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Description

The invention pertains to a touch-type data entry device used, e.g. with a display device driven by a
central processing unit of a computer system and more particularly to a method for determining a point of
application of a force-position-sensing device.

In the preferred type of data entry device the user presses his finger against a faceplate of the
cathode-ray tube display, the position of his finger is sensed, and the signal representing the sensed
position is digitized and entered into the central processing unit of the computer system. The data thus
provided to the central processing unit may, for instance, be used for determining a type of data processing
subroutine to be performed by the central processing unit.

Background art

The increasing use of microcomputers, particularly, microcomputers associated with cathode-ray tube
display devices or the like, has created an increased demand for simpler and yet more powerful techniques
of interacting with the computer system. Particularly, there has been a growing demand for ways for the
user of the system to enter his choice among various functions (subroutines) to be performed by the
computer system. For instance, in an automated teller station for use by a bank, a number of choices are
displayed on a cathode-ray tube screen among which the user must choose.

An early approach was to provide dedicated program function keys, each of which was associated with
a dedicated choice or subroutine. If a large number of choices were available, this approach was not
acceptable because large numbers of program function keys would be required. To overcome this
probiem, a typical solution was to identify each choice with a number or aiphanumeric indicator displayed
on the screen and to require the user to enter the number or alphanumeric indicator on a keyboard to
communicate his choice to the computer system. Again, this approach is not fully acceptable because it
requires the user to locate his choice on a “menu’” displayed on the screen, remember its number or
indicator, and then enter his choice on the keyboard, ail of which is time consuming and open to error.

A yet further approach to the problem was to provide a light pen for selection. An exampie of such a
system is disclosed in United States Patent No. 4,318,096 to Thornburg et al. in this system, the user picks
up and positions the light pen over an area on the display screen corresponding to his particular choice.
The light pen produces an output pulse when the raster scanning beam of the cathode-ray tube display
scans the position where the light pen has been placed: The output signal from the light pen can then be
correlated with the signals which control the scanning of the etectron beam of the cathode-ray tube to
permit the computation of values representing the position of the light pen on the display surface. A similar
system empiloying an acoustic probe is seen in United States Patent No. 3,806,642 to Veith et al. A still
further, and relatively new, device of this same general type known as a “mouse” has received attention.
The “mouse” is rolled across a table or other work surface to move a cursor incrementally onto the menu
item desired. Because the cursor may cross other items before reaching the desired one, the "mouse” is
provided with a pushbutton to indicate the final selection.

All of these systermns are disadvantageous in that they require the user to manually pick up a pen, probe
or “mouse’, carefully locate it at the desired position on the dispiay surface, and then replace the pen,
probe or “mouse” in its holder. Such action is of course time consuming. Moreover, due to parallax
probiems, the accuracy of the pen or probe was limited. Stiit further, such approaches are not very
acceptable for stations which must be accessed by the general public due to the possibility of theft or
vandalism of the pen, probe or “mouse”.

Touch-sensitive devices have been proposed for providing a more direct way of interacting with the
displayed information. In such devices, a transparent plate is positioned over the cathods-ray tube and
sensors are attached to the transparent piate which generate signals from which the position where the
user has placed his finger can be calculated. indicator touch areas, termed “soft keys”, are dispiayed upon
the screen of the cathode-ray tube alongside soft key identifying labels. An example of this is shown in Fig.
1 for an automatic bank teller application. In the left-hand column are displayed four soft keys and
respective identifiers 12 corresponding to functions of WITHDRAW, DEPQSIT, TO/FROM CHECKING, and
TO/FROM SAVINGS. The soft keys 14 are produced by merely displaying rectangles of appropriate
dimensions. In the right-hand column similar soft keys 13 are displayed alongside other identifiers 11, here,
amounts of money. For example, to withdraw $50 from his checking account, the user would first press his
finger above the soft key 14 associated with the identifier WITHDRAW, after which he would press his
finger against the soft key area 13 identified by $50. The computer’s central processing unit would then
effect the issue to the user of $50.00 and debit his account accordingly.

Prior art examples of data entry devices of this general type will now be described.

Peronneau et al. in U.S. Patent No. 3,657,475 teach a position-indicating system in which a rigid plate is
fixed to a display surface by at least three spaced-apart sensors. The outputs of the sensors are
electronically processed to determine the position of the user’s finger. The sensors may be piezoelectric
elements which produce an output which is proportional to the magnitude of the applied force. Although
the system of Peronneau et al. was capable of producing signals roughly indicative of the point where the
user applies his finger, nevertheless, the system was not fully acceptable because a considerable amount
of error is inherent in the device. The error primarily arises from the arrangement used for mounting the
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plate. Particularly, the edges of the rigid plate of Peronneau et al. are mounted between the force-sensing
devices and a rigid block. Because the planar surfaces of the force-sensing devices are rigidly fixed to the
surface of the plate, each force-sensing device exerts a moment or torque on the plate which adversely
effects the measurements of the other force-sensing devices.

U.S. Patent No. 4,121,049 to Roeber teaches a position and force measuring apparatus which includes
an input surface joined to a rigid reference surface through leaf springs arranged along the four sides of the
input surface. The input springs have the shape of a cylinder sliced longitudinally. Sensors in the form of
strain gauges are located at predetermined positions on the outer surfaces of the springs. When the user
applies his finger to the input surface, the springs are deformed, causing outputs to be produced from the
strain gauge sensors in magnitudes related to the magnitude of the applied force and the distance between
the respective sensors and the point of application of the user’s finger, The accuracy of this device is limited
in that a farge amount of visual parallax error is unavoidable due to the necessary separation of the input
surface from the display surface by the thickness of the springs and the reference surface. Further, the
accuracy of the device is limited by the variability of the spring constants of the half-cylindrical springs.’

In an attempt to overcome some of the disadvantages of the above-discussed devices, DeCosta et al. in
U.S. Patent Nos. 4,340,777 and 4,355,202 provide a position locating system in which the display screen
input surface is attached to a rigid body reference surface via pointed members each having a base
supported by a sensor, which may take the form of a piezoslectric element. Although the approach of
DeCosta et al. may have overcome some of the disadvantages of the earlier data entry devices,
nevertheiess, it was still not entirely satisfactory in accuracy for many applications. Particulariy, it has been
found that a typical user will apply a force with his finger to the input surface which has components in the
direction tangential to the input surface as well as perpendicular thereto as his finger presses against the
input surface. These tangential components of the applied force can still produce an inaccurate output in
the system of DeCosta et al.

GB—A—2 089995, corresponding to US—A—4340777, extends the time-averaged force
measurement into the reélease period for short taps. The release peak is not detected.

Reference is aiso made to European Patent Application Publication No. 25282.

The present invention takes advantage of the fact that the release pulse is better defined and more
accurate than the push pulse.

in order that the invention may be fully understood it will now be described by way of example and
with reference to the accompanying drawings in which:

Figure 1 is a front view showing an example of a displayed pattern which may be utilized with a data
input device to which the invention is applicable;

Figure 2 is a perspective view of a faceplate assembly which forms a part of a data entry device to
which the invention is applicable;

Figure 3 is a side view showing the faceplate assembly of Fig. 2 mounted to a rigid support frame and
positioned over cathode-ray tubs;

Figure 4 is a front view of the faceplate-assembly of Fig. 3;

Figure 5 is a schematic diagram of an electronic circuit used to process the output signals produced by
transducers employed in the arrangement of Fig. 3;

Figures 6A and 68 are waveform diagrams showing, respectively, a typical example of an output from
one of the transducers of the arrangement of Fig. 3 as a user applies his finger to the data entry device and
releases it, and of summed outputs from all four sensors;

Figure 7 is a flow chart showing a preferred method of processing the sighals produced by the
transducers of a data entry device to which the invention is applicable;

Figure 8 is a flow chart of a subroutine used in the method of Fig. 7; and

Figure 9 is a schematic diagram of an slectronic circuit used to produce interrupt signais.

Disclosure of the invention

The invention, which is defined by the independent claims 1 and 4, may be practiced by a method for
determining the point of application of a force on a force-sensing data input device in which a plurality of
force-sensing means are disposed at predetermined positions between an input surface and a reference
surface. This method includes steps of summing outputs from each of the force-sensing means, detecting
whether this sum exceeds a first predetermined threshold for pushing, determining whether the sum
exceeds a second predetermined threshold of opposite polarity from the first threshold during release of
the force, detecting a subsequent peak magnitude of the sum, and determining the point of application of
the force in accordance with values of outputs from each of the force-sensing means present at the time
that the peak magnitude of the sum of the cutputs is detected. The step of determining whether the sum
exceeds the second predetermined threshold is inhibited until the first threshold is exceeded. Similarly, the
step of detecting the peak magnitude of the sum is inhibited until the second threshold is exceeded.
Preferably, each of the outputs of the force-sensing means are filtered prior to the step of summing. In a
preferred embodiment, the filtering is carried out in two steps, an analog step and a digital step, both of
which are low-pass filtering steps. The effective cut-off frequency for digital filtering should be lower than
that for analog filtering so as to provide absolute uniformity among the outputs of the force-sensing
means.
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The best mode for practicing invention now known to the applicants wiil now be described in more
detail with reference to Fig. 2 which shows a perspective view of a faceplate assembly utilized in a data
entry device to which the invention is applicable. The faceplate assembly 20 includes a contoured faceplate
25 which is shaped to fit closely to the curved surface of the particular cathode-ray tube with which the data
entry device is to be used. The contoured faceplate 25 is joined to a cut-out, rectangularly shaped flange 21
through supporting side walls 22. The entire faceplate assembly may be molded as an integral unit. In any
event, it is of course necessary that the contoured faceplate 25 be transparent.

Next, referring to Fig. 3, the faceplate assembiy 20 is attached to a rigid mounting plate 23 via force
transducers 32. Spring clips 24 hold the faceplate assembly 20 to the mounting plate 23. The spring
constants of the clips 24 should be sufficiently high that a compressive force is exerted on all transducers
32 for all possible orientations of the faceplate assembly 20. Notches 26 may be formed in both the
faceplate 20 and the mounting piate 23 to accommodate the spring clips 24.

The mounting plate 23 has a cutout formed therein of a shape and size to permit the lateral sides of the
contoured faceplate 25 and supporting side walls 22 to be received therein. The mounting plate 23 is rigidly
mounted at a position such that the faceplate 25 is uniformly spaced from the face of the cathode-ray tube
35 (indicated in Fig. 3 in phantom) with a smail gap of predetermined dimensions left therebetween.

The mounting piate 23 is formed of a conductive material, preferably aluminium or metallized plastic.
Wells 27 are formed in the mounting plate 23 to receive respective ones of the transducers 32, In
accordance with one important aspect of the invention, the transducers 32 are positioned sufficiently below
the surface of the mounting plate 23 as to be effectively shielded from noise in the form of stray
electromagnetic radiation. The mounting plate 23 should thus be connected to the system ground to
enhance the shielding effect.

Electrodes 28 in the form of Be-Cu foil leads are connected to each of the transducers 32. Wires are
connected to these electrodes 28 and can be led out through channels {not shown) cut into the surface of
the mounting plate 23. Rubber pads 33 are provided on both sides of the transducers 32 to prevent
breakage of the transducers 32 and to allow for thermal expansion. In the example given, a thickness of
about 0.25 mm is acceptable for the rubber pads 33. Each assembly of transducer 32, electrodes 28 and two
rubber pads 33 is herein termed a sensor and identified by one of reference numerals 30-1 to 30-4. The
sensors 30-1 to 30-4 are positioned adjacent the four corners of the facepiate 25 as shown in Fig. 4.

Each of the transducers 32 is implemented with a slab or disk of a piezoelectric material. A diameter of
about 7 mm and a thickness of about 0.25 mm is acceptable. The preferred material is a ceramic
piezoelectric materiai, most preferably lead-zirconium titanate. Barium titanate is a further material which
may possibly be used, but lead-zirconium titanate is preferred because it provides a high output voltage
{typically about 10 volts per pound of applied force), it can withstand compressive forces of hundreds of
pounds, works well over a wide range of temperatures, and yet is very inexpensive. Also, a ceramic
piezoelectric element of this type produces an output which has no DC component. This is advantageous in
that uneven static forces on the four transducers do not contribute to and adversely affect the output
signals from the transducers.

Although four transducers are employed in the embodiment shown in the drawings, three transducers
in a triangular arrangement may be used as an alternative.

The circuitry for processing the output signais from the sensors 30-1 to 30-4 will first be described with
reference to Fig. 5. The output from each sensor 30-1 to 30-4 {30-1 in the example of Fig. 5} is applied to the
noninverting input of a respective high-impedance operational amplifier 52 through a low-pass filter
composed of resistors 49 and 51 and a capacitor 50. A JFET-type operational amplifier is preferred far its
very high impedance and stability. To provide unity gain, the output of the amplifier 52 is connected back to
its inverting input. The output of the operational amplifier 52 is AC coupied through a capacitor 53 and
resistor 54 to the inverting input of a second operational amplifier 55. The values of the capacitor 50 and
resistor 49 are chosen to eliminate unwanted transients from the output of the associated sensor which
may be produced, for example, by a user striking his fingernail against the faceplate 25, and also to prevent
amplifier overloading. Thus, the actual values of the capacitor 53 and resistor 54 must be determined taking
into account the mass of the faceplate assembly 20, the spring constants of the spring cilps 24, etc. of the
particular input device.

A feedback capacitor 56 and a feedback resistor 57 are connected between the output and the inverting
input of the second amplifier 55. The values of the capacitor 56 and resistor 57 should be determined to
optimize the signal-to-noise ratio for typical release signals for the particular data entry device. One
complete set of elements 51—57 is provided for each sensor 30-1 to 30-4, only one such set being shown in
Fig. B for purposes of clarity.

The output of each of the four second amplifiers 55 is connected to a respective input of an analog
multiplexer 57. The output of the multiplexer 57 is applied to the input of analog-to-digital converter 58, the
digital output of which is connected by bus 61 to an input port of a computer 60. The computer 60
addresses the multiplexer 57 on a bus 62 with sequences of the four possible input selection values to
periodically connect the outputs of the respective second amplifiers 55 in sequence to the input of the
analog-to-digital converter 58. Digitized samples of the outputs of the second amplifiers 55 are thus
supplied to the computer 60 at predetermined intervals. A clock pulse is also supplied to the
anaiog-to-digital converter 58 on a line 63 of the bus 62 by the computer 60. The frequency of the clock
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pulse on the line 63 should, of course, be equal to the frequency of change of the addressing signal to the
multiplexer 57, that is, for each new vaiue of the address applied to the multiplexer 57, a clock pulse is
applied to the analog-to-digital converter 58 on the line 63.

Figure 6A is a waveform diagram showing an output of one of the second amplifiers 55 for a typical
push-release operation on the faceplate 25. Figure 6A clearly illustrates that the pulse produced for pushing
is lass well defined in waveshape and is of longer duration than the pulse produced upon release. This is
apparently due to the fact that an average user will release his finger from the faceplate much faster than he
will push it against the faceplate. Moreover, it has been found experimentally that the release pulse is
affected far less than the push pulse by lateral forces applied by the user. The invention takes advantage of
the fact that the release pulse is better defined and more accurate than the push pulse to provide a data
entry device having substantially improved accuracy over the prior art arrangements.

In accordance with a preferred embodiment of the invention, output signals from the four sensors 30-1
to 30-4 accurately indicative of the position where the user has placed his finger are derived employing the
following procedure. First, the output signals from all four sensars, that is, the output signals as filtered,
digitized and applied to the computer 80, are summed together to produce a signal SUM (indicated in Fig.
6B}. Then, the positive portion of the signal SUM (corresponding to the push pulse) is examined to
determine if and when it exceeds a first threshold voltage Thy. Once the threshold Th, is surpassed by
SUM, it is accepted that a valid push on the faceplate has been detectad. At that time, sensory feedback is
provided to the user, for instance, by activating a beeper or flashing a light, so that he knows that the
system has accepted his data entry. The release pulse {negative portion of SUM} is then awaited. The
release pulse is not accepted as valid until it has crossed a second, negative threshoid Th,. The magnitude
of Th, should be chosen large enough to ensure that the analog-to-digital converters have enough signal to
minimize quantization errors. Preferably, the magnitude of Th, is one-third to one-half the magnitude of the
threshold Th;,.

Once Th, has been exceeded, the peak of the release pulse is sought. The search of the peak of the
reiease pulse is done by examining successive values of SUM and accepting as the peak value that value
which occurs before SUM turns back towards zero. The sampled and filtered output signals from the four
sensors 30-1 to 30-4 then present are used for computing X and Y, the position of application of the user’s
finger, in 2 manner to be described below.

if the user is slow to release his finger from the faceplate 25 causing an abnormal prolongation of the
release puise {as shown by a dotted line in Fig. 6B}, this is taken as an indication that the release pulses
from the various sensors are not as accurately indicative of the true point of application of the user’s finger
as is desired. For instance, such elongation or smearing of the release pulse will typically occur when the
user is sliding his finger along the faceplate as he removes it from the faceplate. To eliminate such
inaccuracies, the time from tha instant that the first threshold Th, is crossed until the release pulse has
crossed the second threshold Th, is detected. If this time exceeds a fixed reference time period, the data
entry attempt is voided.

The above-discussed operations are summarized in the flowcharts of Figs. 7 and 8. Referring first to
Fig. 7, at the start of the procedure, a subroutine READIT is called and performed. The READIT subroutine is
indicated in Fig. 8. This subroutine consists of four steps. First, the values V, to V,, which are the digital
values inputted to the computer 60 representative of the then-present analog signals from the outputs of
the respective second amplifiers 55, are read and stored. A digital low-pass filtering operation is performed
on each of V, to V, to eliminate unwanted high frequency components. There are a number of digital
filtering technigues which are acceptable for use with the invention. For instance, each of V, to V, can be
filtered by executing either of the following formulas: ’

Vi'in=V {In=1)+{V|{n)-V/{n-1}]J/K,
or
Vi/'{n)=V/(in=1)+[K - Vi(n}-V;"{n—1}I/K,

where V,'(n) is the n-th filtered sample of the i-th one of V, to V, and K is constant. In accordance with
another important aspect of the invention, the value of the constant K shouid be chosen so that the effective
cutoff frequency effected by digital filtering is significantly lower than that of the analog filters in the circuit
of Fig. 5. The reason for this is that nonuniformities among sensor outputs caused by differences in analog
filter component values are thereby reduced, thus providing a high accuracy in the device output without
having to carefully match analog components.

in the third step of the READIT subroutine, a variable LASTSUM is set equal to the previous value of
SUM (=V, +V,' +V,'+V.'). In the final step, the present value of SUM is computed by summing the filtered
values V,’ to V,’ computed in the present iteration of the READIT subroutine.

Returning to Fig. 7, after the first iteration of the READIT subroutine, a test is made as to whether the
present value of SUM has exceeded the first threshold value Th,. If it has not, an acceptable push has not
occurred, and the routine is returned to its start. If Th, has been exceeded, feedback such as activating a
beeper is effected, and the timer for detecting abnormal release pulses is started. The READIT subroutine is
again executed. If Th, has not been exceeded, the READIT subroutine is repeatedly carried out until Th, is
exceeded, that is, untii an acceptable release pulse has been found. Once Th, has been exceeded, the




15

20

25

30

35

40

45

50

55

60

65

0 126 345

search for the peak of the summed released pulses is effected. This is done by again executing the READIT
subroutine successively. If the timer has not run out, that is, if t,—t, as indicated in Fig. 6B has not exceeded
a preset time limit T,, a test is continuously conducted to determine whether the present value of SUM has
fallen below its previous value LASTSUM. Once this occurs, X and Y are computed using the present values
of V,’ to V,’. lf the timer does run out before SUM falls below LASTSUM, the procedure is returned to the
start point to await a new push by the user.

X and Y can be computed using the following formulas:

X=(W/2)[{V,'(N)+V,' (ND={V, NIV (IND IV, NV (N V5 IND VL (NDD,
and
Y=(H/2H{V, IN} V2 (NN~ (V5 (N)+V, (NDIEV, N+ VL (N) -+ V5 (N)+V, N,

where W is the width of the faceplate between two horizontally adjacent sensors, H is the height of the
faceplate between two vertically adjacent sensors, and the index N indicates the values of V," to V,’ at the
instant that the peak of the summed release pulses is found. The values of X and Y so determined can then
be utilized, for instance, to determine which of the menu items the user has chosen simply by comparing
them with lists or formuias which define the boundary areas of the soft keys 13 and 14 indicated in Fig. 1.

Variations on the above-described procedure are also possible within the scope of the invention. For
example, instead of digital filtering as described above, substantially the same effect can be obtained by
storing a number of sequential positional values from the sensors, for instance, five to 10 values, and
averaging them.

Further, to avoid having to make the computer system continuously sequentially test to see whether an
input from the data entry device is available, an interrupt generating circuit may be provided as shown in
Fig. 9. In this circuit, outputs from each of the sensors 30-1 to 30-4 are summed at the input of an
operational amplifier 73 through identical resistors 71-1 to 71-4, The gain of the amplifier 73 is determined
by a feedback resistor 72 having, for example, a resistance equal to a fourth of the resistance of one of the
resistors 71-1 to 71-4. The output from the amplifier 73 is compared with a fixed reference voltage from a
variable resistor 76 by a comparator 75. When the output of the amplifier 73 exceeds the reference voltage,
an interrupt signal is generated.

Yet further, it is advantageous to use a calibration procedure when the device is first put into operation,
and possibly at subsequent maintenance times. For a faceplate with three sensors, or-for a symmetrical
faceplate with four sensors {(or for a symmetrical faceplate with any number of sensors arranged on a
regular polygon}, this may be accomplished by applying a known force to the center of the faceplate,
measuring the outputs from the sensors, determining from the measured outputs appropriate scale factors
to make the outputs uniform, and multiplying the subsequent active outputs of the sensors by the same
respective scale factors.

As an alternative the mounting plate 23 can be integral with the cathode-ray tube.

Claims

1. A method for determining a point of application of force on a force-position-sensing data input
device in which a plurality of force-sensing means are disposed at predetermined positions between an
input surface and a reference surface, comprising the steps of:

{a) summing output signals from each of said force-sensing means;

{d) detecting a peak vaiue of said sum for a polarity of said sum corresponding to release of said force;
and

{e) determining said position of application of said force in accordance with the values of said output
signals of each of said force-sensing means at the time said peak value is detected.

2. The method of claim 1, further comprising the step of (b} inhibiting said step of detecting said peak of
said sum unless said sum has first exceeded a first predetermined threshold for a polarity of said sum
corresponding to pushing by said force.

3. The method of claim 2, further comprising the step of (¢} inhibiting said step of detecting said peak of
said sum unless said sum has exceeded in magnitude a second predetermined threshold for said polarity
of sum corresponding to said release of said force.

4. The method of claim 3, further comprising the step of returning to said step {a) if no peak of said sum
of said outputs of said force-sensing means occurs within a predetermined period of time following the
time said sum of said outputs of said force-sensing means exceeds said first threshold.

5. The method of claim 4, further comprising the step of digitally filtering each of said outputs of each
of said force-sensing means prior to said step (a) of summing said outputs.

6. The method of claim 5, wherein said step of digital filtering comprises determining sequentiai values
of each of said output signals in accordance with the formula:

Viin)=V)'(n—1)+[Viln)-V/(n-1)I/K,
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where V,(n) is an n-th sample of an i-th one of said outputs of said force-sensing means, V,’(n} is a filtered
value of V,(n}, and K is constant.

7. The method of claim 5, wherein said step of digitally filtering comprises determining values of each
of said output signals in accordance with the formula:

V,(n)=V,'(n—1)+[K - Viin}—V, (n—1)I/K,

where V{n) is an n-th sample of an i-th one of said output signals of said force-sensing means, V,'(n} is a
filtered value of V{n), and K is a constant.

8. The method of claim 6 or 7, further comprising the step of filtering each of said outputs of each of
said force-sensing means prior to said step of digitally filtering, and wherein an effective cutoff frequency
for said step of digitally filtering is lower than an effective cutoff frequency for said step of analog filtering.

9. The method of claim 3, further comprising the steps of: prior to said step {a}, {1) summing a
predetermined number of sequential values of said outputs of each of said force sensing means for each of
said outputs of said force-sensing means; (2) averaging each sum of sequential values obtained in said
step (1}; and utilizing the averages obtained in said step (2} as respective ones of said outputs in said steps
(a) to (e).

10. The method of claim 3, further comprising the steps of: applying a force to a center of said input
surface; for each of said outputs of said force-sensing means, determining a scals factor therefor such that
all said outputs of said force sensing means are equal when multiplied by the respective scale factor; and
multiplying subsequent values of each of said outputs of said force sensing means by the respective one of
said scale factors.

Patentanspriiche

1. Verfahren zum Erfassen eines Krafteinieitungspunktes auf einem Kraftpositionssensor-Datenein-
gabegerit, bei dem sine Vielzahl von Kraftsensoreinrichtungen an vorherbestimmten Stellen zwischen
einer Eingabefliche und einer Bezugsflache angeordnet sind, wobei folgende Schritte vorgesehen sind:

(a) Aufsummieren der Ausgangssignale aller Kraftsensoreinrichtungen;

(d) Erfassen eines Spitzenwertes der erwidhnten Summe fir eine Polaritdt der erwdhnten Summe, die
dem Waegfall der Kraft zugeordnet ist, und

(e) Bestimmen der Angriffsstelle der Kraft in Abhéngigkeit von den Werten der erwdhnten
Ausgangssignale eines jeden der Kraftsensoreinrichtungen zu dem Zeitpunkt, zu dem der Spitzenwert
erfafit wird.

2. Verfahren nach Anspruch 1, bei dem zusétzlich der Schritt {b) des Unterdriickens des Schrittes zum
Erfassen des Spitzenwertes der Summe vorgesehen ist, es sei denn, da die Summe zuerst einen
vorherbestimmten Schwellenwert flr eine Polaritdt der erwdhnten Summe (berschritten hat, die dem
Dricken durch die erwdhnte Kraft zugeordnet ist.

3. Verfahren nach Anspruch 2, bei dem zusétzlich der Schritt {c] des Unterdrilckens des Schrittes zum
Erfassen des erwihnten Spitzenwertes der erwdhnten Summe vorgesehen ist, es sei denn, da® die
erwdhnte Summe in ihrer GroRe einen zweiten vorherbestimmten Schwellenwert fiir die erwdhnte
Polaritdt der Summe {iberschreitet, die dem Wegfall der erwdhnten Kraft zugeordnet ist.

4. Verfahren nach Anspruch 3, baei dem zuséatzlich der Schritt des Riickkehrens zum erwédhnten Schritt
(a) vorgesehen ist, wenn keine Spitze der erwdhnten Summe der erwdhnten Ausgangssignale der
erwiahnten Kraftsensoreinrichtung innarhalb eines vorherbestimmten Zeitabschnittes auftritt, der auf die
Zeit folgt, zu dér die erwdhnte Summe der erwidhnten Ausgangssignale der erwéhnten
Kraftsensoreinrichtungen den ersten Schwellenwert lbersteigt.

5. Verfahren nach Anspruch 4, bei dem zusétzlich der Schritt des digitalen Filterns jeden erwédhnten
Ausgangssignales jeder erwdhnten Kraftsensoreinrichtung vor dem erwéhnten Schritt (a) zum
Aufsummieren der erwdhnten Ausgangssigrnale vorgesehen ist,

6. Verfahren nach Anspruch 5, bei dem der erwdhnte Schritt des digitalen Filterns das Bestimmen
aufeinanderfolgender Werte jeden erwédhnten Ausgangssignales entsprechend der Formel

Vi'in)=V/(n—1}+{Vi(n)-V/(n—1)VK

umfalit, wobei V,({n) eine n-te Probe eines i-ten erwdhnten Ausgangssignales der erwédhnten Kraftsensor-
einrichtungen, V,'{n) ein gefilteter Wert von Vi{n} und K eine Konstante ist.

7. Verfahren nach Anspruch 5, bei dem der erwdhnte Schritt des digitalen Filterns das Bestimmen der
Werte jeden erwadhnten Ausgangssignales entsprechend der Formel

Viln)=V/{n=1)+(K - V,(n}-V/{n—1})/K
umfaldt, wobei V,(n) eine n-te Probe eines i-ten erwdhnten Ausgangssignales der erwdhnten Kraftsensor-

einrichtungen, V/'(n} ein gefilteter Wert von V,(n) und K eine Konstante ist.
8. Verfahren nach Anspruch 6 oder 7, bei dem zusétzlich der Schritt des Filterns jeden erwédhnten
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Ausgangssignales jeder erwdhnten Kraftsensoreinrichtung vor dem erwidhnten Schritt des digitalen
Filterns vorgesehen ist, und wobei eine effektive Grenzfrequenz fir den Schritt des digitalen Fiiterns
niedriger als eine effektive Grenzfrequenz fir den erwdhnten Schritt des anafogen Filterns ist.

9. Verfahren nach Anspruch 3, bei dem =zusétzlich folgende Schritte vorgesehen sind: vor dem
erwihnten Schritt (a}, {1) Summieren einer vorherbestimmten Zahl von aufeinanderfolgenden Werten der
erwihnten Ausgangssignale von jeder der erwdhnten Kraftsensoreinrichtungen fiir jedes der erwéhnten
Ausgangssignale der erwdhnten Kraftsensoreinrichtungen; (2) Mitteln jeder Summe der im Schritt (1)
erhaltenen aufeinanderfolgenden Werte; und Verwenden der im Schritt (2} erhaltenen Mittelwerte als
jeweilige Ausgangssignate in den Schritten (a} bis (e}.

10. Verfahren nach Asnpruch 3, bei dem zusétzlich folgende Schritte vorgesehen sind: Anwenden einer
Kraft auf den Mittelpunkt der erwdhnten Eingangsfliche; fur jedes der erwdhnten Ausgangssignale der
Kraftsensoreinrichtungen Bestimmen eines Skalenfaktors dafir in der Weise, dafl alle erwdhnten
Ausgangssignale der erwéhnten Kraftsensoreinrichtungen gleich sind, wenn sie mit dem jeweiligen
Skalenfaktor multipliziert werden; und Multiplizieren nachfolgender Werte jeden Ausgangssignales der
Kraftsensoreinrichtungen mit dem jeweiligen der erwdhnten Skalenfaktoren.

Revendications

1. Procédé pour la détermination d'un point d'application de force sur un dispositif d’entrée de
données a détection de position de force dans {equel une pluralité de capteurs de force sont disposés a des
positions prédéterminées entre une surface d'entrée et une surface de référence, comprenant les
opérations de: .

{a) addition des signaux de sortie de chacun desdits capteurs de force;

{d} détection d'une valeur de pic de ladite somme pour une polarité de cette somme carrespondant au
relaichement de ladite force; et

(e} détermination de ladite position d'application de ladite force, en fonction des valeurs desdits
signaux de sortie de chacun desdits capteurs de force au moment ol ladite valeur de pic est détectée.

2. Procédé suivant la revendication 1, comprenant en outre |'opération de (b} inhibition de ladite
operation de détection du pic de la somme tant que cette somme n’a pas d'abord dépassé un premier seuil
prédéterminé pour une polarité de ladite somme correspondant & une poussée par ladite force.

3. Procédé suivant la revendication 2, comprenant en outre I'opération de {(¢) inhibition de ladite
opération de détection du pic de ta somme tant que cette somme n’‘a pas dépassé en amplitude un
deuxiéme seuil prédéterminé pour ladite polarité de Ja somme correspondant audit relaichement de ladite
force.

4. Procédé suivant la revendication 3, comprenant en outre I'opération de retour a ladite opération {a)
si aucun pic de ladite somme desdites sorties desdits capteurs ne se produit pendant une période
prédéterminée & partir de I'instant ou cette somme des sorties des capteurs dépasse ledit premier seuil.

5. Procédé suivant la revendication 4, comprenant en outre I'opération de filtrage numérique de
chacune des dites sorties de chacun desdits capteurs avant I'opération {a} d'addition de ces sorties.

6. Procédé suivant la revendication 5, dans lequel ladite opération de filtrage numérique comprend |a
détermination de valeurs séquentieties de chacun desdits signaux de sortie, conformément 3 la formule

Vi inm=V/ (n=1}+{{V.(n}=V/'(n=-1)/K,

dans iaquelle V{n} est un n-iéme échantillon d'une i-iéme desdites sorties desdits capteurs, V,’(n) est une
valeur filtrée de V,(n) et K est une constante.

7. Procédé suivant la revendication 5, dans lequel ladite opération de filtrage numérique comprend la
détermination de valeurs de chacun desdits signaux de sortie, conformément & la formule:

Viln)=V/{in=1)+[K - Viln}—V/(n—1J/K,

dans laquelle V{n) est un n-iéme échantiilon d'un i-ieme desdits signaux de sortie desdits capteurs de force,
V/'(n} est une valeur filtrée de V(n) et K est une constante.

8. Procédé suivant la revendication 6 ou 7, comprenant en outre |'opération de filtrage de chacune
desdites sorties de chacun desdits capteurs de force avant ladite opération de filtrage numérique, et dans
lequel une fréquence de coupure effective pour ladite opération de filtrage numérique est inférieure a une
fréquence de coupure effective pour ladite opération de filtrage analogique.

9. Procédé suivant la revendication 3, comprenant en outre les opérations de: avant ladite opération
(a), (1) addition d'un nombre prédéterminé de valeurs séquentieiles desdites sorties de chacun desdits
capteurs pour chacune desdites sorties desdits capteurs de force; {2) détermination de la moyenne de
chaque somme de valeurs séquentielles obtenue dans ladite opération (1); et utilisation des moyennes
obtenues dans ladite opération (2) comme sorties respectives desdites sorties dans lesdites opérations (a)
a (e).

10. Procedé suivant |a revendication 3, comprenant en outre les opérations de: appiication d'une force
a4 un centre de ladite surface d'entrée; pour chacune des dites sorties desdits capteurs de force,

8
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détermination d'un facteur d'échelle correspondant tel que toutes lesdites sorties desdits capteurs de force
sont égales lorsqu’on les multiplie par le facteur d'échelle respectif, et multiplication de valeurs
subséquentes de chacune desdites sorties desdits capteurs de force par le facteur d'échelle respectif
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desdits facteurs d’échelle.
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READIT
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READ Vq,Vo,V3,V3

\

FILTER Vq,V2,V3,V4

Y

LASTSUM = SUM
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