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(57) Abstract: A vehicle (2) comprises a hatch (3), the hatch being operatively connected to a hatch opener, which includes a capa-
citive sensor arrangement operatively connected with a control and/or evaluation unit (18). The sensor arrangement comprises at
least one central capacitive sensor electrode (8) having a main direction of extension corresponding with a width direction of the
vehicle. At least two capacitive sensor electrodes (10, 12) are arranged on the left side of the central electrode (8) and at least two ca -
pacitive sensor electrodes (14, 16) are arranged on the right side of the central electrode (8). The left capacitive sensor electrodes
(10, 12) are spaced one from the other in a direction transversal to the width direction of the vehicle. The right capacitive sensor (14,
16) electrodes are also spaced one from the other in a direction transversal to the width direction of the vehicle.
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CAPACITIVE SENSOR ARRANGEMENT FOR SWITCHING A HATCH
OPENING ON A VEHICLE

Technical field

[0001] The present invention generally relates to a device mounted on the rear of
a car to trigger a contactless hatch opening by a movement gesture carried out by
a person standing behind the car.

Background Art

[0002] It is well known that capacitive sensor arrangements may be used to
trigger a contactless door opening of a vehicle by sensing a movement gesture
executed by said person.

[0003] The disclosure of EP 1 902 912 relates to the basic design of a capacitive
sensing device capable of triggering opening the hatch of a vehicle. In one of the
embodiments of the disclosure, the sensor arrangement is mounted on the rear
bumper of the vehicle, in a position, in which the sensor is capable of detecting a
part of a human leg or foot carrying out a swinging or approaching motion. The
triggering of the hatch opening can, however, result from the detection of another

object than a human leg or foot, which is, of course, undesirable.

[0004] It has been tried to increase the reliability of such a contactless door-
opening device. WO 2012/052210 discloses a sensor arrangement comprising at
least two elongate sensor electrodes operatively connected to a control and
evaluation unit. The electrodes extend substantially parallel to each other in the
width direction of the rear bumper of the vehicle. One of the sensor electrodes is
longer than the other. The longer sensor electrode extends beyond the shorter one
on both sides of the vehicle. Due to the size difference of the sensor electrode
arrangements, an object entering the sensing area from the side can be
differentiated from an object entering the sensing area frontally. This allows
reducing the risk of false positive opening commands. WO 2012/052210 further
discloses that one or both of the sensor electrodes may be embodied as a

segmented sensor electrode or as a plurality of separate electrode portion.
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Technical problem

[0005] It is an object of the present invention to provide additional reliability for
sensing a movement for switching a hatch opening on a vehicle. This object is
achieved by a device as claimed in claim 1.

General Description of the Invention

[0006] The invention relates to a vehicle comprising a hatch at the rear of the
vehicle, the hatch being operatively connected to a hatch opener, which includes a
capacitive sensor arrangement operatively connected with a control and/or
evaluation unit (such as, e.g., a processor, an application-specific integrated circuit
and/or a field-programmable gate array, or the like). The sensor arrangement
comprises at least one central capacitive sensor electrode having a main direction
of extension corresponding with a width direction of the vehicle. Additionally, the
sensor arrangement comprises at least two capacitive sensor electrodes
(hereinafter referred to as “left electrodes”) arranged on the left side of the central
capacitive sensor electrode and at least two capacitive sensor electrodes
(hereinafter referred to as “right electrodes”) arranged on the right side of the
central capacitive sensor electrode. As used herein, indications of position such as
“left”, “right”, “vertical”, “horizontal”, “width direction”, etc., are given with respect to
the vehicle. The left electrodes are spaced one from the other in a direction
transversal to the width direction of the vehicle. The right electrodes are also
spaced one from the other in a direction transversal to the width direction of the
vehicle. Due to the separate arrangement of the capacitive sensor electrodes, the
central control and/or evaluation unit is able to estimate from which direction an
object approaches the rear of the vehicle. An object approaching frontally results
in a different change of capacitance (over time) in the different electrodes than an
object approaching laterally. This differentiation of signals permits to distinguish
between different patterns. Hence, it is possible to store a number of patterns of
capacitance evolution in advance and compare them with patterns induced by the

user and measured by the capacitive sensor arrangement.

[0007] Preferably, the central capacitive sensor electrode is arranged in a single
row (i.e. without any further electrodes of the hatch opener arranged directly above
or below it, between the side electrodes.)
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[0008] Preferably, the control and/or evaluation unit is configured such that it can
trigger the opening of the hatch by the hatch opener depending on a change of
capacitance of the capacitive sensor electrodes.

[0009] Preferably, the central electrode comprises a plurality of capacitive sensor
electrodes disposed (advantageously in a single line) along the direction of main
extension. The sensor electrodes disposed along the direction of main extension
are preferably arranged side by side. Thanks to such an arrangement it is possible
not only to sense the position of an object, such as e.g. a foot or a leg, relative to
the sensor, but also to estimate the width of the object in the same spatial direction
as the width direction. Depending on the width of the object, a number of
capacitive sensor electrodes are triggered simultaneously. By increasing the width
of the object, the number of capacitive sensor electrodes sensing the object
increases. Furthermore, thanks to the plurality of central electodes, it is also
possible to roughly estimate the position (in the width direction) of the sensed
object. Any measured change of position may thus be taken into account by the
control and/or evaluation unit when determining whether the hatch should be

opened or not.

[0010] Preferably, the control and/or evaluation unit is configured to monitor
evolution of capacitance sensed by the central sensor electrode, the left and/or
right sensor electrodes. The control and/or evaluation unit can further be
configured to compare the monitored evolution with a stored evolution pattern and
to trigger opening of the hatch in case of the monitored evolution matching the
stored evolution pattern. Each of the evolution patterns granting access to open
the hatch has to be recorded in advance and stored in a memory of the control
and/or evaluation unit. The recorded evolution pattern comprises a combination of
changes of capacitance over time of the plurality of sensor electrodes. Access is
granted depending on the degree of similarity recognized between the stored
evolution pattern and the measured pattern.

[0011] Preferably, the stored evolution pattern is indicative of a predefined
movement gesture prescribed for controlling opening of the hatch.

[0012] With the central capacitive sensing electrode comprising a plurality of
capacitive sensing electrodes, the control and/or evaluation unit is preferably
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configured to detect a direction of movement of an object (e.g. a user’s leg or foot)
capacitively coupling to the plurality of capacitive sensor electrodes along the main
direction of extension. The control and/or evaluation unit may e.g. be configured to
interpret a movement of the object from left to right or from right to left as a request
to open or close the hatch and to control the hatch opener in accordance with the
request. It is possible to associate each direction of movement with a specific
action of the hatch opener. In this case, the control and/or evaluation unit may be
configured to interpret a movement of the object from left to right as one of a
request to open the hatch and a request to close the hatch and to interpret a
movement of the object from right to left as the other one of the request to open
the hatch and the request to close the hatch.The detection of the movement is
preferably carried out by pattern matching. The control and/or evaluation unit is
preferably configured to control actuators (one or more motors and/or a lock) of
the hatch in accordance with the request recognized by interpretation of the

detected movement.

[0013] The hatch opener can be coupled with a keyless entry system. This avoids

opening of the hatch in the absence of the car driver, by non-authorized persons.

Brief Description of the Drawings

[0014] Preferred embodiments of the invention are described by way of example
in the following detailed description and the corresponding drawings in which:

Fig. 1 is a schematic rear view of a vehicle in accordance with a first preferred

embodiment of the invention.

Fig. 2 is a schematic rear view of a vehicle in accordance with a second preferred
embodiment of the invention, wherein the central sensor electrode is divided into a

plurality of capacitive sensor electrodes.

Description of Preferred Embodiments

[0015] Fig.1 illustrates the rear of a vehicle 2 according to a preferred
embodiment of the invention. The vehicle 2 comprises a hatch 3 operatively
connected to an automated hatch opener. The hatch opener includes a capacitive
sensor arrangement mounted on the rear bumper 6 of the vehicle 2. The
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capacitive sensor arrangement includes a central capacitive sensor electrode 8, a
first and a second capacitive sensor electrodes 10, 12 on the left side, a third and
a fourth capacitive sensor electrodes 14, 16 on the right side and a control and/or
evaluation unit 18. The central capacitive sensor electrode 8 has a main direction
of extension corresponding with the width direction of the vehicle 2. The two
capacitive sensor electrodes 10, 12 on the left side of the central capacitive sensor
electrode 8 are arranged spaced one from the other in the vertical direction. The
two capacitive sensor electrodes 14, 16 arranged on the right side of the central
capacitive sensor electrode 8 are also arranged spaced one from the other in a
vertical direction. Each of the capacitive sensor electrodes 8, 10, 12, 14, 16 is
operatively connected to the central control and/or evaluation unit 18. Depending
on the readout of the capacitive sensor electrodes 8, 10, 12, 14, 16 the central
control and/or evaluation unit 18 operates the hatch lock 20 and motors 22, 24. A
number of different evolution patterns, indicative of a user’'s desire to open the
hatch are stored in advance on the central control and/or evaluation unit 18. The
stored evolution pattern may e.g. correspond to the changes of capacitance
resulting when a user moves his leg or foot centrally under the rear bumper and
thereafter withdraws his leg or foot again. The central control and/or evaluation
unit 8 is configured to compare the evolution of the capacitance of the different
electrodes with the stored evolution patterns. Access is granted to the user
depending on the degree of similarity between the stored evolution pattern and the
measured evolution pattern. Access to the hatch 3 is refused if the degree of
similarity of the measured pattern and the stored pattern is below a critical value.
If, however, the central control and/or evaluation unit 18 detects sufficient similarity
between the readout of the capacitive sensor electrodes 8, 10, 12, 14, 16 and the
stored evolution pattern, the central control and/or evaluation unit 18 unlocks the
hatch 3 and operates the motors 22, 24.

[0016] Fig. 2 illustrates a second preferred embodiment of the invention. The
second embodiment differs form the first embodiment in that the central capacitive
sensor electrode is replaced by a plurality of capacitive sensor electrodes 26, 28,
30, 32, which are connected individually to the central control and/or evaluation
unit 18’
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[0017] Thanks to this arrangement, the horizontal position of an object relative to
the rear of the vehicle may be estimated. Additionally the width of an object in
horizontal direction may be estimated as a function of the values of the capacitive
coupling between the object and the individual electrodes. The horizontal width is
estimated depending on the number of adjacent capacitive sensor electrodes
simultaneously coupling to the object. If, for example, an object is in proximity of
the vehicle and thereby changes the capacitance of two adjacent capacitive
sensor electrodes, the width of the object may be estimated smaller than the total

width of the two electrodes.

[0018] Besides estimating the width and the position of an object, the capacitive
sensor electrode arrangement can further monitor a horizontal movement of an
object along the capacitive sensor electrode arrangement. If an object moves
either from the left or from the right side along the plurality of sensor electrodes,
the capacitance of the electrodes changes according to the movement direction of
the object. This may be used to define lateral movement gestures as requests for
opening or closing the hatch. For instance, a capacitive coupling that (or whose
maximum) moves from left to right may be interpreted by the control and/or
evaluation unit as an expression of a user’'s desire to open the hatch (if the hatch
is currently closed). A capacitive coupling traveling from right to left may be
recognized as an expression of a user’s desire to close the hatch (if the hatch is

currently open).

[0019] By increasing the amount of capacitive sensor electrodes sensing an
evolution pattern, the comparison with a stored evolution pattern may be more
reliable since more supporting points are provided for the discretization of the

evolution pattern.

[0020] In any other respect, the embodiment of Fig.2 is identical with the

embodiment of Fig. 1.
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Legend:

2 Vehicle
3 Hatch

6 Bumper

8 Central capacitive sensor electrode
10 Left sensor electrode

12 Left sensor electrode

14  Right sensor electrode

16  Right sensor electrode

18 Central control and/or evaluation unit
18’ Central control and/or evaluation unit
20 Hatch opener

22  Motor

24  Motor

26 Central capacitive sensor electrode
28 Central capacitive sensor electrode
30 Central capacitive sensor electrode
32 Central capacitive sensor electrode
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Claims

1.

A vehicle (2) comprising a hatch (3) at the rear of the vehicle (2),
said hatch (3) being operatively connected to a hatch opener,
said hatch opener comprising
a capacitive sensor arrangement, which includes
at least one central capacitive sensor electrode (8) having a main
direction of extension corresponding with a width direction of said
vehicle (2),
a control and/or evaluation unit (18) operatively connected with
said capacitive sensor arrangement,
said capacitive sensor arrangement being characterized by:
at least two capacitive sensor electrodes (10, 12) arranged on the left side of
said central capacitive sensor electrode (8), wherein said at least two
capacitive sensor electrodes (10, 12) are arranged spaced one from the other
in a direction transversal to said width direction, at least two capacitive sensor
electrodes (14, 16) arranged on the right side of said central capacitive sensor
electrode (8), wherein said at least two capacitive sensor electrodes (14, 16)
are also arranged spaced one from the other in a direction transversal to said

width direction.

A vehicle (2) according to claim 1, wherein said control and/or evaluation unit
(18) is configured to trigger opening of said hatch (3) by said hatch opener
depending on a change of capacitance of said capacitive sensor electrodes.

A vehicle (2) according to any one of claims 1 to 2, wherein said at least one
central electrode (8) comprises a plurality of capacitive sensor electrodes

disposed along said direction of main extension.

A vehicle (2) according to any one of claims 1 to 3, wherein said control and/or
evaluation unit (18) is configured to monitor evolution of capacitance sensed
by said central sensor electrode, said left (10, 12) and/or right sensor (14, 16)
electrodes, and wherein said control and/or evaluation unit (18) is further
configured to compare said monitored evolution with a stored evolution pattern
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and to trigger opening of said hatch in case of said monitored evolution
matching said stored evolution pattern.

5. A vehicle (2) according to claim 4, wherein said stored evolution pattern is
indicative of a predefined movement gesture prescribed for controlling opening
of said hatch (3).

6. A vehicle (2) according to claim 3, wherein said control and/or evaluation unit
(18) is configured to detect a direction of movement of an object capacitively
coupling to said plurality of capacitive sensor electrodes along said main

direction of extension.

7. A vehicle (2) according to claim 6, wherein said control and/or evaluation unit
(18) is configured to interpret a movement of said object from left to right or
from right to left as a request to open or close said hatch and to control said

hatch opener in accordance with said request.

8. A vehicle (2) according to claim 6, wherein said control and/or evaluation unit
(18) is configured to interpret a movement of said object from left to right as
one of a request to open said hatch and a request to close said hatch and to
interpret a movement of said object from right to left as the other one of the
request to open said hatch and the request to close said hatch.

9. A vehicle (2) according to any of the claims 1 to 8, wherein said hatch opener

is coupled with a keyless entry system.
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