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(g) Method of operating a capacitive sensor system for vehicle trunk opener and robust capacitive sensor system.

Abstract: A method of operating a capacitive loading-mode 
sensor system with regard to generating a trigger signal 
(32) indicative of an occurrence of an event, the capacitive 
loading-mode sensor system comprising at least one 
capacitive sensor (28, 30) a sensor control unit (16) 
configured for operating the at least one capacitive sensor 
(28, 30) in loading mode and including a signal generating 
unit (18) and a signal evaluation unit (20), wherein, based 
on acquired real part and imaginary part of the 
momentary sensor output signal, an absolute value of 
change of at least one out of a complex impedance or a 
complex admittance sensed by the at least one capacitive 
sensor (28, 30) is determined, and a trigger signal (32) is 
generated by the signal evaluation unit (20) if at least one 
predetermined condition concerning the determined 
absolute value of change of the complex impedance or the 
complex admittance is fulfilled. (Figure 5) 92919
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Method of Operating a Capacitive Sensor System for Vehicle Trunk Opener 

and Robust Capacitive Sensor System

Technical field

[0001] The present invention relates to method of operating a capacitive loading

mode sensor system with regard to generating a trigger signal indicative of an 

occurrence of an event, a control system for controlling activation of a motor- 

driven vehicle door member using such method, and a software module for 

carrying out the method.

Background of the Invention

[0002] Automatic actuation of motorized tailgates of motor vehicles controlled by 

using capacitive sensors is known in the art.

[0003] For instance, utility model document DE 20 2005 020 140 U1 describes a 

motor vehicle door arrangement with at least one motor vehicle door and a drive 

for motorized movement of the motor vehicle door from the closed position into the 

open position and from the open position into the closed position. The 

arrangement further comprises a control for triggering the drive, the control being 

assigned an optionally actuatable mobile part which the user generally carries and 

which interacts with the control means over a wireless transmission link when the 

user approaches the motor vehicle, enhanced activation automatically carrying out 

opening and/or a closing as triggered by a predetermined process of use and 

without the necessity of activating the mobile part. In one embodiment, provision is 

made for a user-side operator control event, namely a user-side foot movement, to 

cause the motorized opening of the tailgate. With respect to enhanced activation, 

the control means, especially with the vehicle stopped, can be moved into the 

activated and deactivated states, and can be triggered by the predetermined 

usage process exclusively when the control means is in the activated state.

[0004] Further, international application WO 2012/084111 A1 describes a closure 

element assembly of a motor vehicle having a motor-displaceable closure 

element, wherein a sensor assembly and a sensor controller are provided for 

generating an operating message. By means of the operating message, motor 
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displacement of the closure element can be triggered. The sensor controller 

monitors the sensor-measured values during operating event monitoring. During 

fault situation monitoring, the sensor controller monitors the sensor-measured 

values for the occurrence of a behavior that is characteristic of a fault situation.

[0005] During the fault situation monitoring process, the sensor controller 

increments a "fault indicator" variable if an indication of a fault is registered at the 

monitoring time and, when a predetermined threshold value for the fault indicator 

is exceeded, a fault situation is registered as true in the sensor controller. The 

sensor controller generates an operating message only when, according to the two 

monitoring actions, an operating event but no fault situation is present.

Object of the invention

[0006] Ideally, capacitive loading-mode sensor systems for kick-triggered vehicle 

trunk openers should fulfil the following requirements:

(i) robustness regarding electromagnetic interference (EMI) to meet

electromagnetic compatibility (EMC) requirements

(ii) capability to operate satisfactorily at all potential ambient conditions, 

including rainfall and wet street condition from rain and/or salt water, or with a 

vehicle having electrically conductive bumpers,

(iii) full functionality within a given set of external parameters including length of 

cable harness from capacitive loading-mode sensor system to vehicle 

chassis ground and sensor offset capacitance.

[0007] At measurement frequencies of about 100 kHz (i.e. significantly below 

500 kHz) as used in today’s capacitive loading-mode sensor systems that are 

employed, for instance, for vehicle trunk opener systems, an effect of the 

inductance of the electrical connection from the capacitive sensor system and the 

vehicle chassis ground can be neglected, whereas the effect of the inductance 

becomes more and more pronounced when approaching frequencies of about 

500 kHz and above. At these frequencies, the inductance of the electrical 

connection from the capacitive sensor system to vehicle chassis ground and the 

sensor offset capacitance to the vehicle chassis form a series resonance circuit, 
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whose impedance drops significantly if the measurement frequency has been 

chosen close to or equal to a resonance frequency of the series resonance circuit. 

Thus, if the measurement frequency is constant and significantly larger than 

500 kHz, the change in sensed imaginary part, which is equal to the capacitance 

can drop substantially depending on the physical values of the offset capacitance 

and the electrical connection (given, for instance, by an inductance of a cable 

harness) between the capacitive sensor system and the vehicle chassis ground.

[0008] An equivalent circuit diagram of the above-described scenario is illustrated

in Fig. 2. Therein, the following denotation and lay-out applies:

C1 capacitance between capacitive sensor and vehicle chassis

(sensor offset capacitance to vehicle chassis)

50 pF

C2 capacitance between capacitive sensor and ground 5 pF

C3 EMC capacitor for EMI protection 120 pF

C5 capacitance between vehicle chassis and ground 200 pF

Ck change in capacitance between capacitive sensor and ground 1 pF

R1 resistor 100 Ω

R3 resistor 100 Ω
Ls inductance of capacitive sensor 100 nH

Lh inductance of cable harness from capacitive sensor to chassis 2 pH

[0009] A simulation result for this scenario is given in Fig. 4, which shows the

determined difference in capacitance (solid line, left axis) and the relative phase 

(dashed line, right axis) for a simulated change in capacitance Ck of 1 pF as a 

function of the frequency of a time-varying output signal that is applied to the 

capacitance sensor. In the frequency range between 1 MHz and about 5 MHz, a 

sensitivity of the capacitive loading-mode sensor system drops to zero sensitivity. 

Above 5 MHz, the relative phase difference is changed to 180° so that the 

simulated change in capacitance Ck has an inverse effect on the capacitance 

sensor.

[0010] On the other hand, a measurement frequency of about 500 kHz or more 

enables robust operational functionality even at salt water condition or with 

vehicles having electrically conductive bumpers. On the downside, the higher 
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measurement frequency is inherently more susceptible to electromagnetic

interference due to the larger signal bandwidth.

[0011] It is therefore desirable to have a capacitive loading-mode sensor system 

available with improved properties concerning the above conditions (i) to (iii).

General Description of the Invention

[0012] In one aspect of the present invention, the object is achieved by a method 

of operating a capacitive loading-mode sensor system with regard to generating a 

trigger signal indicative of an occurrence of an event. The capacitive loading-mode 

sensor system comprises at least one capacitive sensor configured to generate a 

sensor output signal indicative of an occurrence of an object approaching the 

capacitive sensor. The capacitive loading-mode sensor system further includes a 

sensor control unit configured for operating the at least one capacitive sensor in 

loading mode. The sensor control unit includes a signal generating unit that is 

configured for generating a time-varying output signal and for providing the time

varying output signal to the at least one capacitive sensor, and a signal evaluation 

unit that is provided for sensing a real part and an imaginary part of the sensor 

output signal.

[0013] The method of operating concerns generating a trigger signal indicative of 

the sensor output signal fulfilling at least one predetermined condition. The method 

comprises steps of

by the signal generating unit, providing the time-varying output signal to the at 

least one capacitive sensor for operating the at least one capacitive sensor in 

loading mode,

acquiring a momentary sensor output signal at a specified sampling time, 

based on the acquired real part and imaginary part of the momentary sensor 

output signal, determining an absolute value of change of at least one out of a 

complex impedance or a complex admittance sensed by the at least one 

capacitive sensor,

checking if the determined absolute value fulfills the at least one 

predetermined condition, and
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generating a trigger signal by the signal evaluation unit if the at least one

predetermined condition is fulfilled.

[0014] The term “vehicle”, as used in this application, shall particularly be 

understood to encompass passenger cars, trucks and buses.

[0015] The term “loading mode”, as used in this application, shall be understood 

particularly as a mode of measuring a displacement current caused by the 

presence of a grounded object in proximity of a single sense electrode (cf. J. Smith 

et al., Electric field sensing for graphical interfaces, IEEE Comput. Graph. Appl., 

18(3):54-60, 1998).

[0016] By evaluating the acquired real part and imaginary part of the momentary 

sensor output signal and determining an absolute value of change of at least one 

out of a complex impedance or a complex admittance sensed by the at least one 

capacitive sensor, the above-discussed functional degrading or even loss of 

functionality can be avoided.

[0017] Fig. 5 illustrates a simulation result for a change in capacitance as 

obtained from determining an absolute value of change in complex admittance Y 

sensed by the capacitive sensor, for a simulated change in capacitance of 1 pF as 

a function of the frequency of a time-varying output signal that is applied to the 

capacitance sensor. In contrast to the results shown in Fig. 4, only a small loss of 

sensitivity is observable for frequencies of the time-varying output signal up to 

10 MHz.

[0018] The simulation is based on an equivalent circuit diagram illustrated in 

Fig. 3. Therein, the following denotation holds:

C8 capacitance between capacitive sensor and vehicle chassis 50 pF

(sensor offset capacitance to vehicle chassis)
C9 EMC capacitor for EMI protection 120 pF
C10 capacitance between capacitive sensor and ground 5 pF
C13 capacitance between vehicle chassis and ground 200 pF
Ck change in capacitance between capacitive sensor and ground 1 pF

R2 100 Ω 

R4
Ls inductance of capacitive sensor

100 Ω
100 nH
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Lh inductance of cable harness from capacitive sensor to chassis 2 μΗ

[0019] Alternatively, the change in capacitance can also be obtained from 

determining an absolute value of change in complex impedance Z sensed by the 

capacitive sensor, as the real and imaginary parts of the admittance Y can be 

expressed in terms of the real and imaginary parts of the impedance Z, and vice 

versa:

with Y = G + j ■ B and Z = R + j ■ X,

wherein G denotes the conductance, B the susceptance, R the resistance and X 

the reactance, it follows that

R
G ~ R2 + X2

-X
b~r2+x2

G
R~ G2 + B2

—B
and X =

G2 + B2

[0020] If the step of acquiring the momentary sensor output signal comprises 

digitally converting the acquired momentary sensor output signal, the benefits of 

well-known methods of digital signal processing can be applied to the subsequent 

steps of the method.

[0021] In a preferred embodiment of the method, the step of providing the time

varying output signal comprises providing a time-varying output signal with a 

fundamental frequency of at least 1.0 MHz. The term “fundamental frequency”, as 

used in this application, shall be understood particularly as a lowest sinusoidal 

frequency in a Fourier analysis of the time-varying output signal. More preferable, 

the fundamental frequency is at least 3 MHz.

[0022] In this way, a capability to operate the capacitive loading-mode sensor 

system satisfactorily at a large number of all potential ambient conditions, 

including rainfall and wet street condition from rain and/or salt water, or with a 

vehicle having electrically conductive bumpers, can be accomplished.

[0023] Preferably, the time-varying output signal has one out of a sinusoidal 

shape or a square wave shape. The sinusoidal shape provides the advantage of a 

single definite operation frequency. The square wave shape has substantial 

amplitudes at odd harmonic frequencies (3f, 5f, 7f, ...) so that a substantial portion 
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of the amplitude of the time-very output signal lies in a frequency range that is 

beneficial for operating the capacitive loading-mode sensor system satisfactorily at 

a large number of potential ambient conditions.

[0024] In some embodiments of the method, the at least one predetermined 

condition is given by a temporal course of the absolute value of change of at least 

one out of the complex impedance or the complex admittance sensed by the at 

least one capacitive sensor to cross a predetermined threshold value for the 

absolute value of change of the complex impedance or the complex admittance.

[0025] In this way, an object approaching the at least one capacitive sensor can 

reliably be detected at a large number of potential ambient conditions and vehicle 

designs.

[0026] In some embodiments of the method, the at least one predetermined 

condition can comprise a temporal pattern in the determined absolute values of 

change of at least one out of a complex impedance or a complex admittance 

sensed by the at least one capacitive sensor. In one embodiment, the temporal 

pattern can comprise crossing a predetermined threshold value in different 

directions within a specified time period.

[0027] In some embodiments of the method, the event is formed by an operator

intended event and the trigger signal is designed as an input to a control system 

for controlling an activation of a motor-driven vehicle door member. In this way, the 

method can, for instance, beneficially be employed for operating capacitive 

loading-mode sensor systems for kick-triggered vehicle trunk openers, and can 

fulfill the above-mentioned requirements (i) to (iii) to a large extent.

[0028] A robust and reliable operation of the capacitive loading-mode sensor 

system with regard to generating a trigger signal indicative of an occurrence of an 

event can be accomplished if the method further includes steps of

determining an extreme absolute value of change of at least one out of the 

complex impedance or the complex admittance sensed by the at least one 

capacitive sensor during carrying out one of the operator-intended events, 

wherein the determining is carried out subsequently for a plurality of operator

intended events, and 
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determining the predetermined threshold value based on the results of 

determining the extreme absolute values of change of at least one out of the 

complex impedance or the complex admittance.

[0029] The term “extreme absolute value”, as used in this application, shall be 

understood particularly as a minimum or a maximum of the absolute value.

[0030] In some embodiments, the step of determining the predetermined 

threshold value based on the results of determining the extreme absolute values 

comprises a step of averaging of at least a sub-set of the determined extreme 

absolute values.

[0031] In some embodiments of the method, wherein the capacitive loading-mode 

sensor system forms part of a control system for controlling activation of a motor- 

driven vehicle door member of a vehicle, and wherein the at least one capacitive 

sensor is arranged close to specific parts of the vehicle such that the specific parts 

interact with an electromagnetic field that is generated by the at least one 

capacitive sensor upon providing the time-varying output signal, the method 

further comprises a step of tuning at least one out of the fundamental frequency of 

the time-varying output signal of the signal generating unit and a resonance 

frequency of a resonance circuit formed by the specific parts of the vehicle such 

that the fundamental frequency or one of higher harmonics of the time-varying 

output signal of the signal generating unit lies in a regime in close proximity to the 

resonance frequency.

[0032] The term “a regime in close proximity to the resonance frequency”, as 

used in this application, shall be understood particularly as a frequency regime 

about the resonance frequency that preferably has a range that corresponds to a 

full width at half maximum (FWHM), and, more preferable, has a range that 

corresponds to 1.5 times the FWHM.

[0033] In this way, by using the resonance characteristic of the resonance circuit 

formed by the specific parts of the vehicle, a sensitivity increase of the capacitive 

loading-mode sensor system can be achieved.

[0034] Preferably, the step of tuning includes electrically connecting at least one 

out of a capacitor or an inductor in series to the at least one capacitive sensor. In
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this way, the step of tuning can readily be accomplished with little hardware effort. 

The capacitor or inductor may e.g. comprise a component which is switchably 

connectable in series with the capacitive sensor. In other embodiments, the 

capacitor or inductor may comprise a component, e.g. an SMD component, which 

is permanently mounted in the corresponding circuit.

[0035] In another aspect of the invention, a control system for controlling 

activation of a motor-driven vehicle door member is provided. The control system 

comprises

at least one processor unit and at least one digital data memory unit, wherein 

the at least one processor unit has data access to the at least one digital data 

memory unit,

at least one capacitive sensor configured to generate a sensor output signal 

indicative of an occurrence of an (grounded) object approaching the capacitive 

sensor,

a sensor control unit configured for operating the at least one capacitive 

sensor in loading mode, the sensor control unit including a signal generating 

unit that is configured for generating a time-varying output signal and for 

providing the time-varying output signal to the at least one capacitive sensor, 

and a signal evaluation unit that is provided for sensing a real part and an 

imaginary part of the sensor output signal.

[0036] The at least one processor unit is configured for carrying out steps of any 

embodiment of the method disclosed herein.

[0037] The at least one processor unit is configured to receive the trigger signal 

from the signal evaluation unit and, upon and as long as receiving the trigger 

signal from the signal evaluation unit, to generate an output signal for at least 

initiating an activation of the motor-driven vehicle door member.

[0038] In this way, a control system for controlling activation of a motor-driven 

vehicle door member can be provided that can be robust with regard to 

electromagnetic interference, that can provide full functionality at a large number 

of potential ambient conditions and vehicle designs, for instance in the presence of 

an electrically conductive bumper of the vehicle and within a given set of external 
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parameters including length of cable harness to vehicle chassis ground and

sensor offset capacitance.

[0039] In a further aspect of the invention, a software module is provided for 

carrying out an embodiment of the method disclosed herein, wherein the method 

steps to be conducted are converted into a program code of the software module 

that is implementable in a digital data memory unit and that is executable by a 

processor unit. The processor unit may preferably be the processor unit of a 

control system for controlling activation of a motor-driven vehicle door member.

[0040] The software module can enable a robust and reliable execution of the 

method and can allow for a fast modification of method steps.

[0041] These and other aspects of the invention will be apparent from and 

elucidated with reference to the embodiments described hereinafter.

Brief Description of the Drawings

[0042] Preferred embodiments of the invention will now be described, by way of 

example, with reference to the accompanying drawings, in which:

Fig. 1 is a schematic illustration of a control system in accordance with the 

invention;

Fig. 2 schematically illustrates an equivalent circuit diagram of the capacitive 

loading-mode sensor portion of the control system pursuant to Fig. 1 in relation to 

specific vehicle parts;

Fig. 3 schematically illustrates the equivalent circuit diagram pursuant to Fig. 2 

for the presence of an operator-intended event;

Fig. 4 shows a simulation result for the occurrence of an operator-intended 

event, based on the equivalent circuit diagrams pursuant to Figs. 2 and 3 and 
applying a conventional method of operating a capacitive sensor system;

Fig. 5 shows a simulation result based on the equivalent circuit diagrams 

pursuant to Figs. 2 and 3 and applying a method in accordance with the invention; 

and
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Fig. 6 shows a simulation result based on the equivalent circuit diagrams 

pursuant to Figs. 2 and 3 and applying a method in accordance with the invention 

that includes a step of tuning.

Description of Preferred Embodiments

[0043] Fig. 1 schematically illustrates a control system 10 for controlling activation 

of a motor-driven vehicle door member in accordance with the invention. The 

vehicle door member is formed by a tailgate. The control system 10 includes a 

processor unit 12 and a digital data memory unit 14 to which the processor unit 12 

has data access. The control system 10 further comprises two capacitive 

sensors 28, 30 which are configured to generate sensor output signals that are 

indicative of the occurrence of objects approaching the capacitive sensors 28, 30. 

To this end, the control system 10 includes a sensor control unit 16 that is 

configured for operating the two capacitive sensors 28, 30 in loading mode.

[0044] The sensor control unit 16 comprises a signal generating unit 18 that is 

electrically connected to the two capacitive sensors 28, 30 and is configured for 

generating a time-varying output signal and for providing the time-varying output 

signal to the two capacitive sensors 28, 30. The time-varying output signal is 

designed as a square wave having a fundamental frequency of 3 MHz. Each one 

of the two capacitive sensors 28, 30 is configured to generate a sensor output 

signal having a real part and an imaginary part, and being indicative of a sensed 

distance to an object, in particular a foot of an operator, as will be described in the 

following.

[0045] The control system 10 further comprises a signal evaluation unit 20 that is 

connected to output ports of the capacitive sensors 28, 30 and is configured for 

receiving the sensor signals as signal inputs. The connection between the signal 

evaluation unit 20 and the capacitive sensors 28, 30 may be wire-based or 

wireless. The signal evaluation unit 20 is configured for sensing the real part and 

the imaginary part of the sensor output signal. To this end, and for carrying out 

other functions that will be described further below, the sensor signal evaluation 

unit 20 is equipped with a processor unit 22 and a digital data memory 24 of its 

own. 
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[0046] A configuration of the control system 10 and the capacitive sensors 28, 30 

that are arranged at locations close to the vehicle tailgate is similar to those known 

in the art, for instance from international application WO 2012/084111 A1 

mentioned in the introductory part of this application, and shall therefore not be 

described in more detail herein.

[0047] The signal evaluation unit 20 is equipped with a software module 26 for 

carrying out a method of operating a capacitive loading-mode sensor system with 

regard to generating a trigger signal 32 indicative of an occurrence of an event. 

The event is formed by an operator-intended event forming a kicking motion of an 

operator's foot close to the vehicle tailgate.

[0048] The trigger signal 32 is intended and designed as an input from the signal 

evaluation unit 20 to the processor unit 12 of the control system 10. The method 

steps to be conducted are converted into a program code of the software 

module 26, wherein the program code is implemented in the digital data 

memory 24 of the signal evaluation unit 20 and is executed by the processor 

unit 22 of the signal evaluation unit 20. As an alternative, a portion of the method 

steps, being converted into a program code of the software module 26, can be 

implemented in the digital data memory unit 14 of the control system 10 and can 

be executed by the processor unit 12 of the control system 10.

[0049] In the following, an embodiment of the method will be described. In 

preparation of operating the capacitive loading-mode sensor system, it shall be 

understood that all involved units, devices and systems are in operational state 

and configured as illustrated in Fig. 1. Magnitudes of the signals of the capacitive 

sensors 28, 30 are being monitored by the sensor signal evaluation unit 20. 

Execution of the method steps is started if the magnitude of at least one of the 

output signals of the capacitive sensors 28, 30 exceeds an activation threshold. 

After that, the method steps are automatically repeated until the magnitudes of the 

output signals of the capacitive sensors 28, 30 fall below the activation threshold.

[0050] Although only described for one of the capacitive sensors 28, 30 in the 

following, the disclosed method steps are understood to be applied to each one of 

the two capacitive sensors 28, 30.
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[0051] In a first step of the method the time-varying output signal is provided to 

the capacitive sensor 28, 30 by the signal generating unit 18, for operating the 

capacitive sensor 28, 30 in loading mode.

[0052] In a next step of the method, a momentary sensor output signal is 

acquired by the signal evaluation unit 20 at specified sampling times, i.e. with a 

constant sampling rate, and the acquired momentary sensor output signal is 

digitally converted for further signal processing. The sampling rate is selected such 

that the time between two successive samples is half of the period time of the 

highest frequency expected for the sensor output signal to prevent aliasing.

[0053] In a next step, the signal evaluation unit 20 determines an absolute value 

of change of a complex admittance sensed by the capacitive sensor 28, 30, on the 

basis of a real part and imaginary part of the acquired momentary sensor output 

signal.

[0054] In another step then, the signal evaluation unit 20 checks if the determined 

momentary absolute value of change of the complex admittance fulfills the at least 

one predetermined condition, which is given by a temporal course of the absolute 

value of change of the complex admittance sensed by the capacitive sensor 28, 30 

to cross a predetermined threshold value 36 (Fig. 5) for the absolute value of 

change of the complex admittance.

[0055] The predetermined threshold value 36 has been obtained in a calibration 

procedure, in which, for each one of a plurality of subsequently carried out 

operator-intended events, an extreme absolute value of change of the complex 

admittance sensed by the capacitive sensor 28, 30 during carrying out one of the 

operator-intended events has been determined. The determined extreme absolute 

values of change of the complex admittance have been averaged in order to 

derive the predetermined threshold value 36.

[0056] If the predetermined condition is fulfilled, the signal evaluation unit 20 

generates a trigger signal 32 that is designed as an input to the processor unit 12 

of the control system 10 for controlling an activation of the motor-driven vehicle 

door member in a next step.
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[0057] The processor unit 12 of the control system 10 will generate an output 

signal 34 for initiating an activation of the motor-driven vehicle door member, upon 

receiving the trigger signal 32 from the signal evaluation unit 20. As the steps are 

carried out in a repetitive manner, the output signal 34 will be maintained as long 

as the trigger signal 32 from the signal evaluation unit 20 is provided to the 

processor unit 12 of the control system 10.

[0058] If the predetermined condition is not fulfilled, the generation of the trigger 

signal 32 is omitted, and no control unit output signal 34 is generated.

[0059] As mentioned before, the capacitive sensors 28, 30 are arranged close to 

the vehicle tailgate, such that specific parts of the vehicle interact with 

electromagnetic field that is generated by the capacitive sensors 28, 30 upon 

providing the time-varying output signal by the signal generating unit 18. This 

interaction is reflected in the equivalent circuit diagrams as shown in Fig. 2 and 3.

[0060] In an alternative embodiment of the method, a step of tuning a resonance 

frequency of a resonance circuit formed by the specific parts of the vehicle such 

that the fundamental frequency or one of higher harmonics of the time-varying 

output signal of the signal generating unit 18 lies in a regime in close proximity to 

the resonance frequency. The step of tuning is carried out by electrically 

connecting an inductor L1, L2 in series to each one of the capacitive sensors 28, 

30 (Fig. 2 and Fig. 3). The inductor L1, L2 has an inductance of about 4 pH. A 

simulation result that is based on one of the equivalent circuit diagrams as shown 

in Figs. 2 and 3 is illustrated in Fig. 6, showing the benefit in terms of sensitivity of 

the capacity loading mode sensor system due to the proximity of the frequency of 

the time-varying output signal to the resonance frequency.

[0061] It will be appreciated that the capacitor or inductor may e.g. comprise a 

component which is switchably connectable in series with the capacitive sensor. In 

other embodiments, the capacitor or inductor may comprise a component, e.g. an 

SMD component, which is permanently mounted in the corresponding sensing 

circuit.

[0062] While the invention has been illustrated and described in detail in the 

drawings and foregoing description, such illustration and description are to be
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considered illustrative or exemplar/ and not restrictive; the invention is not limited

to the disclosed embodiments.

[0063] Other variations to be disclosed embodiments can be understood and 

effected by those skilled in the art in practicing the claimed invention, from a study 

of the drawings, the disclosure, and the appended claims. In the claims, the word 

“comprising” does not exclude other elements or steps, and the indefinite article 

“a” or “an” does not exclude a plurality. The mere fact that certain measures are 

recited in mutually different dependent claims does not indicate that a combination 

of these measures cannot be used to advantage. Any reference signs in the 

claims should not be construed as limiting scope.
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Reference Symbol List

10 control system
12 processor unit
14 digital data memory unit

16 sensor control unit
18 signal generating unit
20 signal evaluation unit
22 processor unit
24 digital data memory

26 software module
28 capacitive sensor

30 capacitive sensor
32 trigger signal
34 control system output signal
36 predetermined threshold value

C1 capacitance
C2 capacitance
C3 capacitance
C5 capacitance
C8 capacitance
C9 capacitance
C10 capacitance
C13 capacitance
Ck change in capacitance
Lh inductance
Ls inductance

R1 resistor
R2 resistor
R3 resistor
R4 resistor
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ANSPRÜCHE

1. Verfahren zum Betreiben eines kapazitiven Lademodus-Sensorsystems 

im Hinblick auf das Erzeugen eines Auslösesignals (32), das das 

Eintreten eines Ereignisses anzeigt, wobei das kapazitive Lademodus- 

Sensorsystem Folgendes umfasst:

- wenigstens einen kapazitiven Sensor (28, 30), der dafür ausgelegt 

ist, ein Sensorausgangssignal zu erzeugen, welches das 

Auftauchen eines Objekts anzeigt, das sich dem wenigstens einen 

kapazitiven Sensor (28, 30) nähert,

- eine Sensorsteuereinheit (16), die dafür ausgelegt ist, den 

wenigstens einen kapazitiven Sensor (28, 30) im Lademodus zu 

betreiben, wobei die Sensorsteuereinheit (16) eine 

Signalerzeugungseinheit (18) umfasst, die dafür ausgelegt ist, ein 

zeitvariables Ausgangssignal zu erzeugen und das zeitvariable 

Ausgangssignal dem wenigstens einen kapazitiven Sensor (28, 

30) bereitzustellen, und eine Signalauswerteeinheit (20), die dafür 

vorgesehen ist, einen Realteil und einen Imaginärteil des 

Sensorausgangssignals abzutasten,

wobei das Verfahren des Betreibens das Erzeugen des Auslösesignals

(32) betrifft, das anzeigt, dass das Sensorausgangssignal wenigstens 

eine vorbestimmte Bedingung erfüllt, und

wobei das Verfahren die folgenden Schritte umfasst, die wiederholt 

auszuführen sind:

- Bereitstellen, durch die Signalerzeugungseinheit (18), des 

zeitvariablen Ausgangssignals für den wenigstens einen 

kapazitiven Sensor (28, 30) zum Betreiben des wenigstens einen 

kapazitiven Sensors (28, 30) im Lademodus,

- Erfassen eines momentanen Sensorausgangssignals zu einer 

spezifizierten Abtastzeit,
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- basierend auf dem erfassten Realteil und Imaginärteil des

momentanen Sensorausgangssignals, Bestimmen eines 
Absolutwertes der Änderung von wenigstens einem von einem 

von dem wenigstens einen kapazitiven Sensor (28, 30)

abgetasteten komplexen Scheinwiderstand oder komplexen 

Schein-Leitwert,

- Überprüfen, ob der bestimmte Absolutwert die wenigstens eine 

vorbestimmte Bedingung erfüllt, und

- Erzeugen eines Auslösesignals (32) durch die 

Signalauswerteeinheit (20), falls die wenigstens eine 

vorbestimmte Bedingung erfüllt ist.

2. Verfahren nach Anspruch 1, wobei der Schritt des Erfassens des 

momentanen Sensorausgangssignals das digitale Umwandeln des 

erfassten momentanen Sensorausgangssignals umfasst.

3. Verfahren nach Anspruch 1 oder 2, wobei der Schritt des Bereitstellens 

des zeitvariablen Ausgangssignals das Bereitstellen eines zeitvariablen 

Ausgangssignals mit einer Grundfrequenz von wenigstens 1,0 MHz 

umfasst.

4. Verfahren nach einem der vorhergehenden Ansprüche, wobei das 

zeitvariable Ausgangssignal eine von einer Sinusform oder einer 

Rechteckwellenform hat.

5. Verfahren nach einem der vorhergehenden Ansprüche, wobei die 

wenigstens eine vorbestimmte Bedingung durch einen temporalen 

Verlauf des momentanen Absolutwerts der Änderung von wenigstens 

einem von dem von dem wenigstens einen kapazitiven Sensor (28, 30) 

abgetasteten komplexen Scheinwiderstand oder dem komplexen Schein- 

Leitwert gegeben ist, um einen vorbestimmten Schwellenwert (36) für 
den Absolutwert der Änderung des komplexen Scheinwiderstands oder 

des komplexen Schein-Leitwerts zu überschreiten.

6. Verfahren nach einem der vorhergehenden Ansprüche, wobei

- das Ereignis durch ein vom Bediener beabsichtigtes Ereignis 

gebildet wird, und
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- das Auslösesignal (32) als eine Eingabe in ein Steuerungssystem

(10) zum Steuern einer Aktivierung eines motorbetriebenen 

Fahrzeugtürelements gestaltet ist.

7. Verfahren nach Anspruch 6, ferner umfassend die folgenden Schritte:

- anschließend für mehrere, vom Bediener beabsichtigte 

Ereignisse, Bestimmen eines äußersten Absolutwertes der 

Änderung von wenigstens einem von dem komplexen 

Scheinwiderstand oder dem komplexen Schein-Leitwert, die von 

dem wenigstens einen kapazitiven Sensor (28, 30) während des 

Ausführens eines der vom Bediener beabsichtigten Ereignisse 

erfasst wurden, und

- Bestimmen des vorbestimmten Schwellenwertes (36) basierend 

auf den Ergebnissen des Bestimmens der äußersten Absolutwerte 

der Änderung von wenigstens einem von dem komplexen 

Scheinwiderstand oder dem komplexen Schein-Leitwert.

8. Verfahren nach Anspruch 6 oder 7, wobei das kapazitive Lademodus- 

Sensorsystem Teil eines Steuerungssystems (10) zum Steuern der 

Aktivierung eines motorbetriebenen Fahrzeugtürelements eines 

Fahrzeugs bildet, und wobei der wenigstens eine kapazitive Sensor (28, 

30) nahe spezifischen Teilen des Fahrzeugs angeordnet ist, so dass die 

spezifischen Teile mit einem elektromagnetischen Feld interagieren, 

welches von dem wenigstens einen kapazitiven Sensor (28, 30) bei 

Bereitstellen des zeitvariablen Ausgangssignals erzeugt wird, und wobei 

das Verfahren ferner einen folgenden Schritt umfasst:

Einstellen von wenigstens einer aus der Grundfrequenz des zeitvariablen 

Ausgangssignals der Signalerzeugungseinheit (18) und einer 

Resonanzfrequenz einer durch die spezifischen Teile des Fahrzeugs 

gebildeten Resonanzschaltung, so dass die Grundfrequenz oder eine 

von höheren Harmonischen des zeitvariablen Ausgangssignals der 

Signalerzeugungseinheit (18) in einem Betriebszustand in großer Nähe 

zur Resonanzfrequenz liegt.



4

92919

5

10

15

20

25

30

9. Verfahren nach Anspruch 8, wobei der Schritt des Einstellens das 

elektrische Anschließen von wenigstens einem von einem Kondensator 

oder einem Induktor (L1, L2) in Reihe an den wenigstens einen 

kapazitiven Sensor (28, 30) umfasst.

10. Steuerungssystem (10) zum Steuern der Aktivierung eines 

motorbetriebenen Fahrzeugtürelements, wobei das Steuerungssystem 

(10) Folgendes umfasst:

- wenigstens eine Prozessoreinheit (12) und wenigstens eine 

digitale Datenspeichereinheit (14), wobei die wenigstens eine

Prozessoreinheit (12) Datenzugriff auf die wenigstens eine digitale 

Datenspeichereinheit (14) hat,

- wenigstens einen kapazitiven Sensor (28, 30), der dafür ausgelegt 

ist, ein Sensorausgangssignal zu erzeugen, welches das 

Auftauchen eines Objekts anzeigt, das sich dem wenigstens einen 

kapazitiven Sensor (28, 30) nähert,

- eine Sensorsteuereinheit (16), die dafür ausgelegt ist, den 

wenigstens einen kapazitiven Sensor (28, 30) im Lademodus zu 

betreiben, wobei die Sensorsteuereinheit (16) Folgendes umfasst:

- eine Signalerzeugungseinheit (16), die dafür ausgelegt ist, ein 

zeitvariables Ausgangssignal zu erzeugen und das zeitvariable

Ausgangssignal dem wenigstens einen kapazitiven Sensor (28, 

30) bereitzustellen,

- eine Signalauswerteeinheit (20), die zum Abtasten eines Realteils 

und eines Imaginärteils des Sensorausgangssignals vorgesehen 

ist,

und wobei die wenigstens eine Prozessoreinheit (12) dafür ausgelegt ist, 

Schritte des Verfahrens nach einem der Ansprüche 1 bis 9 auszuführen, 

und wobei die wenigstens eine Prozessoreinheit (12) dafür ausgelegt ist, 

das Auslösesignal (32) von der Signalauswerteeinheit (20) zu 

empfangen und, bei Empfangen und während des Empfangens des 

Auslösesignals (32) von der Signalauswerteeinheit (20), ein
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Ausgangssignal (34) zumindest zum Initiieren einer Aktivierung des 

motorbetriebenen Fahrzeugtürelements zu erzeugen.

11. Software mod ul (26) zum Ausfuhren des Verfahrens nach einem der 

Ansprüche 1 bis 9, wobei die auszuführenden Verfahrensschritte in einen

5 Programmcode des Softwaremoduls (26) umgewandelt werden, wobei

der Programmcode in einen digitalen Datenspeicher (14, 24)

implementierbar und durch eine Prozessoreinheit (12, 22) ausführbar ist.
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Abstract

A method of operating a capacitive loading-mode sensor system with regard to 

generating a trigger signal (32) indicative of an occurrence of an event, the 

capacitive loading-mode sensor system comprising

at least one capacitive sensor (28, 30)

a sensor control unit (16) configured for operating the at least one capacitive 

sensor (28, 30) in loading mode and including a signal generating unit (18) and 

a signal evaluation unit (20),

wherein, based on acquired real part and imaginary part of the momentary sensor 

output signal, an absolute value of change of at least one out of a complex 

impedance or a complex admittance sensed by the at least one capacitive 

sensor (28, 30) is determined, and

a trigger signal (32) is generated by the signal evaluation unit (20) if at least one 

predetermined condition concerning the determined absolute value of change of the 

complex impedance or the complex admittance is fulfilled.

(Figure 5)
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Box No. I Basis of the opinion

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

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

a. type of material:

□ a sequence listing

□ table(s) related to the sequence listing

b. format of material:

□ on paper

□ in electronic form

c. time of filingÆurnishing:

□ contained in the application as filed.

□ filed together with the application in electronic form.

□ furnished subsequently.

3. □ In addition, in the case that more than one version or copy of a sequence listing and/or 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:

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

1. Statement

Novelty Yes: Claims 
No: Claims

3, 6-8
1,2,4, 5, 9-11

Inventive step Yes: Claims
No: Claims 1-11

Industrial applicability Yes: Claims 
No: Claims

1-11
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Re Item V

Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement

1 Reference is made to the following documents:

D1 : US 2008/186034 A1 (SCHECKENBACH INGRID [DE] ET AL) 7 
August 2008 (2008-08-07)

D2: WO 2012/113833 A1 (IEE SARL [LU]; LAMESCH LAURENT [LU]; 
FEDERSPIEL LAURENT [LU]) 30 August 2012 (2012-08-30)

2 The present application does not meet the criteria of patentability, because 
the subject-matter of claims 1,2, 4, 5 and 9 to 11 is not new and because the 
subject-matter of claims 3 and 6 to 8 does not involve an inventive step.

2.1 D1 discloses:

a method of operating a capacitive loading-mode sensor system with regard 
to generating a trigger signal indicative of an occurrence of an event 
(abstract; fig. 1 -3;[0007]), the capacitive loading-mode sensor system 
comprising

at least one capacitive sensor (fig.1 (14); fig.2(214); fig.3(314)) 
configured to generate a sensor output signal indicative of an 
occurrence of an object approaching the at least one capacitive sensor 
([0032]),

a sensor control unit (fig.1,2,3(right part of circuit)) configured for 
operating the at least one capacitive sensor in loading mode ([0032]), 
the sensor control unit including a signal generating unit (fig.1 (12); fig. 
2(212); fig.3(312)) that is configured for generating a time-varying output 
signal and for providing the time-varying output signal to the at least one 
capacitive sensor, and a signal evaluation unit (fig. 1(18-50), fig. 
2(218-250), fig.3(318-350)) that is provided for sensing a real part and 
an imaginary part of the sensor output signal ([0032]-[0037]),

wherein the method of operating concerns generating the trigger signal 
(fig.1 (output of 50); fig.2(output of 250); fig.3(output of 350)) indicative of 
the sensor output signal fulfilling at least one predetermined condition 
([0037]), and

Form LU237-3 (separate sheet) (January 2007) (sheet 1)
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the method comprising steps to be carried out in a repetitive manner 
([0032)-(0037]) of

by the signal generating unit, providing the time-varying output 
signal to the at least one capacitive sensor for operating the at 
least one capacitive sensor in loading mode ([0032]-[0037]), 

acquiring a momentary sensor output signal at a specified 
sampling time, based on the acquired real part and imaginary part 
of the momentary sensor output signal, determining an absolute 
value of change of at least one out of a complex impedance or a 
complex admittance sensed by the at least one capacitive sensor 
((0032)-(0037)),

checking if the determined absolute value fulfills the at least one 
predetermined condition ((0032)-(0037)), and

generating a trigger signal by the signal evaluation unit if the at 
least one predetermined condition is fulfilled ([0032]-(0037]).

2.2 The document D2(fig.4;[0039]-[0045]) also does disclose the subject-matter 
of claim 1.

2.3 Claim 1 and corresponding apparatus claims 10 and 11 are thus not new.

2.4 cl.2: D1 (fig.1 (40)) discloses an A/D converter.

2.5 cl.3: The choise of a specific frequency is a mere design choice.

2.6 cl.4: D1 (fig.6) discloses the oscillating signal being sinusoidal.

2.7 cl.5,7,8: D1 ([0032]-[0037]) discloses the specific predetermined condition.

2.8 cl.6,8: D1 and D2 are used for presence detection in a car. Also using it for 
controlling a door of a car is thus not inventive.

2.9 cl.9: D1 (fig.2(218)) discloses the use of an extra capacitor in series with the 
sensor.
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