordinate detecting device according to claim 1,
wherein the sub-peak induced voltage is an induced voltage
developed in a sensor coil spaced a predetermined distance
apart from a sensor coil which shows the maximum induced
voltage corresponding to the main peak induced voltage.

3. The coordinate detecting device according to claim 2,
wherein the induced.voltage distribution converting means
makes the main peak induced voltage distribution similar to
the sub-peak induced voltage distribution, and wherein the
angle information detecting means uses a corrected main
peak induced voltage obtained from the main peak induced
voltage distribution which had been converted by the
induced voltage distribution converting means.

4. The coordinate detecting device according to claim 3,
wherein the function is a function of the ratio of one or a pair
of sub-peak induced voltages in the X-axis direction to the
corrected main peak induced voltage in the X-axis direction
with respect to a tilt angle in the X-axis direction, and a
function of the ratio of one or a pair of sub-peak induced
voltages in the Y-axis direction to the corrected main peak
induced voltage in the Y-axis direction with respect to a tilt
angle in the Y-axis direction.

5. The coordinate detecting device according to claim 3,
wherein the function is a function of the ratio of one or a pair
of sub-peak induced voltages in the X-axis direction to the
corrected main peak induced voltage in the X-axis direction
and the ratio of one or a pair of sub-peak induced voltages
in the Y-axis direction to the corrected main peak induced
voltage in the Y-axis direction with respect to an each tilt
angle in the X-axis and Y-axis direction.

6. The coordinate detecting device according to claim 3,
wherein the angle information detecting means uses param-
eters indicating variations in a detected value of the induced
voltage for each sensor coil, and parameters indicating
variations in the ratio of the sub-peak value to the corrected
main peak value for the detection width of each sensor coil.

7. The coordinate detecting device according to claim 3,
wherein the angle information detecting means uses param-
eters indicating variations in the ratio of the sub-peak value
of each sub-divisions to the corrected main peak value when
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the detection width of the semsor coil is divided into a
plurality of sub-divisions.

8. The coordinate detecting device according to claim 1,
wherein the induced voltage distribution converting means
comprises a means for deducing an induced voltage distri-
bution function using interpolation calculation, and a means
for subjecting the induced voltage distribution function to a
translation operation in the direction of the axis.

9. The coordinate detecting device according to claim 8.
wherein the induced voltage distribution function is repre-
sented as a function of inter-sensor-coil coordinates appli-
cable to the detection width of any of the sensor coils.

10. The coordinate detecting device according to claim 9.
wherein the induced voltage distribution function is repre-
sented as a function of alternative coordinates which are the
inter-sensor-coil coordinates including the translation opera-
tion.

11. An angle information detecting method for use in a
coordinate detecting device including a sensor section made
of a plurality of sensor coils arranged side by side in both
X-axis and Y-axis directions, a position indicator housing an
electromagnetic coupling means, and a coordinate detecting
means for detecting a least coordinates indicated by the
position indicator by detecting the distribution of induced
voltages occurring in sensor coils, in the direction of each of
said axis directions by means of interaction between the
electromagnetic coupling means and the sensor coils. the
angle information detecting method comprising the steps of:

an induced voltage distribution converting step convert-

ing one of a main peak induced voltage distribution and
a sub-peak induced voltage distribution so as to be
similar to the other one when an error arises in a
predetermined function of a set of induced voltages
including the main peak induced voltage and the sub-
peak induced voltage because of a difference between
the main peak induced voltage distribution and the
sub-peak induced voltage distribution resulting from
movement of the position indicator; and

an angle information detecting step calculating a tilt angle

of the position indicator in the direction of each said
axis by using a predetermined function of a set of
induced voltages including a main peak induced volt-
age and a sub-peak induced voltage which are obtained
from the one induced voltage distribution which had
been converted in the induced voltage distribution
converting step and the other induced voltage distribu-
tion.

12. The angle information detecting method according to
claim 11. wherein the sub-peak induced voltage is an
induced voltage developed in a sensor coil spaced a prede-
termined distance apart from a sensor coil which shows the
maximum induced voltage.

13. The angle information detecting method according to
claim 12, wherein the induced voltage distribution convert-
ing step makes the main peak induced voltage distribution
similar to the sub-peak induced voltage distribution. and
wherein the angle information detecting step uses a cor-
rected main peak induced voltage acquired from the main
peak induced voltage distribution which had been converted
in the induced voltage distribution converting step.

14. The angle information detecting method according to
claim 13, wherein the function is a function of the ratio of
one or a pair of sub-peak induced voltages in the X-axis
direction to the corrected main peak induced voltage in the
X-axis direction with respect to a tilt angle in the X-axis
direction, and a function of the ratio of one or a pair of
sub-peak induced voltages in the Y-axis direction to the
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corrected main peak induced voltage in the Y-axis direction
with respect to a tilt angle in the Y-axis direction.

15. The angle information detecting method according to
claim 13. wherein the function is a function of the ratio of
one or a pair of sub-peak induced voltages in the X-axis
direction to the corrected main peak induced voltage in the
X-axis direction and a function of the ratio of one or a pair
of sub-peak induced voltages in the Y-axis direction to the
corrected main peak induced voltage in the Y-axis direction
with respect to an each tilt angle in the X-axis and Y-axis
direction.

16. The angle information detecting method according to
claim 13, wherein the angle information detecting step uses
parameters indicating variations in a detected value of the
induced voltage for each sensor coil. and parameters indi-
cating variations in the ratio of the sub-peak value to the
corrected main peak value for the detection width of each
sensor coil.

17. The angle information detecting method according to
claim 13, wherein the angle information detecting step uses
parameters indicating variations in the ratio of the sub-peak
value of each sub-division to the corrected main peak value
when the detection width of the sensor coil is divided into a
plurality of sub-divisions.

18. The angle information detecting method according to
claim 11, wherein the induced voltage distribution convert-
ing step further comprises deducing an induced voltage
distribution function using interpolation calculation, and
subjecting the induced voltage distribution function to a
translation operation in the direction of the axis.

19. The angle information detecting method according to
claim 16, wherein the induced voltage distribution function
is represented as a function of inter-sensor-coil coordinates
applicable to the detection width of any of the sensor coils.

20. The angle information detecting method according to
claim 17, wherein the induced voltage distribution function
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is represented as a function of alternative coordinates which
are the inter-sensor-coil coordinates including the translation
operation.

21. A digitizer tablet system for detecting tilt of a stylus
relative to a tablet. the digitizer tablet system comprising:

said tablet including a plurality of parallel conductors

aligned in each of the X and Y axial directions for
detecting signals from said stylus in order to detect
coordinate information;

said stylus for indicating coordinate location on said tablet

by way of said signals;
means for detecting a main peak signal and at least one
sub-peak signal in at least one of said axial directions,
said main peak signal generally indicating the position
of said stylus in said one axial direction and said
sub-peak signal being used for detection of stylus tilt;

interpolation means for interpolating the main peak signal
in order to obtain coordinate data of said stylus relative
to said tablet;

converting means for converting one of said (i) main peak

signal, and (ii) said sub-peak signal to a converted form
that is different than its original form, so that said
converted signal in its converted form is similar to the
other non-converted signal with respect to induced
signal distribution; and

stylus tilt detection means for using said converted signal

in its converted form to detect a degree of tilt of said
stylus relative to said tablet.

22. The dipitizer tablet system of claim 21, further com-
prising calculating means for calculating the degree of tilt of
said stylus in the X axial direction as a function of main peak
and auxiliary peak signals detected in each of the X axial
direction and the Y axial direction.
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