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(57) Abstract: A capacitive detection system (10) for detecting occupancy of a vehicle seat comprises a signal generating unit (12)
and a signal evaluation unit (18). The vehicle seat (26) comprises at least one seat heater member (36) configured for receiving
pulse-width modulated electrical heater power of a pulse-width modulation frequency and time-varying output signals of the signal
generating unit (12). The signal evaluation unit (18) is configured to monitor a voltage difference between the electrical connection
ends (38, 40) of the at least one seat heater member (36), and is further configured to generate an output signal that is indicative of
the at least one seat heater member (36) to be defective, on the basis of a fulfillment of at least one predetermined condition concern-
ing the monitored voltage difference and a phase of the pulse-width modulated electrical heater power.
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Capacitive vehicle seat occupancy detection system with detection of

vehicle seat heater member interruption

Technical field

[0001] The invention relates to a capacitive vehicle seat occupancy detection
system, a method of operating such capacitive vehicle seat occupancy detection
system, in particular a method of operating the system for detecting a defective

seat heater member, and a software module for carrying out the method.
Background Art

[0002] Venhicle seat occupancy detection devices are nowadays widely used in
vehicles, in particular in passenger cars, for providing a seat occupancy signal for
various appliances, for instance for the purpose of a seat belt reminder (SBR)
system or an activation control for an auxiliary restraint system (ARS). Seat
occupancy detection devices include seat occupancy sensors that are known to
exist in a number of variants, in particular based on capacitive sensing. An output
signal of the seat occupancy detection device is usually transferred to an
electronic control unit of the vehicle to serve, for instance, as a basis for a decision
to deploy an air bag system to the vehicle seat. High temporal availability and
reliability of the seat occupancy detection device is essential for fulfilling high

safety requirements.

[0003] Itis further known in the art to use a portion of an electric seat heater of a
vehicle seat as a sensor in a capacitive vehicle seat occupancy detection system.
For example, patent application publication DE 41 10 702 A1 describes a vehicle
seat with an electric seat heater comprising a conductor which can be heated by
the passage of electrical current through it. The conductor is located in the seating
surface and forms a part of a capacitive sensor for detecting a seat occupancy of
the seat.

[0004] In vehicle seats that are equipped with one or more seat heater members,
it is known to be beneficial to incorporate at least one seat heater member in a

capacitive measurement of a vehicle seat occupancy detection device, due to an
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inherent strong capacitive coupling to a seat frame of the vehicle seat and the
benefit of hardware savings.

[0005] In such vehicle seats there exists a risk of compromising the reliability of
the seat occupancy detection device by a failure of the seat heater member that is
involved in the capacitive measurement. Therefore, detection of a failure of the
involved seat heater member, for instance a physical interruption, at all times
becomes essential. However, the capacitive measurement that may serve this
purpose is compromised in case of continuously providing electrical power to the
at least one seat heater member.

[0006] In a conventional approach, a detection of a failure of the involved seat
heater member can for instance be carried out by a cost-intensive electric current
measurement, for instance by using an internal integrity check circuit with a
constant current, which would imply an increase in size of a printed circuit board,

and also an increase in power dissipation and costs.
Technical Problem

[0007] It is therefore desirable to provide a capacitive vehicle seat occupancy
detection system with an improved capability of detecting failures of a seat heater
member that is involved in the capacitive measurement of the vehicle seat

occupancy detection system at all times.
General Description of the Invention

[0008] In one aspect of the present invention, the object is achieved by a
combined seat heater and capacitive seat occupancy detection system, wherein
the seat heater comprises at least one seat heater member having electrical
connection ends for receiving pulse-width modulated electrical heater power of a
pulse-width modulation frequency, and the capacitive vehicle seat occupancy
detection system includes

- a signal generating unit provided for generating a time-varying output signal,
wherein the signal generating unit is configured to be electrically connectable
to at least one of the electrical connection ends of the at least one seat heater

member for providing the time-varying output signal at least to the at least one
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seat heater member, and

- asignal evaluation unit that is provided for sensing an electrical quantity that is
indicative of a capacitance of the at least one seat heater member, and that is
provided for generating an output signal that is representative of the sensed
capacitance. This output signal is then usable as a basis for at least one out of
detecting and classifying a seat occupancy by comparison to at least a first
predetermined value for the sensed capacitance. The seat occupancy
classification may comprise at least two classes selected out of a group
formed by classes “empty”, “child” and “adult’.

[0009] Furthermore, the signal evaluation unit is configured to monitor a voltage
difference between the electrical connection ends of the at least one seat heater
member, and is further configured to generate an output signal that is indicative of
the at least one seat heater member to be defective, on the basis of a fulfillment of

at least one predetermined condition concerning the monitored voltage difference.

[0010] It is noted herewith that the terms “first”, “second”, etc. are used for
distinction purposes only and are not meant to indicate or anticipate a sequence or

a priority in any way.

[0011] The term “electrically connectable”, as used in this application, shall be
understood to encompass galvanic electrical connections as well as connections

established by capacitive and/or inductive electromagnetic coupling.

[0012] The term “sensed capacitance”, as used in this application, shall be
understood to encompass an absolute measurement of a capacitance value as
well as a measurement of a capacitance value relative to an arbitrarily determined

capacitance zero.

[0013] The seat heater comprises a seat heater control unit that is configured to
provide pulse-width modulated electrical heater power of a pulse-width modulation
frequency to at least one seat heater member. The term “phase of the pulse-width
modulated electrical heater power”, as used in this application, shall be
understood as either a state of electric power of a predetermined power level
being provided to the at least one seat heater member (“ON”) or a state of zero
electric power being provided to the at least one seat heater member (“OFF”).
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[0014] The seat heater control module is further configured for performing a
diagnosis operation during which the heater power is switched off and a checking
a temperature sensor is read out, for instance an NTC (negative temperature
coefficient) temperature sensor that is installed in the vehicle seat for temperature
control. Such diagnosis operations occur e.g. each second for at least 5 ms. This
means that a PWM cycle, during which the seat heater control module provides
pulse-width modulated electrical heater power to the heater element is not longer
than 995 ms and that two adjacent PWM cycles are separated by a diagnosis
cycle of the seat heater control module.

[0015] With the combined seat heater and capacitive seat occupancy detection
system according to the present invention, a cost-effective and hardware-effective
way to detect a failure of a seat heater member that is involved in a capacitive
measurement of the capacitive vehicle seat occupancy detection system can be
accomplished during a phase of the pulse-width modulated electrical heater power

in which a momentary electrical heater power is zero.

[0016] In fact, if the seat heater control module is switched on but the momentary
electrical heater power is zero, the configuration is such that the first electrical
connection end of the seat heater member is connected to the battery voltage and
the second connection end is disconnected from ground. If the seat heater
member is intact, the second connection end will be at the same potential than the
first connection end as no current is flowing into ground. A voltage difference
between the first and second connection end is then substantially equal to O V. If
however the seat heater member is broken or defective, the second connection
end will be free floating and a voltage difference between the first and second
connection end will not be equal to 0V but exceed a specific threshold value.
Based on the comparison of the voltage difference between the first and second
connection end with the corresponding threshold value, the output signal that is
indicative of the at least one seat heater member to be defective

[0017] During a phase of the pulse-width modulated electrical heater power in
which a momentary electrical heater power is high, i.e. if a predetermined power
level is provided to the at least one seat heater member (*ON”), the configuration
is such that the first electrical connection end of the seat heater member is
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connected to the battery voltage and the second connection end is connected to
ground. In this case, a voltage difference between the first and second connection
end is substantially equal to the battery voltage, as well for the intact heater
member as well for the broken heater member. This means however that a
defective heater member may not be easily identified during heater member "ON".
Especially if the heater operates on a 100% PWM, i.e. if the heater member is
powered during the entire PWM cycle, a diagnosis during single PWM cycle is not

possible.

[0018] In order to solve this problem, the present invention further proposes to
monitor the voltage difference between the first and the second connection and
over a period of more than one PWM cycle, if the voltage difference exceeds the
threshold value during an entire PWM cycle. This allows to detect the diagnosis
operation of the seat heater control module, which occurs between two PWM
cycles and during which a momentary electrical heater power is zero. In fact, if the
system detects, after a complete PWM cycle in which the voltage difference
exceeds the predetermined threshold, that the voltage difference drops below the
threshold, it can determine that the second connection end is raised to the same
potential than the first connection end and that accordingly the seat heater
member has to be intact.

[0019] In a preferred embodiment, the seat heater accordingly comprises a seat
heater control unit that is configured to alternately provide pulse-width modulated
(PWM) electrical heater power to the at least one seat heater member during a
PWM time interval (PWM cycle) and perform a diagnostic operation during a
diagnostic time interval. The pulse-width modulated (PWM) electrical heater power
is for instance provided by periodically connecting and disconnecting one of said
first and second connection end to, respective from, ground by means of a
respective switch. Alternatively the pulse-width modulated (PWM) electrical heater
power may be provided by periodically connecting and disconnecting one of said
first and second connection end to, respective from, a corresponding power

source, such as the vehicle battery by means of a respective switch.
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[0020] The signal evaluation unit is then configured to perform, during a first

predetermined time interval of a length corresponding to the length of a PWM time

interval, the steps of

a)

b)

c)

d)

sampling the monitored voltage difference periodically (n samples) and
comparing the sampled voltage difference with a first threshold value
(Vthresh)

increase a counter value each time that the sampled voltage difference
exceeds the first threshold value, and

after the n samples, comparing the counter value with a predetermined

second threshold value (Cinresh), and

assessing that the seat heater member is not defective if said counter value
is lower than said second threshold value (Cinresh)-

[0021] The signal evaluation unit is preferably further configured to perform, if in

step c¢) said counter value is higher than or equal to said second threshold value,

the steps of

monitoring, during a second predetermined time interval of a length
corresponding to the length of a PWM time interval, a voltage at the
respective connection end that is disconnected from the respective one of
ground or power source during a phase of the pulse-width modulated
electrical heater power in which a momentary electrical heater power is

zero, and

assessing that the seat heater member is not defective if a variation of the
voltage at the respective switched connection end exceeds a specific
threshold value or generating said output signal that is indicative of the at
least one seat heater member to be defective if variation of the voltage at
the respective switched connection end does not exceed said specific
threshold value.

[0022] It will be noted, that if the heater member is powered at a duty cycle of

100% during the first predetermined time interval, the second predetermined time

interval will necessarily contain a diagnostic time interval in which the seat heater

control unit performs a diagnostic operation. During this diagnostic operation, the



WO 2016/050892 PCT/EP2015/072649

seat heater member is not powered and therefore the voltage difference between
the connection ends will drop below the threshold value if the seat heater is intact.

[0023] If for instance the "ground" connection end of the heater member is
disconnected during "power off", the voltage at this ground connection end will
raise to the battery voltage if the seat heater is intact and the corresponding
voltage shift may be easily detected by the signal evaluation unit. Likewise, if the
"high potential" connection end of the heater member is disconnected from the
vehicle battery during "power off", the voltage at this "high potential" connection
end will drop down to ground potential (0 V) if the seat heater is intact and the

corresponding voltage drop may be easily detected by the signal evaluation unit.

[0024] A simple voltage measurement at the "switched" connection end enables
the signal evaluation unit accordingly to assess that the seat heater member is
intact. If on the contrary no significant voltage variation is detected during the
second predetermined time interval, the signal evaluation unit is configured to
generate the output signal that is indicative of the at least one seat heater member
(36) to be defective.

[0025] The first threshold value (Viresn) for the voltage difference is preferably
lower than 1V (0V < Viesn < 1V). The first threshold value may e.g. be
substantially equal to OV. The second threshold value (Cinesh) is preferably higher
than 90% of the number of samples n (0.9 n < Cyresn < 1) and preferably higher
than 95% of the number of samples n (0.95 ' n < Cypresn, < 1). If fOr instance a total
of 64 samples are taken during a predetermined time interval, the second
threshold may e.g be equal to 62.

[0026] With the above configuration, a cost-effective and hardware-effective way
to detect a failure of a seat heater member that is involved in a capacitive
measurement of the capacitive vehicle seat occupancy detection system can be
accomplished at almost all times while the seat heater member is being provided
with pulse-width modulated electrical heater power at a duty cycle that is equal to
100%.

[0027] In a further embodiment, the signal generating unit includes a first current
source and a second current source for providing a diagnostic output signal, and
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the first current source is electrically connectable to one electrical connection end
of the at least one seat heater member and the second current source is
electrically connectable to the other electrical connection end of the at least one
seat heater member. In this embodiment, the diagnostic output signal can be
applied to the heater member if the seat heater control module is not on, i.e. when
the vehicle battery voltage is not usable for diagnosis.

[0028] In another aspect of the invention, a vehicle seat is provided that
comprises an embodiment of the disclosed capacitive vehicle seat occupancy
detection system. The vehicle seat comprises a seat base that is configured for
taking up a seat base cushion, wherein the seat base and the seat base cushion
are provided for supporting a bottom of a seat occupant. The vehicle seat further
includes a backrest that is configured for taking up a backrest cushion provided for
supporting a lumbar and back region of the seat occupant. Moreover, the vehicle
seat includes a seat heater control unit that is configured to provide pulse-width
modulated electrical heater power of a pulse-width modulation frequency to at

least one seat heater member.

[0029] Then, the vehicle seat comprises at least one seat heater member that is
at least partially arranged at at least one out of the seat base cushion and the
backrest cushion, and has electrical connection ends that are connected to the
seat heater control unit for receiving the pulse-width modulated electrical heater
power. The at least one seat heater member is electrically connected to the signal

generating unit of the capacitive vehicle seat occupancy detection system.

[0030] In this way, a heatable vehicle seat with a capacitive vehicle seat
occupancy detection system can be provided with a capability of detecting failures
of a seat heater member that is involved in the capacitive measurement of the

vehicle seat occupancy detection system at almost all times.

[0031] In yet another aspect of the invention, a method of operating a capacitive
vehicle seat occupancy detection system, in particular a method of operating the
system for detecting a defective seat heater member of a vehicle seat is proposed.
A desired heating of the vehicle seat is designed to be carried out by providing
pulse-width modulated electrical heater power of a pulse-width modulation
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frequency from a seat heater control unit that is connected to electrical connection
ends of the at least one seat heater member.

[0032] A time-varying output signal is being provided at least to the electrical
connection ends of the at least one seat heater member for sensing an electrical
quantity that is indicative of a capacitance of the at least one seat heater member.
The capacitance is usable as a basis for at least one out of detecting and
classifying a seat occupancy by comparison to at least a first predetermined value
for the sensed capacitance.

[0033] The method further comprises steps of

- monitor a voltage difference between the electrical connection ends of the at
least one seat heater member and

- generate an output signal that is indicative of the at least one seat heater
member to be defective, on the basis of a fulfillment of at least one

predetermined condition concerning the monitored voltage difference.

[0034] During a phase of the pulse-width modulated electrical heater power in
which a momentary electrical heater power is zero, the method may simply
comprise the steps of:

- determining a voltage difference between the electrical connection ends of the
at least one seat heater member,

- checking if the determined voltage difference exceeds a predetermined third
threshold value that is larger than zero, and

- generating an output signal that is indicative of the at least one seat heater
member to be defective if the determined voltage difference exceeds the
predetermined third threshold value.

[0035] During a phase of the pulse-width modulated electrical heater power in
which a momentary electrical heater power is zero, the electrical connection ends
of the at least one seat heater member are expected to have an identical voltage
level if the at least one seat heater member is fully functional, and thus a
determined voltage difference is expected to be zero. Any deviation from a zero
voltage difference therefore is an indication of a failure of the seat heater member

or one of its electrical connections.
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[0036] During a phase of the pulse-width modulated electrical heater power in

which the momentary electrical heater power is larger than zero, the electrical

connection ends of the at least one seat heater member are expected to have

different voltage levels if the at least one seat heater member is fully functional,

because a heater current is driven through the at least one seat heater member.

[0037] In a preferred embodiment, the method therefore comprises, during a first

predetermined time interval of a length corresponding to the length of a PWM time

interval, the steps of

a)

b)

c)

d)

sampling the monitored voltage difference periodically (n samples) and
comparing the sampled voltage difference with a first threshold value
(Vthresh)

increase a counter value each time that the sampled voltage difference
exceeds the first threshold value, and

after the n samples, comparing the counter value with a predetermined
second threshold value (Cinresh), and

assessing that the seat heater member is not defective if said counter value
is lower than said second threshold value (Cinresh)-

[0038] If the counter value is higher than or equal to said second threshold value,

the method preferably further comprises the steps of

monitoring, during a second predetermined time interval of a length
corresponding to the length of a PWM time interval, said second
predetermined time interval being adjacent to said first predetermined time
interval, a voltage at the respective connection end that is disconnected
from the respective one of ground or power source during a phase of the
pulse-width modulated electrical heater power in which a momentary

electrical heater power is zero, and

assessing that said seat heater member is not defective if a variation of the
voltage at the respective connection end exceeds a specific threshold value
during said second predetermined time interval or generating said output

signal that is indicative of the at least one seat heater member to be
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defective if variation of the voltage at the switched connection end does not
exceed said specific threshold value.

[0039] In this way, the described capacitive vehicle seat occupancy detection
system can be operated to detect a failure of a seat heater member that is
involved in a capacitive measurement of the capacitive vehicle seat occupancy
detection system at almost all times while the seat heater member is being
provided with pulse-width modulated electrical heater power at a duty cycle that is
close to or equal to 100%.

[0040] In one embodiment, the step of checking if the determined voltage
difference exceeds a predetermined threshold value includes low-pass filtering of
a voltage at one of the electrical connection ends of the at least one seat heater
member. By that, a misinterpretation of the monitored voltage difference, for
instance due to electromagnetic interference can be avoided and the reliability of a

result of the step of checking can be improved.

[0041] In one embodiment, the method steps may be carried out automatically

and periodically.

[0042] In yet another aspect of the invention, a software module for controlling an
automatic execution of steps of an embodiment of the method disclosed herein is
provided.

[0043] The method steps to be conducted are converted into a program code of
the software module, wherein the program code is implementable in a digital
memory unit of the capacitive vehicle seat occupancy detection system and is
executable by a processor unit of the capacitive vehicle seat occupancy detection
system. Preferably, the digital memory unit and/or processor unit may be a digital
memory unit and/or a processing unit of the evaluation unit of the capacitive
vehicle seat occupancy detection system. The processor unit may, alternatively or
supplementary, be another processor unit that is especially assigned to execute at
least some of the method steps.

[0044] The software module can enable a robust and reliable execution of the

method and can allow for a fast modification of method steps.
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[0045] These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.

Brief Description of the Drawings

[0046] Preferred embodiments of the invention will now be described, by way of

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

Fig. 1 schematically illustrates a configuration of an embodiment of a capacitive
vehicle seat occupancy detection system in accordance with the invention as

being partially installed in a vehicle seat of a passenger car;

Fig. 2 illustrates a view onto details of a layout of the embodiment of a capacitive

vehicle seat occupancy detection system pursuant to Fig. 1; and

Fig. 3 is a flow chart of an embodiment of the method in accordance with the

invention.
Description of Preferred Embodiments

[0047] Fig. 1 schematically illustrates a configuration of an embodiment of a
capacitive vehicle seat occupancy detection system 10 in accordance with the

invention as being partially installed in a vehicle seat 26 of a passenger car.

[0048] The vehicle seat includes a seat base 26, i.e. a seat frame or seat pan,
configured for taking up a seat base cushion, the seat base and the seat base
cushion being provided for supporting a bottom of a seat occupant. The vehicle
seat further comprises a backrest configured for taking up a backrest cushion
provided for supporting a lumbar and back region of the seat occupant. Seats of
this kind are well known in the art and shall therefore neither shown in a figure nor

be described in further detail herein.

[0049] The vehicle seat may comprise a plurality of seat heater members that are
formed e.g. by pieces of electric wires made from a copper-nickel alloy with low
temperature coefficient, such as Constantan®, and having an outer electrical
insulation layer. Alternatively the seat heater members may comprise printed
traces of a resistive material on a carrier layer, for instance traces of a PTC

material (positive temperature coefficient). The seat heater members 36 are



WO 2016/050892 PCT/EP2015/072649
13

arranged in a meandering manner at various locations of the vehicle seat, as is
known in the art. One seat heater member 36 may e.g. be attached to a seat base
cushion front member, and two more seat heater members 36 may be attached to
a two-part seat base cushion center member, close to the A surface of the seat
base cushion. The meandering patterns formed by the seat heater members cover
a major portion of the surface of the seat base cushion center member. The seat
heater members comprise electrical connection ends 38, 40 for receiving pulse-
width modulated electrical heater power of a pulse-width modulation frequency.

[0050] The vehicle further comprises a seat heater control unit28 that is
connected to a battery 44 of the vehicle (Fig. 2). The seat heater control unit 28 is
configured to provide pulse-width modulated electric power of variable duty cycle
to the seat heater members 36. To this end, the electrical connection ends 38, 40
of each one of the plurality of seat heater members are electrically connected to
the seat heater control unit 28 by shielded cables 30 and via common mode
chokes 32 for decoupling purposes (exemplarily shown for seat heater member 36
in Fig. 1). The pulse-width modulation is symbolized in Fig.2 by a switch 34
meaning that in this specific embodiment a ground line which usually has a
common voltage potential to a chassis of the vehicle, is switched (“low side
switch”) to generate the pulse-width modulated electric power. In other
embodiments, a line connected to the positive terminal of the battery 44 may be
switched (“high side switch”) to generate the pulse-width modulated electric power.
The seat heater control unit 28 includes a temperature sensor 42, e.g. a thermistor
made of an NTC material (negative temperature coefficient), that is arranged at an
appropriate position in the vehicle seat 26 and that is configured for providing
signals indicative of a temperature of the vehicle seat 26 to the seat heater control

unit 28 for control purposes.

[0051] Moreover, the capacitive vehicle seat occupancy detection system 10
includes a signal generating unit 12 and a signal evaluation unit 18, which are
installed remotely from the vehicle seat 26.

[0052] The signal generating unit 12 is provided for generating a time varying
output signal, e.g. a sinusoidal wave signal or square-wave signal, and for

applying the output signal to seat heat member 36. The time-varying output signal
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may e.g. be designed as a sinusoidal wave signal with a frequency of 100 kHz but
other signal forms and/or frequencies are also contemplated that appear to be
suitable to the person skilled in the art. The electrical connection ends 38, 40 of
the seat heater member 36 are connected to the signal generating unit12 to

enable applying the time-varying output signal.

[0053] The electrical connection ends 38, 40 of the seat heater member 36 are
connected to the signal generating unit 12 which, in turn, is connected to the signal
evaluation unit18 (Fig.1). The signal evaluation unit 18 comprises a micro-
controller 20 (Fig. 2) and is provided for sensing an electrical quantity that is
indicative of a capacitance of the seat heater member 36 that is connected to the
signal generating unit 12.

[0054] The signal evaluation unit 18 is further provided for generating an output
signal that is representative of the sensed capacitance and that is usable as a
basis for detecting and classifying a seat occupancy by comparison to
predetermined values for a sensed capacitance. In this specific embodiment, the
signal evaluation unit 18 is configured to generate output signals representing seat
occupancy classes “child/unoccupied seat” (class 1) and “adult” (class 2). In other
embodiments, different seat occupancy classes may be chosen that appear to be
suitable to the person skilled in the art.

[0055] Referring again to Fig. 1, the signal evaluation unit 18 is equipped with a
communication interface 22 that is connected to an airbag control unit 46 of the
vehicle, and is configured for transferring output signals to the airbag control
unit 46 for the purpose of air bag activation control. For instance, if the transferred
output signal represents the occupancy class “adult”, an airbag of the vehicle seat
will be deployed.

[0056] In order to be able to detect a failure in the seat heater element used for
capacitive sensing, the signal evaluation unit 18 is further configured to monitor a
voltage difference between the electrical connection ends 38, 40 of the seat heater
member 36 that is connected to the signal generating unit 12 by determining the
voltage difference between measuring points P1, P2 (Fig.2), and is also
configured to generate an output signal that is indicative of the seat heater
member 36 to be defective, on the basis of a fulfillment of at least one
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predetermined condition concerning the monitored voltage difference, as will be
described in more detail in the following.

[0057] For the purpose of monitoring the voltage difference, the signal evaluation
unit 18 includes e.g. a low-pass filter 24 connected to one of the electrical

connection ends 40 of the seat heater member 36.

[0058] From the layout shown in Fig. 2 it is evident to those skilled in the art that
during a phase of the pulse-width modulated electrical heater power in which the
momentary electrical heater power is larger than zero, a voltage difference
between measuring points P1, P2 is the same for a functional seat heater
member 36 and a defective seat heater member 36. In particular, a distinction
between a functional seat heater member 36 and a defective seat heater
member 36 is not possible by determining the voltage difference between the
measuring points P1, P2 in case that pulse-width modulated electrical heater

power is provided at a duty cycle of 100%.

[0059] During a phase of the pulse-width modulated electrical heater power in
which the momentary electrical heater power is zero and the electrical connections
are established as shown in Fig. 2, a voltage difference between the measuring
points P1, P2 is zero for a functional seat heater member 36, and is larger than
zero for a defective seat heater member 36. A summary of expected voltage
differences between the measuring points P1, P2 for various scenarios is given in
table 1 below.

scenario momentary  electrical heater | momentary electrical heater
power is larger than zero power is zero
potential | potential | voltage potential | potential | voltage
at P1 at P2 difference | at P1 at P2 difference
seat heater | 12V oV 12V 12V 12V oV
member functional
seat heater | 12V oV 12V 12V <12V >0V
member defective
counter increase ? YES NO
Table 1

[0060] It will be noted that a third scenario occurs if the seat heater control unit 28
is not switched on, i.e. if the 12 V of the battery 44 are not applied to measurement
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point P1. In order to be able to detect a defective seat heater in this scenario, the
signal generating unit 12 furthermore includes its own on-board diagnosis circuit
comprising a first current source 14 and a second current source 16 for providing
an output diagnosis signal (Fig. 2), e.g. a diagnosis voltage of about 3 V, which
can be applied across the connection ends 38, 40 of the seat heater member 36.
The first current source 14 is electrically connected to one electrical connection
end 38 of the seat heater member 36 and the second current source 16 is
electrically connected to the other electrical connection end 40 of the seat heater
member 36. If the seat heater member 36 is intact, the diagnostic voltage is
detected at both measuring points P1, P2. If however the potential at measuring
point P2 is lower than the diagnostic voltage, a defect of the seat heater element

may be reliably detected.

[0061] Hereinafter, an embodiment of a method of operating the capacitive
vehicle seat occupancy detection system 10, in particular a method of operating
the system 10 for detecting a defective seat heater member 36 of the vehicle
seat 26 is described. A flow chart of the method is given in Fig. 3. In preparation of
operating the capacitive vehicle seat occupancy detection system 10, it shall be
understood that all involved units, devices and systems are in an operational state
and configured as illustrated in Figs. 1 and 2.

[0062] In order to be able to carry out the method, the signal evaluation unit
comprises a software module. The method steps to be conducted are converted
into a program code of the software module. The program code is implemented in
a digital data memory unit of the signal evaluation unit 18 and is executable by a
processor unit of the signal evaluation unit 18. The digital data memory unit and
the processor unit are components of the micro-controller 20. Alternatively, the
software module may as well reside in and may be executable by a control unit of
the vehicle, for instance by the airbag control unit46, and established data
communication means 22 between the signal evaluation unit 18 and the airbag
control unit 46 of the vehicle could be used for enabling mutual transfer of data.

[0063] In this specific embodiment of the method, a momentary phase of the

pulse-width modulated electrical heater power is monitored by a simple counter
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member as follows. In other embodiments of the method, different means may be
chosen that appear to be suitable to the person skilled in the art.

[0064] In a first step 48 of the method, a voltage difference between the electrical
connection ends 38, 40 of the seat heater member 36 is monitored during a
predetermined time interval of a length corresponding to the length of a PWM time
interval one PWM cycle by taking a plurality of samples of the voltage difference
between the electrical connection ends 38, 40 of the seat heater member 36
connected to the signal generating unit 12. The diagnosis takes for instance 64
samples during one PWM cycle of the seat heater control unit. After each
sampling, it is checked in step 50, if the determined voltage difference exceeds a
predetermined threshold value Vinesh for the voltage difference that is larger than
zero, for instance Viresh = 1.0 V. If the condition is not fulfilled, i.e. if the voltage
difference is lower than or equal t0 Vinesh, the next sampling is started. If the

condition is fulfilled, a counter value is increased by one in a next step 52.

[0065] After the required number of samplings is made, i.e. after 64 samples, the
momentary counter value is compared to an appropriately selected predetermined
counter threshold value in step 54. In this specific embodiment with a total of 64
samples taken per PWM cycle, the counter threshold value may e.g. be set to 62.
In other embodiments of the method, a different predetermined counter threshold
value may be chosen that appears to be suitable to the person skilled in the art. If
the momentary counter value is less than or equal to the predetermined counter
threshold value, it is determined that during the PWM cycle the voltage difference
was dropped below the threshold value (during a non heating period) and
accordingly the seat heater member 36 is assessed to be fully functional and the
next diagnostic cycle may be started.

[0066] If however the momentary counter value is larger than the predetermined
counter threshold value, i.e. the voltage difference was exceeding the threshold
value Vinresh during substantially the entire PWM cycle, then either

- the duty cycle of the pulse-width modulated electrical heater power is 100%,
or

- the seat heater member 36 is defective.
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[0067] If the heater member is powered at a duty cycle of 100% during the first
predetermined time interval, the second, adjacent predetermined time interval will
necessarily contain a diagnostic time interval in which the seat heater control unit
performs a diagnostic operation. During this diagnostic operation, the seat heater
member is not powered and therefore the voltage difference between the
connection ends will drop below the threshold value if the seat heater is intact.

[0068] In order to detect the occurrence of a diagnostic operation by the seat
heater control unit, the signal evaluation unit (18) will monitor, during a second
predetermined time interval, a voltage at measuring point P2, i.e. at the respective
connection end that is disconnected from ground during a diagnostic operation of

the seat heater control unit.

[0069] If no voltage shift is detected by the microcontroller 20 during the second
predetermined time interval, i.e. if no NTC pause is detected, an output signal that
is indicative of the seat heater member 36 to be defective is generated in step 56

by the signal evaluation unit 18.

[0070] If the voltage at P2 briefly raises to 12 V during the second predetermined
time interval, due to switch 34 being opened during the diagnostic operation (NTC
pause), the signal evaluation unit 18 can determine that an NTC pause has
occurred and assess that the seat heater member 36 is fully functional. The
counter is then reset in a next step 58, and the sampling of the voltage difference

iS resumed.

[0071] While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to be
considered illustrative or exemplary and not restrictive; the invention is not limited

to the disclosed embodiments.

[0072] Other variations to be disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed invention, from a study
of the drawings, the disclosure, and the appended claims. In the claims, the word
“‘comprising” does not exclude other elements or steps, and the indefinite article

a” or “an” does not exclude a plurality. The mere fact that certain measures are
recited in mutually different dependent claims does not indicate that a combination
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of these measures cannot be used to advantage. Any reference signs in the
claims should not be construed as limiting scope.
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Reference Symbol List
10 capacitive vehicle seat occupancy detection system
12 signal generating unit
14 first current source
16 second current source
18 signal evaluation unit
20 micro-controller
22 communication interface
24 low-pass filter
26 vehicle seat
28 seat heater control unit
30 shielded cable
32 common mode chokes
34 switch
36 seat heater member
38 electrical connection end
40 electrical connection end
42 temperature sensor
44 battery
46 airbag control unit

steps of
48 determining voltage difference
50 checking voltage difference
52 increasing counter by one
54 comparing counter value with threshold
56 generating output signal
58 resetting counter
P1 measuring point
P2 measuring point

Viresh voltage threshold
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Claims

1. A combined seat heater and capacitive seat occupancy detection system (10),
wherein the seat heater comprises at least one seat heater member (36)
having electrical connection ends (38, 40) for receiving pulse-width modulated
electrical heater power of a pulse-width modulation frequency, and the

capacitive seat occupancy detection system (10) includes

- a signal generating unit (12) provided for generating a time-varying output
signal, wherein the signal generating unit (12) is configured to be electrically
connectable to at least one of said electrical connection ends (38, 40) of the
at least one seat heater member (36) for providing the time-varying output
signal at least to the at least one seat heater member (36),

- a signal evaluation unit (18) that is provided for sensing an electrical
quantity that is indicative of a capacitance of the at least one seat heater
member (36), and that is provided for generating an output signal that is

representative of the sensed capacitance,

wherein the signal evaluation unit (18) is configured to monitor a voltage
difference between the electrical connection ends (38, 40) of the at least one
seat heater member (36), and is further configured to generate an output
signal that is indicative of the at least one seat heater member (36) to be
defective, on the basis of a fulfilment of at least one predetermined condition

concerning the monitored voltage difference.

2. The combined seat heater and capacitive seat occupancy detection system as
claimed in claim 1, wherein the seat heater comprises a seat heater control
unit that is configured to alternately provide pulse-width modulated (PWM)
electrical heater power to the at least one seat heater member during a PWM
time interval (PWM cycle) and perform a diagnostic operation during a
diagnostic time interval, said pulse-width modulated (PWM) electrical heater
power being provided by periodically connecting and disconnecting one of said
first and second connection end to, respective from, a respective one of a
power source and ground, and wherein the signal evaluation unit (18) is
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configured to perform, during a first predetermined time interval of a length

corresponding to the length of a PWM time interval, the steps of

a)

b)

c)

d)

sampling the monitored voltage difference periodically (n samples) and
comparing the sampled voltage difference with a first threshold value
(Vthresh)

increase a counter value each time that the sampled voltage difference
exceeds the first threshold value, and

after the n samples, comparing the counter value with a predetermined
second threshold value (Cinresh), and

assessing that the seat heater member is not defective if said counter value
is lower than said second threshold value (Cinresh).-

The combined seat heater and capacitive seat occupancy detection system as

claimed in claim 2, wherein said signal evaluation unit (18) is configured to

perform, if in step ¢) said counter value is higher than or equal to said second

threshold value, the steps of

monitoring, during a second predetermined time interval of a length
corresponding to the length of a PWM time interval, said second
predetermined time interval being adjacent to said first predetermined time
interval, a voltage at the respective connection end that is disconnected
from the respective one of ground or power source during a phase of the
pulse-width modulated electrical heater power in which a momentary

electrical heater power is zero, and

assessing that said seat heater member is not defective if a variation of the
voltage at the respective connection end exceeds a specific threshold value
during said second predetermined time interval or generating said output
signal that is indicative of the at least one seat heater member to be
defective if variation of the voltage at the switched connection end does not
exceed said specific threshold value.

The combined seat heater and capacitive seat occupancy detection system as

claimed in claim 2 or 3, wherein said first threshold value (Vinesh) is lower than
1V (OV < Vipresn < 1V).
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5. The combined seat heater and capacitive seat occupancy detection system as
claimed in any one of claims 2 to 4, wherein said second threshold value
(Ctnresh) is higher than 90% of the number of samples n (0.9 - n < Cippesp, < 1)

and preferably higher than 95% of the number of samples n (0.95:-n <
Cthresh < n)

6. The combined seat heater and capacitive seat occupancy detection system as
claimed in any one of claims 1 to 5, wherein the signal generating unit (12)
further includes a first current source (14) and a second current source (16) for
providing a diagnostic output signal, and wherein the first current source (14) is
electrically connectable to one electrical connection end (38) of the at least
one seat heater member (36) and the second current source (16) is electrically
connectable to the other electrical connection end (40) of the at least one seat

heater member (36).

7. A vehicle seat with a capacitive vehicle seat occupancy detection system (10)
as claimed in any one of claims 1 to 6, the vehicle seat comprising

a seat base (26) configured for taking up a seat base cushion, the seat

base and the seat base cushion being provided for supporting a bottom of a

seat occupant, and

- a backrest configured for taking up a backrest cushion provided for
supporting a lumbar and back region of the seat occupant,

- a seat heater control unit (28) that is configured to provide pulse-width
modulated electrical heater power of a pulse-width modulation frequency to
at least one seat heater member (36),

- at least one seat heater member (36) being at least partially disposed at at
least one out of the seat base cushion and the backrest cushion, and
having electrical connection ends (38, 40) that are connected to the seat
heater control unit (28) for receiving the pulse-width modulated electrical

heater power,

wherein the at least one seat heater member (36) is electrically connected to
the signal generating unit (12) of the capacitive vehicle seat occupancy

detection system (10).
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A method of operating a capacitive vehicle seat occupancy detection
system (10), in particular a method of operating the system (10) for detecting a
defective seat heater member (36) of a vehicle seat (26), wherein a desired
heating of the vehicle seat (26) is designed to be carried out by providing
pulse-width modulated electrical heater power of a pulse-width modulation
frequency from a seat heater control unit (28) that is connected to electrical
connection ends (38, 40) of the at least one seat heater member (36), and
wherein a time-varying output signal is being provided at least to the electrical
connection ends (38, 40) of the at least one seat heater member (36) for
sensing an electrical quantity that is indicative of a capacitance of the at least
one seat heater member (36), the capacitance being usable as a basis for at
least one out of detecting and classifying a seat occupancy by comparison to
at least a first predetermined value for the sensed capacitance, the method

comprising steps of

- monitor a voltage difference between the electrical connection ends of the
at least one seat heater member and

- generate an output signal that is indicative of the at least one seat heater
member to be defective, on the basis of a fulfillment of at least one
predetermined condition concerning the monitored voltage difference.

The method according to claim 8, comprising the steps of

- determining (48) a voltage difference between the electrical connection
ends (38, 40) of the at least one seat heater member (36),

- checking (50) if the determined voltage difference exceeds a predetermined
third threshold value that is larger than zero, and

- generating (56) an output signal that is indicative of the at least one seat
heater member (36) to be defective if the determined voltage difference

exceeds the predetermined third threshold value.

The method according to claim 8 or 9, wherein the seat heater comprises a
seat heater control unit that is configured to alternately provide pulse-width
modulated (PWM) electrical heater power to the at least one seat heater
member during a PWM time interval (PWM cycle) and perform a diagnostic
operation during a diagnostic time interval, said pulse-width modulated (PWM)
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electrical heater power being provided by periodically connecting and

disconnecting one of said first and second connection end to, respective from,

a

respective one of a power source and ground, said method further

comprising, during a first predetermined time interval of a length corresponding

to the length of a PWM time interval, the steps of

a)

b)

c)

d)

sampling the monitored voltage difference periodically (n samples) and
comparing the sampled voltage difference with a first threshold value
(Vthresh)

increase a counter value each time that the sampled voltage difference

exceeds the first threshold value, and

after the n samples, comparing the counter value with a predetermined
second threshold value (Cinresh), and

assessing that the seat heater member is not defective if said counter value

is lower than said second threshold value (Cinresh).-

The method according to claim 10, further comprising, if in step ¢) said counter

value is higher than or equal to said second threshold value, the steps of

monitoring, during a second predetermined time interval of a length
corresponding to the length of a PWM time interval, said second
predetermined time interval being adjacent to said first predetermined time
interval, a voltage at the respective connection end that is disconnected
from the respective one of ground or power source during a phase of the
pulse-width modulated electrical heater power in which a momentary

electrical heater power is zero, and

assessing that said seat heater member is not defective if a variation of the
voltage at the respective connection end exceeds a specific threshold value
during said second predetermined time interval or generating said output
signal that is indicative of the at least one seat heater member to be
defective if variation of the voltage at the switched connection end does not
exceed said specific threshold value.

12. The method as claimed in any one of claims 8 or 11, wherein the step of

checking (50) if the determined voltage difference exceeds a predetermined
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threshold value includes low-pass filtering of a voltage at one of the electrical

connection ends (38, 40) of the at least one seat heater member (36).

A software module for carrying out the method as claimed in any one of
claims 8 to 12, wherein the method steps to be conducted are converted into a
program code of the software module, wherein the program code is
implementable in a digital memory unit of the capacitive vehicle seat
occupancy detection system (10) or a separate control unit (46) of the vehicle
and is executable by a processor unit of the capacitive vehicle seat occupancy
detection system (10) or a separate control unit (46) of the vehicle.
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