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System for Grounding and Diagnostics.

The invention relates to a system (1) for grounding and
diagnostics, comprising a conductive frame (2) for
mounting a capacitive sensor. In order to provide means
for ensuring and monitoring a grounded condition of a
conductive frame, the invention provides that the system
further comprises a diagnostics circuit (10), by which the
frame (2) is AC grounded and which comprises an electric
source (11) connected to the frame (2) via a first line (5)
and adapted to apply a diagnose signal to the frame (2),
the diagnostics circuit (10) being adapted to provide at
least one quantity that depends on the diagnose signal
and on a ground connection of the frame (2).
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P-IEE-493/LU 1
System for Grounding and Diagnostics

Technical field

[0001] The invention relates to a system for grounding and diagnostics and to a

diagnostics circuit, e.g. to be used in conjunction with a capacitive sensor.

Background of the invention

[0002] Capacitive sensors today are used for a vast variety of applications, like
input devices (e.g. touchpads, capacitive sliders, touch wheels, etc.), proximity

sensors or occupant detection systems.

[0003] There are many different types of capacitive sensors known in the art, but
most of them rely on the following principle. A sensing electrode is disposed so
that an approaching object (person, hand, finger or the like) changes the
capacitance of the sensing electrode with respect to ground. The object of may
also account for dielectric losses, wherefore the sensing electrode in general has
an impedance with a resistance and a reactance, both of which may be influenced
by the object. The changing impedance is measured by a measurement circuit.
For instance, the sensing electrode may be connected to an alternating voltage,
e.g. a square wave voltage, and the current through the electrode, which depends
on its impedance, can be converted by the measurement circuit into a voltage.
This voltage is indicative of the impedance and thus may be used to determine

whether an object is near the sensing electrode.

[0004] In many applications, the sensing electrode is mounted on a conducting
structure, which may be referred to as a frame. For instance, in occupant detection
systems, the sensing electrode is normally disposed within the vehicle seat. In
general, an electric field is formed between the sensing electrode and the metal
components of the vehicle seat, which may be referred to as the seat frame.
Therefore, the impedance on the one hand depends on the proximity of an object,
but also on the grounded condition of the seat frame, i.e. whether the seat frame
properly connected to ground (i.e. the vehicle body) or not (i.e. has a floating
potential). While it is possibie to successfully detect an object even if the seat
frame is not grounded, the capacitive sensor has to be calibrated for a certain

condition of the seat frame (grounded or not grounded), which afterwards has to
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be maintained during the operation of the capacitive sensor. If the condition
changes, this can lead to false detections or non-detections, respectively. Since
occupant detection systems are mostly connected to safety-relevant systems like
seatbelt reminders, airbags and the like, any malfunction of the capacitive sensor

has to be avoided.

Object of the invention

[0005] It is thus an object of the present invention to provide means for ensuring

and monitoring a grounded condition of a conductive frame.

[0006] This problem is solved by a system according to claim 1 and by a

diagnostics circuit according to claim 15.

General Description of the Invention

[0007] The invention provides a system for grounding and diagnostics. In this
context, "grounding" refers to applying, establishing and/or maintaining a

connection to ground.

[0008] The system comprises a conductive frame for mounting a capacitive
sensor. The frame is for mounting a capacitive sensor, i.e. in operational state, a
capacitive sensor is directly or (usually) indirectly mounted on the conductive
frame. The frame, which normally is made of metal, may in particular be a vehicle
seat frame on which one or several capacitive sensors of an occupant detection
system can be mounted or it may be a steering wheel rim of a steering wheel on
which at least one sensor for hand detection is mounted. Either way, since the
capacitive sensor is to be mounted on the conductive frame, the capacitance and
the impedance of the capacitive sensor are influenced by the presence of the
frame. In particular, the impedance depends on whether the frame is grounded

not.

[0008] The system further comprises a diagnostics circuit, by which the frame is
AC grounded and which comprises an electric source connected to the frame via a
first line and adapted to apply diagnose signal to the frame, the diagnostics circuit
being adapted to provide at least one quantity that depends on the diagnose signal
and that enables diagnostics of a grounded condition of the frame. Here and in the

following, "AC grounded"” means connected to ground so that an alternating
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current can flow between ground and the AC grounded element. The frame is AC
grounded by the diagnostics circuit, which implies that the diagnostics circuit itself
has to be AC grounded. As the frame is AC grounded, it has a well-defined electric
potential, wherefore any detrimental effect on measurements by the capacitive
sensor can be avoided. Here and in the following, "connected"” refers to either a

direct connection or an indirect connection via at least one intermediate element.

[0010) However, correct operation of the capacitive sensor depends on whether
the grounded condition of the frame can be maintained. Therefore, the diagnostics
circuit is also adapted for diagnostics of the grounded condition. It comprises a
electric source, which is connected to the frame via a first line. The first line can be
any kind of conductor, like a conductor path on a printed circuit board, a wire or
the like. The electric source may be connecied directly or indirectly, i.e. via at least
one intermediate element, to the first line. In general, it has a wiring resistance,
which possibly cannot be neglected. The electric source, which may be any kind of
voltage or current source, optionally in combination with other elements, is
adapted to generate and apply a diagnose signal to the frame via the first line. The
diagnose signal may be an AC signal or a DC signal. In general, the "response” to
the diagnose signal depends on whether the frame is grounded and if so, how it is
grounded. For instance, the response may depend on an external ground
connection of the frame and on the integrity of the AC connection to ground via the
diagnostics circuit. The diagnostics circuit is adapted to provide at least one
quantity that depends on the diagnose signal and on a ground connection of the
frame. Herein, "providing" the quantity may in particular refer to measuring the
quantity or outputting the quantity for measurement by another device. The at least
one quantity is normally a voltage or a current. It may be considered as a
response to the diagnose signal, wherefore it depends on the diagnose signal, e.g.
on an amplitude and/or a frequency of the diagnose signal. Also, the at least one
quantity is influenced by a ground connection of the frame, e.g. an external ground
connection and/or the (AC) ground connection via the diagnostics circuit.
Therefore, by measuring the respective quantity, it is possible to perform

diagnostics of the ground connection.

[0011] While references made to "a" diagnose signal, the parameters of the

diagnose signal may be changed over time and/or it may be temporarily
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interrupted. In such cases, the diagnose signal could also be considered as a

sequence of signals.

[0012] According to one embodiment, the diagnostics circuit is adapted to provide
at least one quantity that enables determination of at least one of a ground
impedance or a ground shift voltage that the frame has with respect to ground. In
general, the relation of the frame to ground may be described by a ground
impedance and/or a ground shift voltage. The ground impedance is the impedance
between the frame and ground, which may comprise a resistance and a
reactance, due to resistive, capacitive and/or inductive effects. If the frame is
connected to ground, the ground impedance and the ground shift voltage are
characteristic of an external ground connection. The ground shift voltage
represents a voltage shift between the frame (or a structure to which the frame is
connected) and ground. Referring to a vehicle seat or a steering wheel, a non-zero
ground shift voltage may be due to currents flowing through the grounding
connections, which have a non-negligible impedance. It should be noted that
depending on the respective situation, the ground impedance and/or the ground
shift voltage may be negligible or zero. In a case where there the frame has no
external ground connection, the ground shift voltage is undefined and the ground
impedance may be purely capacitive (typically below 200 pf). By providing the
abovementioned quantity, which can be measured by the diagnostics circuit itself
or by another device, at least a partial diagnostics of the relation of the frame to
ground is possible. For instance, if the ground shift voltage is determined, this may
be used to determine an external influence on the diagnostics or to identify a short
circuit between the frame and a voltage source like the car battery. In a situation
where the frame is supposed to be electrically isolated from ground and therefore
should have a floating potential, an unwanted connection to ground can be
detected. Also, if the ground impedance is determined, this may be used to identify
a defect in the external ground connection, e.g. an open circuit or the like. There
are several different ways how the ground impedance or the ground shift voltage
can be determined. One example is to apply a voltage signal or a current signal as
the diagnose signal and to detect a voitage at a specific point within the
diagnostics circuit. This voltage depends on the diagnose signal itself, impedances

within the diagnostics circuit, the ground impedance and the ground shift voltage.
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By sequentially applying two DC signals and measuring the voltage, the ground
impedance as well as the ground shift voltage can be calculated (strictly speaking,
this is an approximation, which is valid, though, if the wiring resistance of the first
line - plus, where applicable, that of the second line - can be neglected). Likewise,
a single AC signal may be applied, which allows to determine the ground
impedance, assuming that the ground shift voltage has no frequency component

having the same frequency as the AC signal.

[0013] The electric source may be a first voltage source. The first voltage source
may be an AC voltage source adapted to apply an AC voltage as the diagnose
signal or a DC voltage source adapted to apply a DC voltage. Alternatively, the
electric source may be a current source. It may either be an AC current source
adapted to apply an AC current as the diagnose signal or it may be a DC current
source adapted to apply a DC current as the diagnose signal. If the electrc source
is an AC voltage source or AC current source, it is preferred that it is adapted to
provide a frequency that is different from a measurement frequency used to
operate the capacitive sensor. If present, the upper harmonics of the two signals
should also be different. However, in general it may be sufficient if there is no
significant correlation between the diagnose signal and the signal used for
measurement, e.g. one may be sinusoidal while the other is a pseudo-random
phase shift keyed signal. The same criterion applies to any AC current sources or
AC voltage sources mentioned below. As long as the frequencies are different as
described, measurement operation of the capacitive senscr and operation of the
diagnostics circuit may be performed simultaneously. Otherwise, operation of the
capacitive sensor needs to be interrupted while the diagnostics circuit is in

operation.

[0014] In particular, but not exclusively, when the electric source is a first voltage
source, it may be connected to the first line via a first impedance element. The first
impedance element can be any element or circuit that has a non-zero or non-
negligible impedance. In general, it may be a resistive, capacitive or inductive
element or a combination of these, e.g. a paraliel connection and/or series
connection. If the first voltage source is a DC voltage source, the first impedance
element is preferably a resistive element (e.g. a resistor). If the first voltage source

is an AC voltage source, the first impedance element is preferably a capacitive
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[0016] Preferably, the diagnostics circuit is adapted to provide a first voltage of a
first output, which is connected to the first node. The first output may, for example,
be connected to an input of a microcontroller or similar measurement device that is
adapted to measure the first voltage, evaluate the result, e.g. by comparison with
predefined threshold values, and optionally output an error signal or warning
signal. The measurement device may be part of the diagnostics circuit or may be

external to the diagnostics circuit.

[0017) According to one preferred embodiment, a second impedance element is
connected between the first node and the first line. In other words, the first node is
connected to the first line (and thus to the frame) via the second impedance
element. Like the first impedance element, the second impedance element can be
any element or circuit that has a non-zero or non-negligible impedance. It may be
a resistive, capacitive or inductive element or a combination of these, e.g. a
parallel connection and/or series connection. If the diagnose signal is a DC signal,
the second impedance element is preferably a resistive element (e.g. a resistor) or
a parallel connection of a resistive element and a capacitive element. If the
diagnose signal is an AC signal, the second impedance element may be a
capacitive element {(e.g. a capacitor). In case of a DC signal, the presence of such
a second impedance element may be employed to detect a short circuit between
the first node and ground. Under normal conditions, the total resistance
encountered by the first signal should be greater than the resistance of the second
impedance element. However, when there is an unwanted DC connection
between the first node and ground, the total resistance may drop to a value below
the resistance of the second impedance element. This, in turn, can be detected

e.g. by measuring the first voltage at the first output.

[0018] In particular in those cases where the external ground connection is
known and well-defined, it may be sufficient if the diagnostics circuit is connected
to the frame by the first line only. In other situations, it may be preferable that the
diagnostics circuit is connected to the frame by a second line. Although reference
is made to a single diagnostics circuit, those parts of the diagnostics circuit that
are connected to the first line and those parts that are connected to the second

line are usually only connected with each other via the frame, i.e. there are
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normally no electric connections between these two parts within the diagnostics

circuit itself.

[0018] Preferably, the second line is connected to a second node, which is at
least AC grounded. In other words, the diagnostics circuit can be AC grounded at
the second node, either exclusively or in addition to the first node being AC
grounded, so that the frame can be AC grounded via the second node and,
optionally, via the first node. It may be advantageous to have an AC ground
connection at both the first node and the second node to provide some
redundancy. As the diagnose signal is applied by the electric source, at least a
part of the corresponding signal flows through the first line, the frame and the
second line to the second node and from there to ground. The second node is at
least AC grounded, which includes the possibility that it is also DC grounded. The
latter configuration is in particular preferred if the diagnose signal is a DC signal.
Such a DC ground connection may be realised by a resistive element alone or by

a parallel connection of a capacitive element and a resistive element.

[0020] According to one embodiment, the diagnostics circuit is adapted to
measure a difference between the first voltage and a second voltage of a second
output connected to the second node. Since the first node and the second node
are connected via the first line, the frame and the second line, the first and second
line and the frame can be assumed to be intact if the difference between the first
and second voltage is below a certain threshold. Therefore, the integrity of the first
and second line and the frame can be verified by a single measurement. In this
context, the electric source may be a voltage source or a current source as

described above and the diagnose signal may be an AC signal or a DC signal.

[0021] In some embodiments, the first output is directly connected to the first
node. In other embodiments, the first output is connected to the first node via a
third impedance element. This may e.g. be the case when no DC current is
allowed to flow through the frame. This means that no DC path may be open
between the frame and ground. Therefore the first, second and/or third impedance
element have to be chosen so that no such DC path is open. Since one possibility
for such a DC path would be through the first line, the first node and the first
output, either the second impedance element (if present) or the third impedance

element has to comprise a capacitance that is only permeable for AC signals.
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line (plus the impedance of the fourth impedance element and of the fifth
impedance element, where applicabie). Thus, an equation system similar to the
one shown in WO 2000/048010 A1, which is based on network analysis and
Kirchhoff's rules, can be applied. Since the impedances of the first, second, fourth
and fifth impedance element are known, these can be eliminated to calculate the
wiring resistances of the first and second line. Applying the principles of WO
1999/059003 A1 to the present case, the first and second voltage sources apply
two signals of same frequency but opposite polarity. The amplitude is adjusted so
that the currents are the same (with opposite polarity) and no current flows from

the frame to ground.

[0025] The invention also provides a diagnostics circuit for a conductive frame for
mounting a capacitive sensor, wherein the diagnostic circuit is adapted for AC
grounding the frame and comprises an electric source adapted for being
connected to the frame via a first line and to apply a diagnose signal to the frame,
the diagnostics circuit being adapted to provide at least one quantity that depends
on the diagnose signal and on a ground connection of the frame. All these terms
have been explained above with respect to the inventive system and therefore will

not be explained again.

[0026] Preferred embodiments of the inventive diagnose circuit correspond to
those of the inventive system.

Brief Description of the Drawings

[0027] Further details and advantages of the present invention will be apparent
from the following detailed description of not limiting embodiments with reference

to the attached drawing, wherein:

Fig.1 is a schematic view of a first embodiment of an inventive system;
Fig. 2 is a schematic view of a second embodiment of an inventive system:;
Fig. 3 is a schematic view of a third embodiment of an inventive system;
Fig. 4 is a schematic view of a fourth embodiment of an inventive system;
Fig. 5 is a schematic view of a fifth embodiment of an inventive system;

Fig. 6 is a schematic view of a sixth embodiment of an inventive system; and
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Fig. 7 is a schematic view of a seventh embodiment of an inventive system.

Description of Preferred Embodiments

[0028] Fig.1 shows a first embodiment of an inventive system 1 for grounding and
diagnostics, which may be used in connection with a occupant detection system or
a hands-on detection system in a vehicle. It comprises a frame 2 (represented by
a frame node), which can be a seat frame or a steering wheel rim, respectively,
and a diagnostics circuit 10. The frame 2, on which a capacitive sensor (not
shown) is to be mounted, has an external ground connection characterised by a
ground impedance 3 and a ground shift voltage 4. The ground impedance 3 is the
impedance between the frame 2 and ground, and can be resistive, capacitive,
and/or inductive. The ground shift voltage 4 is present inside the wiring of a vehicle
due to currents flowing through the grounding connections which have a non-

negligible impedance.

[0029] The frame 2 is connected to the diagnostics circuit 10 via a first line 5
having a first wiring resistance 6 and being connected to a first circuit port 10.1
and via a second line 7 having a second wiring resistance 8 and being connected
to a second circuit port 10.2. The diaghostics circuit 10 is adapted for a situation
where a DC current may be injected into the frame 2, which is not always allowed
or possible, and where the external ground connection is undefined (i.e. present,

absent or not known).

[0030] A first electric source 11, which in this case is a first voltage source 12, is
connected via a first impedance element 13, in this case a resistor, to a first node
14, which is AC grounded via a first capacitor 16. The first node 14 is also
connected to a first output 15 and is connected to the first line 5 via a second
impedance element 17, which in this case is a parallel connection of a first resistor
18 and a second capacitor 19. The first output 15 may be connected to an ADC
input of a micro controlier (which is not shown here). The second line 7 is
connected to a second node 20, which is AC grounded via a third capacitor 21 and
DC grounded via a second resistor 22. In this embodiment, the frame 2 is AC
grounded via first and second capacitors 16, 19 as well as via third capacitor 21
whereby a redundant AC grounding is provided. It would be possible to omit e.g.

first and second capacitors 16, 19. The first voltage scurce 12 may be an AC
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voltage source or a DC voltage source. The resistors 18, 22 may be omitted if it is

an AC voltage source.

[0031] In order to perform diagnostics, the first voltage source 12 applies an
diagnose signal with at least two different DC voltage levels. For each of these
voltage levels, the voltage at the first output 15 is measured (either by the
diagnostics circuit 10 or by some external measurement device). This voltage is
defined by the known voltage level of the first voltage source 12, the first and
second impedance element 13, 17, the unknown first and second wiring resistance
6, 8, the ground impedance 3 and the unknown ground shift voltage 4. By
evaluating the results of the two measurements, the equivalent source voltage and
equivalent source resistance of a series connected voltage source and resistance
(Thévenin equivalent circuit), connected between ground and the first circuit port
10.1 can be calculated. The calculated source resistance comprises a contribution
from the first wiring resistance 6, whereby the remaining resistance between the
frame 2 and ground must be smaller than the calculated source resistance. The
calculated source voltage can in addition be used to diagnose a short circuit
between the first circuit board 10.1 or frame 2 to an external voltage source which
has a larger voltage level than the ground shift voitage 4, for example battery

voltage.

[0032] Measurement of the voltage at the first output 15 also allows to determine
a total impedance and a total resistance. To this respect, the first resistor 18
allows to detect a short circuit between the first node 14 and ground, as the total
measured resistance must always be higher than the resistance of the first resistor
18.

[0033] Alternatively, the first voltage source 12 can also supply an AC voltage
signal. Preferably, the frequency of the AC voltage signal is different from the
measurement frequency of the capacitive measurement system (and preferably
their respective harmonics are different). In general, it may be sufficient if there is
no significant correlation between the diagnose signal and the signal used for
measurement. This allows the parallel operation of the capacitive measurement
system and the diagnostics circuit 10 without creating a disturbance between the

two. If the two frequencies are the same, both measurements have to be
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resistance. The same applies to a third impedance element by which the first
output 15 is connected to the first node 14. Also, the DC ground connection via the
second resistor 22 has been eliminated. In this embodiment, the first voltage
source 12 of course has to be an AC voltage source. In this embodiment, the first
voltage source 12 could be replaced by a current source and the first impedance
element 13 could be omitted. The AC grounding and diagnostics is similar to the
embodiment of Fig.1, except that an AC only path exists between the frame 2 and
ground. Here, too, it would be possible to connect the second node 20 to the

second output 24 in order to perform a difference measurement of two voltages.

[0038] Each of the embodiments shown in figs. 1 to 4 can be simplified for the
case that the frame 2 is already connected in a defined way to ground externally,
via the impedance 3. In this case, the third capacitor 21 and the second resistor 22

can be omitted.

[0039] Fig.5 shows another embodiment of an inventive system 1 for a situation
where a DC current is not allowed to be injected into the frame 2, and where the
external connection between frame 2 and ground is undefined (present, absent or
not known). Here again, the first, second and third impedance element 13, 17, 25
are chosen so that an AC only path exists between the first circuit port 10.1 and
ground. The diagnostics circuit 10 comprises a first transimpedance amplifier 26
having a signal input 26.1, a reference input 26.2 and an output 26.3. The signal
input 26.1 is connected via the first impedance element 13 to the first node 14
while the reference input 26.2 is connected to a second voltage source 27. The
second line 7 is connected to a third voltage source 29 via a fourth capacitor 28.
Optionally, the third voltage source 29 can be the guard voltage source of a
capacitive loading mode measurement circuit, and the fourth capacitor 28 can be
the capacitance between a guard electrode and the frame 2. In this case, second

wiring resistance 8 has 0 Ohms.

[0040] In a first step, the third voltage source 29 generates an AC voltage, and
the second voltage source 27 is deactivated. A current flows through the fourth
capacitor 28, the second wiring resistance 8, the first wiring resistance 6, the
second impedance element 17, and the first impedance element 13 into the signal
input 26.1 of the first transimpedance amplifier 26 and generates a corresponding

output voltage on the output 26.3. If there is a break in the connection between the
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first circuit port 10.1 and frame 2, no current flows into the first transimpedance
amplifier 26 and there is no output voltage on the output 26.3, which can be used
as a criteria to output an error signal or the like. Another cause for a negligibte
current into the signal input 26.1 may however also be that the ground impedance
3 is so low that substantially all the current provided by third voltage source 29
flows into ground. Therefore, a second measurement step is performed. The
second source 27 is switched on and generates an AC signal with a frequency
which is preferably different from the capacitive measurement frequency (and
thereby from the signal of the third voltage source 29, if this is the guard voltage
source). Thereby, the first transimpedance amplifier 26 helps keeping the frame 2
at AC ground for the capacitive measurement frequency. Alternatively, if the
frequency is the same, the third voltage source 29 must be temporarily switched
off. which also interrupts the capacitive measurement. Since the voltage at the
signal input 26.1 follows the voltage of the reference input 26.2, it is substantially
defined by the second voltage source 27. Therefore, the current flowing through
the reference input 26.2, and thereby the voltage on the output 26.3, is indicative
of the current flowing through the first wiring resistance 6. Therefore, a potential
interruption can be inferred from the voltage level of output 26.3. The first output
15 is optional in this embodiment and allows the detection of a direct short of the

first capacitor 16, as in the embodiments of fig. 1 to 4.

[0041] The embodiment of Fig.5 can be simpilified for the case where the frame 2
is already connected in a defined way to ground externally via the ground
impedance 3. In this case, the fourth capacitor 28 and third voltage source 29 can

be omitted.

[0042] Fig.6 shows an embodiment which allows the exact measurement of the
wiring resistances 6 and 8, and the ground impedance 3. Regarding the
components connected to the first line 5, this embodiment is identical to the
embodiment shown in fig. 5. However, a signal input 36.1 of a second
transimpedance amplifier 36 is connected via a fourth impedance element 30 to a
third node 32 which in turn is connected via a fifth impedance element 35 to the
second line 7. Like the first node 14, the second node 32 is AC grounded via a fifth
capacitor 34 and is connected to a third output 33 via a sixth impedance element

38. The reference input 36.2 of the second transimpedance amplifier 36 is
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connected to a fourth voltage source 37. The second transimpedance amplifier 36
and the fourth voltage source may be considered as parts of a second electric
source 31. The first and the fourth voltage source 27, 37 each generate AC
voltages with a frequency which is different from the capacitive measurement
frequency. This allows the transimpedance amplifiers 26, 36 to help to keep the
circuit ports 10.1, 10.2 at AC ground at the capacitive measurement frequency. If
any of the frequencies of voltage sources 27, 37 is the same as the capacitive
measurement frequency, the diagnostics and capacitive measurement cannot be

performed at the same time.

[0043] By setting AC voltage sources 27, 37 to different levels, the wiring
resistances 6, 8 and the ground impedance 3 can be determined by applying the
methods described in WO 1999/059003 A1 or WO 2000/048010 A1, respectively.

[0044] Fig.7 shows a seventh embodiment of an inventive system 1, which may
be regarded as a combination of the embodiments of Fig.1 and Fig.5. The second
voltage source 27 generates an AC voltage on the signal input 26.1 of
transimpedance amplifier 26. Similar to the embodiment in Fig.1, the output
voltage of output 26.3 is indicative of the equivalent series impedance of a

Thévenin equivalent circuit as described for the embodiment in Fig.1.
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PATENTANSPRUCHE

. Ein System (1) zur Erdung und Diagnose, das Folgendes aufweist:

- einen leitenden Rahmen (2) zum Befestigen eines kapazitiven Sensors;

und

- eine Diagnoseschaltung (10), durch die der Rahmen (2)
wechselstromgeerdet ist und die eine elektrische Quelle (11) aufweist,
die mit dem Rahmen (2) liber eine erste Leitung (5) verbunden und
ausgestaltet ist, um ein Diagnosesignal an den Rahmen (2) anzulegen,
wobei die Diagnoseschaltung (10) ausgestaltet ist, um mindestens eine
GroBe bereitzustellen, die von dem Diagnosesignal und einer

Erdverbindung des Rahmens (2) abhangt.

. System gemaB einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass die Diagnoseschaltung (10) ausgestaltet ist, um
mindestens eine GrdBe bereitzustellen, die die Bestimmung einer
Erdungsimpedanz (3) und/oder einer Erdungsverlagerungsspannung (4), die
der Rahmen (2) im Hinblick auf Masse hat, ermdglicht.

. System gemaB einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass die elektrische Quelle (11) eine erste

Spannungsquelle (12) oder eine Stromquelle (23) ist.

. System gemaB einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass die elektrische Quelle (11) mit der ersten Leitung (5)

iiber ein erstes Impedanzelement (13) verbunden ist.

. System gemaB einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass die elekirische Quelle (11) mit der ersten Leitung (5)

{iber einen ersten Knoten (14), der wechselstromgeerdet ist, verbunden ist.
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6. System gemaB einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass die Diagnoseschaltung (10) ausgestaltet ist, um eine
erste Spannung eines ersten Ausgangs (15), der mit dem ersten Knoten

(14) verbunden ist, bereitzustellen.

7. System gemaB einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass ein zweites Impedanzelement (17) zwischen dem

ersten Knoten (14) und der ersten Leitung (5) angeschlossen ist.

8. System gemaB einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, dass die Diagnoseschaltung (10) mit dem Rahmen (2)

Uber eine zweite Leitung (8) verbunden ist.

9. System gemaB einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass die zweite Leitung (7) mit einem zweiten Knoten

(20), der zumindest wechselstromgeerdet ist, verbunden ist.

10.System gemaB einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, dass die Diagnoseschaltung (10) ausgestaltet ist, um
einen Unterschied zwischen der ersten Spannung und einer zweiten
Spannung eines zweiten Ausgangs (24), der mit dem zweiten Knoten (20)
verbunden ist, zu messen.

11.System gemaB einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass der erste Ausgang (15) mit dem ersten Knoten (14)
{iber ein drittes Impedanzelement (25) verbunden ist.

12.System gemaB einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass die elekirische Quelle (11) einen ersten

Transimpedanzverstarker (26) aufweist, mit einem Bezugseingang (26.2),
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der mit einer zweiten Spannungsquelle (27) verbunden ist, und mit einem

Signaleingang (26.1), der mit dem ersten Knoten (14) verbunden ist.

13.System gemaB Anspruch 12, dadurch gekennzeichnet, dass die zweite

Leitung (7) mit einer driten Spannungsquelle (29) tber ein

Kapazitanzelement (21) verbunden ist.

14.System gemaB Anspruch 12, dadurch gekennzeichnet, dass die

Diagnoseschaltung (10) einen zweiten Impedanzverstarker (36) mit einem
Bezugseingang (36.2) aufweist, der mit einer vierten Spannungsquelle (37)
verbunden ist, und mit einem Signaleingang (36.1), der mit einem dritten
Knoten (32) verbunden ist, der wechselstromgeerdet und mit der zweiten
Leitung (8) verbunden ist, und dass die Diagnoseschaltung (10) ausgestaltet
ist, um eine dritte Spannung eines dritten Ausgangs (33), der mit dem dritten
Knoten (32) verbunden ist, bereitzusteilen.

15.Eine Diagnoseschaltung (10) flr einen leitenden Rahmen (2) zur

Befestigung eines kapazitiven Sensors, wobei die Diagnoseschaltung (10)
zur Wechselstrom-Erdung des Rahmens (2) ausgestaltet ist und eine
elekirische Quelle (11) aufweist, die zur Verbindung mit dem Rahmen (2)
iiber eine erste Leitung (5) ausgestaltet ist und um ein Diagnosesignal an
den Rahmen (2) anzulegen, wobei die Diagnoseschaltung (10) ausgestaltet
ist, um mindestens eine GroBe, die von dem Diagnosesignal und einer

Erdverbindung des Rahmens (2) abhangt, bereitzustellen.

LU100745
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Abstract

The invention relates to a system (1) for grounding and diagnostics, comprising a
conductive frame (2) for mounting a capacitive sensor. in order to provide means for
ensuring and monitoring a grounded condition of a conductive frame, the invention
provides that the system further comprises a diagnostics circuit (10), by which the
frame (2) is AC grounded and which comprises an electric source (11) connected to
the frame (2) via a first line (5) and adapted to apply a diagnose signal to the frame
(2), the diagnostics circuit (10) being adapted to provide at least one quantity that

depends on the diagnose signal and on a ground connection of the frame (2).

(Fig. 1)
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Box No.t Basis of the opinion

1. This opinion has bean established o the basis of the latest set of claims filed before the start of the search.

. With regard to any nucleotide andior aming acid sequence distlosed inthe application and necessary o the
claimed invention, this opinion has been established on the basis of:

a. type of material:
0 asequence fisting
L1 table(s) related to the sequence listing
b. format of materiat:
O onpaper
0 i electronic form
¢. time of fingfamishing:
0 contained in the application as filed.
3 filedtogether with the application in slectronic form.

L1 furnished subsegusntly:

3. L1 in addition, in the case that more than ona version or copy of a sequence listing andior tabils relating therelo

has been filed or furnished, the requirad siatements that the information in the subsaquent or additional
copias is identical to Hhat inthe application as filad or dogs not go bayond the application as filad; as
appropriate, were furnished.

- Additional comniants:

Box No. V' Reasoned statement with regard to noveity, inventive step and industrial applicability;
citations and explanations supporting such statement

1. Statement

)

Novelty Yes: Claims
Nov Claims 118
inventive step ¥Yes: Claims

No:  Claims 115

ndustrial applicability Yes: Claims 15
Neoo Glaims

Citations and explanations

see separate sheet
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Box No. VIl Certain defects in the application

The following defects inthe form or contents of the application have been noted:

see separate sheet

Box No. Vit Certain observations on the application

see separate sheet
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Certain observations on the application

The following claims are not clear for the reasons below,

1.1

31

3.2

s

Claim 6 is appended to any of the preceding claims. However, the "first node”
referred o in claim 8 has only been defined in claim 5, thereby introducing
ambiguity as to the dependencies of claim 8.

For analogous reasons, claims 7,11,12 lack clarity.

Claim 10 is appended to any of the preceding claims. However, the "second
node” referrad to in claim 10 has only been defined in claim @, thereby
introducing ambiguity as to the dependencies of claim 10.

Claim 9 is appended to any of the preceding claims. However, the "second

infroducing ambiguity as to the dependencies of claim 9.

For analogous reasong, claims 13,14 lack clanty.

Claim 11 is appended to gny of the praceding claims. However, the "first
output™ referrad to in tlaim 11 has only been defined in claim §, thereby
introducing ambiguity as to the dependencies of claim 1.

The term "impedance amplifisr” in line 2 of claim 14 should read
"transimpedance amplifier”, see description, paragraph 42.

in line & of claim 1, a comma should be inserted after the sign M)

Reference sign "(8)” in line 2 of claim 8 and line 5 of claim 14 should read
u{?}i;‘

The term “least” inline 2 of claim 9 should be removed, see description,
paragraph 30.

Fvrey LLIRE7-3 Ixeprrate sheat] (danuary 2007 (st 1}
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Reasoned staterent with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made 1 the following documenis:

D1

D2

L3

1.1

WO 2016/131639 A1 (IEE INT ELECTHONICS & ENG SA [LU)) 25
August 2018 (2016-08-25)

WO 2014/122197 A1 {IEE SARL [LU]) 14 August 2014 (2014-08-14)

EP 1112 502 A1 (AUTOMOTIVE SYSTEMS LAB [US]) 4 July 2001
(2001-07-04)

The present application does not meet the criteria of patentability, because
the system of independent claim 1is not new.

D1 {the references in parentheses applying to this document} discloses
asystem for grounding and diagnostics (see system of fig.1), comprising

- & conductive frame {sensing electrode 14, baing as such condustive and
having a meandering pattern, represents a conductive frame, see fig.1 and
paragraph 58}

for mounting a capacitive sensor (said conductive frame is suitable for
mounting a capacitive sensar); and

~ a diagnostics circuit, by which the frame is AC grounded (the frame is
capacitively coupled to grounded reference electrode, which is the electrically
conductive seat structure, said capacitance being defined as part of the
diagnostics circull, so that the frame is AC grounded by the diagnostics
circuit, see paragraphs 59, 60}

and which comprises an elsctric source (signal generating unit 18, see
paragraph 61)

connected o the frame via g first line (see paragraph 61 and fig. 1),

Foir LURRT- D dxaparsis shaeli tisnnayy BOGT (shaey 23
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3.1

and adapted to apply a diagnose signal to the frame {signal generating unit
18 is adapted to generate a periodic time-dependent signal that is to be
applied fo sensing slectrode 14 of the the capacilive sensor member 12, see
paragraph 813,

the diagnostics circuit being adapted to provide one quantity that depends on
the diagnose signal and on g ground connection of the frame (sensing circuit
20 is adapted to determine the complex impedance of the sensing electrode
14 relative to the grounded reference electrode, sald complex impedance
depending on the periodic time-dependent signal and also on whether the
sensing electrode 14 is ground-connected or not, see paragraphs 59-61,63).

Hence there is no feature by which the claimed system can be distinguished
from the one known from D1,

The circuit of independent claim 15 is not new in view of the passages cited
in paragraph 1.1 above.

The system of claim 1 and the cireuit of claim 15 are also known from D2-
D3, see the respective Qassagessited in the Search Re;}cr‘t

in particular, D2 (see paragraphs 28-29 and fig.2) discloses

a conductive frame {seat pan 20 as part of the seat frame, see paragraph 20)
AC grounded by ground conductor 84 {or ground conductor 58) ot a
diagnostics circuit (see paragraphs 28-29 and fig.2),

the diagnostics circuit further comprising an electric source {oscillator 30, see
paragraph 28 and fig.2) connected to the frame 20 (see fig.2 and paragraph
28}

and adapted

to apply a diagnose signal {o the frame {the output of the oscillator 30
provides a current flow across the resistor 42, closed switch 40.1 and ground
conductor 54, see paragraph 28}, and

to provide one quantity (voltage drop across resistor 42 sensed by
microcontroller 32, see paragraph 28),

Fovre LU saparats shaati lleniusry 2087 (shaet B



WRITTEN OPINION Agplication number
{SEPARATE SHEET) LU100745

3.1.1

oy
o

41

4.4

4.5

4.6

4.7

depending on the diagnose signal and a ground connection of the frame (said
voltage drop depends on the output of the oscillator 30 and on the guality of
ground connection of ground conductor 54, see paragraph 28).

The system of claim 1 and the circuit of claim 15 are also known from the
embodiment of fig.4 of D2 (see paragraphs 45-46).

Regarding D3 {see .9. paragraphs 10-13, 56-57 and fig.1). via electrode 26,
an glectric source is capacitively connected to grounded seat frame and
adapted to gapagitively apply a diagnose signal to the seat frame 34.

E}epenciem claims 2<14 do not appear to contain any additional features
which, in combination with the features of any claim to which they refer, meet
the reguirements of novelty. the reasons being as follows:

D1 discloses the embodiment of claim 2 {complex impedance of the sensing
glectrode 14 relative to the grounded reference electrode, see paragraphs
59.60.83).

D1 discloses the embodiment of claim 3 {signal generating unit 18}

D1 discloses the embodiments of claims 4,7 (part of the connection ling ~
having per s an ohmic resistance - between signal generating unit 18 and
sensing electrode 14 in fig.1).

D1 discloses the embodiment of claim 8 (sensing electrode 14 comprises the
two seat heater members 44 each connected to signal generating unit 18 via
a respective ling, which lines form a Y connection in fig.1, see paragraph 58,
thereby also disclosing the second line).

D1 discloses the embodiments of claims 5,9 {the sensing electrode 14 and
the first and the second fing - per se including & firstand a second node ~ are
capacitively coupled to grounded reference electrode and are therefore per se
AC grounded, see paragraphs 53, 60}

D1 discloses the embodiments of claims 8,11 {the first cutput is represented
by any part of the connsction izinebemeﬁn‘sigzn'al genera‘tihg unit 18 and
sensing electrade 14 in fig.1. Any ohmic line resistance per se represents an
impedance).

D2 discloses the embodiment of claim 10 {voltage difference between 44
and 48 in fig.2, see paragraphs 28,22}.

Fovrn LR 2 saparats shaati ileniusry 2087 (shaet 43
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4.8 D2 discloses the embodiment of elaim 12 {first ransimpedance amplifier 128,
sacond voltage source 164 in fig.4, see paragraphs 31-32).

4.9 D3 discloses the embodiments of claims 1214 (see fig.14a and paragraphs
58,61}

Re ltem Vi

Certain defects in the international application

1 The relevant background art disclosed in D2 or disclosed in D1 is not

mentioned in the description, nor is one of these documents identified therein,

2 The indepeﬂdent claims arg not in the two-part fojrm; which in the present
case would be appropriate, with those features knowt in combination from
the prior art being placed in the preamble and the remaining features being
included in the characternsing part.

Fvrey LLIRE7-3 Ixeprrate sheat] (danuary B00T) (s £}



