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Smart vehicle seat

The invention relates to a system for controlling a smart vehicle seat having a
seat base and a backrest, the surfaces of which are provided with pressure
sensors, the pressure sensors being connected to a microcontroller via which an
actuator element is controllable via a drive unit, whereby the actuator element is
adapted to change the surface of the seat base and/or the backrest.

Such systems are known in particular from the automotive and aviation
industries. In addition to pressure sensors, other diverse sensors are often used,
in particular to monitor the driver's condition and ability to drive. Especially for
people who spend a lot of time in such seats, such as professional drivers,
tradesman and frequent flyers, it is important to have a certain comfort when
sitting. Also for health reasons, it is important to sit ergonomically correct. It is of
course useful or even necessary to change the seat adjustment for different
sitting postures. Conventionally, this is known in particular in the form of the
height adjustment of the seats and the relative position or inclination of the
backrest relative to the seat base. Head and neck supports can also be adjusted
in height. In addition, actuators are increasingly being used to support individual
back parts, in particular in the lumbar region.

In some vehicles, personalized seat adjustment can be semi-automatically
adjusted so that a short command is sufficient to correctly set the different
parameters to the respective user. This helps when different users regularly use
the vehicle seat. Thus, a degree of individualization is achieved. A disadvantage
here is that different sitting postures are not considered for a particular user.
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It is therefore preferable that the vehicle seat not only be personalized but also
automatically adjustable in terms of sitting posture so as to enhance both the
seating comfort and the ergonomic posture of the user. As described, it may be
ergonomically useful to adapt both the surface of the seat base and the surface
of the backrest to the respective sitting posture of the user.

It is the object of the invention to develop the system to the effect that the
system automatically adapts the sitting postures of a user and the surface of the
seat base and the surface of the backrest are adjusted in a flexible and exact
fashion depending on the user's posture.

To solve this problem, the invention proposes, based on a system of the type
mentioned in the beginning, that the actuator element comprises one or more
valves via which one or more airbags are controllable.

In addition, the invention proposes a method for controlling a system of a smart
vehicle seat to solve the object of the invention, in which method

- the pressure distribution on the surface of the vehicle seat is measured
by means of (preferably flat) pressure sensors,

- the measurement data are forwarded to a microcontroller,

- the microcontroller determines the sitting posture on the basis of the
measured data and learned knowledge using an artificial intelligence module,

- and controls via valves an actuator element according to the sitting
posture.

The term “airbag” within the meaning of the present invention relates to any
flexible bag or cushion, preferably small in size, designed to be inflated variably
by gas.
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By means of the airbags, the surfaces of the seat base and of the backrest can
be adjusted extremely flexibly and accurately. Via the valves, the airbags can be
gradually supplied with a gas (from a suitable pressure source, such as a
pressurized gas reservoir or a compressor), or the gas can be discharged from
the respective airbag. Another advantage compared to the known servomotors
is that the airbags control the contour in a large and homogenous part of the
respective surface. In addition, airbags are low-priced compared to servomotors.

The pressure on the surface of the vehicle seat is continuously measured by
means of the pressure sensors and the measurement data are forwarded to the
microcontroller, so that the adaptation of the vehicle seat takes place without
delay. For this purpose, the microcontroller compares the measured pressure
data with learned knowledge and uses the comparison to determine in which
position the user is located on the vehicle seat in order to subsequently adjust
the airbags on the basis of the determined sitting posture.

Advantageously, the airbags in the seat base and in the backrest are integrated
below the surface (e.g. below the upholstery cover of the seat). By placing the
respective air cushion directly under the contact surface of the vehicle seat, a
change in the pressurization of the airbags directly affects the sitting comfort of
the user.

A preferred embodiment of the invention provides that the pressure sensors are
designed as graphene sensor arrays. Graphene pressure sensors are
particularly well-suited for measuring the pressure distribution on the surface
very accurately and thus providing optimal feedback. In addition, the cycle
strength is extremely high.

It is particularly practicable if the graphene sensor arrays consist of a plurality of
sensor elements, wherein in each sensor element graphene strip conductors are
arranged on a substrate. Due to a high density of sensor elements on the
respective sensor array, a particularly high accuracy can be achieved. The
arrangement of the sensors in the form of printed strip conductors on a substrate
makes it possible to realize a very flat sensor array.
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Preferably, each single sensor element is smaller than 0.5 mm?, preferably
smaller than 0.37 mm?2. This makes it possible to achieve a particularly high
number of sensor elements on a sensor array and thus a particularly accurate
measurement of the pressure distribution.

It is also advantageous if the learned knowledge is based on a record which is
processed by means of a recurrent neural network (RNN) and the sitting posture
is determined by means of the Softmax-function. In this case, when determining
the current the sitting posture, previous hidden system states are considered
and evaluated in coaction with each other.

It additionally preferred, that the data input of the recurrent neural network
(RNN) is encoded by a convolutional neural network (CNN). By encoding in form
of convolution the input data can be filtered and reduced to the relevant data,
before the determination of the sitting posture.

Finally, it is of particular advantage to the user that the sitting posture and/or the
actuator settings are retrieved and/or set via a human-machine-interface (HMI).
In this case, any HMI known to those skilled in the art is suitable. In particular,
wireless HMI via web applications, which can be accessed and operated by the
user via a smartphone or tablet, are preferred. In addition, the system may have
a fixed interface in the vicinity of the vehicle seat, which may be installed, for
example, in the cockpit of a car or at an armrest of an airplane passenger seat.

The invention will be explained in the following in more detail with reference to
the drawings.

Figure 1 a-d schematically show a smart vehicle seat of a system according to
the invention in different load conditions;

Figure 2 schematically shows the structure of a sensor array of a system
according to the invention;



WO 2021/064038 PCT/EP2020/077398

Figure 3 schematically shows the structure of a sensor element of a system
according to the invention;

Figure 4 schematically shows a block diagram of a system according to the
invention;

Figure 5 schematically illustrates a first example of the determination of the
sitting posture according to the method of the invention.

Figure 6 schematically illustrates a second example of the determination of the
sitting posture according to the method of the invention.

In Figures 1 a-d, a vehicle seat is designated by reference numeral 1. The
vehicle seat 1 has a seat base 1a and a backrest 1b and a headrest 1c. On the
surface of the seat base 1a and the user-facing surface of the backrest 1b, a
plurality of graphene sensors 2 are arranged. The graphene sensors 2 measure
the pressure distribution caused by the user sitting on the vehicle seat 1.

The pressure distribution in Figures 1a-d varies with the sitting posture of the
user. Figure 1a shows the balanced pressure distribution (P1) in a straight and
upright sitting position (sitting posture P1). In Figure 1b, a higher pressure is
measured on the right side because the user has shifted his weight to the right
(sitting posture P2). A weight shift to the left is shown in FIG. 1c (sitting position
P3). In Figure 1d, the user obviously bends forward because only slight pressure
is exerted on the backrest 1b (sitting posture P4). There can be determined four
different sitting postures of the user in this embodiment. Practically, the number
of sitting postures is of course not limited. In this way, the sitting behavior of the
user can be monitored with the graphene sensors 2.

The sensors arranged on the vehicle seat 1 will be described in more detail as
follows:

On the surfaces of the vehicle seat 1 flexible sensor arrays 2a are arranged with
sensor elements 3 of graphene. Each sensor array 2a has a plurality of sensor
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elements 3 as shown in figure 2. The sensor elements 3 are printed on PET film
2b of 25 um thickness. The size of the sensor array 2a is 300 mm x 300 mm in
this embodiment. There 100 x 100 sensor elements 3 arranged on the sensor
array 2a. The sensor elements 3 are located 25mm away from the edges at the
four corners. Thus, it is possible generate 10000 pressure values.

Each individual sensor element 3 delivers its measured value normalized in the
range of 0.0-1.0 for the respective measured pressure. For the realization, large-
area sensor arrays of two-dimensional materials are used in this exemplary
embodiment. According to the invention, graphene is used to obtain the desired
pressure sensors. Thus, a flexible pressure sensor with a low operating voltage
of less than 3,5 V, a high pressure sensitivity of 0 -1 kPa and an excellent
mechanical wear resistance over at least 3000 cycles is available.

Figure 3 shows a single sensor element 3. A crosswise graphene strip
conductor 4 is arranged on a substrate 5. The substrate 5 is, in this embodiment,
a PET film 2b. If a force F acts on the substrate 5, this proportionally influences
the electrical properties of the graphene strip conductor 4. Consequently, the
magnitude of the force F can be determined. The single sensor element 3 is very
small and flat. It extends only an area of 0.36 mm? and a thickness of 25 um.
The graphene strip conductor 4 is 50 um wide. On the graphene strip conductor
4 a voltage supply and an electrode for measuring the output voltage is
arranged.

The properties of the PET film 2b as substrate used in this embodiment are as
follows:

Density: 1420 kg/m?
Young’s modulus: 2,5 GPa
Poisson’s ratio 0,34

1

Heat capacity: 1090 J/(kg*K)
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Thermal conductivity: 0,12 W//(m*K)

Relative permittivity: 3,4

Resistivity: 1,5*10" Om

The properties of Graphene used in this embodiment are as follows:

Density: 2200 kg/m?

Poisson’s ratio: 0,16

Thermal conductivity: 5000 W/(m*K)

Coefficient

of thermal expansion: 8 *10°1/K
Relative permittivity: 2,14
Resistivity: 30 Om

Electrical conductivity: 3,333 *102 S/m

Figure 4 shows a block diagram which schematically illustrates the components
of the system according to the invention and their interaction, whereby the
measured pressure distribution is taken into account.

By means of the graphene sensors 2, the pressure distribution on the vehicle
seat 1 is measured. The measured data are forwarded to a microcontroller 6. On
the microcontroller 6, an artificial intelligence module 7 is integrated. The
artificial intelligence module 7 determines the sitting posture on the basis of the
measured data and on learned knowledge. The function of the artificial
intelligence module 7 will be discussed in more detail below (see Figure 4). The
microcontroller 6 controls via a drive module 8 the valves 9, via which the
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integrated airbags 10 in the vehicle seat 1 can be pressurized. Which airbag 10
is subjected to how much pressure depends in each case on the sitting posture
determined by the artificial intelligence module 7. The microcontroller 6
generates a PWM signal based on the determined sitting posture. Based on the
PWM signal, the drive module 8 controls the valves 9.

Ultra-small solenoid air valves with extremely low weight are preferably used as
valves 9 for low-pressure airbag controls. The airbags 10 have a very low
weight, wherein the connections of the airbags 10 correspond to those of the
valves 9. The outer fabric of the airbags 10 are glued to the seat foams of the
vehicle seat 1.

The architectures according to the invention of the artificial neural networks
which are preferably used in the artificial intelligence module 7 are shown
schematically in Figures 5 and 6.

In an architecture according to the invention, shown in Fig. 5, a recurrent neural
network (RNN) is used that can use the previous states (for example xt1, xt-2
,....Xxtn) and computes the probability distribution of postures ( Pt ) for a given set
of data samples. For example, if the time series of size 5 is used , whereby it is
possible to read the sensor data with 10 or 15 samples per second, then four
data samples are used in the context (which is n ) for predicting the posture of
the current data sample xt. When using a RNN, the hidden units of the RNN are
calculated differently than in a feedforward neural network (FNN), as RNNs have
the ability to keep a memory from the previous states and use them to compute
the current internal hidden state such as:

ht=0(lh*xt+Wh=*ht-1+bn)

where, ht is the hidden internal state of the RNN; Wh is a weight matrix, Ln is an
input projection matrix and bn is a bias vector, all these parameters are learned
during training. Once, the internal hidden state is computed, the network use the
softmax-function, to calculate the probability distribution of postures ( Pt ):
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Pt=softmax (Wpxht+bp)

given

Pe(P1, P2, P3, P4)and ¥ P=1

As the data is a time-series and sequential, the RNN method is supposed to
provide better performance than a FNN. It is also productive to consider the form
of the state values xt as matrices of an image. Then it is advantageous to use a
convolutional neural network (CNNs) for encoding the state values and forward
them to the RNNs, explained in figure 5.

The non-uniform pressure on the seat is expected to provide sparsity in the state
values xt, that can make it difficult to feed the data as they are to the RNNs.
Hence, a convolutional neural network (CNN) is used underneath the RNNs to
encode the sensor signal data. As it can be seen that the grid sensor provides
an image of the data, like frames at a 100x100 resolution. CNNs are most
efficient to extract information from such an input stream of data. When using
the CNN layer under the RNN layer, the architecture as shown in Figure 6 can
be configured. With this architecture, the CNN is used as an encoder to encode
the input and then the encoded (in this case convoluted) input data are fed to
the RNN which further uses that encoded data stream for final sitting behavior
detection.

In both architectures (figure 5 and figure 6), the Softmax function calculates the
probability distribution of possible current sitting postures (P+1,P2,P3,P4) of the
user. On the basis of the determined sitting postures (P1,P2,P3,P4) of the user of
the vehicle seat 1, the artificial intelligence module 7 determines the optimum
setting of the airbags 10, taking into account ergonomic aspects and a comfort
analysis as well as the prediction of the user behavior. Based on the continuous
measurement the artificial intelligence module 7 is continuously supplied with
information in real time and thus trained further, so that the determination of the
current sitting postures (P1,P2,P3,P4) becomes more and more reliable as a
result.
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Preferably, the system according to the invention has an interface to a higher-
level server and to a user. The interfaces are essentially realized via the
microcontroller 6.

Via communication with the higher-level-server, updates can be installed on the
microcontroller 6. In addition, information can be shared. Thus, the
microcontroller 6 can forward the measurement data regularly to the higher-level
server. The higher-level server can then record the measured data from a large
number of systems and develop behavioral rules and ergonomic procedures
from the information obtained. With the help of these findings, the artificial
intelligence module 7 can then be trained again on the microprocessor 6. The
function of the artificial intelligence module 7 is improved even faster by
providing and combining the data of a plurality of systems.

The user interface allows the user to provide feedback to the system. The user
can also manually adjust the airbags 10 or select a preset program for
controlling the airbags 10. Ergonomic aspects for supporting particularly back-
friendly postures and variations of sitting postures can be taken into account in
the given programs. The respective setting of the vehicle seat 1 can for example
also be assigned to certain activities, such as "reading", "driving" or "working".
Here, too, the respective settings may vary at intervals, taking into account
ergonomic aspects. The feedback of the user can also be used to train the
artificial intelligence module 7.

In summary, the invention teaches a novel combination of flexible high-sensitivity
graphene-pressure-sensors and novel actuators with the use of artificial neural
networks. The system according to the invention makes possible a comfort
automation by means of a prediction and analysis of the user behavior. Such a
system for a smart vehicle seat is in principle suitable for all seats used in any
vehicles for the driver and for passengers. In particular, in the automotive and
aviation industries, but also in trains and on ships, systems according to the
invention are well suited to be applied for the control of an intelligent vehicle
seat.
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They are particularly attractive to people who spend a lot of time in vehicles and
are therefore dependent on a certain level of comfort and on a support in their
usual sitting behavior in order to prevent permanent physical problems, in
particular back problems.
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List Of Reference Numbers:

1 vehicle seat

1a seat base

1b backrest

1c headrest

2 graphene sensors

2a sensor array

2b PET film

3 sensor element

4 graphene conductor strip

5 substrate

6 microcontrollers

7 artificial intelligence module
8 drive module

9 valve

10 airbag
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P1-P4 sitting postures



