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(57) The invention relates to a method for providing
MAP and SPaT messages (15,16) for a newly estab-
lished set (2) of at least one traffic light (3), wherein a
position (13) of each of the at least one traffic light (3)
within the set (2) is determined by a global positioning
system (7), wherein the determined positions (13) are
assigned to corresponding traffic lanes of at least one
street in a digital street map by a processing device (5),
wherein a MAP message (15) is generated based on the
digital street map, wherein the generated MAP message
(15) comprises the assignments, wherein at least one
SPaT message (16) is generated based on a traffic light
phase plan (20) of the at least one traffic light (3) or at
least one SPaT message (16) is generated based on the
information of the current phase of the at least one traffic
light (3), and wherein the generated MAP and SPaT mes-
sages (15,16) are broadcasted by the set (2) of the at
least one traffic light (3). Further, the invention relates to
a corresponding system (1), a traffic light (3), and a back-
end server (4).
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Description

[0001] The invention relates to a method and a system
for providing MAP and SPaT messages for a newly es-
tablished set of at least one traffic light. The invention
further relates to a traffic light and a backend server.
[0002] Autonomous driving requires highly reliable de-
tection of traffic lights. Sometimes there are situations in
which this is difficult to achieve with current camera sys-
tems. For example, rear lights of other vehicles can be
confused with traffic lights when driving at night. Besides
detecting of the optical signaling devices one of the main
problems is detecting the traffic light itself. This problem
particularly occurs when a traffic light is not recorded in
a digital map the vehicle is using. For example, this is
often the case for traffic lights that are only temporarily
established at construction sites.
[0003] Usually, the positions of the traffic lights and
their optical signaling devices are recorded in the digital
maps the vehicles are using when driving autonomously.
However, only permanently established traffic lights are
incorporated into the maps.
[0004] It is known to equip traffic lights with V2X tech-
nology, so that they can transmit information regarding
their status using standardized messages to vehicles in
their environment. For example, SPaT (Signal Phase and
Timing) messages and/or MAP messages (topological
information regarding traffic lanes for vehicles and pe-
destrian crossings as well as information regarding which
traffic lane and/or pedestrian crossing is controlled by
which optical signaling device etc.) can be transmitted to
the vehicles.
[0005] The invention is based on the technical problem
of providing MAP and SPaT messages for a newly es-
tablished set of at least one traffic light.
[0006] According to the invention, the technical prob-
lem is solved by a method having the features of claim
1, a system having the features of claim 8, a traffic light
having the features of claim 9, and a backend server
having the features of claim 10. Advantageous embodi-
ments of the invention emerge from the dependent
claims.
[0007] In particular a method is proposed for providing
MAP and SPaT messages for a newly established set of
at least one traffic light, wherein a position of each of the
at least one traffic light within the set is determined by a
global positioning system, wherein the determined posi-
tions are assigned to corresponding traffic lanes of at
least one street in a digital street map by a processing
device, wherein a MAP message is generated based on
the digital street map, wherein the generated MAP mes-
sage comprises the assignments, wherein at least one
SPaT message is generated based on a traffic light phase
plan of the at least one traffic light or at least one SPaT
message is generated based on the information of the
current phase of the at least one traffic light, and wherein
the generated MAP and SPaT messages are broadcast-
ed by the set of the at least one traffic light.

[0008] Further, a system for providing MAP and SPaT
messages for a newly established set of at least one traf-
fic light is proposed, comprising a set of at least one traffic
light, a processing device, at least one global positioning
system, configured to determine a position for each of
the at least one traffic light within the set, wherein the at
least one traffic light within the set is configured to gen-
erate a SPaT message based on a traffic light phase plan
of the at least one traffic light or to generate a SPaT mes-
sage based on the information of the current phase of
the at least one traffic light, and wherein the processing
device is configured to assign the determined positions
to corresponding traffic lanes of at least one street in a
digital street map, and to generate a MAP message
based on the digital street map, wherein the generated
MAP message comprises the assignments, and wherein
the at least one traffic light within the set is configured to
broadcast the generated MAP and SPaT messages.
[0009] In addition, a traffic light for a system for provid-
ing MAP and SPaT messages for a newly established
set of at least one traffic light is proposed, comprising a
global positioning system, configured to determine a po-
sition of the traffic light after establishment at a site of
operation, at least one communication device, config-
ured to communicate at least with other traffic lights within
the set of traffic lights and/or with a backend server, and
configured to communicate via a V2X interface, and a
control device, configured to control the traffic light ac-
cording to a traffic light phase plan, wherein the control
device is further configured to generate a SPaT message
based on the traffic light phase plan or to generate a
SPaT message based on the information of the current
phase of the at least one traffic light, to transmit the de-
termined position to the backend server and to receive
a MAP message from the backend server via the at least
one communication device, and to broadcast the re-
ceived MAP message and the generated SPaT message
via the at least one communication device.
[0010] Also, a backend server for a system for provid-
ing MAP and SPaT messages for a newly established
set of at least one traffic light is proposed, comprising a
processing device, and a communication device, config-
ured to communicate with at least one traffic light within
a set of traffic lights, wherein the processing device is
configured to receive a position of the at least one traffic
light via the communication device and to assign the de-
termined position(s) to corresponding traffic lanes of at
least one street in a digital street map, and to generate
a MAP message based on the digital street map, wherein
the generated MAP message comprises the assign-
ments, and to transmit the generated MAP message via
the communication device to the at least one traffic light
for broadcasting.
[0011] The method and the system allow to generate
SPaT and MAP messages for newly established traffic
lights. In particular, traffic lights established at construc-
tion sites, i.e. only temporarily established traffic lights,
can be furnished with SPaT and MAP messages. Thus

1 2 



EP 3 905 218 A1

3

5

10

15

20

25

30

35

40

45

50

55

valuable information that can be broadcasted to vehicles
able to process SPaT and MAP messages can be pro-
vided also for these temporarily established traffic lights.
Besides capturing a current status of the traffic light by
a sensor of the vehicle, e.g. by a camera, in particular
the status of the optical signaling devices of the traffic
light, the current status can be directly extracted from the
distributed SPaT and MAP messages. This offers an ad-
ditional channel of information to evaluate the plausibility
of sensor data captured by the sensors of the autono-
mous vehicle. This is achieved by determining a position
of each of the at least one traffic light within the set by a
global positioning system (e.g. GPS, GLONASS, Beidou
etc.) after the traffic lights are setup at the site of opera-
tion. In addition, confidence data regarding the confi-
dence of the determined position can be used to check
the plausibility of the position. In case such a check fails,
for example, an error message can be generated prompt-
ing personnel to verify the position of the traffic light(s).
The determined positions are then assigned to corre-
sponding traffic lanes of at least one street in a digital
street map by using a processing device. In particular,
the processing device assigns the determined positions
to inflow and outflow lanes of the site at which the set of
traffic lights has been established. In particular, the as-
signing comprises a map matching, and if applicable a
correction of the determined positions and/or plausibili-
zation of the determined positions with the infrastructure
in the digital map. Based on the digital street map and
the assignments, a MAP message is created, which com-
prises the assignments, i.e. the assignments to traffic
lanes of inflowing and outflowing traffic. In particular the
MAP message comprises a definition of at least one stop
line for each of the traffic lights within the set and corre-
sponding outflow lanes. In principle, it is also possible
that more than one MAP message is created. Based on
traffic light phase plans, which describe the sequence
and duration of the optical signaling for each of the optical
signaling devices of each of the traffic lights within the
set, a SPaT message is generated for each traffic light
within the set. Alternatively, the SPaT message(s) can
also be generated based on the information of the current
phase of the at least one traffic light within the set. In
particular, a SPaT message is created in each of the at
least one traffic light within the set. The SPaT message
is in particular generated according to the actual optical
signaling performed by the respective traffic light. The
MAP and SPaT messages are linked to each other.
Therefore, the traffic light phase plan(s) and/or the gen-
erated SPaT message(s) can, for example, be transmit-
ted to the processing device by each of the traffic lights
within the set, and the processing device establishes the
link, in particular by linking the generated MAP message
and the generated SPaT messages using the Signal-
GroupID which indicates the traffic lane that is corre-
sponding to a certain optical signaling device of a traffic
light. The generated MAP and SPaT messages are then
broadcasted by the set of the at least one traffic light,

such that they can be received by vehicles approaching
the set of the at least one traffic light.
[0012] One of the advantages of the method and the
system is that SPaT and MAP messages can be provided
in a flexible way for arbitrary configurations of traffic lights.
Hence, even temporarily established traffic lights, in par-
ticular at construction sites, can be furnished with cus-
tom-made MAP and SPaT messages. This is in particular
valuable for autonomously driving vehicles.
[0013] A MAP message comprises topological infor-
mation regarding, for example, the traffic lanes, the pe-
destrian crossings and which optical signaling devices
of the traffic light controls these traffic lanes and pedes-
trian crossings.
[0014] A SPaT (Signal Phase and Timing) message
comprises, in particular, traffic control information, e.g.
the signal phases of the traffic lights and timing of the the
traffic lights.
[0015] A set of traffic lights comprises at least one traf-
fic light. The set can also comprise a plurality of traffic
lights. A traffic light comprises optical signaling devices
(e.g. "red", "yellow", "green"). A status and a duration of
the status of the optical signaling devices of the traffic
lights within the set are controlled according to traffic light
phase plans.
[0016] A global positioning system is in particular one
of the following: a Global Positioning System (GPS),
GLONASS and/or Beidou. Further the global positioning
system can use augmentation techniques, for example
in the form of Differential Global Positioning System.
[0017] Part of the processing device can be provided
separately or jointly with other devices as a combination
of hardware and software, e.g. as program code that is
executed on a microcontroller or microprocessor.
[0018] In one embodiment, determining the positions
is executed in each case by global positioning systems
of each of the at least one traffic light, wherein the deter-
mined positions are each transmitted from the traffic
lights to the processing device by a respective commu-
nication link. For this purpose each traffic light is equipped
with its own global positioning system and a communi-
cation device. Each traffic light within the set can then be
established at its respective site and the position for each
traffic light can be determined with the respective global
positioning system. The positions determined by each of
the global positioning systems are then transmitted to
the processing device and the method is carried out in
the way described above.
[0019] In one embodiment, the processing device is
part of a backend server, wherein the processing device
also generates the MAP message. The backend server
can be a server of a traffic infrastructure system or it can
be part of the set of traffic lights. For example, the back-
end server can be part of a particular traffic light within
the set.
[0020] In one embodiment, the measures are executed
automatically after the set of the at least one traffic light
is established at a site of operation. This way MAP and
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SPaT messages can be generated automatically without
much effort or manual assistance. In a particular embod-
iment, the method is started after a start or reset com-
mand is given to the set of traffic lights such that the set
of the at least one traffic light is triggered to execute the
measures of the method.
[0021] In one embodiment, an approval of the MAP
and SPaT messages is requested before the MAP and
SPaT messages are broadcasted. In particular, this ap-
proval can be a manual approval, for example by an op-
erational engineer or road worker that sets up the traffic
lights at a newly established construction site. This way
the information provided in the MAP and SPaT messages
can be verified and confirmed after being generated.
[0022] In one embodiment, a Decentralized Environ-
mental Notification Message (DEMN) is broadcasted in
case one or more of the measures cannot be executed
properly. This way a fallback level of operation can be
provided.
[0023] In one embodiment, a plausibility of the SPaT
message is evaluated in consideration of passage and
clearing times required at a site of operation. This way,
additional security can be provided when broadcasting
and using the SPaT messages. For example, the pas-
sage and clearing times are checked against the timing
information of the phases within the SPaT message. If
they do not conform with each other, the SPaT message
can be adapted to conform with the passage and clearing
times. Also, further information regarding the positions
and a distance between the traffic lights, which can in
particular be derived from the determined positions, can
be taken into account when evaluating the plausibility. It
is also possible, that an approval of the MAP and/or SPaT
messages is provided based on the outcome of the plau-
sibility evaluation.
[0024] The individual embodiments of the system, the
traffic light, and the backend server in each case corre-
spond to the embodiments of the method. The advan-
tages of the system, the traffic light, and the backend
server are in each case the same as for the embodiments
of the method.
[0025] In principle, the method can be executed fully
automatically, semi-automatically or manually.
[0026] Manually executing the measures comprises in
particular determining the positions of the traffic lights
within the set by using, for example, a handheld global
positioning system. The measures of assigning the street
lanes, generating the MAP message(s) and/or linking of
MAP and SPaT messages can be performed on a port-
able processing device, for example on a laptop compu-
ter. An up-to-date digital street map is downloaded on
the laptop computer and the measures are then per-
formed on the laptop computer. The generated MAP
message(s) is/are then transmitted to the traffic lights.
The traffic lights can then broadcast the respective MAP
message(s) and the corresponding SPaT messages, in
particular via the V2X interface.
[0027] The invention is explained in greater detail be-

low on the basis of preferred exemplary embodiments
with reference to the drawing. In the drawing:

Fig. 1 shows an embodiment of the system for pro-
viding MAP and SPaT messages for a newly
established set of at least one traffic light.

[0028] In Fig. 1 an embodiment of the system 1 for
providing MAP and SPaT messages 15, 16 for a newly
established set 2 of traffic lights 3 is shown. The system
1 comprises a set 2 of two traffic lights 3 and a backend
server 4 with a processing device 5 and a memory 6. The
processing device 5 can access data stored in the mem-
ory 6 and can process the data within the memory 6.
[0029] The traffic lights 3 and the backend server 4 can
be remotely connected, for example, by an internet con-
nection. Also, in a particular embodiment, the backend
server 4 can be part of one of the traffic lights 3.
[0030] Each traffic light 3 comprises a global position-
ing system 7, configured to determine a position of the
respective traffic light 3 by receiving positioning signals
from a navigation satellite system 8. Further, the traffic
lights 3 each comprise a (vehicle-to-x) V2X transmitter
9, configured to broadcast MAP and SPaT messages to
vehicles in the environment of the traffic lights 3, and a
communication device 10, which is configured to com-
municate with the other traffic light 3 within the set 2, for
example to avoid opposing "green" signals, and to com-
municate with the backend server 4. The communication
device 10 can use, among others, for example, WiFi,
mobile communication (3G, 4G, 5G,...) etc. The traffic
lights 3 also comprise a control device 11, configured to
control the traffic light 3, in particular to control optical
signaling devices 12 of the traffic lights 3.
[0031] The system 1 is configured to execute the meth-
od described in this disclosure. In particular, the meas-
ures of the method are executed automatically after the
set 2 of traffic lights 3 is established at a site of operation,
for example at a construction site.
[0032] In principle, the measures can also be executed
manually. In an alternative embodiment the traffic lights
3 do not comprise a proper global positioning system 7,
but, for example, a handheld positioning system is used
to determine the positions of the traffic lights 3 one by one.
[0033] After establishing the traffic lights 3 at their re-
spective positions 13, for example at opposing ends of
a constructions site, a position 13 of each of the traffic
lights 3 is determined by the respective global positioning
systems 7.
[0034] The determined positions 13 are transmitted by
the communication devices 10 to the backend server 4.
[0035] The backend server 4 receives the determined
positions 13. The determined positions 13 are assigned
to corresponding traffic lanes of at least one street in a
digital street map 14 by the processing device 5. In par-
ticular, the determined positions 13 are assigned to inflow
and outflow lanes within the digital street map. Before
and/or during the assignment corrections to the positions
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13 can be made based on the digital street map 14 by
the processing device 5. For example, the positions 13
can be shifted to conform with the street infrastructure
that is recorded in the digital street map 14.
[0036] A MAP message 15 is generated by the
processing device 5 based on the positions 13 in the
digital street map 14 and the assignments. The generat-
ed MAP message 15 comprises the respective assign-
ments. In particular, the MAP message 15 is generated
in accordance with standard SAE J2735 2016-03.
[0037] SPaT messages 16 are generated by the con-
trol devices 11 of each of the traffic lights 3 based on the
traffic light phase plan 20 of the respective traffic light 3
or the SPaT messages 16 are generated based on the
information of the current phase of the respective traffic
light 3. In particular, the SPaT messages 16 are gener-
ated in accordance with standard SAE J2735 2016-03.
[0038] The processing device 5 links the generated
MAP message 15 and the SPaT messages 16 to each
other by the SignalGroupID which indicates the traffic
lane that is corresponding to a certain optical signaling
device 12 of a traffic light 3. For this purpose the traffic
light phase plan(s) 20 can be transmitted to the backend
server 4.
[0039] The generated MAP message 15 is transmitted
to the traffic lights 3. The traffic lights 3 receive the MAP
message 15 by the communication devices 10.
[0040] The received MAP message 15 and the gener-
ated SPaT messages 16 are then broadcasted by each
traffic light 3 using the V2X transmitters 9. Vehicles
equipped to receive and process MAP/SPaT can then
use the MAP messages 15 and SPaT messages 16 as
additional information when approaching the traffic lights
3 of the set 2.
[0041] In one embodiment, an approval of the MAP
and SPaT messages 15, 16 is requested before the MAP
and SPaT messages 15, 16 are broadcasted. For exam-
ple, a traffic engineer or road worker can approve the
MAP and SPaT messages 15, 16 after generation. This
allows to manually or automatically control and verify the
generated MAP and SPaT messages 15, 16.
[0042] In one embodiment, a Decentralized Environ-
mental Notification Message 17 (DEMN) is broadcasted
in case one or more of the measures cannot be executed
properly.
[0043] In one embodiment, a plausibility of the SPaT
message 16 is evaluated in consideration of passage
and clearing times required at a site of operation. For this
purpose, further information can be provided and/or
transmitted to the control devices 11, for example topol-
ogy data of the site of operation of the set 2 of traffic lights
3. If the plausibility evaluation of the SPaT message re-
sults in detection of conflicting timing information, the tim-
ing information in the SPaT message can be adapted to
conform with the passage and clearing times. Also, the
plausibility can be evaluated by the processing device 4
if the generated SPaT messages 16 and the further in-
formation are transmitted to the processing device 5.

[0044] In particular, it is also possible that the traffic
lights 3 and/or the processing device 5 determines the
passage and clearing times based on the determined
positions 13 of the traffic lights 3, which allow to deter-
mine, for example the distance between the traffic lights
3.

List of reference numerals

[0045]

1 system
2 set
3 traffic light
4 backend server
5 processing device
6 memory
7 global positioning system
8 navigation satellite system
9 V2X transmitter
10 communication device
11 control device
12 optical signaling device
13 position
14 digital street map
15 MAP message
16 SPaT message
17 DEMN message
20 traffic light phase plan

Claims

1. Method for providing MAP and SPaT messages
(15,16) for a newly established set (2) of at least one
traffic light (3),
wherein a position (13) of each of the at least one
traffic light (3) within the set (2) is determined by a
global positioning system (7),
wherein the determined positions (13) are assigned
to corresponding traffic lanes of at least one street
in a digital street map by a processing device (5),
wherein a MAP message (15) is generated based
on the digital street map, wherein the generated MAP
message (15) comprises the assignments,
wherein at least one SPaT message (16) is gener-
ated based on a traffic light phase plan (20) of the
at least one traffic light (3) or at least one SPaT mes-
sage (16) is generated based on the information of
the current phase of the at least one traffic light (3),
and
wherein the generated MAP and SPaT messages
(15,16) are broadcasted by the set (2) of the at least
one traffic light (3).

2. Method according to claim 1, wherein determining
the positions (13) is executed in each case by global
positioning systems (7) of each of the at least one

7 8 



EP 3 905 218 A1

6

5

10

15

20

25

30

35

40

45

50

55

traffic light (3), wherein the determined positions (13)
are each transmitted from the traffic lights (3) to the
processing device (5) by a respective communica-
tion link.

3. Method according to claim 1 or 2, wherein the
processing device (5) is part of a backend server (4),
and wherein the processing device (5) also gener-
ates the MAP message (15).

4. Method according to any one of the preceding
claims, wherein the measures are executed auto-
matically after the set (2) of the at least one traffic
light (3) is established at a site of operation.

5. Method according to any one of the preceding
claims, wherein an approval of the MAP and SPaT
messages (15,16) is requested before the MAP and
SPaT messages (15,16) are broadcasted.

6. Method according to any one of the preceding
claims, wherein a Decentralized Environmental No-
tification Message (DEMN) (17) is broadcasted in
case one or more of the measures cannot be exe-
cuted properly.

7. Method according to any one of the preceding
claims, wherein a plausibility of the SPaT message
(16) is evaluated in consideration of passage and
clearing times required at a site of operation.

8. System (1) for providing MAP and SPaT messages
(15,16) for a newly established set (2) of at least one
traffic light (3), comprising:

a set (2) of at least one traffic light (3),
a processing device (5),
at least one global positioning system (7), con-
figured to determine a position (13) for each of
the at least one traffic light (3) within the set (2),
wherein the at least one traffic light (3) within the
set (2) is configured to generate a SPaT mes-
sage (16) based on a traffic light phase plan (20)
of the at least one traffic light (3) or
to generate a SPaT message (16) based on the
information of the current phase of the at least
one traffic light (3), and
wherein the processing device (5) is configured
to assign the determined positions (13) to cor-
responding traffic lanes of at least one street in
a digital street map, to generate a MAP message
(15) based on the digital street map, wherein the
generated MAP message (15) comprises the
assignments, and
wherein the at least one traffic light (3) within the
set (2) is configured to broadcast the generated
MAP and SPaT messages (15,16).

9. Traffic light (3) for a system (1) for providing MAP
and SPaT messages (15,16) for a newly established
set (2) of at least one traffic light (3), comprising:

a global positioning system (7), configured to
determine a position (13) of the traffic light (3)
after establishment at a site of operation,
at least one communication device (10), config-
ured to communicate at least with other traffic
lights (3) within the set (2) of traffic lights (3)
and/or with a backend server (4), and
configured to communicate via a V2X interface,
and
a control device (11), configured to control the
traffic light (3) according to a traffic light phase
plan (20), wherein the control device (11) is fur-
ther configured to generate a SPaT message
(16) based on the traffic light phase plan (20) or
to generate a SPaT message (16) based on the
information of the current phase of the at least
one traffic light (3), to transmit the determined
position (13) to the backend server (4) and to
receive a MAP message (15) from the backend
server (4) via the at least one communication
device (10), and to broadcast the received MAP
message (15) and the generated SPaT mes-
sage (16) via the at least one communication
device (10).

10. Backend server (4) for a system (1) for providing
MAP and SPaT messages (15,16) for a newly es-
tablished set of at least one traffic light (3), compris-
ing:

a processing device (5), and
a communication device (10), configured to
communicate with at least one traffic light (3)
within a set (2) of traffic lights (3),
wherein the processing device (5) is configured
to receive a position (13) of the at least one traffic
light (3) via the communication device (10) and
to assign the determined position(s) (13) to cor-
responding traffic lanes of at least one street in
a digital street map,
and to generate a MAP message (15) based on
the digital street map, wherein the generated
MAP message (15) comprises the assignments,
and to transmit the generated MAP message
(15) via the communication device (10) to the at
least one traffic light (3) for broadcasting.
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