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Description

[0001] The present disclosure relates to a method for
detecting an inattentive pedestrian crossing a roadway.
[0002] Additionally, the present disclosure is directed
to a method for operating a fully or partially autonomous
vehicle.

[0003] Moreover, the present disclosure relates to a
method for informing a central traffic control entity about
an inattentive pedestrian.

[0004] The present disclosure is also directed to a
method for controlling a traffic system. The traffic system
comprises at least one fully or partially autonomous ve-
hicle and at least one pedestrian.

[0005] The present disclosure is additionally directed
to a data processing apparatus comprising means for
carrying out at least one of the above methods and a
traffic control system.

[0006] Inattentive pedestrians are a frequent cause of
accidents. In this context, pedestrians are for example
distracted by interacting with a mobile electronic device
such as a smart phone or a smart watch. While human
drivers usually have a certain ability to distinguish be-
tween attentive pedestrians and inattentive pedestrians,
this discrimination is not possible for autonomous driving
system of fully or partially autonomous vehicles. Conse-
quently, the fully or partially autonomous vehicle reacts
in the same way to an attentive pedestrian and an inat-
tentive pedestrian.

[0007] Itis, thus, an objective of the present disclosure
to improve the ability of fully or partially autonomous ve-
hicles to react appropriately to inattentive pedestrians.
[0008] The problem is at least partially solved or alle-
viated by the subject matter of the independent claims
of the present disclosure, wherein further examples are
incorporated in the dependent claims.

[0009] According to a first aspect, there is provided a
method for detecting an inattentive pedestrian crossing
a roadway. The method comprises:

- detecting a pedestrian crossing on the roadway or
receiving a pedestrian crossing location information
describing a location of a pedestrian crossing on the
roadway,

- detecting a head pose of a pedestrian being located
on the pedestrian crossing, and

- inferring that the pedestrian is inattentive if the head
pose describes that the pedestrian is looking down-
wards.

[0010] Thus, in afirst alternative of the first step, a pe-
destrian crossingis detected. In this context, a pedestrian
crossing is a portion of a roadway being marked or oth-
erwise indicated as a path for pedestrians wishing to
cross the roadway. An example of a pedestrian crossing
is a so-called zebra crossing. Other examples of pedes-
trian crossings are marked by simple lines indicating the
path for pedestrians. This detection may be performed
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by a generally known system of a fully or partially auton-
omous vehicle for detecting objects in an environment of
the vehicle. Such a system can comprise a camera unit,
a lidar unit or a radar unit. The system may form part of
a vehicle, e.g. a fully or partially autonomous vehicle.
Alternatively, the system may form part of the roadway
infrastructure. In simplified words, such a system may
form part of a traffic camera system. In a second alter-
native of the first step, a pedestrian crossing location in-
formation is received. This information describes a loca-
tion of a pedestrian crossing on the roadway. As a result
of the first step, a location of a pedestrian crossing is
known. Subsequently, a pedestrian is detected on the
pedestrian crossing. More specifically, a head pose of
the pedestrian is detected. The pedestrian is determined
to be inattentive, if the detected head pose describes that
the pedestrian is looking downwards, i.e. towards the
roadway. Consequently, an inattentive pedestrian may
be determined in a simple and reliable manner. Based
thereon, actions may be initiated or taken to improve road
safety.

[0011] The basic idea underlying the present disclo-
sure starts from the observation that many pedestrians
use a mobile electronic device such as a smart phone or
a smart watch while walking and even while crossing a
roadway on a pedestrian crossing. This has the effect
that the pedestrians are less aware of traffic participants
around them and possible risky situations such as a car
approaching. However, it has been found that the fact
that the pedestrian is inattentive may be derived from the
head pose of the pedestrian. In other words, inattentive-
ness of a pedestrian may be reliably determined once
the head pose is known. Based on this information, nec-
essary precautions may be initiated.

[0012] Inanexample, the pedestrian crossing location
information may be received from database of pedestrian
crossings. In such a database, locations of at least some
pedestrian crossings in a predefined area are stored.
[0013] The database may form part of a central traffic
control entity. Alternatively, the database may form part
of a navigation system of a vehicle. In the latter case, the
pedestrian crossing location information may form part
of atleast one map being provided by the navigation sys-
tem.

[0014] In an example, the method is abandoned if it is
not possible to detect a head pose.

[0015] In an example, determining a head pose of the
pedestrian being located on the pedestrian crossing com-
prises:

- detecting the pedestrian,

- detecting a head of the pedestrian, and

- detecting the head pose of the head of the pedestri-
an.

[0016] All these steps may be performed by a system
as described above which for example comprises a cam-
era unit, a lidar unit or a radar unit. Thus, the head pose
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of the pedestrian is detected in several steps. First, the
pedestrian as such is detected. Then, the pedestrian’s
head is detected. Subsequently, the head pose is detect-
ed. This procedure further enhances the detection relia-
bility of the head pose of the pedestrian.

[0017] Ina caseinwhich no pedestrian and/or no head
is detected, the method may be abandoned.

[0018] In an example, the method further comprises
detecting an absence of traffic lights. In a case in which
a traffic light is detected, the method is abandoned. In
other words, the method is only performed for pedestrian
crossings which are not equipped with a traffic light, e.g.
a zebra crossing.

[0019] In an example, the method further comprises:

- detecting a height of the pedestrian being located on
the pedestrian crossing, and

- determining whether the height is inferior to a pre-
defined height threshold.

[0020] The pre-defined height threshold may be cho-
sen such that pedestrians having a height inferior to the
pre-defined height threshold are considered to be kids.
Pedestrians having a height equaling the pre-defined
height threshold or exceeding the height threshold may
be considered to be adults. Thus, based on the detected
height of the pedestrian, it is possible to initiate different
measures for kids and for adults.

[0021] In an example, the method further comprises
providing an inattentive pedestrian status information.
The inattentive pedestrian status information comprises
an identifier of the pedestrian crossing on which the in-
attentive pedestrian has been determined and an infor-
mation that an inattentive pedestrian has been detected.
In this context, providing may comprise sending or push-
ing the inattentive pedestrian status information to an-
other entity. Additionally or alternatively, providing may
comprise making available the inattentive pedestrian sta-
tus information for being pulled or requested by another
entity. In short, another entity may be informed about the
fact that there is an inattentive pedestrian and about the
pedestrian crossing on which the inattentive pedestrian
has been detected. The identifier of the pedestrian cross-
ing may be a name oridentification code of the pedestrian
crossing. Additionally or alternatively, the identifier com-
prises a pedestrian crossing location information describ-
ing a location of a pedestrian crossing on the roadway.

[0022] In an example, the method further comprises:

- detecting a face of the pedestrian, and
- ending the method if a face of the pedestrian has
been detected.

[0023] The reasoning behind this example is that in a
case in which the face of the pedestrian has been de-
tected, the pedestrian has been looking up such that he
or she has been able to see his or her surroundings which
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may for example comprise other traffic participants.
Then, the pedestrian is not considered to be inattentive
anymore. Furthermore, in this example, the probability
of erroneously determining that a pedestrianis inattentive
is reduced. This may happen in a situation in which the
pedestrian looks downwards just for a comparatively
short time.

[0024] In an example, the method further comprises:

- tracking a position of the pedestrian, and
- ending the method if the tracked position of the pe-
destrian lies outside the roadway.

[0025] If the pedestrian is not on the roadway, it may
be irrelevant whether the pedestrian is attentive or not.
In other words, the method is only performed while the
pedestrian is on the roadway or street.

[0026] According to a second aspect, there is provided
a method for operating a fully or partially autonomous
vehicle, comprising:

- performing the method for detecting an inattentive
pedestrian crossing a roadway according to the
present disclosure, and

- providing an inattentive pedestrian status informa-
tion to a central traffic control entity, wherein the in-
attentive pedestrian status information comprises an
identifier of the pedestrian crossing on which the in-
attentive pedestrian has been determined and an
information that an inattentive pedestrian has been
detected.

[0027] Thus, the fully or partially autonomous vehicle
is in a position to not only detect a pedestrian but also to
distinguish between attentive and inattentive pedestri-
ans. The method may be performed by a generally known
system of a fully or partially autonomous vehicle for de-
tecting objects in an environment of the vehicle. Such a
system can comprise a camera unit, alidar unitor a radar
unit. The system may form part of the vehicle. As a con-
sequence thereof, the fully or partially autonomous ve-
hicle may initiate a reaction to the inattentive pedestrian.
Moreover, due to providing the inattentive pedestrian sta-
tus information to the central traffic control entity, also
other traffic participants may be informed about the inat-
tentive pedestrian and initiate a reaction to the inattentive
pedestrian. Overall, road safety is increased.

[0028] In an example, a vehicle location may be addi-
tionally provided to the central traffic control entity. Thus,
the central traffic control entity also disposes of a location
information describing the location at which the inatten-
tive pedestrian has been detected.

[0029] In an example, the method further comprises:

- receiving a trigger signal from a central traffic control
entity triggering a collision mitigation action of the
fully or partially autonomous vehicle, and

- requesting the performance of the collision mitiga-
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tion action.

[0030] The trigger signal from the central traffic control
entity may be received as a consequence of an inatten-
tive pedestrian status information which has been pro-
vided to the central control entity. The traffic participant,
e.g. vehicle, providing the inattentive pedestrian status
information, does not necessarily need to be the same
as the traffic participant, e.g. vehicle, receiving the trigger
signal. Consequently, one or more vehicles can perform
a collision mitigation action. Thereby, a probability of col-
lision between the inattentive pedestrian and the vehicle
is reduced.

[0031] Inanexample, a collision mitigation action may
comprise a warning activity of the fully or partially auton-
omous vehicle and/or a collision avoidance maneuver of
the fully or partially autonomous vehicle. The collision
avoidance maneuver may comprise a breaking maneu-
ver. In this context, a traveling speed of the vehicle may
be reduced. In a special case, the vehicle may be
stopped. Additionally or alternatively, the collision avoid-
ance maneuver may comprise a steering maneuver.
Thus, a travel path of the vehicle is amended such that
it does not cross the travel path of the inattentive pedes-
trian anymore. An example collision avoidance maneu-
ver is a lane change maneuver.

[0032] According to a third aspect, there is provided a
method for informing a central traffic control entity about
an inattentive pedestrian, wherein the pedestrian is
crossing a roadway and wherein the pedestrian carries
a mobile electronic device. The method comprises:

- detecting that the pedestrian is walking on a known
pedestrian crossing by comparing a pedestrian lo-
cation to a known pedestrian crossing location infor-
mation,

- detecting that a screen of the mobile electronic de-
vice is active,

- detecting that the mobile electronic device is receiv-
ing a user input,

- inferring that the pedestrian is crossing the roadway
and is inattentive, and

- providing a pedestrian inattentiveness information
to a central traffic control entity, wherein the pedes-
trian inattentiveness information comprises an infor-
mation that the pedestrian is inattentive and a loca-
tion of the pedestrian or an identifier of the pedestrian
crossing which the pedestrian is using.

[0033] This method may be performed by a mobile
electronic device being carried by the pedestrian. The
mobile electronic device may be smart phone, a smart
watch, atablet or any other handheld or wearable device.
The pedestrian location may be determined using a lo-
cation sensor, e.g. a GPS module, of the mobile elec-
tronic device. The pedestrian crossing location informa-
tion may be provided by a database. In the present con-
text, an active screen of a mobile electronic devices to
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be understood as a screen that is neither locked nor in
standby mode. A user input may be performed by touch-
ing the screen. In such a situation, the fact that the pe-
destrianis inattentive is reported to the central traffic con-
trol entity. Thus, in the central traffic control entity and
information is available that there is an inattentive pedes-
trian and where the inattentive pedestrian is. Based on
this information, appropriate reactions of other traffic par-
ticipants may be triggered. This enhances road safety.
[0034] In an example, also a moving direction of the
pedestrian may be detected. This may also be done using
a location sensor of the mobile electronic device being
carried by the pedestrian. In this case, the pedestrian
inattentiveness information may also comprise the mov-
ing direction. The moving direction may be determined
based on a stream of positions of the mobile electronic
device. Again, the location sensor may be used. Conse-
quently, other traffic participants may be in a position to
further adapt reactions to the inattentive pedestrian.
[0035] In an example, the method further comprises:

- receiving a trigger signal from a central traffic control
entity triggering a collision mitigation action of the
mobile electronic device, and

- requesting the performance of the collision mitiga-
tion action.

[0036] The collision mitigation action may comprise a
warning message being provided to the pedestrian by
the mobile electronic device carried by the pedestrian.
The warning message may be audible or visible. Conse-
quently, the pedestrian is incited to be attentive, e.g. by
looking up from the mobile electronic device.

[0037] According to a fourth aspect, there is provided
amethod for controlling a traffic system, wherein the traf-
fic system comprises at least one fully or partially auton-
omous vehicle and at least one pedestrian. The method
comprises:

- receiving an inattentive pedestrian status informa-
tion from the fully or partially autonomous vehicle,
wherein the inattentive pedestrian status information
comprises an identifier of the pedestrian crossing on
which the inattentive pedestrian has been deter-
mined and an information that an inattentive pedes-
trian has been determined,

- receiving a pedestrian inattentiveness information
from a mobile electronic device of the pedestrian,
wherein the pedestrian inattentiveness information
comprises an information that the pedestrian is inat-
tentive and alocation of the pedestrian or anidentifier
of the pedestrian crossing which the pedestrian is
using,

- triggering a collision mitigation action of the fully or
partially autonomous vehicle and/or the pedestrian.

[0038] The inattentive pedestrian status information
may be provided by the performance of a method for
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operating a fully or partially autonomous vehicle accord-
ing to the present disclosure. The pedestrian inattentive-
ness information may be provided by the performance
of a method for informing a central traffic control entity
about an inattentive pedestrian. Based thereon, a colli-
sion mitigation action may be triggered for the fully or
partially autonomous vehicle, the pedestrian or both.
Consequently, the vehicle, the pedestrian or both can
react to the fact that the pedestrian is inattentive.
[0039] In an example, the collision mitigation action is
only triggered, if the inattentive pedestrian status infor-
mation and the pedestrian inattentiveness information re-
late to the same pedestrian crossing.

[0040] In an example, triggering a collision mitigation
action comprises triggering atleast one of a warning mes-
sage being provided to the pedestrian by the mobile elec-
tronic device carried by the pedestrian, a warning activity
of the fully or partially autonomous vehicle and a collision
avoidance maneuver of the fully or partially autonomous
vehicle.

[0041] As has been described before, the warning
message provided to the pedestrian can be audible or
visible. In the latter case, the screen may be fully or partly
covered by the warning message. In a case in which it
has been determined that the pedestrian is a kid, the
warning message may fully covered the screen. Option-
ally, providing a warning message may comprise trigger-
ing current actions of the mobile electronic device to stop.
For example if the mobile electronic device is playing
music, the music may be stopped. The warning message
may at least indicate the fact that a vehicle is approach-
ing. Optionally, the warning message may also indicate
adirection from which the vehicle is approaching. Awarn-
ing activity of the fully or partially autonomous vehicle
may comprise at least one of honking, activating head
lights, and activating turn lights. As has already been
explained before, a collision avoidance maneuver may
comprise a breaking maneuver and/or a steering maneu-
ver.

[0042] In an example, the collision avoidance maneu-
ver imposes a safety distance between the fully or par-
tially autonomous vehicle and the detected pedestrian.
The speed of the vehicle is limited based on the impose
safety distance.

[0043] According to a fifth aspect, there is provided a
data processing apparatus comprising means for carry-
ing out at least one of the methods of the present disclo-
sure. Consequently, by using such a data processing ap-
paratus, an inattentive pedestrian may be determined in
a simple and reliable manner. This detection result may
be used by traffic participants such as fully or partially
autonomous vehicles or pedestrians. The traffic partici-
pants can react appropriately to a detected, inattentive
pedestrian. Overall, road safety is increased.

[0044] In an example, the data processing apparatus
may form part of a fully or partially autonomous vehicle.
In this context, the data processing apparatus may com-
prise means for carrying out the method for detecting an
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inattentive pedestrian crossing a roadway according to
the present disclosure and/or comprise means for carry-
ing out the method for operating a fully or partially auton-
omous vehicle according to the present disclosure.
[0045] In an example, the data processing apparatus
may form part of a pedestrian’s mobile electronic device.
In this context, the data processing apparatus may com-
prise means for carrying out the method for informing a
central traffic control entity about an inattentive pedestri-
an according to the present disclosure.

[0046] In an example, the data processing apparatus
may form part of a central traffic control entity. In this
context, the data processing apparatus may comprise
means for carrying out the method for controlling a traffic
system according to the present disclosure.

[0047] According to a sixth aspect, there is provided a
computer program comprising instructions which, when
the program is executed by a computer, cause the com-
puter to carry out at least one of the following methods:

- the method for detecting an inattentive pedestrian
crossing a roadway according to the present disclo-
sure,

- the method for operating a fully or partially autono-
mous vehicle according to the present disclosure,

- themethod forinforming a central traffic control entity
about an inattentive pedestrian according to the
present disclosure, and

- the method for controlling a traffic system according
to the present disclosure.

[0048] Accordingtoaseventhaspect, thereisprovided
a computer-readable storage medium comprising in-
structions which, when executed by a computer, cause
the computer to carry out at least one of the following
methods:

- the method for detecting an inattentive pedestrian
crossing a roadway according to the present disclo-
sure,

- the method for operating a fully or partially autono-
mous vehicle according to the present disclosure,

- themethod forinforming a central traffic control entity
about an inattentive pedestrian according to the
present disclosure, and

- the method for controlling a traffic system according
to the present disclosure.

[0049] According to an eighth aspect, there is provided
a traffic control system comprising a first data processing
apparatus according to the present disclosure compris-
ing means for carrying out the method for operating a
fully or partially autonomous vehicle according to the
present disclosure, a second data processing apparatus
according to the present disclosure comprising means
for carrying out the methods for informing a central traffic
control entity about an inattentive pedestrian according
to the present disclosure, and a third data processing
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apparatus according to the present disclosure compris-
ing means for carrying out the method for controlling a
traffic system according to the present disclosure. Con-
sequently, by using such a traffic control system, an in-
attentive pedestrian may be determined in a simple and
reliable manner. This detection result may be used such
that traffic participants can react appropriately to a de-
tected, inattentive pedestrian. Overall, road safety is in-
creased.

[0050] The methods of the present disclosure may be
at least partly computer-implemented, and may be im-
plemented in software or in hardware, or in software and
hardware. Further, the methods may be carried out by
computer program instructions running on means that
provide data processing functions. The data processing
means may be a suitable computing means, such as an
electronic control module etc., which may also be a dis-
tributed computer system. The data processing means
or the computer, respectively, may comprise one or more
of a processor, a memory, a data interface, or the like.
[0051] Itshould be noted that the above examples may
be combined with each other irrespective of the aspect
involved.

[0052] These and other aspects of the present disclo-
sure will become apparent from and elucidated with ref-
erence to the examples described hereinafter.

[0053] Examples of the disclosure will be described in
the following with reference to the following drawings.
Figure 1 illustrates a traffic situation comprising a fully
autonomous vehicle having a first data
processing apparatus according to the
present disclosure comprising means for
carrying out a method for operating a fully or
partially autonomous vehicle according to
the present disclosure and a method for de-
tecting an inattentive pedestrian according
to the present disclosure, a pedestrian car-
rying a mobile electronic device having a
second data processing apparatus accord-
ing to the present disclosure comprising
means for carrying out a method for inform-
ing a central traffic control entity about an
inattentive pedestrian according to the
present disclosure, and a central traffic con-
trol entity comprising a third data processing
apparatus according to the present disclo-
sure comprising means for carrying out a
method for controlling a traffic system ac-
cording to the present disclosure, and
Figure 2 illustrates the pedestrian from a different per-
spective.

[0054] The Figures are merely schematic representa-
tions and serve only to illustrate examples of the disclo-
sure. Identical or equivalentelements are in principle pro-
vided with the same reference signs.
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[0055] Figure 1 shows a traffic situation.

[0056] The traffic situation comprises aroadway R hav-
ing two lanes L1, L2.

[0057] Moreover, the roadway R comprises a pedes-
trian crossing P which is a so-called zebra crossing in
the present example.

[0058] A fully autonomous vehicle 10 is driving on lane
L1 into travelling direction D1.

[0059] Additionally, a pedestrian 12 is crossing the
roadway R via the pedestrian crossing P. The pedestrian
12 is moving along traveling direction D2.

[0060] The pedestrian 12 carries a mobile electronic
device 14 such as a smart phone.

[0061] The pedestrian 12isinattentive since he or she
is looking on a screen of the mobile electronic device 14
(see also Figure 2).

[0062] Furthermore, a central traffic control entity 16
is provided. The central traffic control entity 16 is config-
ured to control a traffic system comprising the vehicle 10
and the pedestrian 12.

[0063] In more detail, the vehicle 10 comprises a first
data processing apparatus 18.

[0064] The firstdata processing apparatus 18 compris-
es a first data processing unit 20 and a first data storage
unit 22.

[0065] A first computer readable storage medium 24
forms part of the first data storage unit 22. On the first
computer readable storage medium 24, there is provided
a first computer program 26.

[0066] The computer program 26 comprises instruc-
tions which, when the computer program 26 is executed
by the first data processing unit 20 or, more generally, a
computer, cause the first data processing unit 20 or the
computer to carry out a method for operating a fully or
partially autonomous vehicle.

[0067] Consequently, the first data processing unit 20
and the first data storage unit 22 form means 28 for car-
rying out the method for operating a fully or partially au-
tonomous vehicle.

[0068] In the following, the steps of this method will be
indicated with S1x.

[0069] In a first step S11, a method for detecting an
inattentive pedestrian crossing a roadway is performed.
[0070] This means that the computer program 26 also
comprises instructions which, when the computer pro-
gram 26 is executed by the first data processing unit 20
or, more generally, a computer, cause the first data
processing unit 20 or the computer to carry out a method
for detecting an inattentive pedestrian crossing a road-
way.

[0071] Consequently, the first data processing unit 20
and the first data storage unit 22 also form means 30 for
carrying out the method for detecting an inattentive pe-
destrian crossing a roadway.

[0072] It is understood that in other examples, the
method for detecting an inattentive pedestrian crossing
the roadway may as well be performed by other means,
e.g. a data processing apparatus separate from the first



11 EP 4 350 656 A1 12

data processing apparatus 18.

[0073] Inastep S11a, the pedestrian crossing P is de-
tected.

[0074] This may be done by use of an environmental
sensing system of the vehicle 10. In Figure 1, the envi-
ronmental sensing system is symbolized by a camera
unit 32.

[0075] Alternative to the detection of the pedestrian
crossing P, a pedestrian crossing location information
PCL may be received. The pedestrian crossing location
information PCL describes a location of the pedestrian
crossing P on the roadway R. The pedestrian crossing
location information PCL may be provided by the central
traffic control entity 16.

[0076] Thus, as a result of step S11a, a location of the
pedestrian crossing P is known.

[0077] Thereafter, in an optional step S11b, an ab-
sence of a traffic light is detected. Only then, the method
is continued. Otherwise, i.e. if a traffic light is detected,
the method is abandoned.

[0078] Subsequently, in a step S11c, a head pose of
the pedestrian 12 being located on the pedestrian cross-
ing P is detected.

[0079] To this end, in a first sub- step, the pedestrian
12 is detected. Then, in a second sub-step, the head of
the pedestrian 12 is detected. After that, in a third sub-
step, the head pose of the pedestrian is detected, i.e. the
orientation of the head in space. In other words, a direc-
tion G of gaze of the pedestrian 12 is determined. The
direction G of gaze, and thus also the head pose, is con-
sidered to describe that the pedestrian is looking down-
wards if it is oriented downwards with respect to a hori-
zontal direction. This is done based on pictures that are
captured by the camera unit 32.

[0080] In the following, in a step Slid, it is inferred that
the pedestrian 12isinattentive if the head pose describes
that the pedestrian 12 is looking downwards. In the
present context, looking downwards means looking to-
wards the roadway R or the pedestrian crossing P. This
is illustrated in Figure 2.

[0081] Inan optional step S11e, a height of the pedes-
trian 12 is detected and compared to a pre-defined height
threshold.

[0082] In a case in which the pedestrian height is de-
termined to be inferior to the pre-defined height threshold,
the pedestrian 12 is regarded as a kid. If the pedestrian
height equals or exceeds the pre-defined height thresh-
old, the pedestrian 12 is regarded as an adult.

[0083] Subsequently, in astep S11f, an inattentive pe-
destrian status information IPS is provided to the central
traffic control entity 16. This step may also be considered
as a step S12 of the method for operating a fully or par-
tially autonomous vehicle.

[0084] The inattentive pedestrian status information
IPS comprises an identifier of the pedestrian crossing P
on which the inattentive pedestrian 12 has been deter-
mined and an information that an inattentive pedestrian
has been detected. The identifier may comprise a loca-
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tion of the pedestrian crossing P. The inattentive pedes-
trian status information IPS may optionally also comprise
the information whether the pedestrian 12 is regarded as
a kid or as an adult.

[0085] In an optional step S11g which may be per-
formed in parallel to the steps as mentioned above, a
face of the pedestrian 12 may be detected. In a case in
which the face of the pedestrian 12 has been detected,
the method is abandoned. In this case it is considered
that the pedestrian 12 has seen the vehicle 10 and, thus,
is not considered to be inattentive anymore. Otherwise,
i.e. if the face of the pedestrian 12 is not detected, the
method is continued.

[0086] In a further optional step S11h, which may also
be performed in parallel to the steps as mentioned above,
a position of the pedestrian 12 is tracked. Consequently,
a situation in which the pedestrian 12 is located on the
roadway R may be distinguished over a situation in which
the pedestrian 12 is located outside the roadway R. If the
pedestrian 12 is found to be outside the roadway R, the
method is abandoned.

[0087] Additionally, in a step S13 of the method for
operating a fully or partially autonomous vehicle, the first
data processing apparatus 18 may receive a first trigger
signal TS1 from the central traffic control entity 16 trig-
gering a collision mitigation action of the vehicle 10.
[0088] Subsequently, in a step S14, the first data
processing apparatus 18 requests the performance of
the collision mitigation action.

[0089] The collision mitigation action for example com-
prises a breaking action such as an emergency braking.
Alternatively, the collision mitigation action may comprise
a lane change maneuver. The lane change maneuver
has the consequence, that the vehicle’s 10 trajectory and
the pedestrian’s 12 trajectory do not interfere with one
another.

[0090] Furthermore, the mobile electronic device 14
comprises a second data processing apparatus 34.
[0091] The seconddata processing apparatus 34 com-
prises a second data processing unit 36 and a second
data storage unit 38.

[0092] A second computer readable storage medium
40 forms part of the second data storage unit 38. On the
second computer readable storage medium 40, there is
provided a second computer program 42.

[0093] The second computer program 42 comprises
instructions which, when the computer program 42 is ex-
ecuted by the second data processing unit 36 or more
generally a computer, cause the second data processing
unit 36 or the computer to carry outa method forinforming
a central traffic control entity about an inattentive pedes-
trian.

[0094] Consequently, the second data processing unit
36 and the second data storage unit 38 form means 44
for carrying out the method for informing a central traffic
control entity about an inattentive pedestrian.

[0095] In the following, the steps of this method will be
indicated with S2x.
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[0096] As has already been mentioned before, the pe-
destrian 12 is crossing the roadway R and the pedestrian
12 carries the mobile electronic device 14.

[0097] In afirst step S21, it is detected that the pedes-
trian 12 is walking on a known pedestrian crossing P. To
this end, a pedestrian location may be determined by a
location sensor of the mobile electronic device 14 and
may be compared to a known pedestrian crossing loca-
tion information PCL. The known pedestrian crossing lo-
cation information PCL may be provided to the mobile
electronic device 14 by the central traffic control entity 16.
[0098] In a step S22, it is additionally detected that a
screen of the mobile electronic device 14 is active. This
means that the screen is unlocked and not in standby
mode.

[0099] Moreover, in a step S23, it is detected that the
mobile electronic device 14 is receiving a user input. In
this context, the reception of a user input may be detect-
ed, if a user input is detected within a pre-defined time
span.

[0100] In the following, in step S24, it is inferred that
the pedestrian 12 is crossing the roadway R and is inat-
tentive. The inattentiveness is due to the fact that the
pedestrian 12 is manipulating the mobile electronic de-
vice 14.

[0101] Subsequently, in a step S25, a pedestrian inat-
tentiveness information Pll is provided to the central traf-
fic control entity 16. The pedestrian inattentiveness in-
formation Pll comprises an information that the pedes-
trian 12 is inattentive and a location of the pedestrian 12
or an identifier of the pedestrian crossing P which the
pedestrian 12 is using. As before, the identifier of the
pedestrian crossing P may comprise a location of the
pedestrian crossing P.

[0102] Additionally, in a step S26, the second data
processing apparatus 34 may receive a second trigger
signal TS2 from a central traffic control entity 16 triggering
a collision mitigation action of the mobile electronic de-
vice 14.

[0103] Thereafter, in a step S27, the performance of
the collision mitigation action may be requested.

[0104] In the present context, the collision mitigation
action of the mobile electronic device 14 may be visible
and/or audible.

[0105] In a first example, a warning message may be
displayed on the screen of the mobile electronic device
14.1n a second example, awarning sound may be issued
by the mobile electronic device 14.

[0106] It is understood, that the first example in the
second example may also be combined.

[0107] Itis noted that steps S26 and S27 may be per-
formed following the provision of an inattentive pedestri-
an status information IPS received by the central traffic
control entity 16 or based on a pedestrian inattentiveness
information Pll received by the central traffic control entity
16. In simplified words, either the vehicle 10 or the pe-
destrian 12 may cause the second trigger signal TS2
leading to a collision mitigation action of the mobile elec-
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tronic device 14.

[0108] In a special case, the collision mitigation action
of the mobile electronic device 14 may only be triggered
based on both an inattentive pedestrian status informa-
tion IPS and a pedestrian inattentiveness information PII
relating to the same pedestrian crossing P.

[0109] The central traffic control entity 16, which has
already been mentioned several times, comprises a third
data processing apparatus 46.

[0110] The third data processing apparatus 46 com-
prises a third data processing unit 48 and a third data
storage unit 50.

[0111] A third computer readable storage medium 52
forms part of the third data storage unit 50. On the third
computer readable storage medium 52, there is provided
a third computer program 54.

[0112] The third computer program 54 comprises in-
structions which, when the third computer program 54 is
executed by the third data processing unit 48 or more
generally a computer, cause the third data processing
unit 48 or the computer to carry out a method for control-
ling a traffic system.

[0113] Consequently, the third data processing unit 48
and the third data storage unit 50 form means 56 for
carrying out the method for controlling a traffic system.
[0114] In the following, the steps of this method will be
indicated with S3x.

[0115] As has been mentioned before, the traffic sys-
tem comprises at least the vehicle 10 and the pedestrian
12.

[0116] Inafirststep S31, aninattentive pedestrian sta-
tus information IPS is received from the vehicle 10, more
precisely the first data processing apparatus 18. As has
been mentioned before, the inattentive pedestrian status
information IPS comprises an identifier of the pedestrian
crossing P on which the inattentive pedestrian has been
determined and an information that an inattentive pedes-
trian has been determined.

[0117] Additionally, in a step S32, a pedestrian inat-
tentiveness information Pl is received from the mobile
electronic device 14 of the pedestrian 12, more precisely
from the second data processing apparatus 34. The pe-
destrian inattentiveness information PIl comprises anin-
formation that the pedestrian is inattentive and a location
of the pedestrian 12 or an identifier of the pedestrian
crossing P which the pedestrian 12 is using.

[0118] In a case, in which both the inattentive pedes-
trian status information IPS and the pedestrian inatten-
tiveness information PIl relate to the same pedestrian
crossing P, in a step S33, a collision mitigation action
may be triggered.

[0119] The collision mitigation action may be triggered
for the vehicle 10 and/or for the pedestrian 12, more pre-
cisely for the mobile electronic device 14.

[0120] Triggering a collision mitigation action may
comprise triggering a warning message being provided
to the pedestrian 12 by the mobile electronic device 14
carried by the pedestrian. For example, the warning mes-
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sage is displayed on a screen of the mobile electronic
device 14.

[0121] Additionally or alternatively, a warning activity
of the vehicle 10 may be triggered. The warning activity
of the vehicle 10 may comprise at least one of honking,
activating the headlights and activating the turn lights.
[0122] Further additionally or alternatively, a collision
avoidance maneuver of the vehicle 10 may be triggered.
As has already been explained before, the collision
avoidance maneuver may comprise a breaking activity
or a steering activity.

[0123] Insimplified words, the vehicle 10 or the pedes-
trian 12 or both are triggered to react to the situation in
a way to avoid a collision between the vehicle 10 and the
pedestrian 12.

[0124] It is noted that the first data processing appa-
ratus 14, the second data processing apparatus 34, and
the third data processing apparatus 46 together may be
designated as a traffic control system 58.

[0125] Other variations to the disclosed examples can
be understood and effected by those skilled in the art in
practicing the claimed disclosure, from the 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. A single processor or other
unit may fulfill the functions of several items or steps re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
notindicate thata combination of these measures cannot
be used to advantage. A computer program may be
stored/distributed on a suitable medium such as an op-
tical storage medium or a solid-state medium supplied
together with or as part of other hardware, but may also
be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope of the claims.

LIST OF REFERENCE SIGNS
[0126]

10  vehicle

12  pedestrian

14 mobile electronic device

16  central traffic control entity

18 first data processing apparatus

20 first data processing unit

22  first data storage unit

24  first computer readable storage medium

26  first computer program

28 means for carrying out the method for operating a
fully or partially autonomous vehicle

30 means for carrying out the method for detecting an
inattentive pedestrian crossing a roadway

32  camera unit

34  second data processing apparatus
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36  second data processing unit

38 second data storage unit

40 second computer readable storage medium

42  second computer program

44  means for carrying out a method for informing a
central traffic control entity about an inattentive pe-
destrian

46  third data processing apparatus

48  third data processing unit

50 third data storage unit

52  third computer readable storage medium

54 third computer program

56  means for carrying out the method for controlling
a traffic system

58 traffic control system

D1 travelling direction of the vehicle

D2 travelling direction of the pedestrian

G direction of gaze

IPS inattentive pedestrian status information
L1 lane

L2 lane

P pedestrian crossing

PCL pedestrian crossing location information
Pl pedestrian inattentiveness information
R roadway

TS1  first trigger signal

TS2  second trigger signal

S11ato Sllh  steps of the method for detecting an in-
attentive pedestrian crossing a roadway

S11to S14  steps of the method for operating a fully
or partially autonomous vehicle

S21 to S27 steps of the method for informing a cen-
tral traffic control entity about an inatten-
tive pedestrian

S31 to S33 steps of the method for controlling a traf-
fic system

Claims

1. A method for detecting an inattentive pedestrian (12)
crossing a roadway (R), comprising:

- detecting a pedestrian crossing (P) on the road-
way (R) or receiving a pedestrian crossing loca-
tion information (PCL) describing a location of a
pedestrian crossing (P) on the roadway (R)
(S11a),

- detecting a head pose of a pedestrian (12) be-
ing located on the pedestrian crossing (P)
(S11c), and

- inferring that the pedestrian (12) is inattentive
if the head pose describes that the pedestrian
(12) is looking downwards (S11d).

2. The method of claim 1, wherein determining a head
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pose of the pedestrian (12) being located on the pe-
destrian crossing (P) (S11c¢) comprises:

- detecting the pedestrian (12),

- detecting a head of the pedestrian (12), and

- detecting the head pose of the head of the pe-
destrian (12).

The method of claim 1 or 2, further comprising de-
tecting an absence of traffic lights (S11b).

The method of any one of the preceding claims, fur-
ther comprising:

- detecting a height of the pedestrian (12) being
located on the pedestrian crossing (P), and

- determining whether the height is inferior to a
pre-defined height threshold (S11e).

The method of any one of the preceding claims, fur-
ther comprising: providing an inattentive pedestrian
status information (IPS), wherein the inattentive pe-
destrian status information (IPS) comprises an iden-
tifier of the pedestrian crossing (P) on which the in-
attentive pedestrian (12) has been determined and
aninformation that an inattentive pedestrian (12) has
been detected (S11f).

The method of any one of the preceding claims, fur-
ther comprising:

- detecting a face of the pedestrian (12), and
- ending the method if a face of the pedestrian
(12) has been detected (S11g).

The method of any one of the preceding claims, fur-
ther comprising:

- tracking a position of the pedestrian (12), and
- ending the method if the tracked position of the
pedestrian (12) lies outside the roadway (R)
(S11h).

A method for operating a fully or partially autono-
mous vehicle (10), comprising:

- performing the method according to any one
of the preceding claims (S11), and

- providing an inattentive pedestrian status in-
formation (IPS) to a central traffic control entity
(16), wherein the inattentive pedestrian status
information (IPS) comprises an identifier of the
pedestrian crossing (P) on which the inattentive
pedestrian (12) has been determined and an in-
formation that an inattentive pedestrian (12) has
been detected (S12).

9. The method of claim 8, further comprising:
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10

- receiving a trigger signal (TS1) from a central
traffic control entity (16) triggering a collision mit-
igation action of the fully or partially autonomous
vehicle (12) (S13), and

- requesting the performance of the collision mit-
igation action (S14).

10. A method for informing a central traffic control entity

(16) about an inattentive pedestrian (12), wherein
the pedestrian (12) is crossing a roadway (R) and
wherein the pedestrian (12) carries a mobile elec-
tronic device (14), comprising:

- detecting that the pedestrian (12) is walking on
a known pedestrian crossing (P) by comparing
a pedestrian location to a known pedestrian
crossing location information (PCL) (S21),

- detecting that a screen of the mobile electronic
device (14) is active (S22),

- detecting that the mobile electronic device (14)
is receiving a user input (S23),

- inferring that the pedestrian (12) is crossing
the roadway (R) and is inattentive (S24), and

- providing a pedestrian inattentiveness informa-
tion (PII) to a central traffic control entity (16),
wherein the pedestrian inattentiveness informa-
tion (PIl) comprises an information that the pe-
destrian (12) is inattentive and a location of the
pedestrian (12) or an identifier of the pedestrian
crossing (P) which the pedestrian (12) is using
(S25).

11. The method of claim 10, further comprising:

- receiving a trigger signal (TS2) from a central
traffic control entity (16) triggering a collision mit-
igation action of the mobile electronic device
(14) (S26), and

- requesting the performance of the collision mit-
igation action (S27).

12. A method for controlling a traffic system, wherein the

traffic system comprises at least one fully or partially
autonomous vehicle (10) and atleast one pedestrian
(12), the method comprising:

- receiving an inattentive pedestrian status in-
formation (IPS) from the fully or partially auton-
omous vehicle (10), wherein the inattentive pe-
destrian status information (IPS) comprises an
identifier of the pedestrian crossing (P) on which
the inattentive pedestrian (12) has been deter-
mined and an information that an inattentive pe-
destrian (12) has been determined (S31),

-receiving a pedestrianinattentiveness informa-
tion (PIl) from a mobile electronic device (14) of
the pedestrian (12), wherein the pedestrian in-
attentiveness information (PIl) comprises an in-
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formation that the pedestrian (12) is inattentive
and a location of the pedestrian (12) or an iden-
tifier of the pedestrian crossing (P) which the
pedestrian (12) is using (S32),

- triggering a collision mitigation action of the
fully or partially autonomous vehicle (10) and/or
the pedestrian (12) (S33).

13. The method of claim 12, wherein triggering a collision

mitigation action (S33) comprises triggering at least
one of

a warning message being provided to the pe-
destrian (12) by the mobile electronic device (14)
carried by the pedestrian (12),

a warning activity of the fully or partially auton-
omous vehicle (10) and

a collision avoidance maneuver of the fully or
partially autonomous vehicle (10).

14. Adataprocessing apparatus (18, 34, 46) comprising

means (28, 30, 44, 56) for carrying out at least one
of the methods of the preceding claims.

15. A traffic control system (58) comprising:

afirst data processing apparatus (18) according
to claim 14 comprising means for carrying out
the methods of claim 8 or 9,

a second data processing apparatus (34) ac-
cording to claim 14 comprising means for carry-
ing out the methods of claim 10 or 11, and

a third data processing apparatus (46) accord-
ing to claim 14 comprising means for carrying
out the methods of claim 12 or 13.

Amended claims in accordance with Rule 137(2)
EPC.

A method for detecting an inattentive pedestrian (12)
crossing a roadway (R), comprising:

- detecting a pedestrian crossing (P) on the road-
way (R) or receiving a pedestrian crossing loca-
tion information (PCL) describing a location of a
pedestrian crossing (P) on the roadway (R)
(S11a),

- detecting a head pose of a pedestrian (12) be-
ing located on the pedestrian crossing (P)
(S11c),

- inferring that the pedestrian (12) is inattentive
if the head pose describes that the pedestrian
(12) is looking downwards (S11d), and

- providing an inattentive pedestrian status in-
formation (IPS), wherein the inattentive pedes-
trian status information (IPS) comprises aniden-
tifier of the pedestrian crossing (P) on which the
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inattentive pedestrian (12) has been determined
and aninformation that an inattentive pedestrian
(12) has been detected (S11f).

The method of claim 1, wherein determining a head
pose of the pedestrian (12) being located on the pe-
destrian crossing (P) (S11c) comprises:

- detecting the pedestrian (12),

- detecting a head of the pedestrian (12), and
- detecting the head pose of the head of the pe-
destrian (12).

The method of claim 1 or 2, further comprising de-
tecting an absence of traffic lights (S11b).

The method of any one of the preceding claims, fur-
ther comprising:

- detecting a height of the pedestrian (12) being
located on the pedestrian crossing (P), and

- determining whether the height is inferior to a
pre-defined height threshold (S11e).

The method of any one of the preceding claims, fur-
ther comprising:

- detecting a face of the pedestrian (12), and
- ending the method if a face of the pedestrian
(12) has been detected (S 11g).

The method of any one of the preceding claims, fur-
ther comprising:

- tracking a position of the pedestrian (12), and
- ending the method if the tracked position of the
pedestrian (12) lies outside the roadway (R)
(S11h).

A method for operating a fully or partially autono-
mous vehicle (10), comprising:

- performing the method according to any one
of the preceding claims (S11), and

- providing the inattentive pedestrian status in-
formation (IPS) to a central traffic control entity
(16).

The method of claim 7, further comprising:

- receiving a trigger signal (TS1) from a central
traffic control entity (16) triggering a collision mit-
igation action of the fully or partially autonomous
vehicle (12) (S13), and

- requesting the performance of the collision mit-
igation action (S14).

9. A method for informing a central traffic control entity
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(16) about an inattentive pedestrian (12), wherein
the pedestrian (12) is crossing a roadway (R) and
wherein the pedestrian (12) carries a mobile elec-
tronic device (14), comprising:

- detecting that the pedestrian (12) is walking on
a known pedestrian crossing (P) by comparing
a pedestrian location to a known pedestrian
crossing location information (PCL) (S21),

- detecting that a screen of the mobile electronic
device (14) is active (S22),

- detecting that the mobile electronic device (14)
is receiving a user input (S23),

- inferring that the pedestrian (12) is crossing
the roadway (R) and is inattentive (S24), and

- providing a pedestrianinattentiveness informa-
tion (PIl) to a central traffic control entity (16),
wherein the pedestrian inattentiveness informa-
tion (PIl) comprises an information that the pe-
destrian (12) is inattentive and a location of the
pedestrian (12) or an identifier of the pedestrian
crossing (P) which the pedestrian (12) is using
(S25).

10. The method of claim 9, further comprising:

- receiving a trigger signal (TS2) from a central
traffic control entity (16) triggering a collision mit-
igation action of the mobile electronic device
(14) (826), and

- requesting the performance of the collision mit-
igation action (S27).

11. A method for controlling a traffic system, wherein the
traffic system comprises at least one fully or partially
autonomous vehicle (10) and at least one pedestrian
(12), the method comprising:

- receiving an inattentive pedestrian status in-
formation (IPS) from the fully or partially auton-
omous vehicle (10), wherein the inattentive pe-
destrian status information (IPS) comprises an
identifier of the pedestrian crossing (P) on which
the inattentive pedestrian (12) has been deter-
mined and an information that an inattentive pe-
destrian (12) has been determined (S31),
-receiving a pedestrian inattentiveness informa-
tion (PIl) from a mobile electronic device (14) of
the pedestrian (12), wherein the pedestrian in-
attentiveness information (PIl) comprises an in-
formation that the pedestrian (12) is inattentive
and a location of the pedestrian (12) or an iden-
tifier of the pedestrian crossing (P) which the
pedestrian (12) is using (S32),

- triggering a collision mitigation action of the
fully or partially autonomous vehicle (10) and/or
the pedestrian (12) (S33).
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12. The method of claim 11, wherein triggering a collision
mitigation action (S33) comprises triggering at least
one of

a warning message being provided to the pe-
destrian (12) by the mobile electronic device (14)
carried by the pedestrian (12),

a warning activity of the fully or partially auton-
omous vehicle (10) and

a collision avoidance maneuver of the fully or
partially autonomous vehicle (10).

13. Adata processing apparatus (18, 34, 46) comprising
means (28, 30, 44, 56) for carrying out at least one
of the methods of the preceding claims.

14. A traffic control system (58) comprising:

afirst data processing apparatus (18) according
to claim 13 comprising means for carrying out
the methods of claim 7 or 8,

a second data processing apparatus (34) ac-
cording to claim 13 comprising means for carry-
ing out the methods of claim 9 or 10, and

a third data processing apparatus (46) accord-
ing to claim 13 comprising means for carrying
out the methods of claim 11 or 12.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-9(completely); 12-15(partially)

A method for detecting a pedestrian and a method for
controlling a vehicle, wherein the head pose of the
pedestrian is detected and inattentiveness is determined if
the pedestrian is looking downwards. An inattentive
pedestrian status information is generated and sent to a
central, which triggers collision mitigation action at the
vehicle. A method for controlling a central traffic control
system wherein the traffic system comprises a pedestrian and
a vehicle, the method comprising receiving inattentive
pedestrian status information from the vehicle and
triggering a mitigation action of the vehicle.

2. claims: 10, 11 (completely); 12-15(partially)

A method for informing a central traffic control entity
about an inattentive pedestrian crossing a street and
carrying a smart phone, wherein the smart phone compares the
position of the pedestrian with a position of the crossing,
detects activity of the screen of the smart phone and an
input received by the smart phone, inferring inattentiveness
of the pedestrian and providing pedestrian inattentive
information to a central traffic control entity. A method
for controlling a central traffic control system wherein the
traffic system comprises a pedestrian and a vehicle, the
method comprising receiving inattentive pedestrian status
information from the pedestrian and triggering a mitigation
action of the pedestrian.
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