
19 N° de publication : LU100745
LE GOUVERNEMENT
DU GRAND-DUCHÉ DE LUXEMBOURG
Ministère at: LEcononsie

©
(2?) N° de dépôt: LU100745

(22) Date de dépôt: 27/03/2018

BREVET D'INVENTION
(51) Int. Cl.:

G01R 27/02, H03K 17/955

B1

(30) Priorité: (72) Inventeur(s):
LAMESCH Laurent - 8558 Reichlange (Luxembourg), 
PÜTZ Michael - 54292 Trier (Allemagne)

(43) Date de mise à disposition du public: 01/10/2019

(47) Date de délivrance: 01/10/2019

(74) Mandataire(s):
OFFICE FREYLINGER S.A.-
8001 STRASSEN (Luxembourg)

(73) Titulaire(s):

IEE International Electronics & Engineering S.A. -
6468 Echternach (Luxembourg)

54 System for Grounding and Diagnostics.

57J 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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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 possible 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 tike 

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.

[0009] 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 connected 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 voltage 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 electric 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 sensor 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 parallel 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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e te ment (e g s capacitor) or s combination of a capacitive element ano a msishve 

elemsmt h is understood teat the first impedance element gives rise te a voltage 

drop if a current flows through it The voltage drop te characteristic of the current 

and. fo; a given voltage ot the tust voltage source the current so turn is 

characteristic of the total impedance to which the voltage ts applied {and possibly 

other voltages e a the above-mentioned ground shift voilage). Therefore if Is 

possible te deduce characteristics like the ground shift voltage and foe ground 

impedance from the voltage drop at the first impedance element If the electee 

source is a current source, the fost impedance element may be omitted The 

curium applied by the imrrerit source in general leads to a voltage drop at each 

element it flows through. For instance the ground impedance leads to a voltage 

drop that in turn, has an influence on the voltage st a specific point within the 

diagnostics imcuii. Tins voltage may -also be influenced by a non-zero ground shift 

voltage Therefore, s voltage measurement tor several measurements'! within the 

diagnostics circuit may be used to identify the ground impedance sno.for the 

ground shift voltage.

=00151 The electee source may be connected te the first line via a first node, 

which is AC grc=i.înded In general lhe first node is only a reference point along an 

electric connection between the electric source and the first Imo However, apart 

from being connected to the first hne and the elect! ic source, the first node has a 

connection to ground via a capacitive element (e g a capacitorl I e st is AC 

grounded This may be realised by a conductor branching off a connection 

between tne electric source and the first hne In this embodiment, at least one (and 

possibly the only? AC ground connection of the diagnostics circuit is realised via 

the first nude It is understood that it' the diagnose signal is an AC signal an 

electric current flows through lhe first node and the above-mentioned capacitive 

element to ground If the diagnose signal =s a DC Signal no current should flow 

through the first node and the capacitive element te ground If, however, a 

significant direct current flow ss detected, (his can he attributed to a short circuit or 

soma defect of the capacitive element. If the diagnostics circuit comprises the first 

impedance element, the first impedance element is connected between the 

electric source and the first node
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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 fine and those parts that are connected to the second 

line are usually only connected with each other via the frame, i.e. there are 



P-IEE-493/LU 8 LU100745

normally no electric connections between these two parts within the diagnostics 

circuit itself.

[0019] 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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(0022) According to one embodiment, (he electric source comprises a first 

trarisimpedanœ amplifier, having a reference input connected io a second voltage 

source and a signal input connected to the fir st node. By the characteristics of the 

transimpedance amplifier. the voltage al signai input follows the voltage at trie 

reference input, which is defined by (tie second voltage source? Tue 

transimpedance amplifier also has an output where a voltage is provided that is 

proportional to the current slowing through the signal input If for instance, a 

connection between the frame and (fie first node via the first line is defective, the 

current through the signal input becomes negligible and thus also the voltage at 

the output The signai input may be connected to the first node via the first 

impedance element. Further, first node is preferably connected to the first line via 

trie second impedance element and is connected to the first output via the third 

impedance element The firsu second and third impédance element are preferably 

chosen so that no DC path exists between the frame and ground.

(0023j in combination with the above-mentioned transimpedance amplifier, the 

diagnostics circuit preferably composes a second fine as described above 

According to one preferred embodiment, the second line is AC grounded, i e. 

connected io ground via a capacitive element. It may be connected to the 

abovementioned second node, which is AC grounded. According to another 

embodiment, the second line is connected to a third voltage source via a 

capacitance element One might also say that the second line is capacdiveiy 

coupled or AC coupled to the third voltage source, it is understood that the third 

voltage source is an alternating voltage source The third voltage source could be 

a guard voltage source of a measurement circuit of the capacitive sensor and the 

capacitance element could be the capacitance between the corresponding guard 

electrode and trie frame. The diagnostics circuit may be adapted to. in a first step, 

activate the third voltage source and deactivate the second voltage source, and, m 

a second step, activate the second voltage source In the first step, a current is 

supposed to flow into the signal input of the transimpedance amplifier, if. however 

the connection between the third voltage source and the signal input is damaged, 

trie current may become negligible. However, such st negligible current could also 

be due to the ground impedance being very low, wherefore the current originating 

from the third voltage source almost entirely flows through the ground impedance 
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to ground However. in the second step, the third voltage source is deactivated 

and by activating the second voltage source, the voltage at the signal input follows 

the voilage at the reference input Under these circumstances, a rsone-egligibie 

current. Hows through the signal input unless the connection between the signal 

input and the frame is interrupted.

10024] According to one embodiment. the diagnostics circuit may comprise two 

transimpedance amplifiers More specifically, ihe diagnostics c-rcuit comprises (m 

addition to the first transimpedance amplifier) si second transimpedanoe amplifier 

having a reference input connected io a fourth voltage source and a signal input 

connected to a third node that ts AC grounded and connected to the second line, 

while the diagnostics circuit is adapted to provide (and optionally measure) a third 

voltage of a third output connected to the third node. In particular, the diagnostics 

circuit may compose two parts that am similar or aven identical in setup Thus, the 

reference input of the first transimpedance amplifier may be connected to the 

second voltage source while its signal input Is connected to the first node via the 

first impedance element, while the firs! node in turn is connected to the first fine via 

the second impedance element and to the firsi output via the third impedance 

element Similarly, the reference input of the second transimpedance amplifier 

may be connected to the fourth voltage source while its Signal input is connectée 

to the third node via a fourth impedance element, while the third node m turn is 

connected io the second via a fifth impedance element and to the third output via 

the sixth impedance element The first to sixth impedance element are preferably 

adapted to provide an AC only path between the frame and ground. This 

embodiment allows for an exact measurement of the respective resistances ct the 

first fine and the second line as well as the ground impedance, a g by applying 

methods described in WO 1999/0590Ö3 Al and WO 2000/048010 Al Refernng to 

Fig 1 in WO 2000/0480'10 A1; for example, the voltage sources 100 and 101 are 

equivalent to me first and second voltage source m this embodiment In the 

present case, currents are measured with the first and secund transimpedance 

amplifier While m WO 2000/048010 At. three capacitances are calculated, the 

same principle can be applied Io calculating the ground impedance. the resistance 

of the first sine (plus the impedance of the first impedance element and of the 

second impedance element, where applicable) and the resistance of ths second
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line (plus the impedance of the fourth impedance element and of the fifth 

impedance element, where applicable). Thus, an equation system similar to the 

one shown in WO 2000/048010 A1, which is based on network analysis and 

Kirchhoffs 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 diagnostics 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 controller (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 source 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 voltage 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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performed allernatlngly Similar requirements apply to other AC voilage sources 

and AC current sources referred to below

[00341 By generating an AC signal of known characteristics. the influence of the 

ground shift voltage 4 on the diagnostics measurement recuit ss eliminated, 

provided that mere Is no correlation between the signals generated by first voltage 

source 12 and the ground shift voltage 4 In order to measure tne equivalent 

source resistance above, only one AC voltage level generated by the first voltage 

source 12 and one measurement on eutput 15 is sufficient.

i'0i)3o] F'lg. 2 shows a secund embodiment of an inventive system 1. which is 

largely identical to the embodiment shewn in tig 1 sind therefore will not be 

explained in detail again However, the first impedance element 13 has been 

omitted and the first electric source 11 is a DC or AG current source 23 of known 

output current level. Ail measurements described for the system 1 In Fig. 1 can be 

applied m the same manner to the system 1 m Füg 2 by setting the appropriate 

current level and AC or DC operation mode of current source 23

[00301 F ig 3 shows a third embodiment of an Inventive system 1. which is largely 

identical to the embodiment shown in ilg 1 However the second node 20 is 

connected to a second output 24 which may be e g. connected to the same 

microcontroller as the first output IS According to this embodiment no sequential 

DC measurements are required. The first voltage source 12 applies a DC voltage, 

and the voltage difference between tne first and second output lb. 24 is measured 

and evaluated if the voltage difference is below a predetermined threshold, the 

connections between the circuit ports 10.1. 10 2 and frame 2 pre deemed to be 

intact. Similar to the second embodiment in Fig.2. the first voltage source 12 could 

be replaced by a current source 23 and first impedance element 13 could be 

omitted,

[0G37] Rg<4 shows a fourth embodiment of an inventive system 1, which agblh is 

largely similar to the embodiment shown m fig 1. However, this embodiment is 

designed for a Situation where a no DC current may be injected into the frame 2. 

and where the external connection between iteme and ground is undefined 

(present, absent or not known) in order to prevent any DC current flowing 

between the frame 2 and ground, the first and second impedance element 13. 17 

are either purely capacitive or a senes connection oi a capacitance and a 
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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 negligible 

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 simplified 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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List of Reference Symbols

1 system

2 frame

3 ground impedance

4 ground shift voltage

5, 7 line

6, 8 wiring resistance

10 diagnostics circuit

10.1, 10.2 circuit port

11, 31 electric source

12, 27, 29, 37 voltage source

13, 17, 25, 30, 35, 38 impedance element

14, 20, 32 node

15, 24, 33 output

16, 19, 21, 28, 34 capacitor

18, 22 resistor

23 current source

26, 36 transimpedance amplifier

26.1, 36.1 signal input

26.2, 36.2 reference input

26.3, 36.3 output
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PATENTANSPRÜCHE

1. 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) über 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 

Größe bereitzustellen, die von dem Diagnosesignal und einer 

Erdverbindung des Rahmens (2) abhängt.

2. System gemäß einem der vorhergehenden Ansprüche, dadurch 

gekennzeichnet, dass die Diagnoseschaltung (10) ausgestaltet ist, um 

mindestens eine Größe bereitzustellen, die die Bestimmung einer 

Erdungsimpedanz (3) und/oder einer Erdungsverlagerungsspannung (4), die 

der Rahmen (2) im Hinblick auf Masse hat, ermöglicht.

3. System gemäß einem der vorhergehenden Ansprüche, dadurch

gekennzeichnet, dass die elektrische Quelle (11) eine erste

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

4. System gemäß einem der vorhergehenden Ansprüche, dadurch

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

über ein erstes Impedanzelement (13) verbunden ist.

5. System gemäß einem der vorhergehenden Ansprüche, dadurch 

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

über einen ersten Knoten (14), der wechselstromgeerdet ist, verbunden ist.
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6. System gemäß einem der vorhergehenden Ansprüche, 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 gemäß einem der vorhergehenden Ansprüche, dadurch 

gekennzeichnet, dass ein zweites Impedanzelement (17) zwischen dem 

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

8. System gemäß einem der vorhergehenden Ansprüche, dadurch 

gekennzeichnet, dass die Diagnoseschaltung (10) mit dem Rahmen (2) 

über eine zweite Leitung (8) verbunden ist.

9. System gemäß einem der vorhergehenden Ansprüche, dadurch 

gekennzeichnet, dass die zweite Leitung (7) mit einem zweiten Knoten 

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

10. System gemäß einem der vorhergehenden Ansprüche, 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 gemäß einem der vorhergehenden Ansprüche, dadurch 

gekennzeichnet, dass der erste Ausgang (15) mit dem ersten Knoten (14) 

über ein drittes Impedanzelement (25) verbunden ist.

12. System gemäß einem der vorhergehenden Ansprüche, dadurch 

gekennzeichnet, dass die elektrische Quelle (11) einen ersten 

Transimpedanzverstärker (26) aufweist, mit einem Bezugseingang (26.2), 



3

5

10

15

20

LU100745

der mit einer zweiten Spannungsquelle (27) verbunden ist, und mit einem 

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

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

Leitung (7) mit einer dritten Spannungsquelle (29) über ein 

Kapazitanzelement (21) verbunden ist.

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

Diagnoseschaltung (10) einen zweiten Impedanzverstärker (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, bereitzustellen.

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

Befestigung eines kapazitiven Sensors, wobei die Diagnoseschaltung (10) 

zur Wechselstrom-Erdung des Rahmens (2) ausgestaltet ist und eine 

elektrische Quelle (11) aufweist, die zur Verbindung mit dem Rahmen (2) 

über eine erste Leitung (5) ausgestaltet ist und um ein Diagnosesignal an 

den Rahmen (2) anzulegen, wobei die Diagnoseschaltung (10) ausgestaltet 

ist, um mindestens eine Größe, die von dem Diagnosesignal und einer 

Erdverbindung des Rahmens (2) abhängt, bereitzustellen.
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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 

5 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).

10 (Fig. 1)
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Box No. IBasis of the opinion

T, This opinion has been established on the basis of the latest set of claims filed before foe start of the search.

2. With regard to any nucleotide a odor amino acid sequence disclosed io the application and necessary io the 
claimed invention, this opinion has been established on the basis of:

a. type of material:

□ a sequence listing

□ tablets) related to the sequence listing

b. format ofmaterial:

□ on paper

□ in electronic: form

c. time of Wngtfumishing:

□ contained in the application as filed.

□ filed together with the application in electronic form.

O furnished subsequently.

3. □ In addition, in the case that more than one version or copy of a sequence listing andbr table relating thereto
has been filed or furnished., the required statements that the information in the subsequent or additional 
copies is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished.

..4,. .Additional comments:

Bex No. V Reasoned statement with regard to novelty, Inventive step and inditstria! applicability ; 
Citations and explanations supporting such statement 

.2., Citations and explanations

1, Statement

Novelty Yes: Claims
No' Claims

Inventive step Yes- Claims
No; Claims 1-

industriai applicability Yes. Claims
Nd; Claims

1·

see separate sheet
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Box No; VII Certain äefects tn the application

The toilowing defects in the form or contents ot the application have been noted:

see separate sheet

Box No. Viil Certain observations on the application 
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ReJMmVllI

Certain observations on the application

The foliowing claims are not ciear for the reasons below.

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

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

2 Claim 10 is appended to any of the preceding ciaims. However, the "second 
node" referred to in claim 10 has only been defined in claim 9. thereby 
introducing ambiguity as to the dependencies of ciaim 10.

3 Claim 9 is appended to any of the preceding claims. However, the "second 
iine" referred to in claim 9 has oniy been defined in claim 8, thereby 
introducing ambiguity as to the dependencies of ciaim 9.

3.1 For anaiogous reasons, claims 13,14 lack clarity.

3.2 Claim 11 is appended to any of the preceding daims. However, the "first 
output" referred to in claim 11 has oniy been defined in claim 6, thereby 
introducing ambiguity as to the dependencies of ciaim 11.

4 The term "impedance amplifier" in iine 2 of claim 14 should read 
’’transimpedance amplifier", see description, paragraph 42.

5 in iine 5 of claim 1, a comma should be inserted after the sign ”(5)’*.

6 Reference sign ”(8)” in line 2 of claim 8 and line 5 of claim 14 should read

7 The term 'least' in iine 2 of claim 9 should be removed, see description, 
paragraph 30.

Ststm LliSS7-'3 isepatste .-sbeei) ÎJsnuarÿ i-'ùitî'i (ishixs: 1}
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Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

DI WO 2016/131639 AI (IEE INT ELECTRONICS & ENG SA [LU]) 25
August 2016 (2016-08-25)

D2 WO 2014/122197 At (IEE SARL [LU]) 14 August 2014 (2014-08-14)

D3 EP 1 112 502 Al (AUTOMOTIVE SYSTEMS LAB [US]) 4 July 2001 
(2001-07-04)

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

1.1 D1 (the references in parentheses applying to this document) discloses

a system for grounding and diagnostics (see system of fig. 1 ), comprising

- a conductive frame (sensing electrode 14, being as such conductive and 
having a meandering pattem, lopresents a conductive frame, see fig. 1 and 
paragraph 58)

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

- a diagnostics circuit, by which the frame is AG grounded (the frame is 
capacitively coupled to grounded reference electrode, which is tne electrically 
conductive seat structure, said capacitance being defined as pait of the 
diagnostics circuit, so that the frame is AC grounded by the diagnostics 
circuit, see paragraphs 59. 60)

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

connected to the frame via a first line (see paragraph 61 and fig 1 ), 
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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 to sensing electrode 14 of the the capacitive sensor member 12, see 
paragraph 61),

the diagnostics circuit being adapted to provide one quantity that depends on 
the diagnose signal and on a 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, said 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).

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

2 The circuit of independent claim 15 is not new in view of the passages cited 
in paragraph 1,1 above.

3 The system of claim 1 and the circuit of claim 15 are also known from D2- 
D3, see the respective passages cited in the Search Report.

3.1 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 54 (or ground conductor 58) of 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 tig.2 and paragraph 
28)

and adapted

to apply a diagnose signal to 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),
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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 quality of 
ground connection of ground conductor 54, see paragraph 28).

3.1,1 The system of clai m 1 and the ci rcuit of claim 15 are also known from the 
embodiment of fig.4 of D2 (see paragraphs 45-46).

3.2 Regarding D3 (see e.g. paragraphs 10-13, 56-57 and fig. 1 ), via electrode 26, 
an electric source is capacitively connected to grounded seat frame and 
adapted to capacitively apply a diagnose signal to the seat frame 34.

4 Dependent 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 requirements of novelty, the reasons being as follows:

4 1 D1 discloses the embodiment of claim 2 {complex impedance of the sensing 
electrode 14 relative to the grounded reference electrode, see paragraphs 
59,60,63).

4.2 DI discloses the embodiment of claim 3 (signai generating unit 18).

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

4.4 Di 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 line, which Sines form a Y connection in fig.1, see paragraph 58, 
thereby also disclosing the second line),

4.5 D1 discloses the embodiments of claims 5,9 (the sensing electrode 14 and 
the first and the second line - per se including a first and a second node - are 
capacitively coupled to grounded reference electrode and are therefore per se 
AG grounded, see paragraphs 59, 60).

4.6 DI discloses the embodiments of claims 6,11 (the first output is represented 
by any part of the connection line between signal generating unit 18 and 
sensing electrode 14 in fig.1. Any ohmic line resistance per se represents an 
impedance),

4.7 D2 discloses the embodiment of claim 10 (voltage difference between 44 
and 46 in fig.2, see paragraphs 28,22).
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4.8 D2 disdoses the embodiment of claim 12 (first transimpedance amplifier 128, 
second voltage source 164 in fig.4, see paragraphs 31-32).

4.9 03 discloses the embodiments of claims 12*14 (see fig. 14a and paragraphs 
58,61).

Re Item VII

Certain defects in the international application

1 The relevant background art disclosed in D2 or disclosed in D1 is not 
mentioned in the description, noris one of these documents identified therein.

2 The independent claims are not in the two-part form, which in the present 
case would be appropriate, with those features known in combination from 
the prior art being placed in the preamble and the remaining features being 
included in the characterising part.
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