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(57) Abstract: The invention relates to a sensor arrangement (1) for capacitive position detection of a hand (31) on a steering wheel
(20), comprising: - a plurality of capacitive sensors (2 - 6) disposed along a detection surface (21), which is an outer surface of the
steering wheel (20), each sensor (2 - 6) comprising at least one sensor electrode (2a - 6a); and - a measurement device (10) electrically
connected to the sensors (2 - 6). In order to increase the reliability of capacitive hand detection on a steering wheel, the invention
provides that the measurement device (10) is adapted to perform a sequence of detection operations, and in each detection operation,
to activate at least one sensor (2 - 6) by applying a detection signal to its at least one sensor electrode (2a - 6a) in order to capacitively
detect the hand (31) while grounding at least one other sensor (2 - 6) by connecting at least one of its sensor electrodes (2a - 6a) to
ground, and to activate different sensors (2 - 6) in consecutive detection operations.

[Continued on next page]



WO 2020/109 181 A []F10] 00000000 O

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/109181 PCT/EP2019/082314
1

Sensor Arrangement for Capacitive Position Detection of a Hand on a

Steering Wheel

Technical field

[0001] The invention generally relates to a sensor arrangement for capacitive
position detection of a hand on a steering wheel.

Background of the Invention

[0002] In modern vehicles, it can be necessary to detect whether the driver has
his hands on the steering wheel (e.g. in order to determine whether the driver is
ready to carry out a steering action). Steering assistants may include an active
correction possibility for the driver to be used in certain circumstances. For
example, a provision may be made for a steering assistance system to be
activated only when the driver has his hands on the steering wheel. In most
countries, it is mandatory that the vehicle when moving is under the control of the
driver, even if modern assistance systems would be able to safely operate the

vehicle autonomously in certain situations.

[0003] In order to identify whether or not at least one hand is positioned on the
steering wheel, several concepts have been developed. One concept relies on the
EPS system and induces a low-amplitude vibration in the steering wheel. If the
hands of the driver are on the steering wheel, this has a dampening effect which
can be detected. However, the vibration can be distracting or disturbing to the
driver. Other systems use dedicated sensors. One such system uses resistive
sensor elements where two conductors are disposed spaced apart under the
surface of the steering wheel. If a certain pressure is exerted on the surface, the
conductors are brought into contact. However, the amount of pressure required to
activate the sensor makes this approach less reliable.

[0004] Another approach uses capacitive sensors, which detect a hand by its
influence on an electric field generated by the sensor. Document US 2012/326735
A1 in particular discloses the use of three capacitive sensors disposed and
configured to respectively detect contact with the front right side, front left side and
rear surface of a steering wheel. The three sensors are simultaneously activated

and one sensor records a contact when the impedance of said sensor is greater
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than or equal to a threshold impedance level. While capacitive sensors are more
reliable than resistive sensors, the detection results for one hand of the user can
be biased by a grounded condition of the other hand. If the other hand is grounded
because the driver touches a grounded component of the vehicle, the total
impedance differs considerably from a situation where the other hand is not
grounded. In general, a detected signal is higher if the other hand is grounded.
However, detecting the grounded condition of the other hand is difficult, not to
mention estimating its influence on the detection signal. Other factors may also
influence the detected signal, e.g. the driver seat position, making the

measurement results less reliable.

Object of the invention

[0005] It is thus an object of the present invention to increase the reliability of
capacitive hand detection on a steering wheel.

[0006] This problem is solved by a sensor arrangement according to claim 1.

General Description of the Invention

[0007] The invention provides a sensor arrangement for capacitive position
detection of a hand on a steering wheel. This refers to a steering wheel of a
vehicle, normally a land vehicle like a car. However, application to other vehicles
like sea or air vehicles is also conceivable.The sensor arrangement is designed to
detect the presence of a hand of a driver, and, more specifically, to detect a
position of the hand. The sensor arrangement is designed for capacitive detection,
which means that the detection of the hand is based on measuring a capacitance

or, respectively, a quantity that depends on a capacitance.

[0008] The sensor arrangement comprises a plurality of capacitive sensors
disposed along a detection surface. The sensor arrangement may be adapted to
detect an object like the hand adjacent to the detection surface. The detection
surface is an outer surface of the steering wheel. The shape of the detection
surface is not limited within the scope of the invention and may e.g. be plain,
curved, angled or the like. Each sensor comprises at least one sensor electrode.
Each of the sensor electrodes is at least partially made of conductive material, e.g.

metal sheet, conductive foil or the like. Normally, they are flat or sheet-shaped, but
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other shapes are possible, e.g. a linear, straight or meandering shape. The
electrodes of different sensors are electrically isolated from each other and may be
disposed on an isolating substrate. If a sensor comprises a plurality of sensor
electrodes, these electrodes may be physically distinct but can be electrically

connected to a common electrical potential.

[0009] The sensor arrangement further comprises a measurement device that is
electrically connected to the sensors. Normally, the measurement device is a
single device, but it could also comprise a plurality of physically distinct devices
which are interconnected. At least some functions of the measurement device can
be software-implemented. Preferably, the measurement device has a separate,
dedicated electrical connection to each sensor. If a sensor comprises a plurality of
sensor electrodes, these may be separately connected to the measurement device
or they may have a common connection to the measurement device. The electrical
connection may be a conducting connection but it could also be a capacitive
connection, i.e. the respective sensor could be coupled to the measurement

device via a capacitance.

[0010] The measurement device is adapted to perform a sequence of detection
operations, and in each detection operation, to activate at least one sensor by
applying a detection signal to its at least one sensor electrode in order to
capacitively detect the hand while grounding at least one other sensor by
connecting its at least one sensor electrode to ground, and to activate different
sensors in consecutive detection operations. The measurement device performs a
sequence of detection operations, i.e. these detection operations are performed
sequentially one after another. This includes the possibility that one detection
operation does not immediately follow the previous detection operation but that
there may be some time interval in between, like a pause. In each detection
operation, at least one sensor is activated by the measurement device. A sensor is
considered as "activated" if the measurement device applies a detection signal to
this sensor. The detection signal can be a voltage signal or a current signal. The
detection signal can be at least temporarily constant but is generally time-
dependent, preferably alternating. The time-evolution (i.e. the "shape") of the
detection signal is not limited within the scope of the invention; it could be e.g. a
square signal, a pulse signal, a sawtooth signal, a sinusoidal signal or the like. The
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detection signal can even temporarily be zero, but it is nonzero at least for a part
of the detection operation. If a sensor comprises a plurality of detection electrodes,
the measurement device usually applies the same detection signal to all detection
electrodes of this sensor. However, it is conceivable that different detection signals
are applied to different detection electrodes of a single sensor. However, in such a

case these electrodes could also be considered as belonging to different sensors.

[0011] The measurement device applies the detection signal in order to
capacitively detect the hand. In other words, the measurement device detects or
receives some response to the detection signal. If the detection signal is a voltage
signal, the detection signal is normally a current signal and vice versa. The
measurement device is adapted to detect the hand capacitively, i.e. at least
partially based on the capacitance of the respective sensor. The detection may
also be partially based on an ohmic resistance of the sensor with respect to
ground, since the presence of a hand generally leads to ohmic losses. The
measurement device detects a capacitance of the respective sensor or a value
representative of the capacitance. Since the different sensors have different
positions, the response to the detection signal is different for each sensor,
depending on its position relative to the hand. Thus, the position of the hand can
be detected based on the response to the detection signal from different sensors
in different detection operations.

[0012] While at least one sensor is activated in each detection operation, at least
one other sensor is grounded by the measurement device. This means that at
least one sensor electrode of this sensor is connected to ground potential. Usually,
the at least one sensor electrode of this sensor (i.e. all sensor electrodes of this
sensor) is connected to ground potential. In a vehicle like a car, this usually means
that the sensor electrode is conductingly connected (either directly or indirectly) to
the chassis of the vehicle or, more generally, to the vehicle body. The connection
to ground potential may be applied via the measurement device, i.e. the ground
connection may be routed through the measurement device. The invention is
based on the idea that the different sensors are normally comparatively close
together as compared to the distance between one of the sensors and some
"external" ground connection of the hand. For instance, the external ground
connection could be a ground connection via the other hand. If there is such an
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external ground connection, the response of the at least one activated sensor to
the detection signal could be influenced by the external ground connection as well
as by the "internal" ground connection via the at least one grounded sensor.
However, mostly due to the relatively short distance between the activated sensor
and the grounded sensor, one can expect that the influence of the external ground
connection is comparatively small. One could also say that there is a first current
loop via the (at least one) activated sensor and the (at least one) grounded sensor
and a second current loop via the activated sensor and the external ground
connection. In most cases, the first current loop can be considered as a low
impedance loop, while the second impedance loop generally has a comparable or
higher impedance. The total arrangement can be considered as a parallel
connection of the two impedance loops which is dominated by the low impedance

loop.

[0013] Preferably, the sensors are offset with respect to each other along the
detection surface. In other words, no two different sensors have the same position
with respect to the detection surface. However, different sensors could overlap
with respect to the detection surface and be disposed at a different position
perpendicular to the detection surface, i.e. at a different depth underneath the
detection surface.

[0014] More preferably, at least some of the sensors are spaced from each other
along the detection surface, so that each sensor corresponds to a sensor area on
the detection surface. In this case, the different sensors do not overlap with
respect to the detection surface. If the sensors comprise more than one sensor
electrode, this includes the possibility that sensor electrodes of different sensors
are disposed alternatingly. In other words, the sensor area of a specific sensor
does not have to be coherent, but it could comprise several subareas. The spacing
between individual sensors can have different sizes. It could be small, e.g. less
than 10% of a linear dimension of an individual sensor. It could also be large,
possibly larger than the linear dimension of the sensor. However, depending on
the detection surface where the sensors are disposed and on the intended
application, the spacing could be chosen to be less than a typical dimension of the
hand, thus ensuring that the hand cannot be placed between two sensors and thus
remain undetected. For example, the spacing could be less than 10 cm or less
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than 5 cm. While the above-mentioned sensors are spaced from each other along
the detection surface, it is additionally possible that they are disposed in at
different positions perpendicular to the detection surface, i.e. in different depths.

[0015] As mentioned above, at least some sensors may comprise a plurality of
sensor electrodes, possibly even in complex configurations like sensor electrodes
of different sensors being alternatingly disposed. It is generally sufficient, though,
that each sensor comprises a single sensor electrode. This decreases the

complexity of the entire sensor arrangement and allows to reduce costs.

[0016] There are numerous ways how the measurement device could control the
different sensors. According to one preferred embodiment, the measurement
device is adapted to ground at the end of each detection operation at least one
sensor that was activated during this detection operation and to activate a different
sensor for the next detection operation. One could also say that a sensor is
activated in one detection operation and in the next detection operation, this
sensor is grounded. In place of this sensor, as one could say, a different sensor is
activated in the next detection operation. This includes the possibility that the
number of sensors that are grounded differs from the number of sensors that are
activated in the next detection operation. For example, in one detection operation,
three sensors could be activated, which are afterwards grounded in the next
detection operation, while only two sensors are activated, i.e. the number of
activated sensors decreases. It could also be the other way around, i.e. the
number of activated sensors could increase from one detection operation to the
next. It is most common, though, that the number of activated sensors is the same
in each detection operation.

[0017] In particular, the measurement device can be adapted to activate a single
sensor at a time. In other words, only one sensor is activated at a given time. This
can advantageously be combined with the above-mentioned embodiment, so that
for each detection operation, one sensor is activated, while for the next detection
operation, this sensor is grounded and a different sensor is activated.

[0018] Alternatively, the measurement device can be adapted to activate a
plurality of sensors at a time. In other words, several sensors are activated at a
given time. This can advantageously be combined with the above-mentioned
embodiment, so that for each detection operation, a group of sensors is activated,
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while for the next detection operation, at least one sensor of this group is

grounded and at least one different sensor is activated.

[0019] To some part depending on the configuration of the sensors and/or the
required detection accuracy, it may be possible that some sensors have a
potential differing from ground potential, e.g. an undefined potential. For example,
if such a sensor with an undefined potential is far away from a single activated
sensor, while one or several grounded sensors are disposed in the proximity of the
activated sensor, the undefined potential may not have a serious detrimental effect
on the detection accuracy. In some embodiments, it may even be advantageous
that at least one sensor is not activated but has a potential different from ground
potential. It is even possible to switch the potential of a sensor that is not activated
between ground potential and a different, possibly undefined, potential. In other
embodiments, the measurement device is preferably adapted to ground every
sensor that is not activated. In other words, at all times, every sensor is either
activated or grounded.

Brief Description of the Drawings

[0020] Further details and advantages of the present invention will be apparent
from the following detailed description of not limiting embodiments with reference
to the attached drawing, wherein:

Fig.1 is a schematic view of a steering wheel with an inventive sensor

arrangement;
Fig. 2 is a circuit diagram of the sensor arrangement of fig. 1; and

Fig. 3 is a schematic view of a vehicle with the sensor arrangement of fig. 1.

Description of Preferred Embodiments

[0021] Fig.1 schematically shows a steering wheel 20 with an inventive sensor
arrangement 1, which may be used for hand position detection on the steering
wheel 20. The sensor arrangement 1 comprises a plurality of sensors 2 - 6
disposed along a surface 21 of the steering wheel 20. In this embodiment, each
sensor 2 — 6 comprises a single sensor electrode 2a - 6a, but optionally at least
one sensor 2 - 6 could comprise a plurality of sensor electrodes 2a - 6a. Each

sensor electrode 2a - 6a is made of conductive material, e.g. metal foil, which is
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disposed on an electrically isolating substrate and covered by an electrically
isolating lining of the steering wheel 20. The sensor electrodes 2a - 6a of different
sensors 2 - 6 are disposed spaced apart along the surface 21 of the steering
wheel 20, wherein the spacing should be less than a typical dimension of a hand
31 to be detected. Each sensor 2 - 6 therefore corresponds to a distinct sensor
area 2b - 6b on the surface 21. For sake of simplicity, the present embodiment of
the sensor arrangement 1 comprises five sensors 2 - 6 corresponding to five
sensor areas 2b - 6b and a total of five sensor electrodes 2a - 6a. It is understood,
though, that the number of sensors 2 - 6 and sensor areas 2b - 6b could be higher
or possibly lower. Four sensor areas 2b - 5b are disposed on a front side of the
steering wheel 20 while a fifth sensor area 6b is disposed on a backside of the
steering wheel 20. The first four sensors 2a - 5a allow for an (approximate)
detection of the angular position of the hand 31 around the circumference of the
steering wheel 30, while the fifth sensor 6a allows to determine whether the driver
30 has placed his hand 31 around the steering wheel 20.

[0022] Each of the sensors 2 - 6 is separately connected to a measurement
device 10, i.e. the measurement device 10 has a dedicated electrical connection to
each of the sensors 2 - 6, as can be seen in fig. 2. The measurement device 10,
which comprises a microcontroller 11, is connected to a car battery 14 for power
supply and comprises an AC voltage source 12. By individual switches 13, each
sensor 2 - 6 can selectively be connected to either the AC voltage source 12 or to
a grounded component 40, like a part of the vehicle body. The measurement
device 10 is adapted to perform a sequence of detection operations that are
performed one after another, optionally with a pause in between. The time interval
for each detection operation may be e.g. between several milliseconds and
several seconds. In each detection operation, the measurement device 10
activates one sensor 2 - 6 and grounds all other sensors 2 - 6 by operating the
switches 13. For example, in a first detection operation, the measurement device
10 activates a first sensor 2 and grounds the second to fifth sensor 3 - 6. In other
words, the measurement device 10 applies a detection signal, e.g. an alternating
voltage signal, to the first sensor 2 and connects the remaining sensors 3 - 6 to
ground potential. Also, the measurement device 10 detects a response to the
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detection signal, e.g. a current flowing to the first sensor 2. This current in general

depends on the impedance between the first sensor 2 and ground.

[0023] As schematically shown in fig. 3, this impedance is influenced by two
current loops A, B. A first current loop A exists between the activated first sensor
2, the hand 31 of the driver 30 and each of the grounded sensors 3 - 6. For sake
of simplicity, the fifth sensor 6 is not shown in fig. 3. A second current loop B exists
between the activated first sensor 2, the body of the driver 30 and a grounded
component 41 of the vehicle, e.g. a seat rail. In general, the impedance of the
second current loop B largely depends on the seat position, the posture of the
driver 30 and if he is touching a grounded component 41, e.g. with a second hand
that is not on the steering wheel 20. The measurement result by the measurement
device 10 is influenced by both impedances. However, largely due to the proximity
of the grounded sensors 3 - 6 to the activated sensor 2, the first current loop A
generally has a lower impedance, wherefore the total impedance is dominated by
the first current loop A. Therefore, the influence of an external grounded
component 41 is minor and the measurement device 10 can detect with higher
reliability whether the hand 31 of the driver 30 is on the first sensor area 2b

corresponding to the first sensor 2.

[0024] In a second detection operation, the first sensor 2 is grounded and the
third to fifth sensor 4 - 6 remain grounded. The second sensor 3, on the other
hand, is activated, i.e. the measurement device 10 applies a detection signal to the
electrode 3a of the second sensor 3. Again, the reliability of the measurement
result is increased by the fact that the first, third, fourth and fifth sensor 2, 4, 5, 6
are grounded, thereby creating a first current loop A like in the previous detection
operation. In the following detection operations, the measurement device 10 can
sequentially activate the third, fourth and fifth sensor 4, 5, 6, respectively, while at
the same time grounding the remaining sensors 2 - 6. The accuracy of each
detection operation is enhanced by the fact that the total impedance is dominated
by the first current loop A.

[0025] As an alternative to the above-mentioned process where a single sensor 2
- 6 is activated and all other sensors 2 - 6 are grounded, several other approaches
are conceivable. For example, two sensors 2 - 6 could be activated
simultaneously, for example the first and second sensor 2, 3 during the first
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detection operation, the second and third sensor 3, 4 during the second detection
operation and so on, while all other sensors 2 - 6 are grounded. Another
alternative would be to activate one sensor 2 - 6 at a time, but only ground one or
some of the remaining sensors 2 - 6. For example, when the first sensor 2 is
activated, only its neighboring sensors, i.e. the second, fourth and fifth sensor 3, 5,
6, are grounded. The third sensor 4 could have any different, possibly undefined,
potential. Yet another alternative that may also be sufficient to increase the
reliability of the detection operation would be to activate a single sensor 2 - 6 while
grounding only one of its neighboring sensors 2 - 6.
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Claims

1.

A sensor arrangement (1) for capacitive position detection of a hand (31) on a
steering wheel (20), comprising:

- a plurality of capacitive sensors (2 - 6) disposed along a detection surface
(21), which is an outer surface of the steering wheel (20), each sensor (2 -
6) comprising at least one sensor electrode (2a - 6a); and

- a measurement device (10) electrically connected to the sensors (2 - 6),

wherein the measurement device (10) is adapted to perform a sequence of

detection operations, and in each detection operation, to activate at least one
sensor (2 - 6) by applying a detection signal to its at least one sensor
electrode (2a - 6a) in order to capacitively detect the hand (31) while
grounding at least one other sensor (2 - 6) by connecting at least one of its
sensor electrodes (2a - 6a) to ground, and to activate different sensors (2 - 6)

in consecutive detection operations.

A sensor arrangement according to claim 1, characterised in that the sensors
(2 - 6) are offset with respect to each other along the detection surface (21).

A sensor arrangement according to claim 1 or 2, characterised in that at least
some of the sensors (2 - 6) are spaced from each other along the detection
surface (21), so that each sensor (2 - 6) corresponds to a sensor area (2b -
6b) on the detection surface (21).

A sensor arrangement according to any of the preceding claims, characterised
in that each sensor (2 - 6) comprises a single sensor electrode (2a - 6a).

A sensor arrangement according to any of the preceding claims, characterised
in that the measurement device (10) is adapted to ground at the end of each
detection operation at least one sensor (2 - 6) that was activated during this
detection operation and to activate a different sensor (2 - 6) for the next

detection operation.

A sensor arrangement according to any of the preceding claims, characterised
in that the measurement device (10) is adapted to activate a single sensor (2 -
6) at a time.
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7. A sensor arrangement according to any of the preceding claims, characterised

in that the measurement device (10) is adapted to activate a plurality of
sensors (2 - 6) at a time.

8. A sensor arrangement according to any of the preceding claims, characterised

in that the measurement device (10) is adapted to ground every sensor (2 - 6)
that is not activated.
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