
Europäisches Patentamt

European Patent Office

Office européen des brevets

E
P

 0
 6

23
 8

93
 B

1

Printed by Xerox (UK) Business Services
2.16.7/3.6

(19)

(11) EP 0 623 893 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
02.02.2000  Bulletin 2000/05

(21) Application number: 94107155.7

(22) Date of filing: 06.05.1994

(51) Int. Cl.7: G06K 11/14

(84) Designated Contracting States:
DE FR GB IT NL

(30) Priority: 07.05.1993 JP 10664193
24.05.1993 JP 12121393

(43) Date of publication of application:
09.11.1994  Bulletin 1994/45

(73) Proprietor:
CANON KABUSHIKI KAISHA
Tokyo (JP)

(72) Inventors:
• Sato, Hajime

Tokyo (JP)
• Tokioka, Masaki

Tokyo (JP)
• Tanaka, Atsushi

Tokyo (JP)

• Kobayashi, Katsuyuki
Tokyo (JP)

• Yoshimura, Yuichiro
Tokyo (JP)

• Yanagisawa, Ryozo
Tokyo (JP)

(74) Representative: Weser, Wolfgang
Weser & Kollegen,
Patentanwälte,
Radeckestrasse 43
81245 München (DE)

(56) References cited:
EP-A- 0 207 527 EP-A- 0 584 695
US-A- 3 504 334

• PATENT ABSTRACTS OF JAPAN vol. 10, no. 374
(P-527) 12 December 1986 & JP-A-61 168 031
(HITACHI)

Note:  Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

(54) Coordinate input apparatus and method using voltage measuring device

Koordinateneingabegerät und Verfahren, das eine Spannungsmessungsvorrichtung verwendet

Appareil d'entrée de coordonnées et méthode utilisant un dispositif de mesure de tension



EP 0 623 893 B1

2

Description

BACKGROUND OF THE INVENTION

[Field of Invention]

[0001] Present invention relates to a coordinate input apparatus which detects input vibration and specifies the posi-
tion of the vibration source so as to determine the coordinates of the vibration input position.

[Related Art]

[0002] Conventional coordinate input apparatuses utilizing ultrasonic vibration detect vibration inputted from a vibrat-
ing pen by a plurality of sensors on a vibration transmitting panel. The coordinates at the vibrating pen input position on
the vibration transmitting panel determination is determined based on difference data, obtained from delay times at the
respective sensors, calculated using a reference delay time from a point where the vibration is inputted to a point where
one of the sensors (e.g., the sensor that first receives the vibration), as a reference sensor, detects the vibration.
[0003] As shown in Fig. 11, the above coordinate input apparatus calculates coordinates using the following equations
in accordance with the positional relation between vibration sensors S1 to S4 on the vibration transmitting panel and a
vibration input point P(x, y):  calculated from the difference data among the delay times are:

(101)

(102)

(103)

Point P(x, y) is obtained from:

(104)

(105)

[0004] Note that the equations (104) and (105) hold if:

(106)

If

(107)

the point P(x, y) is:

(108)

(109)

(110)

Otherwise, the point P(x, y) is:

∆db-∆dd

∆db = db - da

∆dc = dc - da

∆dd = dd - da

x = x
2
--- - ∆dd 2

2x
-------------- + ∆dd(∆db 2+∆dd 2-∆dc2 )

2X(∆db+∆dd-∆dc)
----------------------------------------------------------------

y = y
2
--- - ∆dd 2

2x
-------------- + ∆db(∆db 2+∆dd 2-∆dc 2)

2Y(∆db+∆dd-∆dc)
-----------------------------------------------------------------

∆db + ∆dd - ∆dc ≠ 0

∆db + ∆dd - ∆dc = 0

x = X
2
----

y = Y ± √A
2

-------------------

A = ∆db 2 1+ X 2

Y 2-∆db 2
------------------------
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(111)

(112)

(113)

[0005] However, the above conventional coordinate determination method is implemented by simply assigning a start
and stop signals of a counter to the respective signals, and measuring the time difference. When a plurality of signals
are detected upon obtaining the difference data, the relation between group delay time and phase delay time at each
sensor is reversed, causing erroneous judgment of the reference delay time.
[0006] If two counters are used, the size of the counters must be greater than the repetition period of a signal source.
This increases the apparatus construction cost.
[0007] Further, the above coordinate calculation method has a drawback in that if the equation (106) holds, the results
from the equations (104) and (105) tend to cause errors in the equations (108) and (111).
[0008] Generally, the conventional apparatus of this type measures time from a point where vibration generated by
the vibrating pen is inputted to a point where the vibration reaches one of the vibration sensors provided at predeter-
mined positions on the vibration transmitting panel, and calculates the distances between the vibrating pen and the
vibration sensors, i.e., coordinates designated by the vibration pen, based on the measured values.
[0009] US-A-3 504 334 discloses a rectangular coordinate indicating system employing a cordless stylus. The stylus
emits an energy wave and the arrival times of the energy wave front at sensors positioned along the X and Y axes are
compared. The differences in the arrival times are measured to indicate the displacement of the stylus from the X and
Y axes.
[0010] JP-A-61168031 further discloses a cordless ultrasonic tablet, wherein detecting elements are respectively
installed to the marginal sides of a tablet and supersonic waves from an ultrasonic wave transmitting element provided
in an input pen are detected. The ultrasonic wave transmitted from the ultrasonic wave transmitting element are propa-
gated through the tablet and reach each detecting elements after respective time intervals. Therefore, the coordinates
of the input pen can be determined from the detection time of each detecting element without the necessity of synchro-
nizing the input pen.
[0011] Further, EP-A-0 584 695, being a European patent application falling within the terms of Art. 54(3), discloses
a coordinate input apparatus for sensing a designated coordinate position, comprising oscillation transmission means
for transmitting oscillation, a plurality of sensing means for sensing oscillation transmitted by the oscillation transmission
means, measuring means for measuring time differences between a time at which reference sensing means senses a
certain oscillation and times at which this oscillation is sensed by the other sensing means, wherein one of the plurality
of sensing means serves as a reference sensing means, and means for calculating position of an oscillation source
based upon the time differences measured by the measuring means.
[0012] The known coordinate input apparatuses utilizing ultrasonic vibration still give erroneous coordinate positions.

SUMMARY OF THE INVENTION

[0013] It is an object of the present invention to provide a coordinate input apparatus and a coordinate input method
with improved coordinate-input precision.
[0014] This object is solved by the apparatus according to claim 1 and the method according to claim 5. Preferred
embodiments are subject of the dependent claims.
[0015] Other features and advantages of the present invention will be apparent from the following description taken
in conjunction with the accompanying drawings, in which like reference characters designate the same or similar parts
throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate
embodiments of the invention and, together with the description, serve to explain the principles of the invention.

Fig. 1 is a block diagram showing the configuration of a coordinate input apparatus according to first to third embod-

y = Y
2
----

x = X ± √B
2

-------------------

B = ∆dd 2 1+ Y 2

X 2-∆dd 2
------------------------
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iments of the present invention;

Fig. 2 is a block diagram showing the construction of an arithmetic control circuit in Fig. 1;
Figs. 3 to 5 are flowcharts showing data processing according to the first embodiment;
Fig. 6 is a timing chart of the data processing;
Fig. 7 is a flowchart showing data correction in the data processing in Fig. 6;
Figs. 8A to 8C illustrate the data correction;
Fig. 9 is a timing chart of signal processing according to the first embodiment;
Fig. 10 is a block diagram showing the construction of a signal detector in Fig. 1;
Fig. 11 illustrates coordinate calculation in a conventional coordinate input apparatus;
Fig. 12 illustrates coordinate calculation areas corresponding to the signal process timings in Fig. 9;
Fig. 13 is a flowchart showing the coordinate calculation;
Fig. 14 is a cross-sectional view of a vibrating pen;
Fig. 15 is a block diagram showing the construction of an arithmetic control circuit according to the third embodi-
ment; and
Fig. 16 is a block diagram showing the construction of a pen timer in Fig. 14.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] Preferred embodiments of the present invention will be described in detail in accordance with the accompany-
ing drawings.

[First Embodiment]

*Apparatus Configuration+

[0018] Fig. 1 shows the configuration of the coordinate input apparatus according to the first embodiment. In Fig. 1,
an arithmetic control circuit 1 controls the overall apparatus and calculates coordinates at a vibration input position. A
vibrator driver 2, incorporated in a vibrating pen 3, drives a vibrator 4 in the vibrating pen 3 to vibrate a pen tip 5. A vibra-
tion transmitting tablet 8 comprises a transparent member such as an acrylic resin plate and a glass plate. The coordi-
nate-input is made by contacting the vibrating pen 3 with the vibration transmitting tablet 8. As a position within an area
A (effective area) represented by a solid line in Fig. 1 is designated using the vibrating pen 3, vibration from the pen 3
is transmitted on the vibration transmitting tablet 8 and measured, and then processing for calculation of coordinates at
the designated position is performed.
[0019] The vibration transmitting tablet 8 has a vibration suppressor 7 at its ends to reduce reflection waves reflected
from the ends of the panel 8 towards the center of the panel. As shown in Fig. 1, vibration sensors 6a to 6d comprising
such as a piezoelectric element, for converting mechanical vibration into an electric signal, are fixed at inner side sur-
face of the vibration suppressor 7. A signal detector 9 outputs signals detected from the sensors 6a to 6d to the arith-
metic control circuit 1. The display 11, comprising such as an LCD, is capable of dot-based representation. The display
11, located under the vibration transmitting tablet 8, driven by a display driver 10, displays a dot at a position designated
by the arithmetic control circuit. A user can see the display through the transparent vibration transmitting tablet 8.
[0020] Vibration frequency of the vibrator 4 is selected to have a value capable of generating Lamb waves upon the
vibration transmitting tablet 8. Upon driving the vibrator, a mode for vibration in a vertical direction with respect to the
vibration transmitting tablet 8 is selected. Further, selecting a resonance frequency of the pen tip 5 as the vibration fre-
quency of the vibrator 4 enables effective vibration conversion. Thus, elastic waves to be transmitted on the vibration
transmitting tablet 8 are plate waves which, compared with a surface wave, advantageously receive smaller influence
from scratches (flaws) and obstacles on the transmitting panel surface.

*Arithmetic Control Circuit+

[0021] In the above construction, the vibrator driver 2 outputs a signal to drive the vibrator 4 in the vibrating pen 3 at
predetermined intervals (e.g., 5 ms). Thus-generated vibration from the vibrating pen 3 is transmitted on the vibration
transmitting tablet 8, and received by the vibration sensors 6a to 6d, at respective delay times, in accordance with the
distances from the vibration input-point.
[0022] The signal detector 9 detects signals from the vibration sensors 6a to 6d, and generates signals indicative of
time differences between transmission timing to the sensor 6a as a reference timing and the respective transmission
timings to the other sensors 6b to 6d. The arithmetic control circuit 1 inputs these time difference signals regarding all
comparisons between the reference timing and the transmission timings to the other sensors, measures differences
between the reference delay time and the respective delay times, and calculates coordinates at the input position by the
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vibrating pen based on the measured differences. The arithmetic control circuit 1 drives the display driver 10 based on
the calculated position information of the pen 3, to control display 11, further, performs serial communication or parallel
communication to output the coordinates to an external device (not shown).

[0023] Note that hereinafter, time from a point where vibration transmission is inputted onto the vibration transmitting
tablet to a point where a sensor receives the vibration is referred to as "delay time" of the sensor. Also, the difference
between the reference delay time and the delay time of the other sensor is simply referred to as "difference data".

*Construction of Arithmetic Control Circuit+

[0024] Fig. 2 shows the construction of the arithmetic control circuit 1.
[0025] In Fig. 2, a microcomputer 21 controls the arithmetic control circuit 1 and the overall coordinate input appara-
tus. The microcomputer 21 comprises a counter, a ROM in which operation procedures are stored, a RAM used for cal-
culation and a non-volatile memory for storing constants. Counters 22a, 22b, 23a and 23b measure delay times from
the start of vibration transmission to respective points where the vibration sensors 6a to 6d detect the vibration. The
present embodiment has four counters for inputting the delay time signals indicative of delay time at the reference vibra-
tion sensor 6a and delay times at the other vibration sensors 6b to 6d.
[0026] A signal input circuit 25 inputs the delay time signals from the sensors 6a to 6d outputted from the signal detec-
tor 9 into the counters 22a, 22b, 23a and 23b. More specifically, the input circuit 25 inputs a signal Tga, indicative of
group delay time at the sensor 6a, to the counter 22a; signals Tgb to Tgd, indicative of group delay times at the sensors
6b to 6d, to the counter 22b; a signal Tpa, indicative of phase delay time at the sensor 6a, into the counter 23a; and
signals Tpb to Tpd, indicative of phase delay times at the sensors 6b to 6d, into the counter 23b.
[0027] A decision circuit 24 judges that the signals have been received, and outputs a judgment signal to the micro-
computer 21 to inform the judgment result. The microcomputer 21 performs a predetermined calculation to obtain coor-
dinates at the input position by the vibrating pen 3 on the vibration transmitting tablet 8. The microcomputer 21 outputs
coordinate information to the display driver 10 via the I/O port 26, to display a dot at the corresponding position of the
display 11. Otherwise, the microcomputer 21 may output the information via the I/O port 26 to an interface circuit, to
output the coordinate value to an external device.

*Operation of Arithmetic Control Circuit+

[0028] Next, the operation of the arithmetic control circuit 1 will be described with reference to the flowcharts in Figs.
3 to 5 and the timing chart in Fig. 6. Figs. 3 to 5 show the operation of the arithmetic control circuit 1 to obtain difference
data regarding one vibration sensor. Fig. 6 shows the respective signal timings in accordance with the flowcharts in
Figs. 3 to 5. In Fig. 6, a clear signal 40 and a start signal 41 are provided from the microcomputer 21 to the counters for
instructing clearing and starting of the counters. A channel-A Tp signal 42 and a channel-B Tp signal 43 respectively
correspond to signal 78 or 79 in Fig. 9 to be described later. It should be noted that as the description here is made
upon operation for obtaining difference data of the respective sensors, the signals regarding group delay times are omit-
ted in Fig. 6.
[0029] A channel-B SEL0 signal 45 and a channel-B SEL1 signal 46 are selection signals for channel-B sensors.
[0030] In Figs. 3 to 5, channel-A and channel-B are switched in step S311. Channel-A is set to input the signal from
the reference vibration sensor 6a, while channel-B is set to input the signal from the sensor 6b. The sensor as a signal
source for the channel-B input is changed by the signal 45 or 46. In step S312, all the counters are reset by a reset sig-
nal CLEAR outputted from the microcomputer 21, and the four counters corresponding to channel-A and channel-B are
started by a start signal START also outputted from the microcomputer 21. In step S313, reception of signal is deter-
mined by the decision circuit 24. If NO, signal input is awaited in step S316 for a predetermined period, e.g., 1.5 msec,
thereafter, it is judged that the vibrating pen 3 has not transmitted vibration onto the vibration transmitting tablet 8 in step
S317.
[0031] In step S314, the data is discarded (timing t1 in Fig. 6) for improvement of reliability of data, since the first signal
might be indicative of incorrect value due to influence of reverberation or the like. In step S320, the counters are cleared
and restarted. In step S321, whether or not the second signal has been inputted into channel-A from the reference sen-
sor 6a is determined. The count values of the counters 22a and 23a are stored into the memory and the count values
of the counters 22b and 23b halted by the signal from the sensor 6b are stored into the memory. In step S322, the
microcomputer performs calculation according to equations and , using obtained
counter values Tga, Tgb, Tpa and Tpb, and stores the calculation results into the memory in step S323.
[0032] Next, channel-B is set to input a signal from the sensor 6c, and a similar processing is performed. In step S330,
the process is in stand-by state for 500 msec to eliminate reverberation. Then, the first pulse is used as a signal for dis-
tance calculation.
[0033] Similarly, channel-B is set to input a signal from the sensor 6d, and a similar processing is performed.

∆Tb = Tgb - Tga ∆Tpb = Tpb - Tpa
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[0034] As the microcomputer 21 has calculated the difference data of the reference sensor 6a and the sensors 6b to
6d, it further calculates the coordinates of an input position from those data. The microcomputer 21 performs the above
operation as interruption.

[0035] The counters 22a to 23b are finite counters where the maximum count value is determined based on the larg-
est difference data determined from a transmission speed of vibration of the pen 3 on the vibration transmitting tablet 8
and an input area. In the present embodiment, the maximum count value is equal to or greater than a doubled value of
the largest difference data.
[0036] The difference data obtained in steps S322, S334 and S344 in Figs. 3 to 5 are processed as shown in steps
S52 to S55 in the flowchart in Fig. 7, and stored into the memory of the microcomputer 21.
[0037] In step S53 in Fig. 7, whether or not the largest difference data is smaller than the obtained difference data is
determined. If YES, the obtained difference data is corrected in step S55. That is, if the difference between the count
values of the reference sensor 6a and the sensor 6b is used and the difference is over the maximum counter value, the
resulting difference data becomes different from actual difference data. For this reason, when the largest difference
data is smaller than obtained difference data, the obtained difference data is modified to a correct value. In Fig. 8A, the
obtained difference data ∆AB, ∆AC and ∆AD with respect to the sensors 6b, 6c and 6d are compared with the largest
difference data. At each comparison, if difference data is greater than the largest difference data, it is considered that
a counter has counted over the maximum count value MAX, then the maximum value MAX is added to the smaller count
value. Figs. 8B and 8C show a case where ∆AB is greater than the largest difference data.
[0038] In Figs. 8B and 8C, when

the difference data is:

If the obtained difference data (∆AB) is greater than the largest difference value (Fig. 8B), it is corrected (Fig. 8C).
[0039] The correction results are as follows:

MAX: the largest count value.

*Detection of Vibration Transmission Time (Figs. 9 and 10)+

[0040] The principle of measurement of delay times for vibration transmission to the respective vibration sensors 6a
to 6d will be described below.
[0041] Fig. 9 is a timing chart for explaining detection waveforms inputted into the signal detector 9 and calculation of
delay times for vibration transmission based on these waveforms. Note that the description will be made on detecting
the difference between the delay times at the vibration sensors 6a and 6b, however, difference between the delay times
at the sensors 6a and 6c, and that between the sensors 6a and 6d are detected in the same way.
[0042] The vibrator driver 2 outputs a driving signal 71 to the vibrator 4 at periods out of synchronization with the
period of the signal detector 9. The ultrasonic vibration, transmitted by the signal 71 onto the vibration transmitting tablet
8 by the vibrating pen 3, travels for time tga, corresponding to the distance from the input point and the vibration sensor
6a, then is detected by the sensor 6a.
[0043] Numeral 72 denotes a signal waveform detected by the sensor 6a. As the vibration in this embodiment is a
plate wave, the relation between an envelope 721 and a phase 722 of the detected waveform changes in correspond-
ence with the transmission distance of the vibration. The traveling speed of the envelope 721, i.e., a group speed is
referred to as "Vg", and the phase speed of the phase 722, "Vp". The distance between the vibrating pen 3 and the
vibration sensor 6a is determined from the group speed Vg and the phase speed Vp.
[0044] First, with regard to the envelope 721, having the speed Vg, if a point of a specific waveform, e.g., a zero-cross-
ing point of the second-differential waveform 723 of the envelope 721, i.e., an inflection point of the envelope waveform
is detected, the distance between the vibrating pen 3 and the sensor 6a is given, with the vibration transmission time
tga:

the maximum count value (MAX) ≥ 2 × the largest difference data value

|∆AB| = |b-a|

|∆AB| = |(b+MAX)-a|

|∆AC| = |c-a|

|∆AD| = |d-a|

5

10

15

20

25

30

35

40

45

50

55



EP 0 623 893 B1

7

(1)

[0045] This equation is for the vibration sensor 6a, however, similar equations are used to represent the distances
between the pen 3 and the other sensors 6b to 6d. The distance difference ∆db between the distance da, from the
vibrating pen 3 to the sensor 6a and the distance db from the pen 3 to the sensor 6b is obtained from the following equa-
tion, with the difference between the vibration transmission time tgb (signal 73) indicative of time for transmitting the
vibration to the sensor 6b, and the transmission time tga as vibration transmission time 731 (∆tgb):

(2)

[0046] Further, for more precise coordinate determination, processing based on detection of phase signals is per-
formed. Time tpa is the time from a specific detection point of the phase signal 722, e.g., a vibration application point,
to a zero-crossing point of a predetermined level signal 74 after the vibration has been applied. Distance da between
the vibration sensor 6a and the vibrating pen 3 is:

(3)

λp: elastic wavelength
na: integer

[0047] The time tpa is obtained by generating a predetermined window signal 78, having a predetermined width, at
the initial rising point of a signal 77 after the comparison between the phase signal 722 and the predetermined level sig-
nal 74, and by comparing the signal 78 with the phase signal 722. The distance difference ∆db between the distance
from the pen 3 to the sensor 6a and the distance from the pen 3 to the sensor 6b is given, with a time ∆tpb between the
time tpa and a zero-crossing point tpb:

(4)

nb,nb': integer

[0048] From the equations (2) and (4), the integer nb' is:

(5)

[0049] N is a real number other than "0". For example, if N ≤ 2 holds, the nb' can be determined when tg variation is
within ± wavelength. The obtained nb' is substituted into the equation (4), thus the distance difference ∆db between
the distance from the vibrating pen 3 to the sensor 6a and the distance from the pen 3 to the sensor 6b is precisely cal-
culated. The signal detector 9 generates signals 731 and 791 for detecting the vibration-transmission time difference
∆tg and ∆tp.
[0050] Fig. 10 is a block diagram showing a part of the signal detector 9, for detecting the delay time differences ∆tgb
and ∆tpb between the vibration sensor 6a and the 6b. The signal detector 9 also includes the same circuit construction
for determining the delay time difference between the sensors 6a and 6c and between the sensors 6a and 6d. In Fig.
10, the output signals from the sensors 6a and 6b enter preamplifiers 81a and 81b which respectively amplify the sig-
nals to predetermined levels, then enter band-pass filters 811a and 811b where surplus frequency components are
removed from the amplified signals. Thereafter, the signals enter envelope detectors 82a and 82b, comprising an abso-
lute value circuit and a low-pass filter, where only envelopes of the signals are taken. Envelope inflection-point detectors
83a and 83b detect the timings of envelope inflection points. A ∆tg signal detector 84, comprising of such element as a
monostable multivibrator, generates an envelope delay time difference signal ∆tg (841 in Fig. 8) between the two sen-
sors 6a and 6b from the outputs from the inflection-point detectors 83a and 83b, and inputs the signal ∆tg into the arith-
metic control circuit 1.
[0051] On the other hand, a signal detector 85a generates a pulse signal 77 indicative of signal portion which exceeds
a predetermined threshold signal 74 within a signal waveform 72 detected by the vibration sensor 6a. A monostable
multivibrator 86a opens a gate signal 78 at predetermined periods triggered by the initial rising point of the pulse signal
77. A ∆tp signal detector 87 detects a zero-crossing point during the initial rising of the phase signal 722 while the gate

da = Vggtga

∆db = Vggtgb - Vggtga = Vgg∆tgb

da = nagλp + Vpgtpa

∆db = nbgλp + Vp.tpb - (nagλp+Vpgtpa)
= (nb-na).λp + Vpg(tpb-tpa)
= nb'gλp + Vpg∆tpb

nb' = int[(Vgg∆tgb-Vpg∆tpb)/λp+ 1
N
----]

1
2---
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signal 78 is open, and inputs an output signal from a monostable multivibrator 86b with respect to the signal detected
by the vibration sensor 6b. Thus, the delay time difference signal ∆tp 791 between the phase signals of the two sensors
can be supplied to the arithmetic control circuit 1. Note that the above description is directed to the vibration sensors 6a
and 6b, however, similar circuit construction are provided for the other combinations of the sensors.

*Coordinate Position Calculation (Figs. 11 and 12)+

[0052] Next, the principle of calculating coordinates at a vibration input position by the vibrating pen 3 will be
described.
[0053] In Figs. 11 and 12, the vibration sensors 6a to 6d are provided at positions S1 to S4 on the four corners of the
vibration transmitting tablet 8. The straight distances from the vibrating pen 3 to the vibration sensors 6a to 6d are da
to dd according to the aforementioned principle of detecting vibration transmission time. Then, the distance differences
∆db@∆dd are obtained from the distances between the distance da, i.e., the distance from the pen 3 to the sensor 6a,
and the distances db-dd, i.e., the distances from the pen 3 to the sensors 6b to 6d:

(6)

(7)

(8)

[0054] Next, coordinates (x, y) at a position P of the vibrating pen 3 are obtained using the Pythagorean theorem:

(9)

(10)

(11)

(12)

X: distance between the sensors 6a and 6b
Y: distance between the sensors 6c ad 6d

Next, from (10) - (9), (11) - (12),

(13)

(14)

The distance da is obtained from the difference between the equations (13) and (14):

(15)

[0055] When this equation holds, the denominator in the right member is not "0". The solution of the equation (15)
when this denominator is "0" will be described later. y is obtained by substituting the equation (15) into the equation
(14):

(16)

Similarly, x is obtained as follows:

db = ∆db + da

dc = ∆dc + da

dd = ∆dd + da

da 2 = x 2 + y 2

db 2 = (∆db+da) 2 = x 2 + (Y- y) 2

dc 2 = (∆dc+da) 2 = (X-x) 2 + (Y- y) 2

dd 2 = (∆dd+da) 2 = (X-x) 2 + y 2

∆db 2 + 2dag∆db = Y 2 -2Ygy

∆dc 2 - ∆dd 2 + 2da.(∆dc-∆dd) = Y 2 -2Ygy

da = - ∆db 2+∆dd 2-∆dc 2

2(∆dd+∆db-∆dc)
-------------------------------------------------

y = Y
2
---- - ∆dd 2

2Y
-------------- + ∆db(∆db 2+∆dd 2-∆dc 2)

2Y(∆db+∆dd-∆dc)
-----------------------------------------------------------------

5

10

15

20

25

30

35

40

45

50

55



EP 0 623 893 B1

9

(17)

Note that the equation (17) holds when:

(18)

[0056] Next, a case where the equation (18) does not hold will be considered. When the equations (6) to (8) are sub-
stituted into an equation , if the denominator in the right member is "0",

(19)

This equation holds when

or

and  and , or  and .
[0057] When it is judged that the equation (18) does not hold, the process jumps to a coordinate calculation subrou-
tine, to solve an x or y quadratic equation.
[0058] First, if

(at this time, ) holds, the equations (9) to (12) become as follows:

(20)

(21)

y is obtained by substituting da obtained from (21)-(20):

(22)

(23)

In the equation (22), ± becomes "-" when ∆db > 0, while it becomes "+" when ∆db < 0. squrt(X) is a function which gives
a square root of X.
[0059] Similarly, when

x is obtained as follows:

x = X
2
---- - ∆dd 2

2X
-------------- + ∆db(∆db 2+∆dd 2-∆dc 2)

2X(∆db+∆dd-∆dc)
-----------------------------------------------------------------

∆dd + ∆db - ∆dc ≠ 0

∆dd + ∆db - ∆dc

dd + db = dc + da

x = X
2
----

y = Y
2
----,

da = dd db = dc da = db dc = dd

x = X
2
----

∆db = ∆dc

da 2 = X 2

4
------- + y 2

(∆db+da) 2 = X 2

4
------- + (Y- y) 2

y = (Y±sqrt(A))
2

------------------------------

A = ∆db 2 1+ X 2

Y 2-∆db 2
------------------------

 
 
 

y = Y
2
----,
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(24)

(25)

Note that ± becomes "-" when ∆dd > 0, while it becomes "+" when ∆dd < 0.
[0060] However, around

values of ∆db and  are close to "0", accordingly, the second and third terms in the equation (16) substan-
tially become "0". This results in excellent precision as to a y-coordinate while bad precision as to an x-coordinate, since
data error of time-measurement in ∆dd influences the equation (17) at around

[0061] Similarly, around

values of ∆dd and  are close to "0", accordingly, the second and third terms in the equation (17) substan-
tially become "0", thus resulting in excellent precision as to an x-coordinate while bad precision as to a y-coordinate,
due to influence from data error of time-measurement in ∆db.
[0062] These problems are solved by obtaining a y-coordinate with high precision at around

and then obtaining an x-coordinate from the obtained y-coordinate, similarly, at round

by obtaining an x-coordinate with high precision and then obtaining a y-coordinate from the obtained x-coordinate.
[0063] Next, as shown in Fig. 12, an input area is divided into four areas on the following conditions:

Area 1: ∆db > 0 AND ∆dc > 0 AND ∆db < ∆dd
Area 2: ∆dd < 0 AND ∆dc < 0 AND ∆db < ∆dd
Area 3: ∆db > 0 AND ∆dc < 0 AND ∆db > ∆dd
Area 4: ∆dd > 0 AND ∆dc > 0 AND ∆db > ∆dd

[0064] In the areas 1 and 3, an x-coordinate is calculated using the equation (17). A y-coordinate is calculated by sub-
stituting the equation (17) into the equation (10):

(26)

x = (X±sqrt(B))
2

------------------------------

B = ∆dd 2 1+ Y 2

X 2-∆dd 2
------------------------

 
 
 

y = Y
2
----,

∆db+∆dd-∆dc

y=Y
2
----.

x = X
2
----,

∆db+∆dd-∆dc

y = Y
2
----

x = X
2
----,

y = Y
2
---- ± ∆db×sqrt(C)

2
---------------------------------
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(27)

[0065] In the equation (26), ± of the second term becomes "-" in the area 1 when:

In the area 3, ± becomes "-" when:

[0066] Similarly, in the areas 2 and 4, a y-coordinate is calculated using the equation (16). An x-coordinate is calcu-
lated by substituting the equation (16) into the equation (12):

(28)

(29)

[0067] In the equation (28),± of the second term becomes "-" in the area 2 when:

In the area 4, ± becomes "-" when:

[0068] Fig. 13 shows the above coordinate calculation.
[0069] In step S1301, calculation according to  is performed. In step S1302, whether the obtained
value is "0" or not is determined. If YES, the vibrating pen 3 is around on a line

or

Then, |∆db| and |∆dd| are compared in step S1303. If

C = 4x 2

Y 2-∆db 2
------------------------ + 1

y < Y
2
---- and ∆db > 0

y > Y
2
---- and ∆db < 0

x = X
2
---- ± ∆dd×sqrt(D)

2
---------------------------------

D = 4y 2

X 2-∆dd 2
------------------------ + 1

x < X
2
---- and ∆dd > 0

x > X
2
---- and ∆dd < 0

∆db + ∆dc - ∆dd

x = X
2
----

y = Y
2
----.

x = X
2
---- holds,
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, while if

. Then, if  holds, the process proceeds to step S1305 in which a y-coordinate is obtained with

and the point P(x, y) coordinates are calculated.

[0070] On the other hand, if NO in step S1302, i.e., it is determined that  , an area including the
point P(x, y) is determined in steps S1306 to S1308. In case of the area 1 or 3, the x-coordinate is obtained using the
equation (17) in step S1311, and the y-coordinate is obtained using the equation (26) in step S1312. In case of the area
2 or 4, the y-coordinate is calculated using the equation (16) in step S1309, and the x-coordinate is calculated using the
equation (28) in step S1310.
[0071] In this manner, the coordinates at the position of the vibrating pen 3 can be directly detected from a signal indic-
ative of difference between vibration signal arrival times at the sensors in a real-time manner. Time for transmitting the
vibration within the pen 3 (offset for the arrival delay time) is counterbalanced between two sensors, and the vibration
transmission time in the pen (especially at the pen tip) receives no influence from temperature change. This avoids erro-
neous input and degradation of input precision.
[0072] Further, as the vibrating-pen input is not synchronized with the operation of the coordinate input apparatus
main body, a cordless-type pen can be used as the vibrating pen, as in the present embodiment. However, the pen 3
can be connected with the apparatus main body via a cord for receiving a driving signal from the apparatus main body.
[0073] Moreover, the reference vibration sensor 6a may be replaced with any of the other sensors similarly for meas-
uring the difference between vibration arrival times at the other sensors, and coordinate calculation as described above
can be made based on the measured value.

[Second Embodiment]

[0074] The construction of the coordinate input apparatus and that of the vibrating pen according to the second
embodiment are identical to those in the first embodiment as shown in Fig. 1. In this embodiment, as a plate-wave char-
acteristic, vibration transmission speed depends upon the product of frequency and plate thickness. For this reason,
variations in sensors and circuits cause changes in the transmission speed and the frequency. Though the first embod-
iment obtains the wavelength λ, the group velocity Vg and the phase velocity Vp, as constants, based on average val-
ues among the four sensors, the present embodiment uses an average value between one pair of sensors to obtain
delay time difference data, i.e., the average value between the constants at the reference sensor and those at one of
the other sensors, for calculating coordinates.
[0075] Assuming that the reference sensor 6a and the sensor 6b are in a pair for a channel of a counter for obtaining
delay time difference data, the average value between constants at the two sensors are a wavelength λpb, a group
velocity Vgb and a phase velocity Vpb. The distance difference ∆db between the distance da from the vibrating pen 3
to the sensor 6a and the distance db from the pen 3 to the sensor 6b is obtained, with respective group delay times tga
and tbg:

(30)

[0076] Further, processing based on the phase signal obtains:

(31)

nb: integer

From the equations (30) and (31), the integer nb is:

|∆dd| = 0

y = Y
2
---- holds,

|∆db| = 0 |∆db| > |∆dd|

x X
2
----= ,

∆db + ∆dc - ∆dd ≠ 0

∆db = db - da = Vgbg(tgb-tga) = Vgbg∆tgb

∆db = nbgλp + Vpbg(tpb-tpa)
= nbgλpb + Vpbg∆tpb
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(32)

N: real number equal to or less than "0"

∆db can be obtained with high precision by substituting the nb obtained using the equation (32) into the equation
(31).
[0077] In case of the vibration sensors 6a and 6c, and the sensors 6a and 6d, ∆dc and ∆dd are similarly obtained
using the average value between the constants at the sensor 6a and those at the sensor 6c, and between the constants
at the sensor 6a and those at the sensor 6d.
[0078] As described above, the difference among the distances from the vibration source to the respective sensors
can be obtained with high precision based on the average value between the constants at the two sensors. This
improves coordinate calculation precision.
[0079] Thus, the first and second embodiments can improve coordinate calculation precision with a small-sized circuit
construction.

[Third Embodiment]

[0080] The construction of the coordinate input apparatus is identical to that in the first and second embodiments as
shown in Fig. 1.
[0081] Fig. 14 shows the construction of the vibrating pen 3.
[0082] In the vibrating pen 3, the vibrator driver 2, comprising a power 201, a timer 202 and vibration circuit 203, drives
the vibrator 4. A driving signal for the vibrator 4 is a pulse signal having a predetermined repetition period, generated
from the timer 202 and amplified by the vibration circuit 203 to a predetermined level. The timing of the repetition period
of the driving signal is not synchronized with the operation of the arithmetic control circuit 1. The timer 202 and the vibra-
tion circuit 203 receive electric power from the power 201 comprising such as a battery. The electric driving signal is
converted by the vibrator 4 into a mechanical vibration, and transmitted via the pen tip 5 onto the vibration transmitting
tablet 8.
[0083] Similar to the first embodiment, the vibration frequency of the vibrator 4 is selected to have a value for gener-
ating Lamb waves on the vibration transmitting tablet 8 comprising such as a glass plate. Further, selecting a resonance
frequency of the pen tip 5 as the vibration frequency of the vibrator 4 enables effective vibration conversion. Thus, elas-
tic waves to be transmitted on the vibration transmitting tablet 8 are Lamb waves which, compared with a surface wave,
advantageously receive smaller influence from scratches and obstacles on the transmitting panel surface.

*Arithmetic Control Circuit+

[0084] In the above-described construction, the vibrator driver 2 outputs a driving signal for the vibrator 4 at predeter-
mined periods (e.g., 5 ms). The vibration from the vibrating pen 3 travels on the vibration transmitting tablet 8, to reach
the sensors 6a to 6d with delays respectively corresponding to the distances from the pen 3 to the sensors. The signal
detector 9 detects signals from the sensors 6a to 6d, and generates signals indicative of differences between the vibra-
tion arrival timing at the reference sensor 6a and those at the respective sensors 6b to 6d. The arithmetic control circuit
1 inputs the signals with respect to all the combinations between the reference sensor 6a and the sensors 6b to 6d,
obtains difference among those time differences, and calculates coordinates at the vibration input position by the vibrat-
ing pen 3. Further, the arithmetic control circuit 1 drives the display driver 10 based on the calculated coordinates of the
pen 3, for display control at the display 11, otherwise, serial communication control or parallel communication control to
output the coordinate information to an external device.
[0085] Fig. 15 shows the construction of the arithmetic control circuit 1 according to the third embodiment.
[0086] In Fig. 15, a microcomputer 31 controls the arithmetic control circuit 1 and the overall coordinate input appa-
ratus. The microcomputer 31 comprises a counter, a ROM in which operation procedures are stored, a RAM for calcu-
lations and a non-volatile memory for storing constants. A timer 33, comprising e.g. a counter, measures a reference
clock (not shown) timing. The timer 33 measures the difference between transmission delay time at the reference sen-
sor 6a and that at the sensors 6b to 6d, and inputs the measured data into latches 34b to 34d. Note that the other ele-
ments will be described later.
[0087] The signals indicative of the differences among the vibration-arrival times between the sensor 6a and the
respective sensors 6b to 6d, outputted from the signal detector 9 enter the latches 34b to 34c via a signal input port 35.
The latches 34b to 34d, respectively corresponding latches for the vibration sensors 6b to 6d, latch time-measurement
value at the timer 33 while it receives a vibration-arrival difference signal between a corresponding sensor and the ref-

nb = int Vgbg∆tgb-Vgbg∆tgb
λgb+1

----------------------------------------------------------+ 1
N
----
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erence sensor 6a. A decision circuit 36 determines when all the vibration-arrival difference signals have been received,
and outputs a signal informing the determination result to the microcomputer 31.

[0088] The microcomputer 31 receives the signal from the decision circuit 36, and reads the respective vibration-
arrival delay differences regarding the sensors 6b to 6d out of the latches 34b to 34d, for predetermined calculation to
obtain the coordinates at the vibration input position by the vibrating pen 3 on the vibration transmitting tablet 8. The
microcomputer 31 outputs the calculated coordinate information to the display driver 10 via an I/O port 37, thus, e.g.,
displays a dot at a corresponding position on the display 11. Otherwise, the microcomputer 31 outputs the coordinate
value to an external device by outputting the coordinate information to an interface via the I/O port 37.
[0089] Also, the microcomputer 31 outputs a signal to a counter 38, which terminates time-measurement, outputs a
measured count value to the microcomputer 31, and restarts measuring. That is, the counter 38 measures intervals
between the arrival of vibration, i.e., the vibrator-driving repetition period. The microcomputer 31 inputs the counter 38
output, i.e., the measured vibrator-driving repetition period, and when the output value exceeds a predetermined value
or vice versa, executes pre-programmed processings, e.g., displaying a message "RECHARGE BATTERY" at the dis-
play 11.
[0090] Further, the microcomputer 31 detects the peak position on the detected waveforms at the sensors 6a to 6d
and time which exceeds a predetermined level (amplitude) or a phase of a detected signal, and measures the vibration-
arrival delay time differences from the timing differences among the plural sensors.

*Vibrating Pen+

[0091] Fig. 16 shows an example of the construction of the timer 202 in the vibrator driver 2. A voltage control oscil-
lator (VCO) 221 generates a rectangular wave having repetition period of the driving-signal to be applied to the vibrator
4. As the VCO 221 receives at its frequency control terminal a voltage having a value in proportion to that of the power,
the vibration frequency varies in accordance with change in the power voltage value. The rectangular wave from the
VCO 221 enters a monostable multivibrator 222 which outputs a pulse having a predetermined pulsewidth at the timing
of the rising or falling point of the rectangular wave. Note that the predetermined pulsewidth is a value for determining
the vibration frequency of the vibrator 4. Assuming that a necessary frequency is f, the pulsewidth is obtained from
(sec).
[0092] The monostable multivibrator 222 output enters the vibration circuit 203, in which it is amplified to a predeter-
mined level or power-amplified to have a necessary current value, then applied to the vibrator 4.
[0093] In the above construction, the frequency of the rectangular wave outputted from the VCO 221 varies in corre-
spondence with the power 21 voltage, and the vibrator 4 outputs a vibration pulse at intervals corresponding to the fre-
quency. The vibration from the vibrator 4 is transmitted onto the vibration transmitting tablet 8, and inputted via the
sensors 6a to 6d into the arithmetic control circuit 1, in which the counter 38 measures time intervals among the arrivals
of the vibration. The microcomputer 31 inputs the power voltage change as the time intervals measured by the counter
38.
[0094] Next, the principle of measuring the difference among the vibration-arrival delay times from the vibration input
to the vibration sensors 6a to 6d for calculating coordinates of the vibrating pen will be briefly described below.
[0095] The values latched by the latches 34b to 34d are differences between vibration transmission times from a point
where the vibration is inputted from the vibration pen 3 to respective points where the sensors 6b to 6d receive the
vibration and vibration transmission time from a point where the vibration is inputted from the vibration pen 3 to a point
where the sensor 6a receives the vibration. The signal detector 9 in the present embodiment has the same construction
as that of the first embodiment in Fig. 10. The latches 34b to 34d latch phase-signal delay time differences ∆tpb, ∆tpc
and ∆tpd and group delay time differences ∆tgb, ∆tgc and ∆tgd.
[0096] The coordinate calculation is made based on the obtained delay time differences with the same procedure as
that in the first embodiment.
[0097] It should be noted that the present embodiment also employs a wireless coordinate input apparatus, however,
a wired-type coordinate input apparatus with a vibrating pen including a power source can be employed.
[0098] The present invention can be applied to a system constituted by a plurality of devices, or to an apparatus com-
prising a single device. Furthermore, the invention is applicable also to a case where the object of the invention is
attained by supplying a program to a system or apparatus.
[0099] The present invention is not limited to the above embodiments and various changes and modifications can be
made within the scope of the present invention. Therefore, to apprise the public of the scope of the present invention,
the following claims are made.

Claims

1. A coordinate input apparatus comprising:

1
2f-----
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- input means (3) for inputting vibration;

- a vibration transmission body (8) for transmitting the vibration;
- a plurality of vibration detection means (6a, 6b, 6c, 6d) for detecting the vibration on said vibration transmission

body (8) at different positions;
- measurement means (1, 9) for measuring arrival times of the vibration at said plurality of detection means (6a,

6b, 6c, 6d);
- means (1) for calculating difference values by subtracting one of the arrival times at one of said plurality of

detection means (6a, 6b, 6c, 6d) from each of the arrival times at the other detection means (6a, 6b, 6c, 6d);
- comparison means (1) for comparing the difference values with a maximum difference value determined in

accordance with the vibration transmission speed of the vibration inputted by said input means (3) and the size
of said vibration transmission body (8),

- correction means (1) for correcting a said difference value based on the comparison result by said comparison
means if the difference value exceeds said maximum difference value; and

- calculation means (1) for calculating coordinates of a vibration source position designated by the input means
on said vibration transmission body based on the difference values corrected if necessary by said correction
means.

2. The apparatus according to claim 1, wherein
said measurement means (9) measures a group arrival time and a phase arrival time of the vibration.

3. The apparatus according to claim 1, wherein
said calculation means (1) has means far deciding an area of said vibration transmission body (8) as an area in
which the vibration has been inputted, and calculates coordinates using different procedures corresponding to the
respective areas.

4. The apparatus according to claim 1, wherein
the difference values are corrected, in said correcting step, by subtracting the difference value from a value twice
the maximum difference value if the difference value is greater than the maximum value.

5. A coordinate input method comprising:

- an input step of inputting vibration onto a vibration transmission body (8);
- a plurality of vibration detection steps for detecting the vibration at different positions;
- a measurement step (S51) of measuring arrival times of the vibration at said different positions;
- a step (S52) of calculating difference values by subtracting one of the arrival times at one of the positions

where the vibration is detected from each of the other arrival times at the other positions;
- a comparison step (S53) of comparing the difference values with a maximum difference value determined in

accordance with the vibration transmission speed of the vibration inputted in said input step and the size of the
vibration transmission body;

- a correction step (S55) of correcting a said difference value based on the comparison result in said comparison
step if the difference value exceeds said maximum difference value; and

- a calculation step of calculating coordinates of a vibration source position on the vibration transmission body
(8) based on the difference values corrected if necessary in said correction step.

6. The method according to claim 5, wherein
a group arrival time and a phase arrival time of the vibration are measured in said measurement step.

7. The method according to claim 5, wherein
said calculation step includes a step of deciding an area of the vibration transmission body (8) as an area in which
the vibration has been inputted, and coordinates are calculated with different procedures corresponding to the
respective areas.

8. A method according to claim 5, wherein
the difference values are corrected, in said correcting step, by subtracting the difference value from a value twice
the maximum difference value, if the difference value is greater than the maximum value.
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Patentansprüche

1. Koordinateneingabevorrichtung, umfassend:

- eine Eingabeeinrichtung (3) zum Eingeben einer Schwingung;
- einen Schwingungsübertragungskörper (8) zum Übertragen der Schwingung;
- mehrere Schwingungsdetektoreinrichtungen (6a, 6b, 6c, 6d) zum Erfassen der Schwingung an dem Schwin-

gungsübertragungskörper (8) an verschiedenen Stellen;
- eine Meßeinrichtung (1, 9) zum Messen der Ankunftszeiten der Schwingung an den mehreren Detektoreinrich-

tungen (6a, 6b, 6c, 6d);
- eine Einrichtung (1) zum Berechnen von Differenzwerten durch Subtrahieren einer der Ankunftszeiten an einer

der mehreren Detektoreinrichtungen (6a, 6b, 6c, 6d) von jeder der Ankunftszeiten an den übrigen Detektorein-
richtungen (6a, 6b, 6c, 6d);

- eine Vergleichereinrichtung (1) zum Vergleichen der Differenzwerte mit einem Maximal-Differenzwert, der
nach Maßgabe der Schwingungsübertragungsgeschwindigkeit der über die Eingabeeinrichtung (3) eingege-
benen Schwingung und der Größe des Schwingungsübertragungskörpers (8) ermittelt wird,

- eine Korrektureinrichtung (1) zum Korrigieren des Differenzwertes basierend auf dem von der Vergleicherein-
richtung erhaltenen Vergleichsergebnis, falls der Differenzwert den Maximal-Differenzwert übersteigt; und

- eine Berechnungseinrichtung (1) zum Berechnen von Koordinaten einer Schwingungsquellenstelle, die durch
die Eingabeeinrichtung auf dem Schwingungsübertragungskörper gekennzeichnet wird, basierend auf den
bedarfsweise von der Korrektureinrichtung korrigierten Differenzwerten.

2. Vorrichtung nach Anspruch 1, bei der
die Meßeinrichtung (9) eine Gruppenankunftszeit und eine Phasenankunftszeit der Schwingung mißt.

3. Vorrichtung nach Anspruch 1, bei der
die Berechnungseinrichtung (1) eine Einrichtung aufweist zur Entscheidung über eine Fläche des Schwingungs-
übertragungskörpers (8) als eine Fläche, in der die Schwingung eingegeben wurde, um die Koordinaten anhand
unterschiedlicher, den einzelnen Flächen entsprechender Prozeduren zu berechnen.

4. Vorrichtung nach Anspruch 1, bei der
die Differenzwerte im Rahmen des Korrekturschrittes dadurch korrigiert werden, daß der Differenzwert von einem
Wert subtrahiert wird, der dem doppelten Maximal-Differenzwert entspricht, falls der Differenzwert größer als der
Maximalwert ist.

5. Koordinateneingabeverfahren, umfassend:

- einen Eingabeschritt zum Eingeben einer Schwingung in einen Schwingungsübertragungskörper (8);
- mehrere Schwingungsdetektorschritte zum Nachweisen der Schwingung an verschiedenen Stellen;
- einen Meßschritt (S51) zum Messen der Ankunftszeiten der Schwingung an den verschiedenen Stellen;
- einen Schritt (S52) zum Berechnen von Differenzwerten durch Subtrahieren einer der Ankunftszeiten an einer

der Stellen, wo die Schwingung nachgewiesen wird, von jeder der übrigen Ankunftszeiten an den anderen
Stellen;

- einen Vergleichsschritt (S53) zum Vergleichen der Differenzwerte mit einem Maximal-Differenzwert, der nach
Maßgabe der Schwingungsübertragungsgeschwindigkeit der im Rahmen des Eingabeschritts eingegebenen
Schwingung und der Größe des Schwingungsübertragungskörpers bestimmt wird;

- einen Korrekturschritt (S55) des Korrigierens des Differenzwertes basierend auf dem Vergleichsergebnis des
Vergleichsschrittes, falls der Differenzwert den Maximal-Differenzwert übersteigt; und

- einen Berechnungsschritt zum Berechnen von Koordinaten einer Schwingungsquellenstelle an dem Schwin-
gungsübertragungskörper (8) basierend auf den bei Bedarf im Rahmen des Korrekturschrittes korrigierten Dif-
ferenzwerten.

6. Verfahren nach Anspruch 5, bei dem
eine Gruppenankunftszeit und eine Phasenankunftszeit der Schwingung im Rahmen des Meßschrittes gemessen
werden.

7. Verfahren nach Anspruch 5, bei dem
der Berechungsschritt einen Schritt beinhaltet, bei dem eine Fläche des Schwingungsübertragungskörpers (8) als
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eine Fläche eingestuft wird, in der die Schwingung eingegeben wurde, und Koordinaten nach verschiedenen Pro-
zeduren entsprechend den einzelnen Flächen berechnet werden.

8. Verfahren nach Anspruch 5,
bei dem die Differenzwerte im Rahmen des Korrekturschrittes dadurch korrigiert werden, daß der Differenzwert
von einem Wert subtrahiert wird, der doppelt so groß ist wie der Maximal-Differenzwert, falls der Differenzwert grö-
ßer als der Maximalwert ist.

Revendications

1. Appareil d'entrée de coordonnées comprenant :

- un moyen (3) d'entrée pour introduire une vibration ;
- un corps (8) de transmission de vibration pour transmettre la vibration ;
- une pluralité de moyens (6a, 6b, 6c, 6d) de détection de vibration pour détecter la vibration sur ledit corps (8)

de transmission de vibration, en différentes positions ;
- un moyen (1) de mesure pour mesurer des temps d'arrivée de la vibration au niveau de ladite pluralité de

moyens (6a, 6b, 6c, 6d) de détection ;
- un moyen (1) pour calculer des valeurs de différence par soustraction de l'un des temps d'arrivée au niveau de

l'un de ladite pluralité de moyens (6a, 6b, 6c, 6d) de détection, de chacun des temps d'arrivée au niveau de
l'autre moyen (6a, 6b, 6c, 6d) de détection ;

- un moyen (1) de comparaison pour comparer les valeurs de différence avec une valeur de différence maximum
déterminée en fonction de la vitesse de transmission de vibration de la vibration introduite par ledit moyen (3)
d'entrée et des dimensions dudit corps (8) de transmission de vibration,

- un moyen (1) de correction pour corriger une desdites valeurs de différence sur la base du résultat de la com-
paraison par ledit moyen de comparaison si la valeur de différence excède ladite valeur de différence maxi-
mum ; et

- un moyen (1) de calcul pour calculer les coordonnées de la position d'une source de vibration désignée par le
moyen d'entrée sur ledit corps de transmission de vibration, sur la base des valeurs de différence corrigées si
nécessaire par ledit moyen de correction.

2. Appareil selon la revendication 1, dans lequel
ledit moyen (1) de mesure mesure un temps d'arrivée de groupe et un temps d'arrivée de phase de la vibration.

3. Appareil selon la revendication 1, dans lequel
ledit moyen (1) de calcul comporte un moyen pour décider une zone dudit corps (8) de transmission de vibration
comme étant une zone dans laquelle la vibration a été introduite, et calcule des coordonnées en utilisant différen-
tes procédures correspondant aux zones respectives.

4. Appareil selon la revendication 1, dans lequel
les valeurs de différence sont corrigées, au cours de ladite étape de correction, par soustraction de la valeur de
différence d'une valeur double de la valeur de différence maximum si la valeur de différence est supérieure à la
valeur maximum.

5. Procédé d'entrée de coordonnées comprenant :

- une étape d'entrée pour introduire une vibration sur un corps (8) de transmission de vibration ;
- une pluralité d'étapes de détection de vibration pour détecter la vibration en différentes positions ;
- une étape de mesure (S51) de mesure de temps d'arrivée de la vibration auxdites différentes positions ;
- une étape (S52) de calcul de valeurs de différence par soustraction de l'un des temps d'arrivée à l'une des

positions où la vibration est détectée, de chacun des autres temps d'arrivée aux autres positions ;
- une étape de comparaison (S53) de comparaison des valeurs de différence avec une valeur de différence

maximum déterminée en fonction d'une vitesse de transmission de vibration de la vibration introduite au cours
de ladite étape d'entrée et des dimensions du corps de transmission de vibration ;

- une étape de correction (S55) de correction d'une desdites valeurs de différence sur la base du résultat de la
comparaison au cours de ladite étape de comparaison si la valeur de différence excède ladite valeur de diffé-
rence maximum ; et

- une étape de calcul, de calcul de coordonnées de la position d'une source de vibration sur le corps (8) de
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transmission de vibration, sur la base des valeurs de différence corrigées si nécessaire au cours de ladite
étape de correction.

6. Procédé selon la revendication 5, dans lequel
un temps d'arrivée de groupe et un temps d'arrivée de phase de la vibration sont mesurés au cours de ladite étape
de mesure.

7. Procédé selon la revendication 5, dans lequel
ladite étape de calcul comporte une étape de décision d'une zone du corps (8) de transmission de vibration en tant
que zone dans laquelle la vibration a été introduite, et des coordonnées sont calculées avec différentes procédures
correspondant aux zones respectives.

8. Procédé selon la revendication 5, dans lequel
les valeurs de différence sont corrigées, au cours de ladite étape de correction, par soustraction de la valeur de
différence d'une valeur double de la valeur de différence maximum, si la valeur de différence est supérieure à la
valeur maximum.
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