
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

26
1 

68
2

B
1

TEPZZ  6_68 B_T
(11) EP 2 261 682 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
13.12.2017 Bulletin 2017/50

(21) Application number: 10075617.0

(22) Date of filing: 27.10.2004

(51) Int Cl.:
G01D 5/20 (2006.01) G01D 5/24 (2006.01)

G01R 35/00 (2006.01) G01R 27/02 (2006.01)

G01R 27/14 (2006.01)

(54) Proximity sensor

Näherungssensor

Capteur de proximité

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GR HU 
IE IT LI LU MC NL PL PT RO SE SI SK TR

(30) Priority: 27.02.2004 GB 0404408

(43) Date of publication of application: 
15.12.2010 Bulletin 2010/50

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
04769036.7 / 1 723 436

(73) Proprietor: Ultra Electronics Limited
Greenford, Middlesex UB6 8UE (GB)

(72) Inventors:  
• Stothers, Ian McGregor

Norfolk
IP25 7ET (GB)

• Langley, Andrew
Swanage BH19 3EB (GB)

(74) Representative: Probert, Rhyan Wyn et al
Marks & Clerk LLP 
62-68 Hills Road
Cambridge CB2 1LA (GB)

(56) References cited:  
US-A1- 2002 153 880  



EP 2 261 682 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention generally relates to a method and apparatus for measuring and processing electrical
parameters related to an electrical arrangement, and in particular to a proximity sensor.
[0002] In some sensing and processing applications more than one quantity has to be measured by an electronic
processing system. For some applications the absolute accuracy of the measure of each quantity is less important than
the accuracy of one or more quantities relative to one or more other quantities.
[0003] For example in a control system where it is necessary to establish whether one quantity is bigger than another
with a high degree of precision, so that the correct answer is given even if the larger input is for example only 0.1%
bigger than the smaller, it is possible to use a two channel measurement system with absolute accuracy better than
0.05% for each channel in order to achieve the desired result. However, this absolute accuracy must be maintained
under variations in the environment, such as time, temperature, pressure, and humidity. Such a high precision and stable
system is expensive to produce because it requires expensive, close-tolerance, and stable components.
[0004] In an electrical system where it is desirable to measure or monitor the impedance or part thereof of a device,
in the prior art it has been necessary to measure the current and voltage and to take the ratio in order to determine the
impedance or part thereof in order to identify a change in impedance or part thereof. Such a device can for example
comprise a proximity sensor. Such a sensor is disclosed in WO 01/65695, the content so which are hereby incorporated
by reference. A sensor of this type provides a proximity measure whereby when a target is in the proximity of the device
the impedance (or a component of impedance) of the device changes. WO 01/65695 discloses a method of proximity
sensing in which the impedance of the proximity sensor is measured in order to detect a change of impedance. A known
measurement system for use with proximity sensors such as that disclosed in WO 01/65695 is illustrated in Figure 1.
The proximity sensor 1 has an impedance Z which is required to be measured. The proximity sensor 1 is connected to
earth and to a load resistance 2. A processor 3 is provided to digitally generate a drive wave form which is digital-to-
analogue converted in a digital-to-analogue converter 4 to generate an analogue drive signal which is input through a
low pass filter 5 and amplified by an amplifier 6 before being applied across the series connected load resistance 2 and
proximity sensor 1. A voltage vs is measured as the voltage across the proximity sensor 1 by connecting a first analogue-
to-digital converter 7 via a low pass filter 8. The output of the analogue-to-digital converter 7 is input to the processor 3.
A second voltage vo is measured as the voltage across the series connected load resistance 2 and the proximity sensor
1. A second analogue-to-digital converter 9 receives the voltage signal vo via a second low pass filter 10 and inputs a
digital representation of a voltage vo.
[0005] In the prior art proximity sensor such as disclosed in WO 01/65695 the sensor typically consists of a coil with
or without a core of permeable material. The provision of the core allows directing of the magnetic flux of the coil and
enhancement of the inductance. Directing of the flux allows the designer to have control over the direction of sensitivity
of the centre assembly.
[0006] As can be seen in Figure 1, the sensor 1 is driven by a drive signal having a voltage and a resulting current
which is of fluctuating nature and which can be sinusoidal or transient to allow the impedance to be evaluated.
[0007] If a sinusoidal voltage at angular frequency ω is applied, the voltage and resulting current are expressed as: 

and 

where Vo (ω) and I(ω) are the complex amplitudes. All of the voltages and currents in the circuit, not just these two, can
be similarly expressed via complex amplitudes.
[0008] Impedance Z(ω) at the frequency ω is defined as: 

[0009] Also, impedance Z(ω) comprises: 
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or 

where R is the resistive component (the real component of impedance), L is the inductive component, and C is the
capacitive component. It should be noted that the imaginary part of the impedance is frequency dependent and is usually
termed the reactive component.
[0010] The portion of the current that is in phase with the voltage is often referred to as real or dissipative (or simply
in phase) and is associated with the resistive behaviour of the coil and cables. The portion of the current that is in ’phase
quadrature’ or at 90 degrees to the voltage is often referred to as the imaginary, quadrature, or reactive component. It
is associated with energy storage in the coil’s electromagnetic fields, either due to its self-capacitance (electrostatic
energy storage) or inductance (magnetic energy storage), or both.
[0011] The current is normally sensed by measuring the voltage produced by the current flowing through a known
constant resistance in series with the coil and by using Ohm’s law: 

where ΔV(ω) is the complex amplitude of the voltage across the load resistance 2.
[0012] It can thus be seen from Figure 1 that in order to determine the impedance the vs measure provides the complex
voltage applied to the sensor 1 and the current can be determined from the voltage difference between the voltage
measures vo and vs and the value of the load resistance 2.
[0013] Thus within the processor 3, the simultaneous measurements of vo and vs are used to determine the complex
voltage and current applied to the sensor 1 in order to determine an impedance value for the sensor 1.
[0014] The impedance and/or inductance of the sensor’s coil are altered by the presence of a nearby metallic target.
The target alters inductance in the following ways. If a target is made from a material with permeability greater than the
normal medium surrounding the coil, then its presence enhances the magnetic field coupling through and around the
coil, and so increases its inductance. It should be noted that the permeability of some materials is affected to some
degree both by the excitation frequency, by temperature, and by other magnetic fields. If the target is a permanent
magnet, then drawing it near to the core induces magnetic flux in the core. This forces the core nearer to its magnetic
saturation which, with well-behaved magnetization or ’BH’ curves, reduces core permeability. The reduction in perme-
ability appears as a reduction in the reactive component of the impedance and hence reduction in inductance. If the
target is made from a conductive material, the eddy currents induced in the target by the fluctuating magnetic field of
the coil generate their own field, which substantially opposes that produced by the coil. The net field appears as a reduced
field to the coil, which incurs a reduction in inductance as the target approaches the coil. In addition, the eddy currents
in the target introduce energy loss that appears in the sensor’s impedance as an increase in resistance.
[0015] Thus in the prior art in order to detect a change in inductance of the sensor 1, a very accurate load resistor 2
is placed in series with the sensor 1 to act as a current sensor. Two voltage measurements are taken across the load
resistor 2 simultaneously using two measurement channels comprising low pass filters 8, 10 and analogue-to-digital
converters 7, 9. Within the processor 3 a value for the impedance Z is calculated by taking a ratio of the processed
measurements. Thus in order to determine the impedance to high accuracy, it is necessary for the measurement channels
to be closely matched and to include high precision components. Further, the prior art system requires an expensive,
close-tolerance, series sense resistor to provide for current sensing. In addition, computation implemented within the
processor 3 requires a division for computation of impedance. Such a division is computationally expensive and requires
protection from out of range results such as divide by 0.
[0016] Another example of a proximity sensor may be found in US 2002/153880, which discloses a digital eddy current
proximity system. As with the prior art system described above (for example with reference to figure 1), the system
performs two voltage measurements across the load resistor simultaneously using two measurement channels. Thus
in order to determine the impedance to high accuracy, it is necessary for the measurement channels to be closely
matched and to include high precision components.
[0017] The general object of the present invention is to provide an improved proximity sensor. It is a specific object of
one aspect of the present invention to provide an improved proximity sensor for generating an output in dependence
upon the impedance or a component of impedance of a device.
[0018] A first aspect of the present invention provides a proximity sensor for sensing the proximity of a target comprising:
an electrical component for sensing the proximity of the target, said electrical component having electrical properties
that vary with the proximity of the target; an impedance component having a known impedance and a first end connected
to a first end of said electrical component; a switch connected to switch between said first end of said impedance
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component and a second end of said impedance component; a signal generator connected to said second end of said
impedance component for generating an electrical signal for application to the impedance component and electrical
component; an analogue-to-digital converter connected to an output of said switch for receiving an electrical signal and
for generating a digital voltage signal; and a processor connected to the analogue-to-digital converter for receiving a
digital voltage signal and for generating a proximity signal, wherein said processor is adapted to control said switch to
switch to connect to said first and second ends of said impedance component sequentially.
[0019] Thus in accordance with this aspect of the present invention, a measurement and processing method and
apparatus is provided in which the need for multiple measurement channels for multiple measured parameters is avoided
by the use of a measurement channel which is switched for sequential measurement of the parameters.
[0020] In one embodiment, in order to provide stability and the required level of accuracy in the measurements, a drive
signal for generating the measured electrical parameters is known during sequential measurements and the response
of the electrical arrangement to the drive signal is relatively stable during the period of the sequential measurements.
[0021] In accordance with one embodiment of the present invention, the drive signal is a repetitive signal. It can be
comprised of one or more periodic components. For example it can comprise a periodic waveform at one or a number
of frequencies.
[0022] In one embodiment of the present invention, the signal generator arrangement generates a repetitive signal
comprising sequential signal blocks for application to the electrical arrangement. The parameters comprise parameters
of the signal as affected by the electrical arrangement and the switch arrangement switches the measurement channel
to measure each of the parameters during the same part of the signal block of sequential signal blocks of the signal.
The repetitive signal need only be strictly repetitive for two successive blocks (a block pair) since the measurements
made for these blocks are used in a comparative manner in the processing. Successive block pairs can be of different
phase to other block pairs.
[0023] In one specific embodiment of the present invention, the signal generating arrangement includes a digital store
storing a signal pattern for at least a part of a said signal block. The generator means is provided for digitally generating
a digital signal by repeatedly using the stored signal pattern and the generated digital signal is analogue-to-digital
converted to generate the repetitive signal.
[0024] In one embodiment of the present invention, the electrical parameters comprise voltage and/or current and the
processing arrangement processes the measured parameters to obtain the output in dependence upon impedance or
at least one component thereof, such as one or more of resistance, capacitance and inductance.
[0025] Thus in this embodiment of the present invention, the processing can produce an impedance value or a value
representing at least one component of impedance (such as one or a combination of resistance, capacitance and
inductance) if required. However, where only an indication of a relative state of impedance or at least one component
thereof is required, such as in a proximity sensor, the processing arrangement can more efficiently avoid the determination
of an absolute measure of impedance or at least one component thereof and instead merely give an indication of whether
a quantity related to the impedance or at least one component thereof is above or below a threshold.
[0026] In one embodiment of the present invention, a plurality of the measurement channels is provided and the
switching arrangement is adapted to switch each of the measurement channels to sequentially measure the parameters
to allow simultaneous measurements in the measurement channels. The processing arrangement processes the se-
quentially measured parameters for each channel to provide a plurality of results.
[0027] Thus, this embodiment to the present invention overcomes a limitation of the sequential measurement technique
by performing multiple simultaneous measurements of parameters using multiple channels, where each channel is used
to obtain measurements of each parameter to provide multiple results which are generated more frequently than for a
single measurement channel. This reduces the effect of the delay caused by the sequential measurement technique.
[0028] One embodiment of the present invention is applied to the generation of an output in dependence upon imped-
ance or at least one component thereof in which the electrical parameters comprise voltages, and the electrical arrange-
ment comprises a load component having a known impedance or at least one component thereof connected in series
with the device to allow for the measurement of a voltage drop across the load component. The signal generating
arrangement applies a voltage to the series connected load component and device and switch arrangement switches
the measurement channel to sequentially measure a first voltage on a first side of the load component and a second
voltage on a second side of the load component or a voltage difference across the load component. The signal processing
arrangement processes the measurements to generate the output in dependence upon the impedance of the device or
at least one component thereof.
[0029] The load component can comprise any device that enables the voltage to current relationship to be known to
enable a voltage measurement to be used as a current measurement. The load component can comprise any device
that has an impedance. Such devices include resistors, capacitors, inductors and any combination thereof. Also the at
least one component of impedance on which the output can depend can comprise any real, imaginary or complex part
of the impedance and can for example comprise one or more of resistance, capacitance and inductance.
[0030] In one specific embodiment, the processing arrangement determines a parameter indicative of the complex
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amplitude of the first voltage on a first side of the load component connected to the device, and a second parameter
indicative of the complex amplitude of a difference to voltage comprising the difference between the first and second
voltages. Each of the first and second determined parameters is multiplied by the complex conjugate of the second
determined parameter to generate third and fourth parameters respectively. The third and fourth parameters are then
compared to generate the result. The comparison can be a scaled comparison. Thus in this embodiment to the present
invention, the third and fourth parameters are merely compared and the result is not generated as a result of taking a
ratio of parameters. In this embodiment, if the drive signal has more than one frequency, more than one first and second
parameters are determined (one per frequency) and more than one third and fourth parameters are determined. These
can be compared to obtain multiple results, which can be averaged. Alternatively, the multiple third and fourth parameters
can be compared in combination to obtain the result.
[0031] In one embodiment, the processing arrangement is adapted to multiply said first voltage measurement by a
factor based on a phase inverse of a complex signal of which one component of the generated signal is a part to determine
said first parameter, to multiply said second voltage measurement by said factor to determine an interim parameter, and
to subtract the first parameter from said interim parameter to determine said second parameter.
[0032] In an alternative embodiment, the processing arrangement is adapted to multiply said first voltage measurement
by a factor based on a phase inverse of a complex signal of which one component of the generated signal is a part to
determine said first parameter, to determine a difference voltage using said first and second voltage measurements,
and to multiply said difference voltage by said factor to determine said second parameter.
[0033] In another embodiment, the processing arrangement is adapted to multiply said first voltage measurement by
a factor based on a phase inverse of a complex signal of which the generated electrical signal is a part to determine
said first parameter, and to multiply said voltage difference measurement by said factor to determine said second
parameter.
[0034] In one embodiment, the measurement channel includes an analogue-to-digital converter for generating digital
voltage measurements from the voltage measurements and the processing arrangement multiplies each of the voltage
measurements by said factor. Said factor comprises a sampled version of e-jωt over a plurality of digital samples. When
the drive signal comprises more than one frequency ω, said first and second voltage measurements are multiplied by
said factor at each respective frequency to yield a plurality of results.
[0035] In one embodiment, the present arrangement is adapted to compare one or more components or derivatives
of the third parameter and the fourth parameter to generate the result. For example, a component or derivative of the
third parameter can comprise only the real part, only the imaginary part, or a magnitude where the third parameter is
complex. In these embodiments of the present invention, the multiplication of the first and second parameters by the
complex conjugate of the second parameter forms a complex third parameter and a real fourth parameter. This enables
the complex third parameter to be compared with the real fourth parameter without the need to take a ratio of the two.
However, only the real or imaginary, or magnitude of the complex third parameter need be used in the comparison with
the fourth parameter.
[0036] In one embodiment, an estimate of noise in the measurements is determined using averages of the third and
fourth parameters over a plurality of measurements. The estimate of noise is used to determine whether to ignore the
current comparison of the third and fourth parameters i.e. because of a high noise level. This embodiment to the present
invention avoids erroneous measurements due to a high level of noise.
[0037] We also describe an apparatus comprising a load component having a known impedance or at least one
component thereof connected in series with the device to allow for the measurement of a voltage drop across the load
component; a generator arrangement for applying a voltage signal to the series load component and device; a meas-
urement arrangement adapted to measure a first voltage one side of said load component, and a second voltage on the
other side of said load component or a difference voltage comprising the voltage difference across said load component;
and a signal processing arrangement for processing the measurements to generate an output in dependence upon the
impedance or at least one component of the impedance of the device, wherein the signal processing arrangement is
adapted to determine a first parameter indicative of the complex amplitude of the first voltage on a first side of said load
component connected to said device and a second parameter indicative of the complex amplitude of said difference
voltage or a calculated difference voltage comprising the difference between the first and second voltages, to multiply
each of the first and second determined parameters by the complex conjugate of the second determined parameter to
generate third and fourth parameters respectively, and to compare said third and fourth parameters to generate the output.
[0038] We also describe an apparatus and method for generating an output in dependence upon the impedance or
at least one component of the impedance of a device, the apparatus comprising a load component having a known
impedance or at least one component thereof for connection in series with a device to allow for the measurement of the
voltage drop across the load component; a generator arrangement applying a voltage signal to the series connected
load component and device; a measurement channel for measuring voltage; a switch arrangement for switching the
measurement channel to sequentially measure a first voltage one side of said load component and a second voltage
on the other side of said load component; and a signal processing arrangement for processing the measurements to
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identify a change of impedance or at least one component thereof.
[0039] We also describe a method of calibrating apparatus for generating an output dependent upon the impedance
or at least one component of the impedance of a device. The apparatus includes a load component having a known
impedance or at least one component of the impedance. The method comprises connecting a test load component
having a known impedance or at least one component thereof to the apparatus in place of the device and in series with
the load component. A voltage signal is applied across the series connected test load component and load component.
Measurements indicative of the voltage across the test load component and current in the test load component are
obtained and processed to determine a value dependent upon the impedance or at least one component thereof of the
load component. The determined value is then stored for use by the apparatus for generating an output in dependence
upon the impedance or at least one component of the impedance of a device during measurements made on the device.
[0040] Furthermore, we also describe a method of identifying a device having a characteristic of impedance or at least
one component of impedance as a function of frequency, the method comprising: applying at least two frequency signals
to said device; measuring the voltage across said device and the current flowing through said device at said frequencies;
determining impedances or at least one component thereof for said device at said frequencies; and using said determined
impedances or at least one component thereof to identify said device.
[0041] We also describe a method of identifying a device having an impedance characteristic as a function of frequency,
the method comprising applying at least two frequency signals to said device; obtaining parameters indicative of the
voltage across said device and the current flowing through said device at said frequencies; and comparing said parameters
for said device with parameters for at least one other device to identify said device.
[0042] We also describe a method of identifying a device having an impedance characteristic as a function of frequency,
the method comprising applying at least two frequency signals to said device; obtaining measurements indicative of the
voltage across said device and the current flowing through said device at said frequencies; processing said measurements
in a multiplicative and non divisional manner to determine if a first factor related to the impedance or part of the impedance
of the device at a first frequency has a predefined inequality relationship with a second factor related to the impedance
or part of the impedance of the device at a second frequency; and identifying the device in dependence upon the
predefined inequality relationship.
[0043] The predefined inequality relationship defines whether said first factor is greater than or less than said second
factor times a predetermined constant and the constant is predetermined for identification of the device.
[0044] Embodiments of the present invention will now be described with reference to the accompanying drawings, in
which:

Figure 1 is a schematic diagram of a prior art measurement and processing system;
Figure 2 is a schematic diagram of a measurement and processing system in accordance with a first embodiment
of the present invention;
Figure 3 is a schematic diagram of a measurement and processing system in accordance with a second embodiment
of the present invention;
Figure 4 is a schematic diagram of a measurement and processing system in accordance with a third embodiment
of the present invention; and
Figure 5 is a diagram illustrating a graph of the impedance characteristics with frequency of two types of devices.

[0045] Figure 2 illustrates a first embodiment of the present invention for the determination of a change of impedance
of a device such as a proximity sensor 20. A load resistance 21 which is temperature and age stable and whose value
is known and stored within the processing system is connected in series with the device 20. One end of the load resistance
21 is connected to an amplifier 22, which generates a drive signal comprising at least one sinusoidal signal. The other
end of the load resistance 21 is connected to the device 20. A processor 23 is provided with a program memory 24 to
control the operation of the processor. An crasable programmable read-only memory (EEPROM) 25 is provided to store
data to be used by the processor 23. The data stored in the EEPROM 25 can include waveform generation data comprising
a digital representation of at least a part of a waveform. Alternatively this can be stored in the program memory 24 or
the random access memory (RAM) 26. The processor 23 is thus able to read the data from the EEPROM 25 in order to
generate a continuous digital waveform which in this embodiment comprises a single wave form for simplifying explanation
hereinafter. The storage of the waveform within the EEPROM 25 (or other memory location) makes the production of
the digital drive waveform sample. A processor 23 is not required to perform calculations in order to determine output
values for a cyclical waveform; instead values are simply repeatedly read out of the EEPROM 25.
[0046] A random access memory (RAM) 26 is provided to enable the processor 23 to store data during processing.
[0047] The digital drive signal output from the processor 23 is input to a digital-to-analogue converter 27 to generate
an analogue wave signal which is passed through a low pass filter 28 and input to the amplifier 22 to generate the drive
signal to the load resistor 21. The low pass ’reconstruction’ filter 28 reduces undesirable artefacts of the digital-to-
analogue conversion process. In an alternative embodiment the DAC 27 can be replaced with a pulse width modulated
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digital output directly from the processor 23.
[0048] The resistance value of the load resistor 21 can be stored in the EEPROM 25, the program memory 24 or the
RAM 26 for use in data processing. In fact to avoid the requirement for a division in the computation, the reciprocal of
the resistance value may be stored so that a multiplication operation can be used in the calculation instead.
[0049] The processor 23, the DAC 27, the ADC 30, the EEPROM 25, the RAM 26 and the memory 24 can all be
provided on a microcontroller such as the Microchip PIC series. Thus the microcontroller can perform the function of
signal generation and signal processing.
[0050] In this embodiment of the present invention a single measurement channel is provided comprised of a low pass
filter 29 and an analogue-to-digital converter 30 to provide a digitised input to the processor 23. The measurement
channel is connected to a switch arrangement 31, which receives as inputs connections from either side of the load
resistor 21. The switch arrangement is controlled by a control signal from the processor 23 to switch between measure-
ments of the voltages vo and vs either side of the load resistor 21.
[0051] The processor 23 controls the generation of the sinusoidal output signal to be in synchronism with the meas-
urements input from the analogue-to-digital converter. Thus the waveforms are generated and measured synchronously.
The processor 23 can comprise a microcontroller to control the output as well as the acquisition of the input samples.
The output sequence comprises a block of samples during which the switch 31 is controlled so that the measurement
channel measures the voltage on one side of the load resistor 21 i.e. during one measurement period. The block of
samples may contain any multiple of cycles of a periodic waveform, such as a single sinusoid. The processor 23 then
controls the switch 31 to switch to receive measurements of the voltage on the other side of the load resistor 21 and
during this measurement period the processor 23 outputs a sequence identical to the previous sequence. Thus during
pairs of measurement periods the output sequences are identical. It is thus preferable for the successive measurements
to occur over successive blocks. The blocks need not be consecutive. It is possible for there to be a quiescent period
between measurements, or the blocks can be filled with an initial number of zeros. However, to avoid latency it is preferred
that measurements are taken successively and each measurement period comprises a whole block of data. In order to
compensate for any transient factors, it is possible for the first part of the responses to the output to be discarded or not
measured to allow for settlement. It is preferred that the measurements be taken during the same section of successive
blocks to avoid for the need for any phase compensation. However, the present invention encompasses the possibility
of compensating for different phase measurements. The blocks themselves may be different from one pair of measure-
ments to the next.
[0052] As can be seen in this embodiment, since there is only one measurement channel comprising the low pass
filter 29 and the analogue-to-digital converter 30, there is no requirement for accurate gain and phase matching of two
filters and analogue-to-digital converters. Since all measurements are carried out using a single measurement channel,
all measurements are equally affected by the characteristics of the measurement channel and thus in the calculations
these factors cancel out.
[0053] Thus measurements are provided to the processor in successive blocks of the voltage vs on one side of the
load resistor 21 which comprises the voltage applied across the device 20. The other voltage measurement obtained is
the voltage vo on the drive side of the load resistor 21.
[0054] In the embodiment of Figure 2 the load resistance 21 is provided to enable the determination of the current
flowing through the device 20. The complex amplitude of the current can be calculated using Ohm’s law as follows: 

where Vo and Vs are the complex amplitudes at some frequency of vo and vs.
[0055] The impedance of device 20 at this frequency is given by: 

[0056] Therefore: 

[0057] It can be seen from this equation that impedance can be calculated from the ratio of the two complex voltage
amplitudes taking into consideration the load resistance. In other words the value of the impedance is dependent upon
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the ratio of the voltage across the device and the voltage difference across the load resistance 21.
[0058] In one embodiment of the present invention the sequential measurements can be used to calculate the imped-
ance. To detect a change of impedance, or in the case of the device being a proximity sensor, to detect the proximity
of a target, the impedance value can be compared with a threshold impedance value to determine the proximity of a
target to the sensor.
[0059] Such embodiments to the present invention, which involve the calculation of the impedance, however, require
for a computationally expensive division operation to be carried out. Such divisions, also can result in out of range results
e.g. a divide by zero operation which can be caused by noise.
[0060] A preferred embodiment of the present invention does not result in the calculation of an absolute value for
impedance. Instead quantities derived from the Vs and the Vo - Vs are compared to identify a change in the relative
values. This can be used to compare the relative values with a threshold.
[0061] The explanation of the operation of the measurement and processing is complicated by the fact that the drive
signal generation and processing is performed digitally and the measurements comprise complex values for the voltage
including phase and amplitude information. Also, impedance is complex: 

[0062] In this simplified embodiment, the output drive signal comprises a sinusoidal signal at a predetermined angular
frequency ω. Samples of this signal will be clocked out of the digital-to-analogue converter at a sample frequency fs =
I/τ, where τ is the sample period. Each block of the samples can be denoted by: 

where z=ejωτ, Vo is the complex amplitude of the output voltage, P is a positive integer or zero indicating the number of
samples of the block which may be zeroed to allow for settling, and M is a positive integer.
[0063] Normally there is no point in choosing Vo to be anything other than 1 since the units of the signal are arbitrary
and there is no point in requiring a complex multiplication to be performed as each output sample is generated. Typically
therefore only the real part of zn is needed to generate the output. These values are calculated and stored in the EEPROM
memory 25 or program memory 24 beforehand, or they can be precomputed and stored in the RAM 26.
[0064] There may be occasions when the phase of the output drive signal is desired to be varied from one pair of
blocks to another pair of blocks to help decorrelate it from an otherwise phase-locked interfering signal (such as cross-
talk from another sensing system running at precisely the same frequency). In this case, both the real and imaginary
components of zn will preferably be pre-calculated and stored so that an output of arbitrary initial phase can be generated.
[0065] Due to periodicities and symmetries in the output sequence, it is possible to store fewer than P+M values of
zn and still be able to generate the entire output sequence without any additional arithmetic operations. The storage of
such a partial representation of the generated waveform reduces the memory requirement.
[0066] As the output sequence is generated by the processor 23, one of the continuous-time input signals v(t) is
synchronously sampled to yield a sequence of input samples, vn for n = 0 to M-1, (where the first P samples of the block
have been discarded or not measured to allow for settling). Each sample is then multiplied by z-n i.e e-jαx (a phase inverse
of the complex generated signal of which the generated sinusoidal signal is a part). The digitised values z-n for e-jωτ are
stored in the EEPROM 25 (or program memory 24 or RAM 26) to avoid the need to calculate them in real time. The
result is the weighted sequence which is summed over the M terms to yield an estimate of the complex amplitude V of
the signal at angular frequency ω. This can be represented as: 

where σ denotes any components in the signal that are not desired (e.g. noise), then 

and 
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[0067] The second term on the right hand side is oscillatory with M, and therefore loses significance relative to the
first term if M is large. The third term on the right hand side can also be neglected for large enough M provided the

"noise" is uncorrelated with the output drive signal. It is particularly advantageous if fs be chosen such that 

where N is a positive integer, and M is chosen such that M=pN, where p is also a positive integer. In this special case,
the second term on the right hand side above is zero. In any case, the estimate of V, denoted V, is given by 

This requires just two multiplications and additions at each sample point, and is therefore extremely economical on
processing power. A basic microcontroller can manage this with less than 10% of its processing ability at useful sample
rates.
[0068] In systems with more than one sinusoid component in the output drive signal, it is particularly advantageous if
the frequencies of those components each obey the relation: 

where p is a positive integer, and ωp is the angular frequency of the pth component.
[0069] In this case, whole cycles of each of the components fit within the M samples that are used in the calculation
of the estimates of the complex voltage amplitudes. These estimates are calculated in a way analogous to that used for
a single frequency system, viz. 

where Vp is the complex amplitude of the voltage component at angular frequency ωp and zp = ejωpτ. If there is a special

relationship among the excitation frequencies of a multi-frequency system, it is often possible to avoid storing a complete
set of the weights zp

n for each frequency component because many of the weights will be common to more than one

component. For example if p=1, 2 in a two-frequency system, at most only the weights z1
n (n=0 to M-1) need be stored,

as the weights  are already contained within, and can be picked out of the z1
n.

[0070] A window function can be applied to a sample block in order to reduce windowing effects. The window function
can easily be incorporated by modifying the weights z-n with the window weight (say wn) and pre-storing the result wnz-n

in the EEPROM 25. Such window functions are well known in the art. This can mean that some additional storage is
required for the modified weights, but no additional arithmetic operations are needed to form the estimate of V. Alternatively
the values stored for the signal samples can be a combination of z-n and the window weights to avoid the need for
additional storage and pre-calculation at run time. The window function can also overcome start-up transients by including
leading zeros.
[0071] Another method of estimating V would be to low-pass filter the weighted input sequence. This is really just
another form of averaging, and could be performed by e.g. convolving the weighted sequence with the impulse response
of the chosen filter. Alternatively, the unweighted input sequence could be convolved with the impulse response of a
band-pass filter with its pass-band centred substantially at an angular frequency of ω. These alternatives will require
more computation and storage, however. Both of these alternatives could also be implemented "in the frequency-domain",

˄

˄
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in which case a Fast Fourier Transform (FFT) of the weighted or unweighted input sequence is typically taken prior to
modifying it by the transfer function of the chosen filter. (In these cases, M will normally be chosen to be a power of 2).
These alternatives also require more computation. These alternatives are also applicable to signals containing more
than one frequency component.
[0072] The above process, applied to the two consecutively measured input signals (or "block-pair"), will yield

 say, and  where VS and Vo are the complex voltage amplitude estimates measured by the

system at the device 20 and at the output of the amplifier 22 respectively (i.e. at either end of the load resistor 21). The
difference value is then calculated using AR = Ao - AS. Cross- and auto-power spectral estimators are then formed as 

 and 

where  is the complex conjugate of AR.

These quantities can be further averaged (e.g. over several block-pairs) if their variances are desired to be reduced.

[0073] It should be noted that the multiplication of the complex first and second parameters AR and AS by  AR

causes the product  to be generated, which is real. This facilitates the comparison of the third and fourth parameters
SRS and SRR, and avoids the need to perform computationally complex division of the parameters since it facilitates a

threshold comparison. Also, this facilitates the averaging of measurements or parameters.
[0074] The thresholding of the results, in order to identify a threshold change in impedance can be summarized as
the determination of any one of the following:

real(SRS) > HSRR? (threshold on the linear resistive part of the impedance)

imag(SRS) > HSRR? (threshold on the linear reactive part of the impedance)

or abs(SRS) > HSRR? (threshold on the magnitude of the linear part of the impedance) (or, equivalently,

 ),

or more generally,

real(SRSejφ) > HSRR? Etc. where φ is a quantity selected by the designer or derived as part of the processing

or even more generally,

Gr(real(SRSejφ)) + Gi(imag(SRSejφ)) > HSRR? where Gr and Gi are arbitrary real functions selected by the designer
or derived by the processing.

[0075] The above formulae can also be generalised to use an impedance measure derived from 2 different frequency
measurements. This would take the form given below in one example 

(this is a threshold on the linear reactive part of the weighted impedance measure), where ω1 and ω2 indicate measure-
ments at 2 frequencies and α and β are constants determining the weight applied to the measurements at frequency 1
and 2. This type of weighted sum comparison can obviously be generalized to the other types of thresholding listed

˄ ˄
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above. The values α, β=61 are particularly useful for forming measures of sums or differences of components of
impedance at different frequencies for comparison with a threshold. This type of weighted sum can also be generalized
to more than 2 frequencies without difficulty.
[0076] In the above embodiments the "H1" transfer function is used. However as an alternative the "H2" transfer function
could be used and will give rise to the inequalities:

  (threshold on the linear resistive part of the impedance)

  (threshold on the linear reactive (inductive) part of the impedance)

  (threshold on the magnitude of the linear part of the impedance) or more generally,

  Etc. where φ is some constant chosen by the designer or derived by the process

where  and  

[0077] In setting the above thresholds, H will contain numerical constants relating to the system and the processing
that can be pre-calculated and will not vary from one set of electronics to another. It will also contain the precise value
(or its reciprocal) of the load resistance, which is stored in the EEPROM 25 (or other memory) following a calibration
process or end-of-line test.
[0078] It is clear from the above that in order to identify whether a change in impedance (or at least one component
of it) is above or below a threshold its actual value need not be computed and compared to a threshold. Instead, the
relative values of two parameters related to the current and the voltage in the device can be compared to determine if
their relationship is above or below a threshold.
[0079] In one embodiment hysteresis is added into the comparison in order to avoid ’hunting’ when the impedance
(or at least one component of it) fluctuates close to the threshold. Accordingly the threshold can be dependant upon the
current state i.e. whether the quantity related to the current impedance (or at least one component of it) is above or
below the threshold. In order for the system to generate an output the inequality is adjusted either by adjusting H or by
adding a factor into either side of the inequality. Thus if the quantity related to the impedance component was above
the threshold for a previous measurement, for example real(SRS) > HSRR, the effective threshold is made smaller either
by reducing H or by adding a factor to the left hand side of the inequality (or subtracting a factor from the right hand side
of the inequality). Similarly if the quantity related to the impedance was below the threshold for a previous measurement,
for example real(SRS) ≤ HSRR, the effective threshold is made bigger either by increasing H or by adding a factor to the
right hand side of the inequality (or subtracting a factor from the left hand side of the inequality).
[0080] A second embodiment of the present invention will now be described with reference to figure 3. This embodiment
is similar to the first embodiment illustrate in figure 2 (and hence like reference numerals have been used for like
components) except that the measures voltages are vs and vR where vR is the difference between the voltages vo and
vs as provided by an analogue difference amplifier 72.
[0081] In this embodiment the processing, applied to the two consecutively measured input signals (or "block-pair"),

will yield  and  where VS and VR are the complex voltage amplitude estimates measured by

the system at the device 20 and at the output of the difference amplifier 72 respectively. Cross- and auto-power spectral
estimators are then formed as in the first embodiment.
[0082] This embodiment benefits from the avoidance of the need to calculate the difference voltage parameter AR
from AS and Ao. However a difference amplifier is required which is highly accurate and stable.
[0083] A third embodiment of the present invention will now be described with reference to figure 4. This embodiment
is similar to the first embodiment of the present invention illustrated in figure 2 and hence like reference numerals are
used for like components. This embodiment differs from the first embodiment in that multiple measurement channels
are provided for simultaneous measurement of the voltages sequentially. In this embodiment there are two channels
operating so that at any point in time a measurement of both voltages vo and vs is being taken simultaneously. Each
measurement channel includes a low pass filter 49 or 50. In this embodiment the measurement channels share an
analogue-to-digital converter 30 by the use of a multiplexer 51 to multiplex the signals via the ADC into the processor
23. This embodiment is suited to systems in which P=0, all of the input sample block-pairs are either the same or varying
only slowly in time, and the blocks are output consecutively with no quiescent period between them. It still has the
advantage that accurate matching of the measurement channels is not required.
[0084] In an alternative embodiment each measurement channel could have its own analogue-to-digital converter.
Also, although this embodiment illustrates the use of two simultaneous measurement channels, the present invention
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encompasses any number. The number is limited only by the number of samples in each block. At the limit, each of a
plurality of 2M channels could provide simultaneous measurements sequentially starting at each sample point of the M
samples per block so that the channels measure the voltages one cyclically sample point out of phase.
[0085] Each measurement channel provides sequential measurements of the voltages. Each channel allows the proc-
essor to generate a result every second block after an initial delay of two blocks. In the embodiment illustrated in figure
4 the use of two channels enables the processor to produce a result every block. In the extreme, where there are 2M
channels, the processor could produce a result every sample point.
[0086] In the case of two channels, during samples 0 to M-1 channel 1 will be switched to sample vo for example and
during samples M and 2M-1, it will be switched to measuring vs and so on alternately. Whereas, channel 2 will be
switched to measure vo during samples M to 2M-1, and during samples 2M to 3M-1 it will be switched to measure vs,
and so on alternately. By computing results for consecutive block-pairs, this enables results to be available from channel
1 at times (2M-1)τ, (4M-1)τ etc, whereas results are available from channel 2 at interleaved times (3M-1)τ, (5M-1)τ etc.
This can be extended to more channels in the same manner.
[0087] In the limiting case of 2M measurement channels, each pair of channels begins its acquisition of its block-pairs
one sample delayed from the previous pair of channels. One of the pair will begin by measuring a block of vo, and the
other will measure vs. This enables, after an initial delay of one block-pair, results taken across all of the channels to be
available every sample point.
[0088] Evenly spaced results (in time) are generated for multiple channels if the number of channels is 2 times a factor
(or the product of factors) of M.
[0089] In this embodiment, in order to improve the accuracy of the processed result, the processor can perform an
averaging operation on the measurements from the multiple channels. The averaging can be of the parameters AS and
Ao, or AS and AR for example. The embodiments of the present invention are suited to use with proximity sensors. The
design can use a separate microprocessor for each sensor. This is economically viable because the processor can be
very simple and cheap. It also means that the system is highly modular, and failures in one sensor channel are unlikely
to affect another sensor channel (because the channels are effectively self-contained). However, it is possible to combine
more than one sensor channel with a single, more powerful, processor yet still use the sequential measurement technique
and economical processing method to simplify the system and reduce its cost.
[0090] Since the designer can choose the excitation frequencies, it is possible to ensure that they are not close to
other significant sources of interference (such as harmonics of an alternating current (ac) power line frequency).
[0091] Where crosstalk from one sensor system to another is unavoidable, it is preferable for each system to be
operating at a different set of frequencies. This may not be possible, however, as there is an incentive to make all systems
the same. In this case, the frequencies of each system can be made to change in such a way that one system’s excitation
will be decorrelated from another’s (a random variation of the excitation frequencies from block-pair to block-pair within
some bounded range would achieve this, for example). Alternatively, the frequencies can be kept fixed and the phases
of the excitation blocks can be changed from block-pair to block-pair.
[0092] Where interfering noise is thought to be a problem, the number of samples in each data block, M, can be
increased. This is at the cost of a slower response to changes in the sensor-target separation. M could be adaptively
varied in response to some estimate of the level of background noise. An alternative (or complement) to varying M is to
form the cross- and auto-power spectral estimates from the averages of more than one set of consecutive data block-
pairs. This has the same effect of improving the noise immunity at the cost of a slower response to sensor-target
separation. The number of averages chosen could be adaptively varied in response to some estimate of the level of

background noise. A useful estimate of the background noise could be derived from the coherence,  given by 

although in practice,  would be compared to SRR SSS without performing the computationally expensive division.

The averages (indicated by an over bar) are taken over more than one data block-pair. This would normally be performed
as a "running average" over a chosen number of data block-pairs. The coherence will be close to unity if the noise is
low, and tends to zero as the noise increases. The only additional quantity that has to be computed is 

˄

˄ ˄ ˄

˄



EP 2 261 682 B1

13

5

10

15

20

25

30

35

40

45

50

55

[0093] An adaptive scheme might vary M and/or the number of averages of the cross- and auto-power spectral estimates
in order to keep the coherence at around some threshold value, such as 0.95.
[0094] In the above method a modulus is required. An alternative method comprises using the equation: 

[0095] This avoids the need for the modulus operation. The comparison to avoid division can then be carried out by
determining if: 

i.e. whether 

[0096] In some systems, large, sudden and short duration noise is present (this would be typified by a lightning strike,
for example). Where a running estimate of the coherence is being maintained, the consequent sudden drop in coherence
can be used as an indicator that a false "near/far" indication may be given. It is then possible to e.g. hold the previous
state until the coherence regains an acceptable level. This helps to avoid false indications during periods of strong
intermittent noise.
[0097] An alternative approach to estimating the noise on the signals is to compare the total magnitude of the signal

with its extracted complex amplitude. So, for example, one could compare  to  when
the excitation contains K sinusoids at different frequencies, to decide if the signal at frequency ωk is sufficiently large

compared to all of the other (non-system related) noise on the signal. If it is not, and nor are any of the other excitation
components, then one might choose to ignore the "near/far" indication given and hold a previous value. This type of
comparison is prone to false alarms, however, because the process of extracting the complex amplitudes at the excitation
frequencies is highly frequency-selective, so even large amounts of noise in the signal at other frequencies may have
little effect on the accuracy of the "near/far" indication. It may, however, still be a useful technique for catastrophic events,
such as a lightning strike. Again, a "running average" of the above comparison over more than one data block-pair could
be maintained, and the trend in this average used to diagnose sudden increases in noise.
[0098] A "diagnostic" signal could be generated by the system for output to other systems when excessive noise
interference is detected by either of the above general techniques.
[0099] One embodiment of the present invention provides a method of calibrating a measurement system as described
above with reference to any one of figures 1 to 4. In the prior art, the measurement system requires the use of an
accurately known load resistance 2. The processing is then performed on the measurements assuming the known
resistance. In this embodiment of the present invention, the measurement system does not rely on the use of a known
stable load resistance R. Instead a stable resistance can be used the value of which is not initially accurately known but
which is measured and stored in the processing system for use during measurements.
[0100] The method comprises using a test resistance Rt of accurately known value in place of the device and taking
voltage measurements. In the prior art system of figure 1, the value of R could be calculated from: 
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[0101] In the systems of figures 2, 3, and 4, however, R would typically be estimated using similar methods to those
used in normal operation with a device connected in place of the test component viz. 

[0102] The computation of R and derived values can be performed in the test equipment if desired, and the results
stored in the processor memory.
[0103] There is no necessity for the load component or the test component to be purely resistive, provided the imped-
ance of the test component is known, and the impedance of the load component is stable. However, it is convenient to
make both components pure resistors so that their impedances are frequency-independent. Embodiments with load
components that are not pure resistors can easily be derived from the above embodiments in which a purely resistive
component is used.
[0104] The value for R (or the reciprocal of R or a derived quantity) is stored in the processor memory e.g. the EEPROM
of figures 2 to 4 for use in the calculation of the impedance or at least one component of impedance of the device using
prior art processing techniques, or for use in the calculation of the comparison as described hereinabove.
[0105] Thus this embodiment of the present invention provides a methodology, which avoids the expensive component
costs required in the use of stable and precisely manufacturer-characterised resistors as the load resistance in the
measurement system.
[0106] A further embodiment of the present invention provides a method of identifying devices when devices have
different permeability or resistivity as a function of frequency. Such a variation is illustrated in figure 5. The devices may
have different core materials that may need different temperature compensation. The differing core materials may have
differing permeability as a function of frequency. To make use of differing frequency dependencies of the impedance
with frequency for the 2 device types, current and voltage measurements are taken at one or more additional frequencies
to the basic frequency needed for the impedance (or at least one component thereof) change determination.
[0107] Impedance estimates at frequencies ω1 and ω2 are obtained. This gives a test inequality of the form :-

for a test based on the magnitudes of the impedances at the two frequencies. This is comparable to 

or 

for a prior art system in which the load component is a resistor and vr = vo-vs.
[0108] Similarly, for a test based on the real part of the impedance of the device, 

or 

[0109] For a test based on the imaginary part of the impedance of the device 
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 or 

Thus this enables the type of device, i.e. a device or group of devices having the same characteristics, to be determined
from its impedance characteristics by comparing the measurements at two frequencies, if the value of k is set at a value
that allows the distinction between type 1 and type 2 devices. The identification of a device type from a plurality of device
types can be achieved by repeating this method for pairs of device types.
[0110] A further refinement of the above comparisons can be made when identification of a device from a group of
devices is to be based on a measure of the eddy-current "resistance" of the device. In this case, measurements are
made at a low frequency ω1 where the eddy-current effects are small, and another, higher frequency ω2. Since the
resistive components not due to eddy currents are sensibly constant with frequency, a decision based on the difference
between the resistive part of the impedance measures at ω2 and ω1 is comparable a decision based on the eddy-current
"resistance" of the device. In practice, this comparison is preferably performed by 

[0111] In any embodiment of the present invention described hereinabove, the processor can be programmed to
identify a fault in the device i.e. to carry out diagnostics for the device. For example, if the processor detects that the
voltage vo has gone low, this indicates that the digital-to-analogue converter is damaged. If the voltage vs goes low, this
indicates that the device has gone short circuit. If vo ≈ vs this indicates that the device has gone open circuit. The
processor can detect these types of faults and can generate an output that can be used to give a warning. This technique
is equally applicable to prior art systems. In this embodiment, if the load component goes open circuit vs goes very low.
Also if the device goes short circuit, vs goes very low.
[0112] In one embodiment, in order to detect if the load component has gone open circuit, a small resistor of know
resistance can be placed in series with the load component between the load component and the device. The meas-
urement v, being taken between the additional resistor and the device and the measurement vo being taken at the end
of the load component remote from the additional resistor. In this embodiment when the load component goes open
circuit, vs goes very low. If the device goes short circuit, vs goes low but not very low. Thus using the additional resistor
enables the two states to be distinguished. To avoid the problem of the additional resistor going open circuit, a third
measurement could be taken between the additional resistor and the load component.
[0113] The identification of a device or device type is useful where the devices are used for applications where they
can be used interchangeably and it is desirable to use the same electronic processing circuit e.g. where the device may
be replaced in use with a device of another type having different characteristics. In such a scenario it is important that
the electronics detect that the device type has changed and use appropriate calculations to generate the proper output
e.g. a proximity detection output. In the embodiments described above, the detection of the device type enables the
proper threshold values H to be chosen for use with the device type.
[0114] Although embodiments of the present invention have been described with reference to inductive devices, the
present invention also applied to capacitance devices since the imaginary part of impedance (the reactive part) is
dependant upon inductance or the inverse of capacitance. Such variable capacitive devices, such as variable capacitance
proximity sensors are well known in the art.

Claims

1. A proximity sensor for sensing the proximity of a target comprising:

an electrical component (20) for sensing the proximity of the target, said electrical component (20) having
electrical properties that vary with the proximity of the target;
an impedance component (21) having a known impedance and a first end connected to a first end of said
electrical component (20);
a signal generator (22) connected to a second end of said impedance component (21) for generating an electrical
signal for application to the impedance component (21) and electrical component (20);
an analogue-to-digital converter (30) for receiving an electrical signal and for generating a digital voltage signal;
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a switch (31) having a first end connected to switch alternately between said first end of said impedance
component (21) and said second end of said impedance component (21), and the switch having a second end
connected to said analogue-to-digital converter (30); and
a processor (23) connected to the analogue-to-digital converter (30) for receiving a digital voltage signal and
for generating a proximity signal, wherein said processor (23) is adapted to control said switch (31) to switch
to connect to said first and second ends of said impedance component (21) sequentially.

2. A proximity sensor according to claim 1, wherein said electrical component (20) comprises an inductor or a capacitor.

3. A proximity sensor according to claim 1, wherein said impedance component (21) comprises a resistor or an inductor.

4. A proximity sensor according to claim 1, 2 or 3, wherein said signal generator (22) is adapted to generate said signal
comprising sequential signal blocks for application to said series connected impedance component (21) and electrical
component (20), wherein said switch (31) is adapted to switch a measurement channel of said analogue-to-digital
converter (30) to measure each of said voltages during the same part of the signal block of sequential signal blocks
of said signal.

5. A proximity sensor according to claim 4, wherein said signal generator (22) includes a digital store storing a signal
pattern for at least a part of a said signal block, generator means for generating a digital signal by repeatedly using
the stored signal pattern, and a digital-to-analogue converter for converting the digital signal to the signal.

6. A proximity sensor according to claim 5, wherein said signal generator (22) and said processor are adapted to
operate synchronously.

7. A proximity sensor according to claim 4, 5 or 6, including a plurality of said measurement channels for measuring
said voltages, wherein said switch (41) is adapted to switch each of said measurement channels to sequentially
measure said voltages to allow simultaneous measurements in the measurement channels, and said processor
(23) is adapted to process the sequentially measured voltages for each channel.

8. A proximity sensor according to claim 7, wherein said processor (23) comprises a digital processing arrangement,
and said measurement channels include a common multiplexer (51).

9. A proximity sensor according to any preceding claim, wherein said processor (23) is adapted to generate the output
as a measure of impedance or at least one component of the impedance of said electrical component (20).

10. A proximity sensor according to any one of claims 1 to 8, wherein said processor (23) is adapted to generate said
output as an indication of whether or not a factor related to the impedance or at least one component thereof of said
electrical component (20) is above or below a threshold.

11. A proximity sensor according to claim 10, wherein said processor (23) is adapted to:

determine a first parameter indicative of the complex amplitude of the first voltage on a first side of said impedance
component (21) connected to said electrical component (20), and a second parameter indicative of the complex
amplitude of the difference between the first and second voltages or said voltage difference;
multiply each of the first and second determined parameters by the complex conjugate of the second determined
parameter to generate third and fourth parameters respectively; and
compare said third and fourth parameters to generate said output, or compare one or more components or
derivatives of the third parameter and one or more components or derivatives of said fourth parameter to
generate said output.

12. A proximity sensor according to claim 11, wherein said processor (23) is adapted to include an averaging process
in the generation of said third and fourth parameters.

13. A proximity sensor according to claim 11 or claim 12, wherein said processor (23) is adapted to multiply said first
voltage measurement by a factor based on a phase inverse of a complex signal of which the generated signal is a
part to determine said first parameter, to multiply said second voltage measurement by said factor to determine an
interim parameter, and to subtract said first parameter from said interim parameter to determine said second pa-
rameter.
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14. A proximity sensor according to claim 11 or claim 12, wherein said processor (23) is adapted to multiply said first
voltage measurement by a factor based on a phase inverse of a complex signal of which the generated signal is a
part to determine said first parameter, to determine a difference voltage using said first and second voltage meas-
urements, and to multiply said difference voltage by said factor to determine said second parameter.

15. A proximity sensor according to claim 11 or claim 12, wherein said processor (23) is adapted to multiply said first
voltage measurement by a factor based on a phase inverse of a complex signal of which the generated electrical
signal is a part to determine said first parameter, and to multiply said voltage difference measurement by said factor
to determine said second parameter.

16. A proximity sensor according to any one of claims 13 to 15, wherein said processor (23) is adapted to multiply each
voltage measurement by said factor and to sum each of the digital voltage measurements multiplied by said factor
over a plurality of digital samples.

17. A proximity sensor according to any one of claims 10 to 16, wherein said signal generator (22) is adapted to generate
said electrical signal comprising a plurality of frequency components and said processor (23) is adapted to determine
a first parameter indicative of the complex amplitude of the first voltage on said first side of said impedance component
for each said frequency, and a second parameter indicative of the complex amplitude of the difference between the
first and second voltages or said voltage difference for each said frequency, to multiply each of the first and second
determined parameters by the complex conjugate of the second determined parameter to generate third and fourth
parameters respectively, and to compare said third and fourth parameters to generate said output, or compare one
or more components or derivatives of the third and fourth parameters to generate said output.

18. A proximity sensor according to any one of claims 11 to 17, wherein said processor (23) is adapted to compare said
third and fourth parameters using a constant, wherein said constant is dependent upon an impedance or at least
one component of impedance of said impedance component (21).

19. A proximity sensor according to claim 18, wherein said processor (23) is adapted to compare said third and fourth
parameters to generate said output by comparing the result of multiplying each said fourth parameter by said constant
with each said third parameter; wherein said constant includes the reciprocal of the impedance or part thereof of
said impedance component (21).

20. A proximity sensor according to any one of claims 11 to 19, wherein said processor (23) is adapted to determine
an estimate of noise in the measurements using averages of said third and fourth parameters over a plurality of
measurements, and to ignore the current comparison of said third and fourth parameters if said noise is above a
threshold.

Patentansprüche

1. Näherungssensor zum Erfassen der Nähe eines Ziels, der Folgendes umfasst:

eine elektrische Komponente (20) zum Erfassen der Nähe des Ziels, wobei die elektrische Komponente (20)
elektrische Eigenschaften aufweist, die mit der Nähe des Ziels variieren;
eine Impedanzkomponente (21) mit einer bekannten Impedanz und einem ersten Ende, das mit einem ersten
Ende der elektrischen Komponente (20) verbunden ist;
einen Signalgenerator (22), der mit einem zweiten Ende der Impedanzkomponente (21) zum Erzeugen eines
elektrischen Signals zum Anlegen an die Impedanzkomponente (21) und die elektrische Komponente (20)
verbunden ist;
einen Analog-Digital-Wandler (30) zum Empfangen eines elektrischen Signals und zum Erzeugen eines digitalen
Spannungssignals;
einen Schalter (31), dessen erstes Ende so verbunden ist, dass es abwechselnd zwischen dem ersten Ende
der Impedanzkomponente (21) und dem zweiten Ende der Impedanzkomponente (21) umschaltet, und wobei
der Schalter ein zweites Ende aufweist, das mit dem Analog-Digital-Wandler (30) verbunden ist; und
einen Prozessor (23), der mit dem Analog-Digital-Wandler (30) zum Empfangen eines digitalen Spannungssi-
gnals und zum Erzeugen eines Näherungssignals verbunden ist, wobei der Prozessor (23) dafür ausgelegt ist,
den Schalter (31) so zu steuern, dass er die Verbindung mit dem ersten und dem zweiten Ende der Impedanz-
komponente (21) sequentiell umschaltet.
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2. Näherungssensor nach Anspruch 1, wobei die elektrische Komponente (20) eine Induktionsspule oder einen Kon-
densator umfasst.

3. Näherungssensor nach Anspruch 1, wobei die Impedanzkomponente (21) einen Widerstand oder eine Induktions-
spule umfasst.

4. Näherungssensor nach Anspruch 1, 2 oder 3, wobei der Signalgenerator (22) dafür ausgelegt ist, das Signal zu
erzeugen, das sequenzielle Signalblöcke zum Anlegen an die in Reihe geschaltete Impedanzkomponente (21) und
elektrische Komponente (20) umfasst, wobei der Schalter (31) dafür ausgelegt ist, einen Messkanal des Analog-
DigitalWandlers (30) umzuschalten, um jede der Spannungen während des gleichen Teils des Signalblocks der
sequentiellen Signalblöcke des Signals zu messen.

5. Näherungssensor nach Anspruch 4, wobei der Signalgenerator (22) Folgendes umfasst: einen digitalen Speicher,
der ein Signalmuster für mindestens einen Teil des Signalblocks speichert, ein Generatormittel zum Erzeugen eines
digitalen Signals durch wiederholtes Verwenden des gespeicherten Signalmusters und einen Digital-AnalogWandler
zum Umwandeln des digitalen Signals in das Signal.

6. Näherungssensor nach Anspruch 5, wobei der Signalgenerator (22) und der Prozessor dafür ausgelegt sind, syn-
chron zu arbeiten.

7. Näherungssensor nach Anspruch 4, 5 oder 6, der eine Vielzahl von Messkanälen zum Messen der Spannungen
umfasst, wobei der Schalter (41) dafür ausgelegt ist, jeden der Messkanäle zum sequentiellen Messen der Span-
nungen umzuschalten, um gleichzeitige Messungen in den Messkanälen zu ermöglichen, und der Prozessor (23)
dafür ausgelegt ist, die sequentiell gemessenen Spannungen für jeden Kanal zu verarbeiten.

8. Näherungssensor nach Anspruch 7, wobei der Prozessor (23) eine digitale Verarbeitungsanordnung umfasst und
die Messkanäle einen gemeinsamen Multiplexer (51) umfassen.

9. Näherungssensor nach einem der vorhergehenden Ansprüche, wobei der Prozessor (23) dafür ausgelegt ist, die
Ausgabe als ein Maß für die Impedanz oder mindestens eine Komponente der Impedanz der elektrischen Kompo-
nente (20) zu erzeugen.

10. Näherungssensor nach einem der Ansprüche 1 bis 8, wobei der Prozessor (23) dafür ausgelegt ist, die Ausgabe
als eine Anzeige dafür zu erzeugen, ob ein auf die Impedanz bezogener Faktor oder mindestens eine Komponente
davon der elektrischen Komponente (20) oberhalb oder unterhalb eines Schwellenwertes liegt oder nicht.

11. Näherungssensor nach Anspruch 10, wobei der Prozessor (23) für Folgendes ausgelegt ist:

Bestimmen eines ersten Parameters, der die komplexe Amplitude der ersten Spannung auf einer ersten Seite
der Impedanzkomponente (21) anzeigt, die mit der elektrischen Komponente (20) verbunden ist, und eines
zweiten Parameters, der die komplexe Amplitude der Differenz zwischen der ersten und der zweiten Spannung
oder die Spannungsdifferenz anzeigt;
Multiplizieren jedes der ersten und zweiten bestimmten Parameter mit dem konjugierten Komplex des zweiten
bestimmten Parameters, um jeweils dritte und vierte Parameter zu erzeugen; und
Vergleichen des dritten und vierten Parameters zum Erzeugen der Ausgabe oder Vergleichen einer oder meh-
rerer Komponenten oder Ableitungen des dritten Parameters und einer oder mehrerer Komponenten oder
Ableitungen des vierten Parameters, um die Ausgabe zu erzeugen.

12. Näherungssensor nach Anspruch 11, wobei der Prozessor (23) dafür ausgelegt ist, einen Mittelungsprozess bei
der Erzeugung des dritten und vierten Parameters einzuschließen.

13. Näherungssensor nach Anspruch 11 oder 12, wobei der Prozessor (23) für Folgendes ausgelegt ist: Multiplizieren
der ersten Spannungsmessung mit einem Faktor, der auf einem Phasenumkehrwert eines komplexen Signals
basiert, von dem das erzeugte Signal ein Teil ist, um den ersten Parameter zu bestimmen, Multiplizieren der zweiten
Spannungsmessung mit dem Faktor, um einen Zwischenparameter zu bestimmen, und Subtrahieren des ersten
Parameters von dem Zwischenparameter, um den zweiten Parameter zu bestimmen.

14. Näherungssensor nach Anspruch 11 oder 12, wobei der Prozessor (23) für Folgendes ausgelegt ist: Multiplizieren
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der ersten Spannungsmessung mit einem Faktor, der auf einem Phasenumkehrwert eines komplexen Signals
basiert, von dem das erzeugte Signal ein Teil ist, um den ersten Parameter zu bestimmen, um eine Differenzspannung
unter Verwendung der ersten und zweiten Spannungsmessung zu bestimmen, Multiplizieren der Differenzspannung
mit dem Faktor, um den zweiten Parameter zu bestimmen.

15. Näherungssensor nach Anspruch 11 oder 12, wobei der Prozessor (23) für Folgendes ausgelegt ist: Multiplizieren
der ersten Spannungsmessung mit einem Faktor, der auf einem Phasenumkehrwert eines komplexen Signals
basiert, von dem das erzeugte elektrische Signal ein Teil ist, um den ersten Parameter zu bestimmen, und Multip-
lizieren der Spannungsdifferenzmessung mit dem Faktor, um den zweiten Parameter zu bestimmen.

16. Näherungssensor nach einem der Ansprüche 13 bis 15, wobei der Prozessor (23) für Folgendes ausgelegt ist:
Multiplizieren jeder Spannungsmessung mit dem Faktor und Summieren jeder der digitalen Spannungsmessungen,
die mit dem Faktor multipliziert sind, für eine Vielzahl von digitalen Abtastwerten.

17. Näherungssensor nach einem der Ansprüche 10 bis 16, wobei der Signalgenerator (22) dafür ausgelegt ist, das
elektrische Signal zu erzeugen, das eine Vielzahl von Frequenzkomponenten umfasst, und wobei der Prozessor
(23) für Folgendes ausgelegt ist:

Bestimmen eines ersten Parameters, der die komplexe Amplitude der ersten Spannung auf der ersten Seite
der Impedanzkomponente für jede Frequenz anzeigt, und eines zweiten Parameters, der die komplexe Amp-
litude der Differenz zwischen der ersten und der zweiten Spannung oder die Spannungsdifferenz für jede
Frequenz anzeigt, Multiplizieren jedes der ersten und zweiten bestimmten Parameter mit dem konjugierten
Komplex des zweiten bestimmten Parameters, um jeweils dritte und vierte Parameter zu erzeugen, und Ver-
gleichen des dritten und vierten Parameters, um die Ausgabe zu erzeugen, oder Vergleichen einer oder mehrerer
Komponenten oder Ableitungen des dritten und vierten Parameters, um die Ausgabe zu erzeugen.

18. Näherungssensor nach einem der Ansprüche 11 bis 17, wobei der Prozessor (23) dafür ausgelegt ist, den dritten
und den vierten Parameter unter Verwendung einer Konstanten zu vergleichen, wobei die Konstante von einer
Impedanz oder mindestens einer Impedanzkomponente der Impedanzkomponente (21) abhängig ist.

19. Näherungssensor nach Anspruch 18, wobei der Prozessor (23) dafür ausgelegt ist, den dritten und den vierten
Parameter zu vergleichen, um die Ausgabe durch Vergleichen des Ergebnisses der Multiplikation jedes vierten
Parameters mit der Konstante mit jedem dritten Parameter zu erzeugen; wobei die Konstante den Kehrwert der
Impedanz oder eines Teils davon der Impedanzkomponente (21) umfasst.

20. Näherungssensor nach einem der Ansprüche 11 bis 19, wobei der Prozessor (23) für Folgendes ausgelegt ist:
Bestimmen einer Schätzung des Rauschens in den Messungen unter Verwendung von Mittelwerten des dritten und
vierten Parameters für eine Vielzahl von Messungen und Ignorieren des aktuellen Vergleichs des dritten und vierten
Parameters, wenn das Rauschen über einem Schwellenwert liegt.

Revendications

1. Capteur de proximité destiné à détecter la proximité d’une cible, comportant :

un composant électrique (20) pour détecter la proximité de la cible, ledit composant électrique (20) présentant
des propriétés électriques qui varient avec la proximité de la cible ;
un composant d’impédance (21) présentant une impédance connue et une première extrémité connectée à
une première extrémité dudit composant électrique (20) ;
un générateur de signaux (22) connecté à une seconde extrémité dudit composant d’impédance (21) en vue
de générer un signal électrique destiné à être appliqué au composant d’impédance (21) et au composant
électrique (20) ;
un convertisseur analogique-numérique (30) destiné à recevoir un signal électrique et à générer un signal de
tension numérique ;
un commutateur (31) présentant une première extrémité connectée pour commuter alternativement entre ladite
première extrémité dudit composant d’impédance (21) et ladite seconde extrémité dudit composant d’impédance
(21), et dans lequel le commutateur présente une seconde extrémité connectée audit convertisseur analogique-
numérique (30) ; et
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un processeur (23) connecté au convertisseur analogique-numérique (30) en vue de recevoir un signal de
tension numérique et de générer un signal de proximité, dans lequel ledit processeur (23) est apte à commander
audit commutateur (31) de commuter en vue de se connecter auxdites première et seconde extrémités dudit
composant d’impédance (21), séquentiellement.

2. Capteur de proximité selon la revendication 1, dans lequel ledit composant électrique (20) comporte une bobine
d’induction ou un condensateur.

3. Capteur de proximité selon la revendication 1, dans lequel ledit composant d’impédance (21) comporte une résis-
tance ou une bobine d’induction.

4. Capteur de proximité selon la revendication 1, 2 ou 3, dans lequel ledit générateur de signaux (22) est apte à générer
ledit signal comportant des blocs de signal séquentiel destinés à être appliqués audit composant d’impédance (21)
et audit composant électrique (20) connectés en série, dans lequel ledit commutateur (31) est apte à commuter un
canal de mesure dudit convertisseur analogique-numérique (30) en vue de mesurer chacune desdites tensions au
cours de la même partie du bloc de signal de blocs de signal séquentiel dudit signal.

5. Capteur de proximité selon la revendication 4, dans lequel ledit générateur de signaux (22) inclut un magasin de
stockage numérique stockant un motif de signal pour au moins une partie d’un dit bloc de signal, un moyen de
génération pour générer un signal numérique en utilisant de manière répétée le motif de signal stocké, et un con-
vertisseur numérique-analogique destiné à convertir le signal numérique en le signal.

6. Capteur de proximité selon la revendication 5, dans lequel ledit générateur de signaux (22) et ledit processeur sont
aptes à fonctionner de façon synchrone.

7. Capteur de proximité selon la revendication 4, 5 ou 6, incluant une pluralité desdits canaux de mesure pour mesurer
lesdites tensions, dans lequel ledit commutateur (41) est apte à commuter chacun desdits canaux de mesure en
vue de mesurer séquentiellement lesdites tensions, afin de permettre des mesures simultanées dans les canaux
de mesure, et ledit processeur (23) est apte à traiter les tensions mesurées séquentiellement pour chaque canal.

8. Capteur de proximité selon la revendication 7, dans lequel ledit processeur (23) comporte un agencement de
traitement numérique, et lesdits canaux de mesure incluent un multiplexeur commun (51).

9. Capteur de proximité selon l’une quelconque des revendications précédentes, dans lequel ledit processeur (23) est
apte à générer la sortie sous la forme d’une mesure d’impédance ou d’au moins une composante de l’impédance
dudit composant électrique (20).

10. Capteur de proximité selon l’une quelconque des revendications 1 à 8, dans lequel ledit processeur (23) est apte
à générer ladite sortie sous la forme d’une indication indiquant si un facteur connexe à l’impédance ou à au moins
une composante connexe dudit composant électrique (20) est supérieur ou inférieur à un seuil.

11. Capteur de proximité selon la revendication 10, dans lequel ledit processeur (23) est apte à :

déterminer un premier paramètre indicatif de l’amplitude complexe de la première tension sur un premier côté
dudit composant d’impédance (21) connecté audit composant électrique (20), et un deuxième paramètre indicatif
de l’amplitude complexe de la différence entre les première et seconde tensions ou de ladite différence de
tension ;
multiplier chacun des premier et deuxième paramètres déterminés, par le conjugué complexe du deuxième
paramètre déterminé, en vue de générer des troisième et quatrième paramètres, respectivement ; et
comparer lesdits troisième et quatrième paramètres en vue de générer ladite sortie, ou comparer une ou plusieurs
composantes ou dérivées du troisième paramètre et une ou plusieurs composantes ou dérivées dudit quatrième
paramètre, en vue de générer ladite sortie.

12. Capteur de proximité selon la revendication 11, dans lequel ledit processeur (23) est apte à inclure un processus
de calcul de moyenne dans le cadre de la génération desdits troisième et quatrième paramètres.

13. Capteur de proximité selon la revendication 11 ou 12, dans lequel ledit processeur (23) est apte à multiplier ladite
première mesure de tension par un facteur basé sur un inverse de phase d’un signal complexe dont le signal généré
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fait partie, en vue de déterminer ledit premier paramètre, à multiplier ladite seconde mesure de tension par ledit
facteur, en vue de déterminer un paramètre provisoire, et à soustraire ledit premier paramètre dudit paramètre
provisoire, en vue de déterminer ledit deuxième paramètre.

14. Capteur de proximité selon la revendication 11 ou 12, dans lequel ledit processeur (23) est apte à multiplier ladite
première mesure de tension par un facteur basé sur un inverse de phase d’un signal complexe dont le signal généré
fait partie, en vue de déterminer ledit premier paramètre, déterminer une tension différentielle en utilisant lesdites
première et seconde mesures de tension, et à multiplier ladite tension différentielle par ledit facteur, en vue de
déterminer ledit deuxième paramètre.

15. Capteur de proximité selon la revendication 11 ou 12, dans lequel ledit processeur (23) est apte à multiplier ladite
première mesure de tension par un facteur basé sur un inverse de phase d’un signal complexe dont le signal généré
électrique fait partie, en vue de déterminer ledit premier paramètre, et à multiplier ladite différence de mesure de
tension par ledit facteur en vue de déterminer ledit deuxième paramètre.

16. Capteur de proximité selon l’une quelconque des revendications 13 à 15, dans lequel ledit processeur (23) est apte
à multiplier chaque mesure de tension par ledit facteur, et à sommer chacune des mesures de tension numériques
multipliées par ledit facteur sur une pluralité d’échantillons numériques.

17. Capteur de proximité selon l’une quelconque des revendications 10 à 16, dans lequel ledit générateur de signaux
(22) est apte à générer ledit signal électrique comportant une pluralité de composantes de fréquence, et ledit
processeur (23) est apte à déterminer un premier paramètre indicatif de l’amplitude complexe de la première tension
sur ledit premier côté dudit composant d’impédance pour chaque dite fréquence, et à déterminer un deuxième
paramètre indicatif de l’amplitude complexe de la différence entre les première et seconde tensions ou de ladite
différence de tension pour chaque dite fréquence, à multiplier chacun des premier et deuxième paramètres déter-
minés par le conjugué complexe du deuxième paramètre déterminé, en vue de générer des troisième et quatrième
paramètres, respectivement, et à comparer lesdits troisième et quatrième paramètres en vue de générer ladite
sortie, ou à comparer une ou plusieurs composantes ou dérivées des troisième et quatrième paramètres en vue de
générer ladite sortie.

18. Capteur de proximité selon l’une quelconque des revendications 11 à 17, dans lequel ledit processeur (23) est apte
à comparer lesdits troisième et quatrième paramètres en faisant appel à une constante, dans lequel ladite constante
dépend d’une impédance ou d’au moins une composante de l’impédance dudit composant d’impédance (21).

19. Capteur de proximité selon la revendication 18, dans lequel ledit processeur (23) est apte à comparer lesdits troisième
et quatrième paramètres en vue de générer ladite sortie, en comparant le résultat de la multiplication de chaque dit
quatrième paramètre, par ladite constante, à chaque dit troisième paramètre ; dans lequel ladite constante inclut la
réciproque de l’impédance ou d’une partie connexe dudit composant d’impédance (21).

20. Capteur de proximité selon l’une quelconque des revendications 11 à 19, dans lequel ledit processeur (23) est apte
à déterminer une estimation du bruit dans les mesures en faisant appel à des moyennes desdits troisième et
quatrième paramètres sur une pluralité de mesures, et à ignorer la comparaison en cours desdits troisième et
quatrième paramètres si ledit bruit est supérieur à un seuil.
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