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(54) VEHICLE OPERATION WITH A CENTRAL DIGITAL TRAFFIC MODEL

(57) A method for operating a vehicle, wherein a ve-
hicle transmits vehicle data to an edge data center being
connected to a radio access network via a wireless con-
nection being established by a communication unit of the
vehicle; the edge data center updates a digital traffic mod-
el of a traffic situation involving the vehicle with the trans-

mitted vehicle data, calculates a trajectory of the vehicle
based on the updated digital traffic model and transmits
trajectory data of the calculated trajectory to the vehicle
via the wireless connection; and the vehicle is operated
according to the transmitted trajectory data, a vehicle and
a computer program product.
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Description

[0001] The invention relates to a method for operating
a vehicle, wherein a vehicle transmits vehicle data to an
edge data center being connected to a radio access net-
work via a wireless connection being established by a
communication unit of the vehicle; the edge data center
updates a digital traffic model of a traffic situation involv-
ing the vehicle with the transmitted vehicle data, calcu-
lates a trajectory of the vehicle based on the updated
digital traffic model and transmits trajectory data of the
calculated trajectory to the vehicle via the wireless con-
nection; and the vehicle is operated according to the
transmitted trajectory data. The invention further relates
to a vehicle and a computer program product.
[0002] Vehicles are increasingly provided with auton-
omous driving capabilities which at present are provided
by advanced driving assistance systems (ADAS) and on-
ly cover particular operational contexts, i.e. traffic situa-
tions, of the vehicles (levels 2 and 3). However, fully au-
tonomous vehicles (level 4) are expected to be available
in the future which are operated basically without any
intervention of a driver.
[0003] An autonomous driving functionality of a vehicle
is based on a digital environmental model of the vehicle
which is generated and continuously updated during op-
eration of the vehicle by a control unit of the vehicle. A
trajectory of the vehicle, i.e. positions and velocities of
the vehicle as respective functions of time, is calculated
by the control unit depending on the digital environmental
model.
[0004] The digital environmental model reflects a traffic
situation the vehicle is actually involved in and is updated
when the traffic situation changes. When the traffic situ-
ation comprises one or more further vehicles operating
in the environment of the vehicle the digital environmental
model necessarily has to comprise operational data, e.g.
positions, velocities, accelerations, etc. of each further
vehicle being involved in the traffic situation of the vehicle.
The operational data of the each further vehicle may be
detected sensorially and/or received via a wireless con-
nection from the further vehicle either immediately (ve-
hicle-to-vehicle, V2V) or via a radio access network (ve-
hicle-to-infrastructure-to-vehicle, V2I2V).
[0005] Vehicles provided by different manufacturers
usually have different control units and use different dig-
ital environmental models due to a lack of standardiza-
tion. As a consequence, the individual trajectories are
calculated differently. Moreover, a traffic situation mostly
involves also vehicles which are operated by a driver
manually to follow an individual trajectory without a con-
trol unit even calculating it. In a complex traffic situation
involving a plurality of vehicles the respective trajectories,
hence, may easily conflict with each other increasing a
risk of colliding and abrupt maneuvering of the vehicles.
It is noted that the vehicle is understood to be a car, a
motorcycle, a carry, an e-bike, a bicycle, an e-scooter, a
pedestrian and the like, i.e. any item following an individ-

ual trajectory within the traffic situation.
[0006] The problem of conflicting trajectories may be
solved by a stationary server centrally calculating the tra-
jectories of the vehicles being involved in the traffic situ-
ation depending on a digital traffic model of the traffic
situation. Each involved vehicle may transmit vehicle da-
ta to the stationary server via a wireless connection being
established by the communication unit of the vehicle. The
stationary server updates the digital traffic model with the
transmitted vehicle data, calculates a trajectory of each
vehicle based on the updated digital traffic model and
transmits trajectory data of the calculated trajectories to
the respective vehicles via the wireless connection. Each
vehicle is then operated according to the transmitted tra-
jectory data.
[0007] However, the vehicle data is received by the
central server with a time offset, i.e. after a run time of a
signal between the vehicle and the stationary server. Due
to the time offset the digital traffic model of the stationary
server is always outdated with respect to the traffic situ-
ation, i.e. the digital traffic model reflects the traffic situ-
ation the time offset ago. In other words, there is a dis-
crepancy between the actual traffic situation and the traf-
fic situation reflected by the digital traffic model.
[0008] Moreover, the trajectory data is received by
each vehicle with another time offset, i.e. after a run time
of a signal between the stationary server and the vehicle,
which causing the trajectory corresponding to the re-
ceived trajectory data to be even more outdated with re-
spect to the actual traffic situation. Thus the discrepancy
between the actual traffic situation and the trajectory cor-
responding to the received trajectory data is even larger.
[0009] The control unit of the vehicle may have to re-
move the discrepancy by quickly adjusting the trajectory,
the quick trajectory adjustment causing the vehicle to
suddenly accelerate and reducing an operational comfort
of the vehicle. Eventually, even a collision with another
vehicle may occur despite the quick trajectory adjustment
which reduces an operational safety of the vehicle.
[0010] Hence, it would be desirable to increase the op-
erational comfort and the operational safety of a plurality
of vehicles being involved in a traffic situation.
[0011] It is, therefore, an object of the invention to sug-
gest a method for comfortably and safely operating a
vehicle in a traffic situation comprising at least one further
vehicle. Further objects of the invention are a vehicle and
a computer program product.
[0012] A first aspect of the invention is a method for
operating a vehicle, wherein a vehicle transmits vehicle
data to an edge data center being connected to a radio
access network via a wireless connection being estab-
lished by a communication unit of the vehicle; the edge
data center updates a digital traffic model of a traffic sit-
uation involving the vehicle with the transmitted vehicle
data, calculates a trajectory of the vehicle based on the
updated digital traffic model and transmits trajectory data
of the calculated trajectory to the vehicle via the wireless
connection; and the vehicle is operated according to the
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transmitted trajectory data.
[0013] In other words, the operation of the vehicle is
not self-controlled but instead controlled centrally by the
edge data server. The edge data center may be a server
node which is immediately connected to an access node,
e.g. a base station, of the radio access network, the ac-
cess node providing the wireless connection to the wire-
less communication unit of the vehicle. The edge data
center may also be a server node of the radio access
network. The digital traffic model comprises operational
data of the vehicle and reflects the traffic situation the
vehicle is involved in. The calculated trajectory is contin-
uously validated by the edge data center with respect to
the digital traffic model in order to exclude any conflict of
the trajectory with the updated digital traffic model.
[0014] According to the invention, calculating the tra-
jectory comprises taking into account respective trans-
mission delays of the transmitted vehicle data and the
transmitted trajectory data. Taking into account the trans-
mission delays requires a knowledge of the transmission
delays and removes or at least reduces a discrepancy
between the actual traffic situation and the trajectory cor-
responding to the transmitted trajectory data. The known
transmission delay of the transmitted vehicle data allows
the edge data server for updating the received vehicle
data being outdated due to the transmission delay to the
actual time. The known transmission delay of the trans-
mitted trajectory data allows the edge data server for up-
dating the transmitted trajectory data to the future recep-
tion time of the vehicle. As a consequence, the trajectory
corresponding to the transmitted trajectory data better
matches the actual traffic situation. Hence, a sudden ac-
celeration for quickly adjusting the trajectory correspond-
ing to the transmitted trajectory data is avoided or at least
mitigated and a risk for colliding with the further vehicle
is removed or at least reduced. Both effects result in a
comfortable and safe operation of the vehicle.
[0015] In an embodiment, a further vehicle being in-
volved in the traffic situation transmits vehicle data to the
edge data center via a wireless connection being estab-
lished by a communication unit of the further vehicle and
the edge data center updates the digital traffic model of
the traffic situation with the transmitted vehicle data of
the further vehicle. The digital traffic model comprises
vehicle data of one or more further vehicles, particularly
each further vehicle, being involved in the traffic situation
of the vehicle.
[0016] In a preferred embodiment, each transmission
delay is taken into account as a maximum uplink latency
or a maximum downlink latency being allocated to the
wireless connection of the vehicle or the further vehicle
by the radio access network. The maximum downlink la-
tency and the maximum uplink latency indicate a maxi-
mum run time of the operational data along the wireless
connections. The uplink run time and the downlink run
time essentially contribute to the over all run time be-
tween transmitting the vehicle data to the edge data serv-
er and receiving the trajectory data from the edge data

server. When the edge data server knows the maximum
uplink latency and the maximum downlink latency the
edge data server may take into account the transmission
delays precisely.
[0017] Advantageously, calculating a trajectory com-
prises taking into account a processing time for process-
ing the vehicle data with the processing time being em-
ployed by at least one of the edge data center being con-
nected to the radio access network, the vehicle and the
further vehicle and/or a round trip time of the operational
data between a backbone, i.e. a core, of the radio access
network and the edge data center. The respective
processing times of the vehicle and the further vehicles
are known to the respective vehicle and may be trans-
mitted to the edge data center as the vehicle data. The
edge data center knows its own processing time for
processing the vehicle data of the vehicle and the further
vehicle. The edge data center may also know the round
trip time between the backbone and the edge data center
as the radio access network knows the round trip time
and may transmit the round trip time to the edge data
center. The processing times of the vehicle, each further
vehicle and the edge data center and the round trip time
of the radio access network complete the contributions
to an overall transmission delay.
[0018] It is further preferred that the radio access net-
work allocates a predetermined combination of a mini-
mum data rate and/or a maximum latency for uplink and
downlink, respectively, to each wireless connection of
the vehicle and the further vehicle. A specification of a
radio communication protocol may define a plurality of
predetermined combinations of minimum data rate val-
ues and maximum latency values. The combinations may
cover a range from a practical non-availability to an ideal
availability of a data rate and/or latency and may prefer
either the data rate or the latency between the non-avail-
ability and the ideal availability.
[0019] Each vehicle may transmit operational data
and/or technical specification data as the vehicle data.
The operational data may comprise a position, a velocity,
an acceleration of the vehicle, navigational data and gen-
erally each data item of the digital environmental model
of the vehicle. The vehicle may detect data items of the
digital environmental model sensorially, i.e. by means of
one or more environmental sensors of the vehicle.
[0020] The technical specification data may comprise
a maximum velocity and a maximum acceleration of the
vehicle. The technical specification data may comprise
any data which is not immediately operational, i.e. related
to the actual operation of the further vehicle. For instance,
the technical specification data may comprise a maxi-
mum velocity and a maximum acceleration of the vehicle.
The technical specification data of the vehicle allows the
edge data center for estimating a confidence level of the
updated received operational data, e.g. for judging
whether the vehicle operates in a comfort zone or near
an operational limit.
[0021] Additionally or alternatively, each vehicle may
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transmit the vehicle data periodically and/or when a dif-
ference between the transmitted trajectory data and ac-
tual operational data of the vehicle or the further vehicle,
respectively, exceeds a predetermined threshold value.
A periodical transmission of the vehicle data allows the
edge data server for regularly updating the digital traffic
model, but may cause a constant relevant load to the
radio access network, particularly in case a period time
of the transmission is short. In contrast, the event-driven
transmission causes little load to the radio access net-
work, but prevents the edge data server from regularly
updating the digital traffic model. It is noted that both
transmissions policies may be readily combined for
lengthening the period time of the transmission and re-
ducing an average load of the radio access network.
[0022] In a further embodiment, calculating the trajec-
tory comprises using a digital road map comprising a
road segment accommodating the traffic situation and
traffic data concerning the road segment accommodating
the traffic situation. The digital road map may comprise
high precision data. The traffic data may comprise weath-
er data, data related to construction areas, traffic jam
data and the like. The edge data center may be provided
with the digital road map and the traffic data by a station-
ary server.
[0023] The vehicle advantageously adjusts the trajec-
tory corresponding to the transmitted trajectory data de-
pending on sensorially detected environmental data. In
other words, the digital environmental model enables the
control unit of the vehicle to reduce a difference between
the trajectory data and the environmental data.
[0024] The edge data center may calculate the trajec-
tory depending on an availability of the radio access net-
work for the vehicle. For instance, a more conservative
trajectory may be calculated in case the availability of the
radio access network is at least partially poor for the traffic
situation while an optimized trajectory may be calculated
in case the availability of the radio access network is con-
tinuously high for the traffic situation. The more conserv-
ative trajectory may be calculated and transmitted in ad-
vance in order to anticipate a reduced availability of the
radio access network.
[0025] In a preferred embodiment, the edge data cent-
er determines a confidence level of the digital traffic mod-
el and determines a length of the calculated trajectory
depending on the determined confidence level. The high-
er the confidence level is the longer the calculated tra-
jectory may be. The lower the confidence level is the
shorter the calculated trajectory must be. The terms long
and short are to be understood spatially or timely.
[0026] The edge data center may determine the con-
fidence level depending on a redundancy of the trans-
mitted vehicle data and/or an accuracy of a forecast of
the traffic situation. Data items being consistently cov-
ered by the vehicle data of a plurality of vehicles, i.e.
redundant data items, increase the confidence level of
the digital traffic model. The more accurate the traffic
situation may be forecast the higher the confidence level

of the digital traffic model may be determined.
[0027] In many embodiments, the vehicle is operated
autonomously and automatically follows a trajectory cor-
responding to the transmitted trajectory data. The vehicle
very precisely obeys the transmitted trajectory data due
to an autonomous driving functionality of the control unit.
Of course, the vehicle independently validates the tra-
jectory corresponding to the transmitted trajectory data
with respect to the digital environmental model reflecting
the traffic situation the vehicle is involved in. In case an
accident might occur or in case the wireless connection
is temporarily unavailable, i.e. interrupted, the vehicle
may ignore the transmitted trajectory, calculate a trajec-
tory on its own and follow the calculated trajectory. Thus,
the vehicle may be operated autonomously by way of
exception.
[0028] In further embodiments, the vehicle is operated
by a driver manually following a trajectory corresponding
to the transmitted trajectory data and a warning is dis-
played to the driver when a difference between actual
operational data of the vehicle and the transmitted tra-
jectory data exceeds a predetermined threshold value.
The trajectory and the warning may be displayed to the
driver on a screen and/or by a speaker of the vehicle.
[0029] A second aspect of the invention is a vehicle,
comprising a wireless communication unit and a control
unit being connected to the wireless communication unit.
The control unit is configured for establishing and con-
tinuously updating a digital environmental model of the
vehicle and calculating a trajectory for the vehicle de-
pending on the digital environmental model. The control
unit may receive trajectory data from an edge data server
of a radio access network via the wireless communication
unit.
[0030] According to the invention, the control unit is
configured for carrying out an inventive method. The con-
trol unit is configured for taking into account an uplink
transmission delay and a downlink transmission delay
being caused by a vehicle-to-infrastructure (V2I) connec-
tion with the edge data server.
[0031] A third aspect of the invention is a computer
program product, comprising a computer readable stor-
age medium storing a program code, the program code
being executable by a control unit of a vehicle or an edge
data center being connected to a radio access network.
The computer program product may be a CD, a DVD, a
USB stick and the like. The program code stored on the
computer program product may be executable by the
control unit of the vehicle or the edge data center imme-
diately or after having been installed therein, respective-
ly.
[0032] According to the invention, the program code
causes the control unit or the edge data center to carry
out an inventive method when being executed by a proc-
essor of the control unit or the edge data center, respec-
tively. The vehicle and the edge data center cooperate
for allowing a comfortable and safe operation for the ve-
hicle.
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[0033] It is an essential advantage of the inventive
method that the vehicle is operated comfortably and safe-
ly. Sudden accelerations of the vehicle are avoided or at
least mitigated. A risk for colliding with the further vehicle
is removed or at least reduced.
[0034] Further advantages and configurations of the
invention become apparent from the following descrip-
tion and the enclosed drawings.
[0035] It shall be understood that the features de-
scribed previously and to be described subsequently may
be used not only in the indicated combinations but also
in different combinations or on their own without leaving
the scope of the present invention.
[0036] The invention is described in detail by means
of an exemplary embodiment and with reference to the
drawings.

Fig. 1 schematically shows a structural diagram of a
radio access network according to an embodi-
ment of the invention;

Fig. 2 schematically shows a top view of a traffic sit-
uation involving a vehicle according to the in-
vention;

[0037] Fig. 1 schematically shows a structural diagram
of a radio access network 30 according to an embodiment
of the invention. The radio access network 30 comprises
a plurality of access nodes 31, 32 with the access node
31 being configured as a base station of a cellular com-
munication network and the access node 32 being con-
figured as a W-LAN router. Each access node 31, 32
supports corresponding wireless connections 20, 21, the
wireless connection 20 being configured according to a
standardized radio technology, i.e. LTE, 5G, a previous
or a future radio technology standard and the wireless
connection 21 being configured according to the stand-
ard IEEE 802.11 family.
[0038] Furthermore, the radio access network 30 com-
prises a plurality of edge data centers 33 and a backbone,
i.e. core, having a plurality of stationary backbone nodes
34. The stationary backbone nodes 34 are not qualified
in detail for avoiding any confusion as they are not es-
sential for the invention. The radio access network 30
provides wireless connections to a plurality of user equip-
ment devices 10, the wireless connections allowing the
user equipment (UE) devices 10 to access an internet
40 which is symbolized as a cloud.
[0039] The radio access network 30 and the user
equipment device 10 comprise a program code of a com-
puter program product according to the invention. The
program code is executed by a processor of a user equip-
ment device 10 and/or by a processor of a stationary
network node of the radio access network 30.
[0040] Fig. 2 schematically shows a top view of a traffic
situation 100 involving a vehicle 50 according to the in-
vention, the vehicle 50 comprising a wireless communi-
cation unit 52 and a control unit 51 being connected to

the wireless communication unit 52. The traffic situation
100 also involves three further vehicles 60 each further
vehicle 60 comprising a wireless communication unit 62
and a control unit 61 being connected to the respective
wireless communication unit 62. All vehicles 50, 60 are
user equipment (UE) devices 10 with respect to a radio
access network (RAN) 30.
[0041] The traffic situation 100 comprises a road seg-
ment 110 with a lane 111 being used by the vehicle 50
and one further vehicle 60 and an adjacent lane 112 being
used by two further vehicles 60 each following a trajectory
63 and one of them approaching the vehicle 50 from be-
hind and the other one approaching the vehicle 50 in an
opposite direction. It is noted that the road segment 110
exemplarily makes a curve wherein the further vehicle
60 approaching the vehicle 50 in the opposite direction
is hidden, i.e. can neither be seen by a driver of the vehicle
50 nor detected by a sensor of the vehicle 50. Further-
more, the traffic situation 100 comprises an access point
31, an edge data server 33 and a backbone having a
plurality of backbone nodes 34. The edge data server 33
is connected both to the access point 31 and the back-
bone.
[0042] The vehicles 50, 60 and the edge data center
33 may have been configured by a computer program
product. The computer program product comprises a
computer readable storage medium storing a program
code. The program code is executable by the control units
51, 61 of the vehicles 50, 60 or the edge data center 33
being connected to the radio access network 30, respec-
tively, and causes the control units 51, 61 or the data
edge server 33 to carry out the method described below
when being executed by a processor of the control units
51, 61 or the edge data center 33, respectively.
[0043] The vehicle 50 is operated as follows. The ve-
hicle 50 transmits vehicle data 54, 55 to an edge data
center 33 being connected to the radio access network
30 via a wireless connection 20 (uplink) being established
by a communication unit 52 of the vehicle 50.
[0044] The edge data center 33 updates a digital traffic
model of the traffic situation 100 involving the vehicle 50
with the transmitted vehicle data 54, 55, calculates a tra-
jectory 53, 53’ of the vehicle 50 based on the updated
digital traffic model and transmits trajectory data 35 of
the calculated trajectory 53, 53’ to the vehicle 50 via the
wireless connection 20 (downlink).
[0045] The vehicle 50 is operated according to the
transmitted trajectory data 35. The vehicle 50 may be
operated autonomously to automatically follow the tra-
jectory 53, 53’ corresponding to the transmitted trajectory
data 35. Alternatively, the vehicle 50 may be operated
by a driver manually following the trajectory 53, 53’ cor-
responding to the transmitted trajectory data 35. When
a difference between actual operational data 54 of the
vehicle 50 and the transmitted trajectory data 35 exceeds
a predetermined threshold value a warning may be dis-
played to the driver. Due to the warning the driver may
adjust the actual trajectory of the vehicle 50 to the trans-
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mitted trajectory 53, 53’.
[0046] Calculating the trajectory 53, 53’ comprises tak-
ing into account respective transmission delays of the
transmitted vehicle data 54, 55 and the transmitted tra-
jectory data 35.
[0047] The further vehicles 60 being involved in the
traffic situation 100 also transmit vehicle data 64, 65 to
the edge data center 33 via wireless connections 20 be-
ing established by the respective communication unit 62
of the further vehicles 60. The edge data center 33 up-
dates the digital traffic model of the traffic situation 100
with the transmitted vehicle data 64, 65 of the further
vehicles 60.
[0048] Each transmission delay may be taken into ac-
count as a maximum uplink latency or a maximum down-
link latency being allocated to the wireless connections
20 of the vehicle 50 and the further vehicles 60 by the
radio access network 30.
[0049] The radio access network 30 preferably allo-
cates a predetermined combination of a minimum data
rate and/or a maximum latency for uplink and downlink,
respectively, to each wireless connection 20 of the vehi-
cle 50 and the further vehicles 60.
[0050] Calculating the trajectory 53, 53’ may also com-
prise taking into account a processing time for processing
the vehicle data 54, 55, 64, 65 with the processing time
being employed by at least one of the edge data center
33 being connected to the radio access network 30, the
vehicle 50 and the further vehicle 60 and/or a round trip
time (RTT) of the operational data between a core of the
radio access network 30 and the edge data center 33.
[0051] It is preferred that each vehicle 50, 60 transmits
operational data 54, 64 and/or technical specification da-
ta 55, 65 as the vehicle data 54, 55, 64, 65. The opera-
tional data 54, 64 may comprise a GPS position, a ve-
locity and an acceleration of the vehicle 50, 60 and a
digital environmental model of the vehicle 50, 60. Partic-
ularly, the digital environmental model of the vehicle 50
comprises operational data, e.g. positions, velocities, ac-
celerations, etc. of each further vehicle 60 being involved
in the traffic situation of the vehicle 50 and vice versa.
The operational data of each further vehicle 60 may be
detected sensorially, e.g. by an optical sensor, i.e. a cam-
era, a radar sensor or a lidar sensor of the vehicle 50,
and/or received via a wireless connection from the further
vehicle 60 either immediately (vehicle-to-vehicle, V2V)
or via the radio access network 30 (vehicle-to-infrastruc-
ture-to-vehicle, V2I2V).
[0052] The technical specification data may comprise
a maximum velocity and a maximum acceleration of the
vehicle 50, 60. Apart from that, each vehicle 50, 60 may
transmit the vehicle data 54, 55, 64, 65 periodically, e.g.
successively at equal time intervals, and/or when a dif-
ference between the transmitted trajectory data 35 and
actual operational data of the vehicle 50 or the further
vehicle 60, respectively, exceeds a predetermined
threshold value, e.g. event driven.
[0053] Furthermore, calculating the trajectory 53, 53’

may comprise using a digital road map comprising the
road segment 110 accommodating the traffic situation
100 and traffic data, e.g. weather data, data related to
construction areas, traffic jam data and the like, concern-
ing the road segment 110 accommodating the traffic sit-
uation 100 and being received from an external server.
[0054] The vehicle 50 preferably adjusts the trajectory
53, 53’ corresponding to the transmitted trajectory data
35 depending on sensorially detected environmental da-
ta.
[0055] The edge data center 33 may calculate the tra-
jectory 53, 53’ depending on an availability of the radio
access network 30 for the vehicle 50, e.g. a more con-
servative trajectory 53 without a lane change or at a lower
speed may be calculated when the availability of the radio
access network 30 is at least partially poor for the traffic
situation 100 while a more optimized trajectory 53’ with
a lane change or at a higher speed for overtaking may
be calculated when the availability of the radio access
network 30 is continuously high for the traffic situation
100.
[0056] The edge data center 33 preferably determines
a confidence level of the digital traffic model and deter-
mines a length of the calculated trajectory 53, 53’ de-
pending on the determined confidence level, e.g. a short-
er length is determined for a lower confidence level while
a longer length is determined for a higher confidence
level. The edge data center 33 may determine the con-
fidence level depending on a redundancy of the trans-
mitted vehicle data 54, 55, 64, 65 and an accuracy of a
forecast of the traffic situation 100. Data items being con-
sistently covered by the vehicle data 54, 55, 64, 65 of a
plurality of vehicles 50, 60, i.e. redundant data items,
increase the confidence level of the digital traffic model.
The more accurate the traffic situation may be forecast
the higher the confidence level of the digital traffic model
may be determined.

Reference Numerals

[0057]

10 user equipment device

20 wireless connection
21 wireless connection

30 radio access network
31 access node
32 access node
33 edge data center
34 backbone node
35 trajectory data

40 internet

50 vehicle
51 control unit
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52 wireless communication unit
53 trajectory
53’ trajectory
54 operational data
55 technical specification data

60 further vehicle
61 control unit
62 wireless communication unit
63 trajectory
64 operational data
65 technical specification data

100 traffic situation
110 road segment
111 lane
112 adjacent lane

Claims

1. A method for operating a vehicle (50), wherein

- a vehicle (50) transmits vehicle data (54, 55)
to an edge data center (33) being connected to
a radio access network (30) via a wireless con-
nection (20, 21) being established by a commu-
nication unit (52) of the vehicle (50);
- the edge data center (33) updates a digital traf-
fic model of a traffic situation (100) involving the
vehicle (50) with the transmitted vehicle data
(54, 55), calculates a trajectory (53, 53’) of the
vehicle (50) based on the updated digital traffic
model and transmits trajectory data (35) of the
calculated trajectory (53, 53’) to the vehicle (50)
via the wireless connection (20, 21);
- the vehicle (50) is operated according to the
transmitted trajectory data (35); and
- calculating the trajectory (53, 53’) comprises
taking into account respective transmission de-
lays of the transmitted vehicle data (54, 55) and
the transmitted trajectory data (35).

2. The method according to claim 1, wherein a further
vehicle (60) being involved in the traffic situation
(100) transmits vehicle data (64, 65) to the edge data
center (33) via a wireless connection (20, 21) being
established by a communication unit (62) of the fur-
ther vehicle (60) and the edge data center (33) up-
dates the digital traffic model of the traffic situation
(100) with the transmitted vehicle data (64, 65) of
the further vehicle (60).

3. The method according to one of claims 1 to 3, where-
in each transmission delay is taken into account as
a maximum uplink latency or a maximum downlink
latency being allocated to the wireless connection
(20, 21) of the vehicle (50) or the further vehicle (60)

by the radio access network (30).

4. The method according to one of claims 1 to 3, where-
in calculating a trajectory (53, 53’) comprises taking
into account a processing time for processing the
vehicle data (54, 55, 64, 65) with the processing time
being employed by at least one of the edge data
center (33) being connected to the radio access net-
work (30), the vehicle (50) and the further vehicle
(60) and/or a round trip time of the operational data
between a backbone of the radio access network
(30) and the edge data center (33).

5. The method according to one of claims 1 to 4, where-
in the radio access network (30) allocates a prede-
termined combination of a minimum data rate and/or
a maximum latency for uplink and downlink, respec-
tively, to each wireless connection (20, 21) of the
vehicle (50) and the further vehicle (60).

6. The method according to one of claims 1 to 5, where-
in each vehicle (50, 60) transmits operational data
(54, 64) and/or technical specification data (55, 65)
as the vehicle data (54, 55, 64, 65) and/or transmits
the vehicle data (54, 55, 64, 65) periodically and/or
when a difference between the transmitted trajectory
data (35) and actual operational data of the vehicle
(50) or the further vehicle (60), respectively, exceeds
a predetermined threshold value.

7. The method according to one of claims 1 to 6, where-
in calculating the trajectory (53, 53’) comprises using
a digital road map comprising a road segment (110)
accommodating the traffic situation (100) and traffic
data concerning the road segment (110) accommo-
dating the traffic situation (100).

8. The method according to one of claims 1 to 7, where-
in the vehicle (50) adjusts the trajectory (53, 53’) cor-
responding to the transmitted trajectory data (35) de-
pending on sensorially detected environmental data.

9. The method according to one of claims 1 to 8, where-
in the edge data center (33) calculates the trajectory
(53, 53’) depending on an availability of the radio
access network (30) for the vehicle (50).

10. The method according to one of claims 1 to 9, where-
in the edge data center (33) determines a confidence
level of the digital traffic model and determines a
length of the calculated trajectory (53, 53’) depend-
ing on the determined confidence level.

11. The method according to claim 10, wherein the edge
data center (33) determines the confidence level de-
pending on a redundancy of the transmitted vehicle
data (54, 55, 64, 65) and/or an accuracy of a forecast
of the traffic situation (100).
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12. The method according to one of claims 1 to 11,
wherein the vehicle (50) is operated autonomously
and automatically follows a trajectory (53, 53’) cor-
responding to the transmitted trajectory data (35).

13. The method according to one of claims 1 to 11,
wherein the vehicle (50) is operated manually by a
driver following a trajectory (53, 53’) corresponding
to the transmitted trajectory data (35) and a warning
is displayed to the driver when a difference between
actual operational data of the vehicle (50) and the
transmitted trajectory data (35) exceeds a predeter-
mined threshold value.

14. A vehicle (50), comprising a wireless communication
unit (52) and a control unit (51) being connected to
the wireless communication unit (52) and being con-
figured for carrying out a method according to one
of claims 1 to 13.

15. A computer program product, comprising a compu-
ter readable storage medium storing a program
code, the program code being executable by a con-
trol unit (51) of a vehicle (50) or an edge data center
(33) being connected to a radio access network (30)
and causing the control unit (51) or the data edge
server to carry out a method according to one of
claims 1 to 13 when being executed by a processor
of the control unit (51) or the edge data center (33),
respectively.

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

1. A method for operating a vehicle (50), wherein

- a vehicle (50) transmits vehicle data (54, 55)
to an edge data center (33) being connected to
a radio access network (30) via a wireless con-
nection (20, 21) being established by a commu-
nication unit (52) of the vehicle (50);
- the edge data center (33) updates a digital traf-
fic model of a traffic situation (100) involving the
vehicle (50) with the transmitted vehicle data
(54, 55), calculates a trajectory (53, 53’) of the
vehicle (50) based on the updated digital traffic
model and transmits trajectory data (35) of the
calculated trajectory (53, 53’) to the vehicle (50)
via the wireless connection (20, 21); and
- the vehicle (50) is operated according to the
transmitted trajectory data (35), characterized
in that
- calculating the trajectory (53, 53’) comprises
taking into account respective transmission de-
lays of the transmitted vehicle data (54, 55) and
the transmitted trajectory data (35) by updating
the received vehicle data (54, 55) being outdat-
ed due to the transmission delay of the trans-
mitted vehicle data (54, 55) to the actual time

and by updating the transmitted trajectory data
(53) to the future reception time of the vehicle
(50).

2. The method according to claim 1, wherein a further
vehicle (60) being involved in the traffic situation
(100) transmits vehicle data (64, 65) to the edge data
center (33) via a wireless connection (20, 21) being
established by a communication unit (62) of the fur-
ther vehicle (60) and the edge data center (33) up-
dates the digital traffic model of the traffic situation
(100) with the transmitted vehicle data (64, 65) of
the further vehicle (60).

3. The method according to one of claims 1 to 3, where-
in each transmission delay is taken into account as
a maximum uplink latency or a maximum downlink
latency being allocated to the wireless connection
(20, 21) of the vehicle (50) or the further vehicle (60)
by the radio access network (30).

4. The method according to one of claims 1 to 3, where-
in calculating a trajectory (53, 53’) comprises taking
into account a processing time for processing the
vehicle data (54, 55, 64, 65) with the processing time
being employed by at least one of the edge data
center (33) being connected to the radio access net-
work (30), the vehicle (50) and the further vehicle
(60) and/or a round trip time of the operational data
between a backbone of the radio access network
(30) and the edge data center (33).

5. The method according to one of claims 1 to 4, where-
in the radio access network (30) allocates a prede-
termined combination of a minimum data rate and/or
a maximum latency for uplink and downlink, respec-
tively, to each wireless connection (20, 21) of the
vehicle (50) and the further vehicle (60).

6. The method according to one of claims 1 to 5, where-
in each vehicle (50, 60) transmits operational data
(54, 64) and/or technical specification data (55, 65)
as the vehicle data (54, 55, 64, 65) and/or transmits
the vehicle data (54, 55, 64, 65) periodically and/or
when a difference between the transmitted trajectory
data (35) and actual operational data of the vehicle
(50) or the further vehicle (60), respectively, exceeds
a predetermined threshold value.

7. The method according to one of claims 1 to 6, where-
in calculating the trajectory (53, 53’) comprises using
a digital road map comprising a road segment (110)
accommodating the traffic situation (100) and traffic
data concerning the road segment (110) accommo-
dating the traffic situation (100).

8. The method according to one of claims 1 to 7, where-
in the vehicle (50) adjusts the trajectory (53, 53’) cor-
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responding to the transmitted trajectory data (35) de-
pending on sensorially detected environmental data.

9. The method according to one of claims 1 to 8, where-
in the edge data center (33) calculates the trajectory
(53, 53’) depending on an availability of the radio
access network (30) for the vehicle (50).

10. The method according to one of claims 1 to 9, where-
in the edge data center (33) determines a confidence
level of the digital traffic model and determines a
length of the calculated trajectory (53, 53’) depend-
ing on the determined confidence level.

11. The method according to claim 10, wherein the edge
data center (33) determines the confidence level de-
pending on a redundancy of the transmitted vehicle
data (54, 55, 64, 65) and/or an accuracy of a forecast
of the traffic situation (100).

12. The method according to one of claims 1 to 11,
wherein the vehicle (50) is operated autonomously
and automatically follows a trajectory (53, 53’) cor-
responding to the transmitted trajectory data (35).

13. The method according to one of claims 1 to 11,
wherein the vehicle (50) is operated manually by a
driver following a trajectory (53, 53’) corresponding
to the transmitted trajectory data (35) and a warning
is displayed to the driver when a difference between
actual operational data of the vehicle (50) and the
transmitted trajectory data (35) exceeds a predeter-
mined threshold value.

14. A vehicle (50), comprising a wireless communication
unit (52) and a control unit (51) being connected to
the wireless communication unit (52) and being con-
figured for carrying out a method according to one
of claims 1 to 13.

15. A computer program product, comprising a compu-
ter readable storage medium storing a program
code, the program code being executable by a con-
trol unit (51) of a vehicle (50) or an edge data center
(33) being connected to a radio access network (30)
and causing the control unit (51) or the data edge
server to carry out a method according to one of
claims 1 to 13 when being executed by a processor
of the control unit (51) or the edge data center (33),
respectively.
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