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(54) Force monitoring system

(57) A force monitoring system, particularly for use in signature verification apparatus, comprises a pad
assembly having a base member (1) and a flexible pad member (5) on which forces are applied in use. A
pair of superposed arrays of substantially parallel conductors are positioned between the base member (1)
and the flexible pad member (5) with the conductors of one array transverse to the conductors of the
other, the arrays being normally biased apart and one array being movable towards the other in response
to forces applied on the pad member (5). A contact detection system detects changes in potential
between conductors of the arrays when a force is. applied to the electrical pad member (5) to determine
the position of the applied force. The upper array is provided on a piezoelectric member {(4) so that the
applied force can be monitored by monitoring potentials generated by the piezoelectric member (4) in use.
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The drawingS originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
Force monitoring systém

The invention relates to a force monitoring
system, for example for use in the field of
signature verification.

We have described in our copending British
Patent Application No.8526113 a special type
of pressure pad which accurately measures
the position of a writing instrument relatively
to the surface of the pad.

An additional characteristic which it is often
desirable to determine for a signature is the
variation in force with which a writing instru-
ment is urged against the pad while the signa-
ture is written. An example of a known sys-
tem for monitoring force is described in US
Patent Specification No.4,513,437 which illus-
trates the use of a special writing instrument
in which is housed a piezoelectric transducer.
The special writing instrument is attached via
an umbilical cord to the signing tablet. This
system is not particularly advantageous due to
the requirement of the special pen and due to
the connection between the pen and the tab-
let which can effect hand movements.

In accordance with one aspect of the pre-
sent invention, a force monitoring system
comprises a pad assembly onto which forces
are applied in use, position detection means
partly positioned on or in the pad assembly
for detecting the position on the pad as-
sembly of an applied force, force monitoring
means including a piezoelectric member of the
pad assembly responsive to an applied force
to generate signals related to the variation in
maghnitude of an applied force with time, and
sampling means for sampling at intervals the
positions of applied forces determined by the
position detection means and signals gener-
ated by the piezoelectric member.

The force monitoring system according to
the invention provides a number of significant
advantages over the known systems de-
scribed above. In particular, the force monitor-
ing system allows not only the variation in
magnitude of the applied force to be moni-
tored but also the position of the applied
force so providing considerable detail on the
signature or other information being written. In
addition, no special writing instrument or con-
nection between the writing instrument and
the pad assembly is required. The ability to
use a conventional writing instrument permits
a more accurate response from the writer be-
cause there is no cord to effect hand move-
ments. Furthermore, a normal pen or pencil
does not have the problem of potential dam-
age as does a special pen. Thus, the force
monitoring system is completely self-con-
tained.

The pad assembly and position detection
means may be provided by any conventional
system based for example on monitoring the
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flexure of a flexible pad member at different
positions around the pad member but prefera-
bly the pad assembly comprises a base mem-
ber, and a flexible pad member overlying the
base member and on which forces are applied

_in use, and the position detection means com-

prises a pair of superposed arrays of substan-
tially parallel conductors positioned between
the base member and the flexible pad member
with the conductors of one array transverse to
the conductors of the other, the arrays being
normally biased apart, and one array being
movable towards the other in response to the
application of forces on the pad member, and
contact detection means for detecting changes
in potential between conductors of the arrays
when a force is applied to the flexible pad
member to determine the position of contact
of the applied force on the pad assembly.

Preferably, one of the arrays is provided on
the piezoelectric member of the pad assembly,
the force monitoring means being responsive
to potentials generated by the piezoelectric
member when a force is applied to the pad
assembly to provide an indication of the varia-
tion in magnitude of the applied force with
time.

The use of a piezoelectric member is parti-
cularly advantageous since this automatically
generates electrical potentials in response to
applied forces without the need for an exter-
nal voltage supply. The piezoelectric member
may be attached (bonded) to the flexible pad

- member or may constitute the flexible pad

member.

In some-cases, the force monitoring means
may include a number of electrical conductors
additional to the conductors of the position
detection means. Preferably, however, the
force monitoring means comprises a number
of the conductors of the array of the position
detection means provided on the piezoelectric
member.

This provides a particularly simple arrange-
ment since the conductors of the force moni-
toring means do not interfere with the con-
ductors of the position detection means lead-
ing to very accurate position detection.

Conveniently, the sampling means, which
typically comprises processing means such as
a microcomputer, is adapted to strobe the
conductors of one array in turn singly or in
groups and to monitor the voltage on all the
conductors of the other array, the sampling
means being adapted to isolate the said num-
ber of conductors on the piezoelectric member
from the contact detection means in order to
detect potentials due to compression of the
piezoelectric member. To this end, the sampl-
ing means may include one or more switches
which are closed to connect a voltage source
with the conductors to enable operation of the
position detection means and are opened to
enable operation of the force monitoring
means.
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The arrays of conductors may be arranged
in any conventional manner but conveniently,
at least the array of conductors on the piezoe-
lectric member comprises a number of blocks

“of substantially parallel first conductors, the

conductors of each block being electrically
connected to respective coarse common con-
ductors, with second conductors being posi-
tioned between each pair of first conductors
of each block, corresponding conductors from
each block being electrically connected to- re-
spective common fine conductors. Preferably,
the said conductors of the force monitoring

-means comprise the coarse common conduc-

tors of the array provided on the piezoelectric
member. This is the preferred arrangement,
because, if the fine conductors were also
monitored for force profiles, this would require
more complex electronics. '

Typically, the coarse common conductors
are connected to a summing amplifier to pro-
vide an output signal related to the variation in
force applied to the flexible pad member.

In accordance with a second aspect of the
present invention, a pad assembly for use
with a force monitoring system comprises a
base member; a flexible pad member overlying
the base member and on which forces are
applied in use; and a pair of superposed ar-
rays of substantially parallel conductors posi-
tioned between the base member and the
flexible pad member with the conductors of
one array transverse to the conductors of the
other, the arrays being normally biased apart,
and one array being movable towards the
other in response to the application of forces
the pad member, wherein one of the arrays is
provided on a piezoelectric member of the pad
assembly.

The main application for this invention is in
the field of signature verification but the force
monitoring system could be used in a wide
variety of other fields where the variation in
applied force is to be determined.

In order that the invention may be better
understood, an embodiment of a force moni-
toring system according to the present inven-
tion will now be described with reference to
the accompanying drawings, in which:

Figure 1 is a cross-section through the pad
assembly of the system;

Figure 2 illustrates a simplified conductor ar-
ray;

Figure 3 illustrates in block diagram form
the position detection arrangement;

Figure 4 illustrates in block diagram form
the position detection arrangement in more
detail;

Figure 5 illustrates in block diagram form
the force monitoring system;

Figure 6 illustrates a number of pulse se-
quences; and,

Figure 7 is a circuit diagram of the sample/-
hold strobe and- decoder clock generator.

The force monitoring system to be de-
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scribed is for use in a signature verification
application and includes a pressure pad as-
sembly shown in Figure 1. The pad assembly
has an earthed aluminium base plate 1 onto
which is bonded a flexi-circuit 2 which has an
array of gold plated copper conductors on a
Kapton base. A spacer member 3 extends
around the edge of the flexi~circuit 2 and sup-
ports a second flexi-circuit 4. This second
flexi-circuit is composed of a piezoelectric ma-
terial which is photo-etched in a similar man-
ner to the flexi-circuit 2 into a similar array of
electrical conductors. The electrical conductors
of the circuit 4 are orthogonal to those of the
circuit 2, each array of conductors being ar-
ranged in blocks to be described below. A
suitable material for the flexi-circuit 4 is polyvi-
nylidene fluoride with a metalisation of either
aluminium, nickel, or both. An example of a
commercial material which is suitable is a film
manufactured by the Pennwalt Corporation and
sold under the registered trade name of Kynar.

The flexi-circuit 4 is surmounted by a stain-
less steel diaphragm 5 to which it is bonded
to provide a flexible pad member.

In use, a writing material such as paper is
placed onto the diaphragm 5 and the user
signs his name on the paper. The signing ac-
tion, using a conventional pen, causes the dia-
phragm 5 to flex at the position at which the
pen is applied thus causing the flexi-circuit 4
to flex. This flexure causes the conductors on
the flexi-circuit 4 adjacent the position of ap-
plied pressure to be brought close to or into
contact with the adjacent conductors on the
flexi-circuit 2. In addition, flexure of the ma-
terial of the flexi-circuit 4 causes a local po-
tential difference to be generated due the pie-
zoelectric effect. ]

The arrangement of the conductors in each
array is of the form shown in Figure 2. This
illustrates in simplified form the conductors of
the array on the flexi-circuit 4 which are
spaced in the Y direction. The conductors on
the flexi-circuit 2 are similarly arranged but are
orthogonal to those on the flexi-circuit 4 being
spaced in the X direction and typically com-
prise eleven blocks of coarse and fine conduc-
tors.

The array shown in Figure 2 is divided into
three blocks 6-8 which, in this simplified ar-
rangement, each have three coarse conductors
8 linked to common, respective coarse con-
ductors 10-12. Interleaved between each pair
of coarse conductors 8 is a respective fine
conductor 13-15 corresponding fine conduc-
tors being connected with respective common

7 fine conductors 16-18.

125

130

In other arrangements (not shown), more
than one fine conductor could be interleaved
between coarse conductors, or some inter-
leaved conductors could be omitted.

In principle, the position of a writing instru-
ment is determined initially by locating the
block 6-8 of coarse conductors 8 in which the

i
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writing instrument is located and then by de-
termining the position within that block from
the information derived from the fine conduc-
tors 16-18.

In a practical application, each block of con-
ductors 6-8 will comprise sixteen coarse con-
ductors and sixteen fine conductors.

The conductors of the X array are con-
nected to an interface/encoder 19 (figure 3)
which in turn is connected to a microcomputer
20. The microcomputer 20 is connected with
a decoder/driver 21 which is connected in -
turn to the Y array conductors.

The system is shown in more detail in Fig-
ure 4. The decoder/driver 21 comprises two
four to sixteen line decoders one of which 21’

" is shown. Each of the sixteen output ports of
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the decoder 21’ is connected to a respective
fine conductor similar to the fine conductors
16-18 shown in Figure 2, while three of the
output ports of the other decoder are con-
nected to respective coarse conductors 10-
12. Each coarse conductor of the X array is
coupled via a respective line to the encoder
18 and is also coupled to a potential V via
respective switches 22 and resistors 23.

The encoder 19 comprises a number of six- .

teen to four line encoders, for instance a mi-
crocomputer controlled peripheral interface
adaptor with parallel inputs and parallel out-
puts.

In operation, the switches 22 are closed to
connect the V, line with the resistors 23 and
a high potential is applied to each of the Y
conductors via the decoder 21. The micro-
computer 20 then outputs an address for each
of the three Y coarse conductors in sequence
causing a zero voltage strobe pulse to be ap-
plied to the addressed coarse Y conductors.
Thereafter each of the fine Y conductors,
which normally carry a high voltage, are also
strobed in sequence. The encoder 19 effec-
tively scans each of the X lines and when a
pulse is detected on one of the X lines the
address of the line is fed to the microcompu-
ter 20. The presence of a pulse on one or
more of the X lines results from the move-

ment of one or more of the Y conductors

towards the X conductors in response to an
applied force and will occur when the Y con-
ductor or conductors concerned is strobed. At
the least pulses will be detected on one of
the common coarse K conductors indicating
the block and on one of the-common fine x
conductors indicating the position within the
block. In this way, all the Y lines are strobed
and the X lines monitored to determine the
position of an applied force at spaced inter-
vals in time.

To obtain information on the force with
which a writing instrument is pressed onto the
pad member 5, use is made of the piezoelec-
tric property of the member 5 on which the Y
array conductors are mounted. Figure 5 shows
the three blocks 6-8 of Y conductors. Each
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block, as previously described, has sixteen .
coarse conductors 9 (labelled C1, C2, and C3
in Figure 5) and sixteen interleaved fine con-
ductors two of which are shown for each
block labelled F1, F2. Again, as previously de-
scribed, each of the coarse conductors is con-
nected via a respective common conductor
10-12 to the decoder 21. Bach set of fine
conductors is connected via a respective com-
mon conductor, two of which are shown in
Figure B, labelled 16, 17, to the decoder 21.

In addition to their connection to the deco-
der 21, all the coarse conductors are coupled
via respective impedances 24, 26, 27 to a
common summing amplifier 28. The output
from the summing amplifier 28 which is an
analogue signal is fed to a sample/hold circuit
29. The output from the sample/hold circuit
29 is filtered in a filter circuit 30 and con-
verted to digital form in an analogue/digital
converter 31 to produce an eight bit digital
code which is fed to the microcomputer 20.
The elements 24, 26-31 shown in Figure 5
are indicated by a single box 25 in Figure 3.

It should be noted that the fine conductors
are not used for monitoring force profiles be-
cause this would require an extra sixteen re-
sistors 23 and switches 22. In practice, when
the fine conductors are traversed by a writing
instrument, there will always be one or more
coarse conductors activated by the applied
force. The force profile is not lost although
the amplitude is reduced by about 50%. This
is compensated for by the amplifier 28.

It is necessary to isolate the signals gener-
ated in the conductors 9 due to the piezoelec-
tric effect from the signals produced by the
decoder/driver 21 while strobing the conduc-
tors. The pulse diagrams labelled A-C in Fig-
ure 6 illustrate the strobe zero voltage pulse
applied to each of the sets of coarse conduc-
tors 9 during a single strobe of all the Y
conductors. Thus, pulse diagram 6A indicates
at 32 the start of a zero voltage pulse and at
33 the end. of the pulse. As soon as the zero
voltage pulse to the coarse conductors C1
ends, a similar pulse is applied to the coarse
conductors C2 and then to the coarse conduc-
tors C3 (see figures 6B,6C). Subsequently all
the fine conductors Fi-F16 are pulsed in a
similar manner. During the pulsing of the fine
conductors, the switches 22 are closed.

During each strobe pulse of the coarse con-
ductors C1-C3, a strobe signal G (pulse dia-
gram 6D) is generated for a relatively short
period. This signal is fed to the sample/hold
circuit 29. During the existence of this strobe
pulse, the switches 22 are opened by feeding
the strobe pulse along lines 40 (Figures 3 and
4) thus breaking the connection with the V,,
line and isolating the Y array conductors from
the potential applied from the decoder/driver
21. During this period, the output from the
amplifier 28, which is substantially solely due
to the potential relative to the earthed base
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plate -1 generated by the piezoelectric effect in
response to the applied force, is sampled by
the sample/hold circuit 29. This provides an
indication of the force applied either in abso-
lute or relative terms. The piezoelectric output
does not provide an absolute force measure-
ment. Being a capacitive device it provides an
output proportional to dF/dt ie. the differential
of force with respect to time. This signal
does, however, provide all of the dynamic fre-
quency content of a true (absolute) force pro-
file. For instance signing time, number of pen
lift-offs, frequency of hand movements are all
readily measurable, together with a force wa-
veform which is virtually unique for a particular
signer. ) : .

After filtering and conversion to digital form,
a “force’” value is fed to the microcomputer
20. Pulse diagrams 6E-8G indicate the signals
output from the amplifier 28, sample/hold cir-
cuit 29 and the filter 30 respectively.

As soon as the signal from the amplifier 28
has been sampled the strobe signal G ceases
and the switches 22 close. :

The interference caused by the multiplexed
signals on the conductors is significantly re-
duced by sampling the analogue signal from
the amplifier 28 after a delay from the start of
a voltage strobe pulse on the corresponding
coarse conductors. The delay is indicated at
34 in Figure 6D. Further attenuation is pro-
vided by the earthed base plate 1 and the
conductive cover (stainless steel or rubber) 5.

Further interference in high impedance circu-
its is caused by electromagnetic mains radia-
tion at 50 or 60 Hz. This can occur for a
variety of reasons. To reduce this, a circuit
has been devised (Figure 7) for generating the
strobe clock signal for the driver/decoder 21
and the sample/hold strobe signal G. This cir-

" cuit includes a transformer 35 coupled to a

mains supply, the output of the transformer
being fed to a diode bridge 36 which gener-
ates full wave rectified. sine signals which are
fed to a zero-crossing comparator 37. This
generates a clock signal at IOms intervals each
time the input mains passes through a null
point. This signal is fed in parallel to a fre-
quency multiplier 38 and a delay circuit 39.
The output from the frequency multiplier 38
provides a multiplexer/decoder clock control
signal at a higher frequency than the rectified

~ mains (100Hz) to operate the decoder/driver

55

60-

65

21 while the output from the delay circuit 39
constitutes the strobe signal G used to control
the sample/hold circuit 29. As previously
mentioned, the sample/hold strobe signal
must be synchronised and delayed from the
waveforms on the X and Y circuits to prevent
excessive radiation pick up.

Frequency multiplication can be achieved
with a single chip phase-locked-loop or by us-
ing the microcomputer to monitor the mains
period (10ms) with its dedicated internal coun-
ter, and generating the clock as before. The
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monitoring would be necessary only at fairly
long intervals since there is no rapid change in
line frequency. Using this technique, individual
Y conductors could be strobed at for example
0.1 ms, the complete pad scanned in 5 ms
and the force profile monitored in 10 ms,
therefore providing low noise, mains synchron-
ised data in XY position and force.

CLAIMS

1. A force monitoring system comprising a
pad assembly onto which forces are applied in
use, position detection means partly posi-
tioned on or in the pad assembly for detecting
the position on the pad assembly of an ap-
plied force, force monitoring means including a
piezoelectric member of the pad assembly re-
sponsive to an applied force to generate sig-
nals related to the variation in magnitude of an
applied force with time, and sampling means
for sampling at intervals the positions of ap-
plied forces determined by the position detec-
tion . means and signals generated by the pie-
zoelectric member.

2. A force monitoring system according to
claim 1, wherein the pad assembly comprises
a base member, and a flexible pad member
overlying the base member and on which
forces are applied in use, and the position
detection means comprises a pair of super-
posed arrays of substantially parallel conduc-
tors positioned between the base member and
the flexible pad member with the conductors
of one array transverse to the conducteors of
the other, the arrays being normally biased
apart, and one array being movable towards
the other in response to the application of
forces on the pad member, and contact detec-
tion means for detecting changes in potential
between conductors of the arrays when a
force is applied to the flexible pad member to
determine the position of contact of the ap-
plied force on the pad assembly.

3. A system according to claim 2, wherein
one of the arrays is provided on the piezoe-
lectric member of the pad assembly, the force
monitoring means being responsive to poten-
tials generated by the piezoelectric member
when a force is applied to the pad assembly
to provide an indication of the variation in
magnitude of the applied force with time.

4. A system according to claim 3, wherein
the force monitoring means comprises a num-
ber of the conductors of the array of the posi-
tion detection means provided on the piezoe-
lectric member.

5. A system according to claim 4, wherein
the sampling means is adapted to strobe the
conductors of one array in turn singly or in
groups and to monitor the voltage on all the
conductors of the other array, the sampling
means being adapted to isolate the said num-
ber of conductors on the piezoelectric member
from the contact detection means in order to
detect potentials due to compression of the

a
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piezoelectric member.

6. A system according to any of claim 2 to
5, wherein at least the array of conductors on
the piezoelectric member comprises a number
of blocks of substantially parallel first conduc-
tors, the conductors of each block being elec-
trically connected to respective coarse com-
mon conductors, with second conductors be-
ing positioned between corresponding pairs of
the first conductors of each block, corre-
sponding second conductors from each block
being electrically connected to respective com-
mon fine conductors. .

7. A system according to claim 6, when
dependent on claim 4 or claim 5, wherein the
said conductors of the force monitoring means
comprise the first conductors of the array pro-
vided on the piezoelectric member.

8. A system according to claim 7, wherein
the coarse common conductors are connected
to a summing amplifier to provide an output
signal related to the variation in force applied
to the flexible pad member.

9. A force monitoring system substantially
as hereinbefore described with reference to
the accompanying drawings.

10. A signature verification system including
a force monitoring system according to any of
the preceding claims; and processing means
responsive to output signals from the position
detection means and the force monitoring
means to generate a represéntation of a sig-
nature written on the pad assembly.

11. A pad assembly for use with a force
monitoring system, the pad assembly compris-
ing a base member; a flexible pad member

.overlying the base member and on which

forces are applied in use; and a pair of super-
posed arrays of substantially parallel conduc-
tors positioned between the base member and
the flexible pad member with the conductors
of one array transverse to the conductors of
the other, the arrays being normally biased
apart, and one array being movable towards
the other in response to the application of
forces the pad member, wherein one of the
arrays is provided on a piezoelectric member
of the pad assembly.

12. A pad assembly substantially as herein-
before described with reference to the accom-
panying drawings.
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