wo 2016/198512 A1 [N I N0F 00 00O O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/198512 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

15 December 2016 (15.12.2016) WIPO | PCT
International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
GO8B 21/06 (2006.01) kind of national protection available). AE, AG, AL, AM,
. o AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/EP2016/063135 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
International Fi]ing Date: HN, HR, HU, ID, IL, H\I, IR, IS, JP, KE, KG, KN, KP, KR,
9 June 2016 (09.06.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Priority Data: . L
14/737,902 12 June 2015 (12.06.2015) Us (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
Applicant: JAGUAR LAND ROVER LIMITED GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
[GB/GB]; Abbey Road, Whitley, Coventry Warwickshire TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
CV3 4LF (GB). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Inventors: PASZKOWICZ, Sebastian; c/o Jaguar Land DK, EE, ES, FL FR, GB, GR, HR, HU, IL, IS, IT, LT, LU,
Rover, Patents Department W/1/073, Abbey Road, Whit- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
ley, Coventry Warwickshite CV3 4LF (GB). JONES SM, TR), OAPL (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Y Yy ’ GW, KM, ML, MR, NE, SN, TD, TG)
Matt; c/o Jaguar Land Rover, Patents Department i i i A '
W/1/073, Abbey Road, Whitley, Coventry Warwickshire Published:

CV3 4LF (GB).

Agent: BHIMANI, Alan; Jaguar Land Rover, Patents De-
partment W/1/073, Abbey Road, Whitley, Coventry War-
wickshire CV3 4LF (GB).

with international search report (Art. 21(3))

(54) Title: DRIVER AWARENESS SENSING AND INDICATOR CONTROL

o3

brain activity

sensor %

2 '/ ¢£

dri //"? controller ‘/7 ,/

river gaze 5 .

p indicator
sensor processor
memory AT~ y7
58
object P Zy data storage
detector

Fig. 3

(57) Abstract: An illustrative example embodiment of a system includes object detecting means (24) for providing an indication of
an object in a vicinity of a vehicle; at least one indicator means (48) for providing an indication regarding the detected object to a
driver; gaze detecting means (30) for providing an indication of the vehicle driver's gaze; brain activity detecting means (32) for
providing an indication of the driver's brain activity; and control means (46) for controlling any indication from the indicator means
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DRIVER AWARENESS SENSING AND INDICATOR CONTROL

TECHNICAL FIELD

The present disclosure relates to vehicle driver awareness sensing and indicator control based
on an estimation of driver awareness. Aspects of the invention relate to a system, a vehicle and

a method.

BACKGROUND

Modern automotive vehicles include increasing technology for a variety of purposes. There are
known systems that assist drivers in avoiding collisions, for example. A variety of sensor and
camera technologies are available to assist a driver in determining that an object or another
vehicle is in or likely to enter the potential path of the vehicle, such as when the driver intends to
move in a reverse direction or change lanes. Such systems may alert the driver regarding a
condition near the vehicle through visual or audible indications. For example, lane change
assistance systems include sensors that detect the presence of an object or another vehicle on
the side of the vehicle. A light may be activated to indicate the presence of such an object or
another vehicle. If a driver activates a turn signal in the direction of the detected object or
vehicle, the light may be activated to flash or brighten to provide a warning to the driver that the

lane is not clear.

A variety of other warnings or indicators may be provided to drivers depending on which
systems are provided on a particular vehicle. With advances in technology such assistance is
more available but there are potential drawbacks. For example, if too many warnings or
indications are provided, that which is intended to assist the driver may annoy or distract the
driver in an undesirable manner. Some such systems may be inactivated manually based on
driver preference but then the possible benefit of an inactivated system is lost entirely. There is
a need for better control over vehicle technology, such as how a vehicle warning system

operates to avoid giving a driver too much or unwanted information.
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SUMMARY

Aspects and embodiments of the invention provide a system, a method and a vehicle as

claimed in the appended claims.

According to an aspect of the invention there is provided a system comprising object detecting
means for providing an indication of an object in a vicinity of a vehicle; indicator means for
providing an indication regarding the detected object to a driver; gaze detecting means for
providing an indication of the vehicle driver’s gaze; brain activity detecting means or providing
an indication of the driver’s brain activity; and control means for controlling any indication from
the indicator means regarding the detected object based upon an indication from the gaze
detecting means and the brain activity detecting means corresponding to an estimation of driver

awareness of the detected object

In an example embodiment having one or more features of the system of the previous
paragraph, the object detecting means comprises at least one object detector, such as a
stereoscopic camera system, a radar detector or an ultrasound detector; the gaze detecting
means comprises at least one gaze detector, such as a camera; the brain activity detecting
means comprises at least one brain activity detector, such as a brain wave sensor that is
configured to detect brain waves through an individual’s skin; and the control means comprises

at least one controller, such as a processor and a memory or data storage.

In an example embodiment having one or more features of the system of either of the previous
paragraphs the control means does not provide any indication from the indicator means when
the indication from the gaze detecting means and the brain activity detecting means correspond
to an estimation that the driver is aware of the detected object.

In an example embodiment having one or more features of the system of any of the previous
paragraphs, the indicator means provides an indication regarding the detected object, the
control means alters at least one characteristic to reduce an effect of the indication regarding
the detected object when the indication from the gaze detecting means and the brain activity
detecting means correspond to an estimation that the driver is aware of the detected object, and
the control means alters at least one characteristic to increase an effect of the indication
regarding the detected object when the indication from the gaze detecting means and the brain
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activity detecting means correspond to an estimation that the driver is unaware of the detected

object.

In an example embodiment having one or more features of the system of any of the previous
paragraphs, the indication regarding the detected object is at least one of audible or visible, the
at least one characteristic is at least one of tone or volume if the indication regarding the
detected object is audible, and the at least one characteristic is at least one of size, brightness,

color or intensity if the indication regarding the detected object is visible.

In an example embodiment having one or more features of the system of any of the previous
paragraphs, the object detecting means comprises at least one of a camera, a stereoscopic
forward or rear looking camera system, one or more ultrasonic sensors, or one or more radar

detectors.

In an example embodiment having one or more features of the system of any of the previous
paragraphs, the gaze detecting means comprises at least one camera having a field of vision

situated to capture images of the driver’s eyes.

In an example embodiment having one or more features of the system of any of the previous
paragraphs, the control means determines an at least approximate direction of the driver’'s gaze
based on the indication from the gaze detecting means. The control means determines an at
least approximate position of the detected object relative to the driver. The control means also
determines whether the direction of the driver's gaze corresponds to the driver looking toward

the determined position of the detected object.

In an example embodiment having one or more features of the system of any of the previous
paragraphs, the brain activity detecting means comprises a brain wave sensor configured to

detect brain waves through the driver’s skin.

In an example embodiment having one or more features of the system of any of the previous
paragraphs, the control means comprises a processor and a data storage associated with the
processor; and the processor places information in the data storage regarding detected objects

and corresponding driver awareness estimations.



10

15

20

25

30

WO 2016/198512 PCT/EP2016/063135

According to another aspect of the invention there is provided a vehicle comprising the system
of any of the preceding paragraphs.

According to another aspect of the invention there is provided a method comprising: detecting
an object in a vicinity of a vehicle, detecting a vehicle driver's gaze, detecting the driver’s brain
activity, automatically determining whether indications of the detected driver’s gaze and brain
activity correspond to an estimation of driver awareness of the detected object; and controlling
any indication provided to the driver regarding the detected object based upon the determination

regarding driver awareness.

An example embodiment having one or more features of the method of the previous paragraph
includes not providing any indication regarding the detected object to the driver when the
indications of the driver’'s gaze and brain activity correspond to an estimation that the driver is
aware of the detected object.

An example embodiment having one or more features of the method of either of the previous
paragraphs includes providing the indication regarding the detected object for the driver; and (i)
altering at least one characteristic to reduce an effect of the indication regarding the detected
object when the indications of the driver's gaze and brain activity correspond to an estimation
that the driver is aware of the detected object, or (ii) altering at least one characteristic to
increase an effect of the indication regarding the detected object when the indications of the
driver’s gaze and brain activity correspond to an estimation that the driver is unaware of the
detected object.

In an example embodiment having one or more features of the method of any of the preceding
paragraphs, the indication regarding the detected object is at least one of audible or visible. The
at least one characteristic is at least one of tone or volume if the indication regarding the
detected object is audible. The at least one characteristic is at least one of size, brightness,
color or intensity if the indication regarding the detected object is visible.

An example embodiment having one or more features of the method of any of the preceding
paragraphs includes using at least one of a camera, a stereoscopic forward or rear looking
camera system, one or more ultrasonic sensors or one or more radar detectors for detecting the

object.
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An example embodiment having one or more features of the method of any of the preceding
paragraphs includes using at least one camera having a field of vision situated to capture
images of the driver’s eyes for providing the indication of the driver’'s gaze.

An example embodiment having one or more features of the method of any of the preceding
paragraphs includes determining an at least approximate direction of the driver’s gaze based on
the indication of the driver's gaze, determining an at least approximate position of the detected
object relative to the driver, and determining whether the direction of the driver's gaze
corresponds to the driver looking toward the determined position of the detected object.

An example embodiment having one or more features of the method of any of the preceding
paragraphs includes using at least one brain wave sensor configured to detect brain waves
through the driver’s skin for providing the indication of the driver’s brain activity.

An example embodiment having one or more features of the method of any of the preceding
paragraphs includes storing information in a data storage regarding detected objects and

corresponding driver awareness estimations.

According to another aspect of the invention there is provided a vehicle comprising detecting
means and control means configured to perform the method of any of the preceding
paragraphs.

Within the scope of this document it is expressly intended that the various aspects,
embodiments, examples and alternatives set out in the preceding paragraphs, in the claims
and/or in the following description and drawings, and in particular the individual features thereof,
may be taken independently or in any combination. That is, all embodiments and/or features of
any embodiment can be combined in any way and/or combination, unless such features are
incompatible. The applicant reserves the right to change any originally filed claim or file any new
claim accordingly, including the right to amend any originally filed claim to depend from and/or
incorporate any feature of any other claim although not originally claimed in that manner.
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BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments of the invention will now be described, by way of example only, with

reference to the accompanying drawings, in which:

Figure 1 diagrammatically illustrates an example embodiment of a vehicle including a system
designed according to an embodiment of this invention;

Figure 2 schematically illustrates selected portions of a vehicle interior incorporating features of
a system designed according to an embodiment of this invention;

Figure 3 schematically illustrates components of an example embodiment of a driver awareness

sensing system; and

Figure 4 is a flow chart diagram that summarizes an example sensing and control strategy.

DETAILED DESCRIPTION

Embodiments of this invention provide an estimation of whether a driver is aware of an object or
situation in a vicinity of a vehicle. Embodiments provide automated and variable control over
driver information devices based on sensing driver awareness. An example disclosed
embodiment utilizes an estimation of driver awareness of an object that may present a potential
hazard utilizing two sensing technologies and selectively controls a manner in which at least
one device informs the driver of the object based on the estimation regarding the driver’s
awareness. With such embodiments it is possible to avoid providing a driver with too much
notice of a detected object or potential hazard in a manner that might be annoying or distracting

to the driver.

Figures 1 and 2 illustrate selected features of a vehicle 20 that includes a system 22 for
determining a driver's awareness of an object or situation in a vicinity of the vehicle 20. Object
detecting means 24 and 26 are provided on the vehicle 20 for detecting an object in a vicinity of
the vehicle 20. The object detecting means 24 and 26 may comprise one or more Sensors.
Example embodiments include at least one of: at least one camera, at least one stereoscopic
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camera system, at least one ultrasonic sensor, or at least one radar detector. In one
embodiment, the objecting detecting means 24 comprises a forward looking stereoscopic
camera system and the object detecting means 26 comprises a rearward looking stereoscopic
camera system. There are a variety of known devices useful for vehicle applications to detect
objects in a vicinity of a vehicle. Those skilled in the art who have the benefit of this description
will realize which type of detector will best meet their particular needs.

The object detecting means 24 and 26 are capable of providing an indication regarding a
detected object or situation under a variety of circumstances. For discussion purposes, the
phrase “detected object” should not be interpreted in a strict sense, but instead is intended to
refer to a variety of situations or conditions that can be detected. Examples of detected objects
include a physical object whether moving or stationary, an individual whether moving or

stationary, or a driving surface condition.

The system 22 includes at least one gaze detecting means 30 for providing an indication of a
driver's gaze. In some example embodiments, the gaze detecting means 30 comprises at least
one camera having a field of vision situated to capture images of the driver’'s eyes. In Figure 2,
the gaze detecting means is situated in example possible locations within a vehicle interior,
such as on a rear view mirror 31 or A pillar 33. The indications from the gaze detecting means
30 may provide information regarding a direction in which the driver is looking. An example eye
tracking system that is camera based is available from Seeing Machines, Ltd. Such systems
and known gaze tracking algorithms are useful in embodiments of the example system 20.

The example system 20 includes at least one brain activity detecting means 32 for providing an
indication of the driver’s brain activity. The brain activity detecting means 32 comprises at least
one sensor configured to detect brain waves or electric-based indications of brain activity. An
example embodiment includes sensors available from Freer Logic, LLC, such as those
disclosed in United States Patent Application Publication No. 2012/0232410, which detect brain

waves using sensing electrodes situated against an individual’s skin.

In the example of Figure 2, there are a variety of brain activity sensors 32 situated within the
vehicle interior. Example brain activity sensors 32 are situated on the steering wheel 34, gear
shift 36 and center console interface device 38. Such sensors 32 may be hard wired into the

system 20 or communicate using a known wireless communication technology. Another
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example brain activity sensor 32 may be worn by the driver and communicate wirelessly with
the system 22. One such example is shown in Figure 2 on the driver's wrist near the driver's
hands schematically shown at 40. Several of the sensors 32 shown in Figure 2 are situated for
contact with the driver's hands 40 under a variety of circumstances. The example of Figure 2
also includes a brain wave activity sensor arrangement situated on the driver’s seat 42 as an

alternative or additional sensor configuration.

Referring to Figure 3, a control means comprising at least one electronic controller 46 controls
operation of at least one indicator means 48 that is configured to provide at least one type of
indication to a driver regarding a detected object. It is to be undersiood that the electronic
controller described herein can comprise a control unit or computational device having one or
more electronic processors (e.g., a microprocessor, a microcontroller, an application specific
integrated circuit (ASIC), etc.). The system may comprise a single electronic controller or
alternatively different functions of the controller may be embodied in, or hosted in, different
controllers. As used herein, the term “controller” will be understood to include both a single
controller and a plurality of controllers collectively operating to provide the required control
functionality. A set of instructions could be provided on a memory associated with the or each
controller which, when executed, cause said controller to implement the control techniques
described herein (including some or all of the functionality or methodologies described herein).
The set of instructions could be embedded in said one or more electronic processors.
Alternatively, the set of instructions could be provided as software to be executed in said
controller. The controller may be implemented in software run on one or more processors. One
or more other controllers may be implemented in software run on one or more processors,
optionally the same one or more processors as the first controller. Other arrangements are also

useful.

In an illustrative embodiment such as that shown in Figure 3, the controller 46 comprises an
electronic processor 47 having one or more electrical inputs and one or more electrical outputs.
The example controller 46 further includes an electronic memory device 49 that is part of or
electrically connected to the processor 47, and that is accessible by processor 47. In an
embodiment, memory device 49 has stored therein or thereon instructions for software,
firmware, programs, algorithms, scripts, applications, information etc. that may govern all or part
of the methodologies described herein, and that may be executed and/or used by processor 47
to carry out or perform some or all of the functionality and methodologies described herein.
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Alternatively, some or all of the aforementioned instructions may be embedded in a computer-
readable storage medium (e.g. a non-transitory or non-transient storage medium) that may
comprise any mechanism for storing information in a form readable by a machine or electronic
processors/computational devices, including, without limitation: a magnetic storage medium
(e.g. floppy diskette); optical storage medium (e.g. CD-ROM); magneto optical storage medium;
read only memory (ROM); random access memory (RAM); erasable programmable memory
(e.g. EPROM ad EEPROM); flash memory; or electrical or other types of medium for storing
such information/instructions. Additionally, controller 46 may also be electronically connected to
other components of system 22 or vehicle 20 via suitable communications (e.g. CAN bus,
SMBus, a proprietary communication link, or through some other arrangement known in the art)

and can interact with them when or as required.

The controller 46 in this example embodiment controls the manner in which the indicator 48
provides information to the driver regarding a detected object based upon whether the driver is
apparently aware of the detected object. Information regarding the driver's awareness of a
detected object allows for adjusting the indication provided to the driver in a manner that makes
such indications more useful to the driver and avoids potentially annoying or distracting the
driver with indications that the driver does not necessarily need. The example controller 46
receives indications from the gaze detecting means 30 and the brain activity detecting means
32. The control means 46 also receives information from an object detector such as the object
detecting means 24.

The computing device or processor 47 schematically represents the portion of the system 20
that is configured or programmed to determine at least an estimation of whether the driver is
aware of a detected object based upon the indications from the driver gaze sensor 30 and the
brain activity sensor 32. An estimation of driver awareness is considered useful in the disclosed
embodiments because an absolute determination regarding driver awareness may not be
possible and is not necessary. The estimation corresponds to driver awareness and need not be

a determination whether the driver is actually aware.

The controller 46 is schematically illustrated as a single controller device distinct from the
various sensors and the indicator. In some embodiments one or more of the described functions
of the controller 46 may be accomplished in a controller or processor associated with any of the
detectors or the indicator. In other words, the controller 46 may be implemented as a
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combination of control elements associated with other portions of the system 20 or may be a
dedicated computing device comprising components distinct from other portions of the system
20.

The indicator means 48 may comprise a device that produces a visible indication, an audible
indication, or a combination of such indications. In an embodiment including visual indications,
the indicator means may comprise a heads up display that projects a visual display onto the
vehicle windshield 52 or an alternative visual display on the vehicle instrument cluster 54, for
example. The indicator means 48 may additionally or alternatively comprise a speaker or audio
output device that provide an audible indication. Some examples include a combination of
visible and audible indications for the driver regarding a detected object.

The example of Figure 3 includes data storage 58 associated with the controller 46. The
controller 46 in this example is configured to place information in the data storage 58 regarding
detected objects and corresponding indications of driver awareness. The data storage 58 is
schematically shown separate from the memory 49 because the data storage 58 may be remote
from the vehicle and the information placed into the data storage 58 may be utilized by third
parties, such as insurance companies or rental companies, for analysis that may be relevant to
such a third party. The same device or components used to realize the memory 49 may also
provide the storage means for the data storage 58 in some embodiments.

Figure 4 is a flowchart diagram 60 summarizing an example method performed by the example
system 22. At 62, an object is detected that may require a response or at least driver attention.
The object detector 24, for example, provides an indication of the detected object to the
controller 46. At 64, the controller 46 determines driver gaze information, such as an at least
approximate direction of the driver's gaze, based on an indication from the driver gaze sensor
30. Known techniques may be used in an example embodiment for utilizing information from a

camera to obtain an approximation of the direction of the driver's gaze as described above.

Some embodiments include determining an at least approximate direction of the driver’'s gaze
and an at least estimated position of the detected object relative to the driver. The controller 46
in such examples may determine whether the driver has looked at or is looking at or in the
general direction of the detected object as part of determining the driver's gaze information. If,
for example, the direction of the driver’'s gaze corresponds to the position of the detected object,

10
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the controller 46 uses that as an indication that increases the likelihood that the driver is aware
of the detected object.

At 66, the controller 46 receives an indication of the driver’s brain activity from the brain activity
sensor 32. Brain activity involved in recognizing or noticing an object in the path of a vehicle
would occur when the driver has at least some awareness of the situation. At 68, depending on
the driver's gaze information and the brain activity information, the controller 46 determines
whether the driver is aware of the detected object.

The determination of the driver's awareness of a detected object may be approximate or based
upon a determined probability that the brain activity indication and driver's gaze indication
correspond to driver awareness of the detected object. For example, the controller 46 may use
an estimation algorithm for estimating whether an approximated driver's detected gaze
direction, an approximated position of a detected object relative to the driver, and brain activity
information collectively correspond to driver awareness of the detected object.

At 70, the controller 46 controls any indication provided to the driver by the indicator 48
regarding the detected object. In some embodiments, under selected circumstances the
controller 46 does not activate the indicator 48 so that no indication is provided to the driver.
This may be used in a situation, for example, when an individual is detected near but outside of
the path of the vehicle and the estimation of driver awareness corresponds to the driver being
aware of the object. Given the indication of driver awareness, if the object does not enter the
path of the vehicle providing an indication can be avoided and it may have been annoying or
distracting.

The controller 46 may be programmed according to a variety of predetermined criteria to
selectively provide an indication regarding a detected object based on an estimation of driver
awareness. Those skilled in the art who have the benefit of this description will realize such
criteria to meet their particular needs. One embodiment includes a predisposition to avoid
providing any indication when the driver is apparently aware of a detected object and to provide
an indication whenever the driver apparently is not aware of the object.

According to one embodiment, warnings or indications from the indicator 48 are not provided
when the driver is apparently aware of a detected object. When the driver is apparently not

11
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aware, the indication initially is provided at a default level and increased if no estimation of
awareness is achieved while the object is still detected as a potential hazard.

In one such embodiment, the controller 46 controls the indicator 48 to provide an indication at
an appropriate time by initially providing the indication at a default level. The controller 46 in
such an embodiment can modify operation of the indicator 48 based on continued monitoring or
consideration of the determined driver awareness status. For example, if the detected object
corresponds to an expected hazard and the driver does not appear to be aware of that object,
the controller 46 may control the indicator 48 and change the indication from a default level to
attempt to gain the driver’s attention regarding the detected object. If the indicator provides an
audible indication, the controller 48 may increase the volume or change the tone or frequency of
the indication to increase an effect of the indication and increase the likelihood that the driver
will be alerted to the detected object. If the indicator provides a visible indication, the controller
46 may change the size, brightness or intensity of the indication or alter its color in a manner
that is designed to increase the likelihood that the driver will become aware of the detected
object. The controller 46 may alter one or more such characteristics of the indication to increase
the intended effect of the indication (e.g., to increase the driver's awareness of the detected

object).

On the other hand, if information regarding the driver’s gaze and brain activity indicates that the
driver is aware of the detected object, the controller 46 may alter one or more characteristics of
the indication from the indicator 48 to reduce its effect on the driver. For example, the volume of
an audible indication may be reduced; the color of a visible indication may change; or the size,
brightness, or intensity of a visible indication may be reduced. Altering the indication when the
driver is apparently aware of a detected object reduces the likelihood that the indication would
become annoying or potentially distracting to the driver. Alternatively, the indication may be
turned off based on an estimation of driver awareness of the object.

In some embodiments, the controller 46 distinguishes between potential hazards, such as
objects near a path of the vehicle, and actual hazards, such as an object direcily in the path of
the vehicle. Such a controller 46 always activates an indication when an actual hazard is
detected regardless of whether the driver is apparently aware of the object but selectively
activates an indication when a potential hazard has been detected. It is also possible in some
embodiments to decide whether to provide an indication or to change an indication based on a

12
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determination that the driver has taken action to avoid the detected object, such as determining
that the vehicle brakes have been actuated.

Another feature of some embodiments is to provide an indication to the driver when the system
20 is not able to recognize or obtain any indication regarding the driver's gaze. Such an
indication may prompt the driver to change a circumstance that may be impeding the system
from detecting the driver's gaze, such as moving something that is in the gaze detector’s field of

vision or that is obscuring the driver’s eyes from camera view.

Considering the indications from the brain activity sensor 32 and the driver gaze sensor 30
allows the controller 46 to determine whether the driver’s detected gaze and detected brain
activity correspond to the driver being aware of a detected object. One feature of the disclosed
example embodiment is that it utilizes a combination of a gaze detection indication and brain
activity indication to provide information regarding the driver's awareness and to control any

indications based on the estimation of driver awareness.

The preceding description is illustrative rather than limiting in nature. Variations and
modifications to the disclosed examples may become apparent to those skilled in the art that do
not necessarily depart from the essence of the contribution to the art provided by the disclosed
embodiments. The scope of legal protection can only be determined by studying the following

claims.

13
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CLAIMS

We claim:

1. A system, comprising:

object detecting means for providing an indication of an object in a vicinity of a vehicle;

at least one indicator means for providing an indication regarding the detected object to
a driver;

gaze detecting means for providing an indication of a vehicle driver’s gaze;

brain activity detecting means for providing an indication of the driver’s brain activity; and

control means for controlling any indication from the indicator means regarding the
detected object based upon an indication from the gaze detecting means and the brain activity
detecting means corresponding to an estimation of driver awareness of the detected object.

2. The system of claim 1, wherein the control means selectively does not provide any
indication from the indicator means when the indication from the gaze detecting means and the
brain activity detecting means correspond to an estimation that the driver is aware of the

detected object.

3. The system of claim 1, wherein

the indicator means provides an indication regarding the detected object for the driver;
and

the control means

alters at least one characteristic for reducing an effect of the indication from the indicator
means regarding the detected object when the indication from the gaze detecting means and
the brain activity detecting means correspond to an estimation that the driver is aware of the
detected object; or

alters at least one characteristic for increasing an effect of the indication from the
indicator means regarding the detected object when the indication from the gaze detecting
means and the brain activity detecting means correspond to an estimation that the driver is
unaware of the detected object.

14
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4. The system of claim 3, wherein

the indication regarding the detected object is at least one of audible or visible;

the at least one characteristic is at least one of tone, frequency or volume if the
indication regarding the detected object is audible; and

the at least one characteristic is at least one of size, brightness, color or intensity if the
indication regarding the detected object is visible.

5. The system of claim 1, wherein
the at least one object detecting means comprises at least one of
at least one camera,
at least one stereoscopic camera system,
at least one ultrasonic sensor, or

at least one radar detector.

6. The system of claim 1, wherein the at least one gaze detecting means comprises at
least one camera having a field of vision situated to capture images of the driver’s eyes.

7. The system of claim 1, wherein the control means is configured to

determine an at least approximate direction of the driver's gaze based on the indication
from the at least one gaze detecting means;

determine an at least approximate position of the detected object relative to the driver;
and

determine whether the determined direction of the driver's gaze corresponds to the
driver looking toward the determined position of the detected object.

8. The system of claim 1, wherein the at least one brain activity detecting means comprises
a brain wave sensor configured to detect brain waves through the driver’s skin.

9. The system of claim 1, wherein

the control means comprises a processor and a data storage associated with the
processor; and

wherein the processor places information in the data storage regarding detected objects

and corresponding driver awareness estimations.
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10. A vehicle comprising the system of claim 1.

11. A method, comprising the steps of:
detecting an object in a vicinity of a vehicle;
detecting a vehicle driver's gaze;
detecting the driver’s brain activity;
determining whether indications of the detected driver's gaze and the detected driver’s
brain activity correspond to an estimation of driver awareness of the detected object; and
controlling any indication provided to the driver regarding the detected object based

upon the determination regarding driver awareness.

12. The method of claim 11, comprising
not providing any indication regarding the detected object when the indications of the
driver's gaze and brain activity correspond to an estimation that the driver is aware of the

detected object.

13. The method of claim 11, comprising

providing the indication regarding the detected object for the driver; and

(i) altering at least one characteristic to reduce an effect of the indication regarding the
detected object when the indications of the driver's gaze and brain activity correspond to an
estimation that the driver is aware of the detected object; or

(i) altering at least one characteristic to increase an effect of the indication regarding the
detected object when the indications of the driver's gaze and brain activity correspond to an
estimation that the driver is unaware of the detected object.

14. The method of claim 13, wherein

the indication regarding the detected object is at least one of audible or visible;

the at least one characteristic is at least one of tone, frequency or volume if the
indication regarding the detected object is audible; and

the at least one characteristic is at least one of size, brightness, color or intensity if the
indication regarding the detected object is visible.

15. The method of claim 11, comprising detecting the object using at least one of

at least one camera,
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at least one stereoscopic camera system,
an ultrasonic sensor, or

a radar detector.

16. The method of claim 11, comprising detecting the driver's gaze using a camera having a

field of vision situated to capture images of the driver’s eyes.

17. The method of claim 11, comprising

determining an at least approximate direction of the driver’s gaze based on the indication
of the driver's gaze;

determining an at least approximate position of the detected object relative to the driver;
and

determining whether the determined direction of the driver's gaze corresponds to the

driver looking toward the determined position of the detected object.

18. The method of claim 11, comprising using at least one brain wave sensor configured to
detect brain waves through the driver’s skin for detecting the driver’s brain activity.

19. The method of claim 11, comprising
storing information in a data storage regarding detected objects and corresponding

driver awareness estimations.

20. A vehicle comprising detecting means and control means configured to perform the

method of claim 11.
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