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Description

Technical Field

[0001] The present invention relates to a method for
monitoring the alertness of the driver of a vehicle, in par-
ticular stimulation of the brain waves of the driver. Fur-
thermore, the present invention relates to an apparatus
for monitoring the alertness of the driver of a vehicle, in
particular stimulation of the brain waves of the driver.

Background of the invention

[0002] Monitoring units for monitoring a condition of a
driver are well known by prior art. Therefore, at least one
sensor, mounted within a motor vehicle, is directed to a
driver. As a result physical parameters are detectable,
allowing conclusions on a level of awareness and/or fa-
tigue of the driver. For example it is known, that a dizzi-
ness of a driver is detectable. In particular, it should be
detected, whether the driver is tired and hence an in-
creased accident risk can be assumed. If fatigue is de-
tected, the driver is being warned early and for example
asked to stopped to look for a rest.
[0003] In addition, motor vehicles are usually equipped
with audio facilities, by which it being possible to output
songs audibly to entertain vehicle passengers.
[0004] It is otherwise known that neural impulses of
the human brain have a frequency spectrum, which de-
pends on a condition of the human brain. So-called delta
and theta waves are detectable during sleep and have
lower frequencies than beta waves, which are detectable
when an individual is in a fully awake condition. Scientific
studies show, that acoustic and/or optical impulses with
respective frequencies can affect a condition of the hu-
man brain.
[0005] DE 10 2007 036 987 A1 discloses a method
and an apparatus for transmitting impact sound into an
interior of the motor vehicle by an impact sound gener-
ator. The impact sound is transmitted over the impact
sound generator to a passenger of the motor vehicle in
such a manner that an effect is obtained. The effect is
selected from a group of effects comprising the passen-
ger is concentrated by the impact sound, the passenger
is prevented from falling asleep, a driving feeling of the
passenger is increased, and unwanted vibrations of the
motor vehicle are suppressed.
[0006] WO 2008/020458 A2 discloses a method to de-
tect drowsy state of driver, said method comprising steps
of;

i. Capturing images of the driver to monitor the status
of the driver;
ii. Preprocessing the captured images to make the
image suitable for effective processing;
iii. finding out average value of all pixels available in
the preprocessed image using adaptive binarization;
iv. performing face segmentation on the preproc-

essed images to eliminate background features and
to segregate the face alone from the image; and v.
localizing the eyes based on eyeball pattern match-
ing and thereafter determining absence of the eye-
balls for predetermined consecutive images to de-
tect drowsy state of the driver and thereby alerting
the driver.

Summary of the invention

[0007] It is an object of the present invention to provide
an improved method and an improved apparatus for
monitoring the alertness of the driver of a vehicle, in par-
ticular stimulation of the brain waves of the driver.
[0008] According to the invention, the object is
achieved by a method according to claim 1 and an ap-
paratus according to claim 6.
[0009] Preferred embodiments of the invention are giv-
en in the dependent claims.
[0010] According to the invention, a method for stimu-
lation of the brain waves of the driver of a vehicle com-
prises:

- continuously detecting and evaluation of at least one
physical parameter of the driver while the vehicle is
in motion,

- transmitting a periodic audio signal with a predeter-
mined frequency into a vehicle interior within a pre-
determined time period if the evaluated physical pa-
rameter is in a critical range, whereby the critical
range indicates an appropriate level of fatigue of the
driver. It is provided that a frequency of the transmit-
ted periodic audio signal is in a frequency range be-
tween 12 hertz and 15 hertz.

[0011] A tired driver is one of the important factors that
cause traffic accidents. The transmission of a periodic
audio signal with the predetermined frequency into a ve-
hicle interior, in particular to the driver, enables an in-
crease of the concentration of the driver, if the driver is
tired and hence an increased accident risk can be as-
sumed. With the method according to the invention, the
driver is prevented from falling asleep and thus, a drive
comfort and drive safety are improved. The frequency of
the transmitted periodic audio signal is in a frequency
range of alpha and beta waves of a human brain. There-
fore, the transmitted periodic audio signal enables a stim-
ulation of the brain waves of the driver such, that a con-
centration of the driver can be increased. Furthermore,
the frequency of the transmitted periodic audio signal is
in a non audible frequency range of an individual, so that
the transmitted periodic audio signal has no influence on
other vehicle passengers.
[0012] According to a preferred embodiment, at least
the face of the driver is being detected. The human face
indicates more fatigue signs than other human body
parts. This fact allows a reliable detection of an appro-
priate level of fatigue of the driver.
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[0013] Preferably, the physical parameter is a time pe-
riod and/or a frequency of an eyelid closure of the driver.
The eyelid closure of an individual can be voluntary or
involuntary, whereby fatigue affects a slower eyelid clo-
sure, in particular a longer time period of eyelid closure,
than the eyelid closure of an individual, when it is awake.
Thus, a time period and/or a frequency of an eyelid clo-
sure are reliable parameters for detection of an appro-
priate level of fatigue of the driver.
[0014] In a preferred embodiment, the transmitted pe-
riodic audio signal is superimposed with further audio
signals. For example, the further audio signals are gen-
erated by music reproduction or receiving radio broad-
cast of an audio device, integrated in the vehicle interior.
Preferably, this allows a support of the further audio sig-
nals of the audio device, which are usually in an audible
range of the driver and other vehicle passengers.
[0015] The predetermined time period in which the pe-
riodic audio signal is transmitted, ends when the evalu-
ated physical parameter is out of the critical range. That
means, that the transmission of the periodic audio signal
stops, when the driver is no more tired. This allows that
the brain waves of the driver are stimulated as long as
the driver is in the critical range, so that the driver is re-
liably prevented from falling asleep.
[0016] An apparatus for stimulation of the brain waves
of the driver of a vehicle, comprises:

- a monitoring unit with a sensor unit, which detects
at least one physical parameter of the driver, and

- an evaluation unit, which evaluates the detected
physical parameter while the vehicle is in motion,
and whereby

- the evaluation unit is coupled to an audio device,
which transmits a periodic audio signal into a vehicle
interior within a predetermined time if the evaluated
physical parameter is in a critical range, and whereby
a frequency of the transmitted periodic audio signal
is in a frequency range between 12 hertz and 15 hertz

[0017] The apparatus is well suited to be used as a
combination of an audio device coupled with a monitoring
unit, which are usually already arranged in modern ve-
hicles. Thus, the apparatus enables a cost-efficient and
packaging-optimized solution for monitoring the alert-
ness of the driver of a vehicle, whereby the driver is
helped to become awake.
[0018] The sensor unit is an optical sensor, by which
an appropriate level of fatigue of the driver is reliably de-
tectable, because fatigue signs, especially a longer time
period of eyelid closure, are detectable optically best.
[0019] Preferably, the sensor unit is arranged into an
inside mirror of the vehicle interior. In particular, this al-
lows to detect the face of the driver in a best way, because
usually the inside mirror is arranged near the area of a
driver’s head. Furthermore, the arrangement in the inside
mirror enables a packaging-optimized arrangement of
the sensor unit in the vehicle interior. Alternatively, the

sensor unit is arranged in other suitable places in the
vehicle interior, such as instrument panel, steering wheel
or even windscreen.
[0020] The sensor unit is directed to a driver seat. With
this, only the driver is monitored, and stimulated as nec-
essary. Thus, other vehicle passengers are not influ-
enced by the apparatus and may sleep untroubled during
a long vehicle drive.
[0021] Details of the present invention are described
hereinafter. However, it should be understood that the
detailed description and the specific examples indicate
possible embodiments of the invention and are given by
way of illustration only. Various changes and modifica-
tions of the illustrated embodiments within the spirit and
scope of the invention are appreciated by those skilled
in the art.

Brief description of the drawings

[0022] The present invention will be better understood
from the detailed description given in the following. The
accompanying drawings are given for illustrative purpos-
es only and do not limit the scope of the present invention.

Figure 1 schematically a side view of a section of a
vehicle interior with a monitoring unit and an
audio device,

Figure 2 schematically a side view of a section of the
vehicle interior 1 with a driver 4,

Figure 3 schematically an exemplary graphic view of
human brain waves, and

Figure 4 schematically an exemplary graphic view of
a section of an audio signal.

Detailed description of the preferred embodiments

[0023] Figure 1 shows schematically a side view of a
section of a vehicle interior 1 of a vehicle with a monitoring
unit 2 and an audio device 3.
[0024] However, concentrate decrease of a driver 4 as
a result of fatigue and, in consequence, decreased ability
to respond is a reason for many accidents in traffic. Stud-
ies have shown that about 20% of accidents are due to
driver fatigue. Thereby for reducing the potential dangers
to traffic participants, the present invention involves a
method and an apparatus for monitoring the alertness of
the driver 4 of a vehicle.
[0025] The apparatus comprises the monitoring unit 2,
which includes at least one sensor unit 2.1 and an eval-
uation unit 2.2.
[0026] Preferably, the sensor unit 2.1 is an optical sen-
sor, which detects at least one physical parameter PP of
the driver 4 continuously while the vehicle is in motion.
In a preferred embodiment of the invention, the at least
one physical parameter PP is a time period and/or a fre-
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quency of an eyelid closure of the driver 4.
[0027] The time period and/or the frequency of the eye-
lid closure are reliable parameters for detection of an
appropriate level of fatigue of the driver 4, because fa-
tigue affects a slower eyelid closure, in particular a longer
time period of eyelid closure, than the eyelid closure of
an individual, when it is awake. Furthermore, the time
period and/or the frequency of the eyelid closure are de-
tectable optically best.
[0028] Alternatively, the physical parameter PP is a pu-
pil width or a heart beat of the driver 4, whereby the heart
beat is not optically detectable. In this alternative embod-
iment, the sensor unit 2.1 is designed as an electro-me-
chanical sensor, which is arranged for example in a steer-
ing wheel.
[0029] In the present embodiment, the sensor unit 2.1
is arranged into an inside mirror 5 of the vehicle interior
1 and directed to a vehicle seat 6. This allows detecting
a face or at least suitable parts of the face of the driver
4, if he takes a usual placement on the vehicle seat 6 for
driving the vehicle. Thus, the time period and/or the fre-
quency of the eyelid closure are reliably detectable.
[0030] Alternatively, the sensor unit 2.1 is arranged in
other suitable places inside the vehicle interior 1, such
as instrument panel, steering wheel or even windscreen.
[0031] The sensor unit 2.1 transmits the continuously
detected physical parameter PP to the evaluation unit
2.2, which is designed for example as a microprocessor
and also arranged in the inside mirror 5.
[0032] After getting the physical parameter PP, the
evaluation unit 2.2 evaluates physical parameter PP, for
example by using a Kalman Filter, which is integrated as
a program sequence in the evaluation unit 2.2. If the eval-
uation indicates that the physical parameter PP is in a
critical range, the evaluation unit 2.2 generates an ap-
propriate signal and transmits this signal to the audio
device 3.
[0033] In this case the critical range indicates an ap-
propriate level of fatigue of the driver 4, in which a con-
centration of the driver 4 is decreased, so that an in-
creased accident risk can be assumed. For example, the
eyes of the driver 4 are closed over a time of two seconds.
For this example, the two seconds are a limit for the crit-
ical range.
[0034] After getting the transmitted signal of the eval-
uation unit 2.2, the audio device 3 processes the signal
and transmits the signal as a periodic audio signal S into
the vehicle interior 1, in particular directed to the driver
4. Preferably, a frequency of the audio signal S is in a
frequency range between 12 hertz and 15 hertz and thus
in a frequency range of alpha waves and beta waves of
a human brain, which are shown in figure 3 more detailed.
The transmitted periodic audio signal S is transmitted as
monaural beats or binaural beats or isochronic beats.
Monaural beats are a result of an arithmetic sum of wave-
forms of two tones as they add or subtract from one an-
other, becoming louder and quieter. That means that they
are constant sine wave pulses. Binaural beats are per-

ceived by presenting two different tones at slightly differ-
ent frequencies separately into each ear of the driver 4.
In the present embodiment, the audio signal S is de-
signed as an isochronic beat. Isochronic beats are reg-
ular beats of a single tone.
[0035] Furthermore, the frequency of the audio signal
S is in a non audible frequency range of an individual, so
that the audio signal S has no influence on other vehicle
passengers.
[0036] Therefore, the audio signal S enables a stimu-
lation of the brain waves of the driver 4 such, that a con-
centration of the driver 4 is increasable.
[0037] In a preferred embodiment, the audio signal S
is superimposed with further audio signals. For example,
the further audio signals are generated by music repro-
duction or receiving radio broadcast of the audio device
3. Preferably, this allows a support of the further audio
signals of the audio device 3 to improve a sound of the
audio device 3.
[0038] The audio signal S is transmitted in a predeter-
mined time period, which ends when the evaluated phys-
ical parameter PP is out of the critical range. That means,
that the transmission of the audio signal S stops, when
the driver 4 is no more tired. This allows a stimulation of
the brain waves of the driver 4 as long as the concentra-
tion of the driver 4 is decreased. Thus, the driver 4 is
reliably prevented from falling asleep.
[0039] Figure 2 shows schematically a side view of a
section of the vehicle interior 1 with the driver 4.
[0040] In the face of the driver 4 a mark 7 is shown,
which is bordered by a first dashed line 7.1. The mark 7
represents a detection area of the sensor unit 2.1. A sec-
ond dashed line 7.2 is perpendicular onto an eye of the
driver 4 and represents the detection of an eyelid closure
as a physical parameter PP for a reliable detection of an
appropriate level of fatigue of the driver 4.
[0041] For example, the face is located using a so-
called "Haar algorithm", which is integrated as a program
sequence in the evaluation unit 2.2. The eye location of
the driver 4 can be found for example with projection
techniques.
[0042] The human face indicates more fatigue signs
than other human body parts. This fact allows a reliable
detection of an appropriate level of fatigue of the driver
4, so that the brain waves of the driver 4 can be stimu-
lated, if he indicates a decrease of concentration.
[0043] Figure 3 shows exemplary a graphic view of
such brain waves.
[0044] Depending on their frequency brain waves are
classified as beta waves B, alpha waves A, theta waves
T and delta waves D, which are shown in this sequence
from top to down in the present drawing.
[0045] Delta waves D are in a frequency range from 1
Hertz to 4 Hertz. They have high amplitudes and slow
waves. Usually, they appear when the brain rests, in par-
ticular when an individual is in a slow wave sleep.
[0046] Theta waves T are in a frequency range from 4
Hertz to 7 Hertz. They appear usually when an individual
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is drowsy or in a sleep latency.
[0047] Alpha waves A are in a frequency range from 8
Hertz to 12 Hertz. They appear usually when an individual
closes the eyes and is in relaxation, and attenuates with
eye opening or mental exertion.
[0048] Beta waves B are in a frequency range from 12
Hertz to about 30 Hertz. They appear usually when an
individual is fully awake and highly concentrated.
[0049] With the audio signal S, the brain waves are
such stimulated, that a tired driver 4 with theta waves T
preferably becomes a full concentrated driver 4 with high
alpha waves A or low beta waves B.
[0050] Figure 4 shows an example of a section of such
an audio signal S.
[0051] The audio signal S is amplitude and/or frequen-
cy modulated and designed as a monaural beat.
[0052] The audio signal S effects a stimulation of the
brain waves of the driver 4 as described in figures 1 to 3.
[0053] The periodic characteristic of the audio signal
S enables a continuous and uniform stimulation of the
brain waves of the driver 4 until he is awake with full
concentration.

List of references

[0054]

1 vehicle interior

2 monitoring unit

2.1 sensor unit

2.2 evaluation unit

3 audio device

4 driver

5 inside mirror

6 driver seat

7 mark

7.1 first dashed line

7.2 second dashed line

A alpha waves

B beta waves

D delta waves

PP physical parameter

S audio signal

T theta waves

Claims

1. Method for stimulation of the brain waves of the driver
(4) of a vehicle, comprising

- continuously detecting and evaluation of at
least one physical parameter (PP) of the driver
(4) while the vehicle is in motion,
- transmitting a periodic audio signal (S) with a
predetermined frequency into a vehicle interior
(1) within a predetermined time period if the eval-
uated physical parameter (PP) is in a critical
range, whereby
- the critical range indicates an appropriate level
of fatigue of the driver (4),
characterized in that the predetermined fre-
quency of the transmitted periodic audio signal
(S) is in a frequency range between 12 hertz and
15 hertz.

2. Method according to claim 1, comprising

- detecting as one physical parameter (PP) the
face of the driver (4).

3. Method according to any one of the claim 1 or 2,
characterized in that the predetermined time period
ends when the evaluated physical parameter (PP)
is out of the critical range.

4. Method according to any one of the claims 1 to 3,
characterized in that the physical parameter (PP)
is a time period and/or a frequency of an eyelid clo-
sure of the driver (4).

5. Method according to any one of the claims 1 to 4,
characterized in that the transmitted periodic audio
signal (S) is superimposed with further audio signals.

6. Apparatus for stimulation of the brain waves of the
driver (4) of a vehicle,
comprising

- a monitoring unit (2) with a sensor unit (2.1),
which detects at least one physical parameter
(PP) of the driver (4), and
- an evaluation unit (2.2), which evaluates the
detected physical parameter (PP) while the ve-
hicle is in motion, whereby
- the evaluation unit (2.2) is coupled to an audio
device (3), which transmits a periodic audio sig-
nal (S) into a vehicle interior (1) within a prede-
termined time if the evaluated physical param-
eter (PP) is in a critical range, characterised in
that
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- a frequency of the transmitted periodic audio
signal (S) is in a frequency range between 12
hertz and 15 hertz.

7. Apparatus according to claim 6,
characterized in that the sensor unit (2.1) is an op-
tical sensor.

8. Apparatus according to claim 7,
characterized in that the sensor unit (2.1) is ar-
ranged into an inside mirror (5) of the vehicle interior
(1).

9. Apparatus according to any one of the claims 6 to 8,
characterized in that the sensor unit (2.1) is direct-
ed to a driver seat (6).

Patentansprüche

1. Verfahren für die Stimulation der Gehirnwellen des
Fahrers (4) eines Fahrzeugs, das Folgendes um-
fasst:

- fortlaufendes Detektieren und Bewerten min-
destens eines physikalischen Parameters (PP)
des Fahrers (4), während das Fahrzeug in Be-
wegung ist,
- Senden eines periodischen Audiosignals (S)
mit einer vorgegebenen Frequenz innerhalb ei-
ner vorgegebenen Zeitdauer in ein Fahrzeugin-
neres (1), wenn der bewertete physikalische Pa-
rameter (PP) in einem kritischen Bereich liegt,
wobei
- der kritische Bereich einen angemessenen
Müdigkeitsgrad des Fahrers (4) angibt,
dadurch gekennzeichnet, dass die vorgege-
bene Frequenz des gesendeten periodischen
Audiosignals (S) in einem Frequenzbereich von
12 Hertz bis 15 Hertz liegt.

2. Verfahren nach Anspruch 1, das Folgendes umfasst:

- Detektieren des Gesichts des Fahrers (4) als
einen physikalischen Parameter (PP).

3. Verfahren nach einem der Ansprüche 1 oder 2,
dadurch gekennzeichnet, dass die vorgegebene
Zeitdauer endet, wenn der bewertete physikalische
Parameter (PP) außerhalb des kritischen Bereichs
liegt.

4. Verfahren nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass der physikalische
Parameter (PP) eine Zeitdauer und/oder eine Häu-
figkeit eines Augenlidschließens des Fahrers (4) ist.

5. Verfahren nach einem der Ansprüche 1 bis 4,

dadurch gekennzeichnet, dass das gesendete pe-
riodische Audiosignal (S) mit weiteren Audiosigna-
len überlagert ist.

6. Vorrichtung für die Stimulation der Gehirnwellen des
Fahrers (4) eines Fahrzeugs, das Folgendes um-
fasst:

- eine Überwachungseinheit (2) mit einer Sen-
soreinheit (2.1), die mindestens einen physika-
lischen Parameter (PP) des Fahrers (4) detek-
tiert, und
- eine Bewertungseinheit (2.2), die den detek-
tierten physikalischen Parameter (PP) bewertet,
während das Fahrzeug in Bewegung ist, wobei
- die Bewertungseinheit (2.2) an eine Audiovor-
richtung (3) gekoppelt ist, die ein periodisches
Audiosignal (S) innerhalb einer vorgegebenen
Zeit in ein Fahrzeuginneres (1) sendet, wenn
der bewertete physikalische Parameter (PP) in
einem kritischen Bereich liegt,
dadurch gekennzeichnet, dass
- eine Frequenz des gesendeten periodischen
Audiosignals (S) in einem Frequenzbereich von
12 Hertz bis 15 Hertz liegt.

7. Vorrichtung nach Anspruch 6,
dadurch gekennzeichnet, dass die Sensoreinheit
(2.1) ein optischer Sensor ist.

8. Vorrichtung nach Anspruch 7,
dadurch gekennzeichnet, dass die Sensoreinheit
(2.1) in einem Innenspiegel (5) des Fahrzeuginneren
(1) angeordnet ist.

9. Vorrichtung nach einem der Ansprüche 6 bis 8,
dadurch gekennzeichnet, dass die Sensoreinheit
(2.1) auf einen Fahrersitz (6) gerichtet ist.

Revendications

1. Procédé de stimulation des ondes cérébrales du
conducteur (4) d’un véhicule, comprenant

- la détection et l’évaluation continues d’au
moins un paramètre physique (PP) du conduc-
teur (4) pendant que le véhicule est en mouve-
ment,
- la transmission d’un signal audio périodique
(S) à une fréquence prédéterminée dans un ha-
bitacle de véhicule (1) dans une période de
temps prédéterminée si le paramètre physique
(PP) évalué se trouve dans une plage critique,
selon lequel
- la plage critique indique un niveau approprié
de fatigue du conducteur (4),
caractérisé en ce que la fréquence prédéter-
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minée du signal audio périodique transmis (S)
se trouve dans une plage de fréquences entre
12 hertz et 15 hertz.

2. Procédé selon la revendication 1, comprenant

- la détection comme paramètre physique (PP)
du visage du conducteur (4).

3. Procédé selon l’une quelconque des revendications
1 ou 2,
caractérisé en ce que la période de temps prédé-
terminée se termine quand le paramètre physique
(PP) évalué se trouve hors de la plage critique.

4. Procédé selon l’une quelconque des revendications
1 à 3,
caractérisé en ce que le paramètre physique (PP)
est une période de temps et/ou une fréquence de
fermeture des paupières du conducteur (4).

5. Procédé selon l’une quelconque des revendications
1 à 4,
caractérisé en ce que le signal audio périodique
(S) transmis est superposé à d’autres signaux audio.

6. Appareil de stimulation des ondes cérébrales du
conducteur (4) d’un véhicule comprenant

- une unité de surveillance (2) à unité de capteur
(2.1), laquelle détecte au moins un paramètre
physique (PP) du conducteur (4), et
- une unité d’évaluation (2.2), laquelle évalue le
paramètre physique (PP) détecté pendant que
le véhicule est en mouvement, selon lequel
- l’unité d’évaluation (2.2) est couplée à un dis-
positif audio (3), lequel transmet un signal audio
périodique (S) dans un habitacle de véhicule (1)
dans un temps prédéterminé si le paramètre
physique (PP) évalué se trouve dans une plage
critique, caractérisé en ce que
- une fréquence du signal audio périodique
transmis (S) se trouve dans une plage de fré-
quences entre 12 hertz et 15 hertz.

7. Appareil selon la revendication 6,
caractérisé en ce que l’unité de capteur (2.1) est
un capteur optique.

8. Appareil selon la revendication 7,
caractérisé en ce que l’unité de capteur (2.1) est
agencée à l’intérieur d’un miroir intérieur (5) de l’ha-
bitacle de véhicule (1).

9. Appareil selon l’une quelconque des revendications
6 à 8,
caractérisé en ce que l’unité de capteur (2.1) est
dirigée vers un siège de conducteur (6).
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