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INTERSECTION MAP MESSAGE CREATION FOR VEHICLE COMMUNICATION
FIELD ’

[0001] The following disclosure relates generating a MAP message for roadway
intersections, and more particularly to traffic control, autonomous driving and
navigation applications using the MAP message for roadway intersections.

BACKGROUND

[0002] In the area of traffic control, autonomous driving and navigation, an
intersection plays a critical role for traffic flow management. Among other things, an
intersection includes traffic signal(s) that are installed to provide intersection movement
state and flow control strategies to increase vehicle capacity through the intersection
and to increase safety of the vehicles' driving through the intersection. In general, each
traffic light in an intersection has an assigned signal phase and timing (SPaT) control
strategy. Such information about the intersection may be used by autonomous vehicles,
navigation systems, traffic service providers or traffic management agencies to provide
additional opportunities utilizing this information.

[0003] The Society of Automotive EAngineers (SAE) J2735 standard for Dedicated
Short Range Communications (DSRC) Message Set Dictionary defines a SPaT format that
may be used to describe the current state of a traffic signal system for an intersection
and thé phases corresponding to the specific lanes in the intersection. This SPaT
information may be delivered to a vehicle or navigation system through a DSRC or

cellular network as the vehicle is approaching an intersection or is within a certain
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distance. Unlike SPaT information delivery through cellular network, in which there is
some latency due to backend sever processing, a DSRC network is clbser to real-time
communication. The SAE J2735 standard also defines a MAP message format used to
describe the static physical geometry layout of one or more intersections and to convey
other types of geographic road information. The MAP message may be used with SPaT
information to describe an intersection qnd the current control state of the intersection
in one or more DSRC messages. Traffic signals and traffic signal éontrollers are also
becoming connected devices‘. For example, the status of the SPaT of the state
transitions may be collected in real-time or predicted through ehgineering analysis. This
information may be sent through communications channels to systems that may
distfibute the information to interested users. Additionally, the intersection. MAP
message may be pre-cached and stored in a vehicle or as part of a navigation system, or
the MAP message may be sent to the participating Vehicle as the vehicle approaches the
intersection in real-time.

SUMMARY

[_0604] | In one embodiment, a method for intersection MAP message creation for
vehicle communication is provided. The method includes réceiving, over a network,
map data for an intersection. A processor calculates a reference point location for the
intersection from the map data and calculates offset values relatiye to the reference

point location for a plurality of lanes of the intersection from the map data.
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[0005] In another embodiment, an apparatus‘for intersection MAP message creation
for vehicle communication is provided. An apparatus includes a précessor and a
memory with computer program code for one or more programs. The memory and
computer program code is configured to cause the processor of the apparatus to at
least identify a reference point location for an intersection using a plurality of map data.
The memory and Computer program code is further configured to cause the processor
to identify shape point locations for each lane of the intersection using the plurality of
map data and to compute offset values for each shape point with respect to the
reference point location.

[0006] In another embodiment, a non-tfansitory computer readable medium‘is
provided including instructions that when executed are operable to receive traffic light
position data for an intersection and to receive map data comprising road link segment
for the intersection. Instructions are also included to register the traffic light position
data wifh the map data, to identify a reference point location for the intersection with
respect to the map data using the registered traffic light position data, idehtify shape
point locations for each lane of the intersection using the map data and to compute
offset values for each shapé point with respect to the reference point location.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Exemplary embodiments of the present invention are described herein with

reference to the following drawings.
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[0008] Figure 1 illustrates an example map developer system according to an
embodiment.

[0009] Figure 2 is an example flowchart for calculating the reference’ point of an
intersectibn.

[0010] Figure 3 illustrates an example of calculating the reference point of an
intersection using a polygon.

[0011] Figure 4 illustrates an example of calculating the reference point of an
intersection using a circle.

[0012] Figure 5 is an example flowchart for calculating offset values from the
reference point for each lane of the intersection.

[0013]  Figure 6 illustrates an example of shape points for a road segment link and
shape points for each lane of the road segment link.

[0014]  Figure 7 illustrates an example of calculating offset values for a shépe point of
a lane of the intersection.

[0015]  Figure 8illustrates an example server device according to an embodiment.
[0016] Figure 9 illustrates an example ﬂchhart for the server device of Figure 8
according to an embodiment.

[0017] Figure 10 illustrates an example mobile device according to an embodiment.
[0018]  Figure 11 illustrates an example flowchart for the mobile device of Figure 10

according to an embodiment.
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DETAILED DESCRIPTION

[0019] According to the SAE J2735 standard, the MAP message provides the road
geometry of an intefsection and the SPaT message conveys fhe current or predicted
signal indication for movement control i'n the intersection. The underlying map data for
the MAP message must be capable of describing both the simple and complex
intersections correctly and precisely, with traffic lights and the specific lane geometry
lanes mapped with respect to each other. While the SAE 12735 standard describes the
format of the MAP message, dme SAE J2735 standard does not specify how to generate
the underlying data. Consequently, widely varying interpretations of the same
intersections may be generated, often employing error prone methodologies.

[0020] An apparatus and method is provided for defining the physical structure of
the intersection, including a reference point for the intersection and the lanes leading to
and away from the reference point, providing a consistent, accurate, and globally
referable map data for the intersection. The apparatus and method may allow traffic
service providers, map service providers and other entities to generate a traffic
intersection layer service complying with the MAP format and provide messages
ihcluding consistent and accurate map data for the road network geometry via DSRC
and/or cellular networks.

[0021]  According to one or more of the present embodiments, a reference point for

an intersection is calculated. For example, the reference point defines a precise location
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of an intersection (e.g., via latitude, longitude, altitude). Offset values are also
calculated for all drivable lanes to and from the intersection. For example, the offset
values define all drivable geometry lanes approacﬁing and/or leaving the intersection
are calculated based on the reference point (e.g., as (X, Y, Z) coordinates with respect to
the reference point). Various embodiments may generate intersection map data for use
as the core component in a MAP message.

[0622] The MAP message may be used with a DSRC and/or céllular_netWork to

| communicate the physical road geometry to a vehicle or for other purposes. For
example, an autonomous vehicle or navigation system may utilize the road geometry
while driving, or various entities may use the road geometry for a map and/or traffic
business purpose. Further, the automotive industry may utilize the MAP message to
implement energy saving measures by avoiding the unnecessary vehicle acceleration
and deceleration, dynamically adjusting a navigation plan to reduce travel time and to
provide safety warnings an‘d alerts at crosswalks. The MAP message may also be used
to improve pedestrian safety, such as while crossing an intersection, to provide red light
warning systems and to facilitate other mobile user applications.

[0023] Figure 1 illustrates map developer system according to an embodiment. The
system 120 includes mobile devices 122 (e.g., autonomous vehicles, navigativon devices
and/or assisted driving systems), a server 125 (e.g., a “cloud” server and/or a map

developer system) and a network 127 (e.g., a cellular network). The databases 123a and
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123b may be map databases including road links, segments and junctions. Additional,
different, or fewer components of system 120 may be provided. For example, many
varieties of mobile devices 122 may connect with the network 127, including mobile
telephones, navigation systems, p‘ersonal computers, assisted driving vehicles,
autonomous vehicles, etc. Assisted driving yehicles may include autonomous vehicles,
highly assisted drivfng (HAD) ahd advanced driving assistance systems (ADAS). An
assisted driving device 122 may be included in the vehicle.

[0024] In an embodiment, the server 125 or a mobile devicé 122 receives traffic light
data for an intersection. The traffic light data may include the location of each traffic
and each traffic Iight’s signal phase and timing information. This inforfnation may be
from a distribution source for an intersection or set of intersections. Alternatively, the
server 125 or a‘mobile device 122 identifies the traffic light data for the intersection
from the map database 123a or 123b, respectively. Using the traffic light data, the
server 125 or a mobile device 122 calculates a reference Ibcation for the intersection.
Using the reference location and the map data from the map database 123a or 123b,
the server 125 or a mobile device 122 calculates offset values for each lane of traffic for
the intersection. The reference location and offset values may 'be used to generate a
MAP message.

[0025] Figure 2is an example flowchart for calculating the reference point of an

intersection. The method is implemented by the system of figure 1, 8 (discussed -
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below), 10 (discussed below) and/or a different system. Additional, different or fewer
acts may be provided. The method is provided in the order shown. Other orders may
be provided and/or acts may be repeated or performed in parallel.

[0026]) At act 401, traffic light data is retrieved. For example, the position of each
traffic light in an intersection is retrieved. At act 403, ma'p data for the intersection is
matched with the traffic light data. For example, the traffic light data is matched with
the closest road link segments from the corresponding map data for the intersection. |
The position of the traffic lights with respect to the map data may be used to calculate a
MAP reference point for the intersection.

[0027] At act 405, a polygon is constructed based on the traffic light data. For
example, figure 3 illustrates an example ofvcalculating the reference point 503 of an
intersection 501 using a polygon 505. Figure 3 depicts a polygon 505 consisting of four
traffic lights 507, where each traffic light 507 is uéed as a vertex of the polygon 505.
Each traffic light 507 may be assigned coordinates, such (xg,Yo), (X1,¥1), (X2,¥2) and (x3,ys).
For example, the coordinates may be the longitude and latitude of the location of th‘e
traffic lights 507. Using the coordinatés of the traffic lights 507, a polygon 505 is
constructed with each vertex representing the map matching point of a traffic light. In
this example, the polygon is a closed convex polygon and a non-self-intersecting
polygon. A closed convex polygon is defined as a polygon with interior angles of less

than 180°. Additional, fewer or different numbers of traffic lights and polygon
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geometries may be used. For example, a polygon consisting of N vertices, with
coordinates (Xo,Yo), (X1,Y1), - - - (Xn-1,Yn-1)-

[0028] At act 407, a check is performed to determine whether a closed polygon was
constructed for the intersection. For example, referring to figure 3, the locations of
each traffic light 507 are connected to construct the polygon 505. For some
intersections, a closed polygon cannot be constructed using the traffic light locations.
For example, referring to ﬁguré 4, a closed polygon 505 cannot be constructed for the
traffic lights 507.

[0029] At act 409A, if a closed polygon was constructed, a centroid of the polygon is
calculated as the reference point of the intersection. For example, the area and center
" point of the polygon may be calculated using equations 1-3.

A= %lZ?:o(xiYiﬂ — X410l (Eq. 1)

Cy = ‘6%; mo(xi + X)) OV — %iy)  (EQ.2)

1
Cy = = 2o+ Yir) (XiYien — Xiays)  (EQ.3)

Additional or different formulas may be used to determine the reference point of the
intersection.

[0030] At act 4098, if a closed polygon was not f:onstructed, a circle is constructed
surrounding each traffic light location. Figure 4 illustrates an example of calculatihg the
refer'ence point 503 of an intersection using a circle 509. For an intersection 501 with
traffic lights 507 located at coordinates (Xo,Yo), (X1,Y1), - - . » (Xn-1,¥n-1), @ circle 509 may be

constructed around the trafﬁé lights 507. Figure 4 depicts an intersection 501 which has

9
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seven traffic lights 507. For example, the smallest or minimum circle 509 that contains
all points ihvthe Euclidean plane méy be constructed, such as the seven trafﬁcllights 507.
Using the constructed circle 509, the reference location 503 for the intersection may be
calculated as the center of the circle 509. As depicted in figure 4, the reference point
503 is calculated as the center of the minimum circle 509 confaining all seven map |
matched points associated with the seven traffic lights 507. Alternately, other different
geometric shapes may bé constructed to calculate the reference location for the
intersection.

[0031] Figure 5is an example flowchart fof calculating offset values from the
reference point for each lane of the intersection. For example, the flowchart provides
acts for calculating offset values from the intersection reference point to one or more
shape points for each lane of the intersection. The method is implemented by the
system of figure 1, 8 (discussed below), 10 (discussed below) and/or a different system.
Additional, different or fewer acts may be provided. The method is provided in the
order shown. Other orders’ may be provided and/or acts may be repeated or performed
in parallel.

[0032] At act 501, road segment link center line points are retrieved. The center lihe
points may be referked to as shape pbints. For example, a center line shape point for a
road segment link with two lanes ma\} be on the traffic line dividing the two Iane;. Ina

three lane road ségment link, the center line shape point may be in the center of the

10
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~ middle lane. Alternatively, based on the geometry of the road segment link, center line
shape points are calculated. Information is retrieved indicating how many lanes of
traffic for each road segment link and the width of each lane. Using this information,
center line shape points are defined for each road segmént link. Figure 6 iIIQstrates an
example of shape points for a road segment link. Figure 6 depicts an X-axis is pointing
east and a Y-axis pointing north. For example, the road segment link 601 includes two
lanes of traffic 603, Lane 1 and Lane 2. Lane 1 has a width of L1 and Lane 2 has a width
of L2. Using this information, a center line shape point 605 is determined to be at
coordinate (X, y1). This act‘ is repeated for each road link segment where a traffic light is
map matched, defining a plurality of center line shape points. Further, additional line
shape points may be retrieved or calculated for each of the road line segments. For
example, as the complexity of the road segment link increases, more line shape points
may be used.

[0033] At act 503, shape points are calculated for each lane of the road segment |inkf
For example, center line shape point coordinates are calculated for each lane of the
road segment link using the information from act 501. Figure 6 also illustrates an
example of shape points for each lane of the road segment Iin}k. For example, the road
segment link 601 includes two lanes of traffic 603, Lane 1 and Lane 2. Lane 1 has a
width of L1 and Lane 2 had a width of L2. Using this information, a center line shape

point 605 is determined to be (xs, y3) for Lane 1 and (x;, y,) for Lane 2.

1
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[0034] Referring to figure 6, the center line shape points 605 for Lane 1 and Lane 2
may be calculated using the road link segment direction a, the lane index number n
counting from the link center line, the road segment link shape points (x, y3), lane

widths L1 and L2, and equations 4-7.

x2=x1+n (%) sina (Eqg. 4)
y2 =yl — n(%z) cosa (Eq. 5)
x3=x1l-n (Lz—l) sina (Eg. 6)
y3=yl+n (%) cosa (Eq. 7)

For example, referring to the example depicted in figure 6, n is 1 because there is only 1
“lane on each side of the link center line. The road link segment direction a is the angle
measured ffom the center of the road segment link to the X-axis pointing east.
Additional or different formulas may be used to calculate center Iiﬁe shape points.
Further, additional line Shape points may be retrieved or calculated for each of the road
line segments. For example, as the complexity of the road segment link lanes increases,
more |iné shape points rhay be used.

[0035] At act 505, using the center line shape points for each lane, the distance from
reference point to-each shape point is calculated. At act 507, offset values for each
shape point from the reference point are célculated lane. For example, figure 7
iIIQstrates an example of calculating offsét values for a shape point 605 of a lane 603 of
the intersection. Referring to figure 7, the offset values from the intersection reference

point 503 are calculated using the haversine formula. Additional or different formulas

12
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may be used to calculate center line shape points. Offset values are calculated to each
drivable lane in the road segment link. The reference point and offset values may be
used to describe thé road geometry and the distance to intersection in the MAP
message with an accuracy of a few centimeters to facilitate use applications while a
vehicle or mobile user is approaching to an intersection. Alternatively, a MAP message
may be generated using the reference point location and a plurality of shape point
locations (e.g., latitude, longitude, and altitude).

[0036] = Figure 8 illustrates an example server device according to an embodiment. A'
The server 125 includes a processor 300, a communication interface 305, and a memory
301. ‘Additional, different, or fewér components may be provided. The processor 300
may be any processor suitable for the execution of a computer program include, by way
of example, both géneral and special purpose microprocessors, and one or more
processors of any kind of digital computer. Generally, a processor receives instructions
and data from a read only memory, a random access memory or both. The server 125
may be coupled to a database 123a and a workstation 310. Additional, different, or
fewer components may be provided. The workstation 310 may be used by a user to
access the server 125. The database 123a may store map or other geographic data, and
information collected by mobile devices 122 (e.g., vehicle and environmental

parameters).

13
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[0037] Figure ‘9 illustrates an example flowchart for the server device of Figure 8
according to an embodiment. Additional,;different or fewer acts may be provided. The
method is provided in the order shown. Other orders may be provided and acts may be
repeated or performed in parallel.

[0038] At act 901, map data for an intersection is received. The map data includes
road link segment data and traffic light data. The map data may also include road link
attribute information and other relevant information for the intersection. The traffic
light data may include the location of each traffic light and the position of each traffic
light with respect to the road segment links. The traffic light data may be registered
with the map data, or the traffic light data may be registered with map datain a
separate act. The signal phase and timing information of each traffic light may also be
included, or may be obtained through the distribution sources for an intersection or set
of intersections.

[0039] At act 903, a reference point location is calculated for the intersection from
the map data. A reference point location is identified for the intersection with respect
to the map data using the registered traffic light position data. For example, the traffic
light locations are identified for the intersection based on the traffic light data and the
reference point location is calculated using the identified traffic light locations.  In an
embodiment, a closed convex polygon is constructing using each traffic light location as

a vertex of polygon. Using the closed convex polygon, the reference point location

14
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calculated as the centroid of the closed convex polygon. For example, the closed convex
polygon may be a non-self-intersecting convex polygon with interior angles of less than
180 degreés. Alternatively, in another embodiment, a circle is constructed With the
smallest diameter possible that contains each of the identified traffic light locations. In
this embodiment, the reference point location is calculated as the center of the circle.
[0040] Alternatively, an additional act may be performed determining whether a
closed convex polygon can be constructing using the plurality of traffic light locations as
vertices. If a closed convex polygon can be constructgd, the reference point location is
calculated as discussed above with respect to the closed polygon. If a closed convex
polygon cannot be constructed, the reference point location is calculated as discussed
above using a minimum circle ;ontaining each of plurality of traffic light locations.
[o041] | At act 905, shape point |§cations are identified for each lane of the
intersection ﬁsing the map data. For example, the shape point locations are cente}’line
locations for each lane of the intersection. In an embodiment, a set number of shape
point locations are identified for‘each lane. In another embodiment, the number of
identified shape point locations varies depending on the on the curvature and/or
complexity of each lane. At act 907, a distance is calculated from each shape point
location to the reference point location.

[0042] Atact 909, offsét values for each shape point location are computed. For

example, the offset values are calculated using the reference point location, each shape
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point location and the calculated distance between reference point location and the
shape point location. In one embodiment, the offset values are calculated using
haversine formulas.

-[0043] Atact 911, a MAP message is generated based on the reference point location
and the offset values. For example, a MAP mtessage is generated by encoding the
reference point location and offset values using the SAE J2735 MAPVformat.

[0044]  Figure 10 illustrates an example mobile device according to an embodiment.
The mobile device 122 includes a processor 200, a memory 204, an input device 203, a
communication interface 205, position circuitry 207, and a display 211. Additional,
different, or fewer components are possible for the mobile device 122.

[0045] The processor 200 may be any processor suitable for the execution of a
computer program include, by way of example, both general and special purpose
microprocessors, and anyone or more processors of any kind of digital compufer.
Generally, a processor receives instructions and data from a read only memory, a
random access memory or both.

[0046] The positioning circuitry 207 may include a Global Positioning Syst’emA (GPS),
Glbbal Navigation Satellite System (GLQNASS), ora cellular or similar posi;ion sensor for
providing location data. The positioning system may utilize GPS-type technology, a dead
reckoning-type system, cellular locétion, or combinations of these or other systems. The

positioning circuitry 207 may include suitable sensing devices that measure the traveling
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distance, speed, direction, and so on, of the mobile device 122. The positioning systenﬁ
may also include a receiver and correlation chip ;co obtain a GPS signal. Alternatively or
additionally, the one or more detectors or sensors may include an accelerometer built
or embedded into or within tHe interior of the mobile device 122. The accelerometer is
operable to detect, recognize, or measure the rate of change of translational and/of
rotational movement of the mobile device 122. The mobile device 122 receives location
data from the positioning system. The location data indicates the location of the mobile
device 122.

[0047] The input device 203 may be one or more buttons, keypad, keyboard, mouse,
stylist pen, trackball, rocker switch, touch pad, voice'recognition circuit, or other device
or component for inputting data to the mobile device 100. The input device 203 and the
display 211 may be combined as a touch screen, which may be capacitive or resistive.
The display 211 may be a liquid crystal display (LCD) panel, light emitting‘diode (LED)
screen, thin film transistor screen, or»another type of display.

[0048] The controller 200 and/or prdcessor 200 may include a general processor,
digital signal processor, an application specific integrated circuit (ASIC), field
programmable gate array (FPGA), analog circuit, digital circuit, combinations thereof, or
other now known or later developed processor. The controller 200 and/or processor
200 may be a single device or combinations of devices, such as associated with a

network, distributed processing, or cloud computing.
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[0049]‘ The memory 204 and/or memory 301 may be a volatile memory or a non-
volatile memory. The memory 204 and/or memory 301 may include one 6r more of a
read only memory (ROM), random‘ access memory (RAM), a flash memory, an electronic
erasable program read only memory (EEPROM), or other type of memory. The memory
204 and/or memory 301 may be removable from the mobile device 122, such as a
secure digital (SD) memory card.

[0050] The communication intérface 205 and/or communication interface 305 may
include any operable connection. An operable connection may be one in which signals,
kphysical communications, and/or logical communicationé may be sent and/or received.
An operable connection may include a physical interface, an electrical interface, and/or
a data interface. The communication interface 205 énd/or communication interface 305
provides for wireless and/or wired communications in any now known or later
developed format.

[0051] The mobile device 122 may be assisted driving vehicles. Assisted driving
vehicles include autonomous vehicles, highly assisted driving (HAD), and advanced
driving assistance systems (ADAS). Any of these assisted driving systems may be
incorporated into mobile device 122. Alternatively, an assisted driving device may be
included in the vehicle. The assisted driving device may include membry, a processor,

and systems to communicate with the mobile device 122.
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[6052] - The term autonomous vehicle may refer to a self-driving or driverless mode in
which no passengers are required to be on board to operate the vehicle. An
autonomous vehicle may be referred to as a robot vehicle or an automated vehicle. The
autonomous vehicle may include passengers, but no»driver is necessary. These
autonbmous vehicles may park themselves br move cargo between locations without a
human operator. Autonorhoué vehicles may include multiple modes and transition
between the modes. The autonomous vehicle may steer, brake, or accelerate the
kvehicle based on the intersection MAP message.

[0053] A highly assisted driving {(HAD) vehicle may refer to a vehicle that does not
completely replace the human operator. Instead, in a highly assisted driving mode, the
vehicle may perform some driving functions aﬁd the human operator may perform
some driving functions. Vehicles may also be driven in a manual mode in which the
human opefator exercises a degree of control over the movement of the vehicle. The
vehicles may also include a completely driverless mode. Other levels of automation are
possible. The HAD vehicle may control the vehicle through steering or braking in
response to the intersection MAP message.

[0054] Similarly, ADAS vehicles include one or more partially automated systems in
which the vehicle alerts the driver. The features are designed to avoid collisions

automatically. Features may include adaptive cruise control, automate braking, or
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steering adjustments to keep the driver in the correct lane. ADAS vehicles may issue
controls for these feature in response to the intersection MAP message.

[0055] Driving assistance may be provided based on an array of sensors that may
include any combination of a brake sensor, a steering sensor, an environment sensor, a
vehicle sensor, an optical Sensor, and an inertial sensor. Additional, different, or‘ fewer
sensors may be use‘d.

[0056] The brake sensor may be a brake pedal sensor that detects displacement of
the brake pedal of the vehicle. The brake sensor may detect the actuation of the brake
pads near the wheel of the vehicle. The brake sensor may be a circuit that detects
operation of the brakes through an anti-lock brake system. The steering sénsor may be
a steering wheel sensor that detects movement of the steering wheel of the nehicle. The
steering sensor may detect the angle of the steering wheeL The steering sensor may
detect the angle of the front wheel of the vehicle. The environment sensor may defect
the environment of the vehicle. The environment sensor may include a weather sensor
such as a thermometer, barometer, or a rain sensor. The rain sensor may detect the
movement of windshield wipers. The vehicle sensor may detect an operation of the
vehicle. The vehicle sensor méy include a throttle sensor that measures é position of a
thrdttle of the engine or a position of an accelerator pedal, a speedometer sensor, or a
tachometer sensor. The vehicle sensor may detect a malfunction of the vehicle. For

example, the vehicle sensor may be a tire pressure sensor. The optical sensor may
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include a camera, a LiDAR device, a proximity sensor, or another sensor. configured to
detect distances to nearby objects or when a nearby object exists. The optical sensor
may send a signal that reflects off another object and is detected by the optical sensor.
The inertial sensor may include an inertial measurement unit {IMU) including one or
more of an accelerometer, a gyroscope, and a magnetic sensor. The inertial sensor may
generate data indicative of the acceleration, deceleration, rotational acceleration, and
rotation deceleration experienced by the vehicle.

[0057]  Figure 11 illustrates an example flowchart for the mobile device of Figure 10
according to an embodiment. Additional, different or fewer acts may be provided. The
method is provided in the order shown. Other orders may be provided and acts may be
repeated or performed in parallel. |

[0058] At act 1101, traffic light position data is received for an intersection. At act
1103, map data including road link segment data is recéived for the intersection. At act
1105, the traffic light position data i;s registered with the'map data.

[0059] Atact 1107, a reference point location for the intersection is idéntified using
the traffic light position data and/or the plurality of map data. For example, either a
polygon (e.g., closed convex polygon) or a circle (e.g., hinimum circle) is constructed
usingl_the traffic light locations as verticés of the polygon or the boundaries of the circle
In this example, the centroid of the polygon or the center of the is identified as the

reference point location for the intersection. In an embodiment, the reference point
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location is identified using a minimum circle only when a closed convex polygon cannot
be constructed.

[0060] At act 1109, shape point locations are identified for each lane of the
intersection using the plurality of map data. At act 1111, offset values are computed for
each shape point with respect to the reference point location. For example, a distance
is calculated from each shape point location to the reférenhe point location and the
offset values are calculated using the reference point location, the shape point
locations, the calculated distances and one or more formulas (e.g., haversine formulas).
[0061] Referring back to figUre 1, map databases, such as geographic databases 123a
and 123b, are used in computer-based sygtems that provide useful featurés to users.
For example, map databases are used for the identification of routes to destinations or
points of interest. A navigation system determines the optimum route to be taken by
the end user to travel from the origin to the destination location from map data sto_red |
in a geographic (or map) database. Map databases are aiso used in advanced driver
assistance systems, such as curve warning systems,‘ adaptive cruise control systems and
headlight aiming sysfems. Map databases are also used in systems that improve vehicle
fuel economy, such as systems that optimize transmission gear selection taking into
account upcoming slope and speed changes.

[0062] Asshown in Figure 1, a master copy of themgeographic database 123a may be

stored at the server 125, and a local copy of the geographic database 123b may be
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stored at the mobile device 122. In one example, the local copy of the database 123b is
a full copy of the geographic database, and in another example, the local copy of the
database 123b may be a cached or partial portion of the geographic database. The
cached portion may be defined based on a geographic location of the mobile device 122
or a user selection made at the mobile» device 122. The geographic databases 123a and
123b may be a geographic database including road links or segments. Additional,
different, or fewer components may be provided.

[0063] The geographic databases 123a and 123b may store or maintain geographic
data such as, for example, road segment or link data records and node data records.
The geographic databases 123a and 12va may also store or maintain one or more look-
aside tables (LAT). The link data records are links or segments representing the roads, |
streets, or paths. The node data records are end points (e.g., intersections)
corresponding to the respective links or segmentS of the road segment data records.
The road link data records and the node data records may represent, for example, road
networks used by vehicles, cars, and/or other entities.

[0064] Each road segment may be associatéd with tWo nodes (e.g., one node
represents the point at one end of the road segment and the other node represents the
point at the other end of the road segment). The node at either end of a road segment
may correspond to a location at which the road meets another road, i.e., an

intersection, or where the road dead-ends. Each road segment may be associated with
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zero or more shape points. Shape points are an ordered sequence of vertices that
indicate the shape of the road as a polyline between the nodes. The road shape may
also be represented by an analytical curve such as a B-spline, Bezier curve,vCIothoid
curve or other curve types. The road segments may include sidewalks and crosswalks for
travel by pedestrians.

[0'065] Each of the road segments or links may be associated with various attributes
or features stored in lists that are not byte aligned. The road segment data record may
include data that indicate a speed limit or speed category (i.e., the maximum permitted
vehi'cular speed of travel) on the represented road segment. The road segment data
record may also include data that indicate a classification such as a rank of a road
segment that may correspond to its functional class. The road segment data may
include a segmént ID by which the data record can be identiﬂéd in the geographic
database 123. The road segment data, nodes, segment le, attributes, fields, and other
data may be organized in data structures described above.

[0066] The road segment data may include data identifying what turn restrictions
exist at each of the nodes which correspond to intersections at the ends of the road
portion represented by the road segment, the name or names by which the represented
‘road segment is known, the length of the road segment, the grade of the road segment,
the street address ranges along the represented road segment, tbhe permitted direction

of vehicular travel on the represented road segment, whether the represented road
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segment is part of a controlled access road (such as an expressW‘ay), aramptoa
controlled access road, a bridge, a tuﬁnel, atoll road, a ferry, and so on. The additional
road segment data may.be organized in data tree structures. Alternatively, the data
tree structures may be included in a separate database, for example, internél to the
server 125 and/or the mobile device 122, or at an external location.

[0067] The server 125 may send map updates to the mobile device 122. The server
125 may update a particular tile of the geographfc database 123. The server 125 may
send update; o th‘e maéter copy of the geographic databa;e 123a and/or send updates
to the Ioca‘I copy of the geographic database 123b. The’ server 125 may generate an
update script or patch file for the navigation data and transmit the update script or
patch file to the mobile device 122 to update the local copy of the database 123b.
[0068] The mobile device 122 may be a personal navigation device (“PND"), a
portable navigation device smart phone, a mobile phone, a personal digital assistant

, ("RDA”), a tablet corhputer, a notebook computer, and/or any other known or later
developed mobile device orr personal computer. The mobile aevice 122 may also be an
automobile head unit, infotainment system, and/or any other known or later developed
automotive navigation system. Non-limiting embodiments of navigation devices may
also include relational database service devices, mobile phone devices, car navigation

devices, and navigation devices used for air or water travel.
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[0069] The mobile device 122 may be configured to execute routing algorithms to

"~ determine an optimum route to travel along a roéd network from an origin location to a
destination location in a geographic region. Using input from the end user, the mobile
device 122 examines potential routes between the origin location and the destination
location to determine the optimum route. The mobile device 122 may then provide the
end user with information about the optimum route in the form of guidénce that
identifies the maneuvers required to be taken by the end user to travel from the origin
to the destination location. Some mobile devices show detailed maps on displays
outlining the route, the types of maneuvers to be taken at various locations along the
route, locations of certain types of features, and so on.

[0070] The cdmputing resources may be divided between the server 125 and the
mobile device 122. In some embodiments, the server 125 performs a majority of the
processing. In other embodiments, the mobile device 122 performs a majority of the
processing. In addition, the processing may be divided substantially evenly between the
server 125 and the mobile device 122.

[0071] The map developer system in server 125 and the mobile device 122 are
coupled with the network 127. The phrase ”coupled‘with” is defined to mean directly
connected to or indirectly connected through one or more intermediate components.
Such intermediate components may include hardware and/or software-based

components. Many mobile devices 122 may connect with the network 127.
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[0072] The network 127 may include wired networks, wireless networks, or
combinations thereof. The wireless network may be a cellular telephone network, an -
802.11, 802.16, 802.20, or WiMax network. Further, the network 127 may be a public
network, such as the Internet, a private network, such as an intranet, or combinations
thereof, and may utilize a variety of networking protocols now available or later
developed fncluding, but not limited to TCP/IP based networking protocols.

[0073] The term “computer-readable medium” includes a single medium or multiple
media, such as a centralized or distributed database, and/or associated caches and
servers tha'; store one or more sets of instructions. The term "computer-readable
medium" shall also include any medium that is cabable of storiﬁg, encoding or carrying a
set of instructions fpr execution by a processor or that Cause a computer system to
perform any one or more of the methods or operations disclosed herein.

[0074] In a particular non-limiting, exemplary embodiment, the computer—readable‘
medium can include a solid-state memory such as a memory card or other package that
houses one or more non-volatile read-only memories. Further, the computer-readable
medium can be a random access memaory or other volatile re-writable memofy.
Additionally, the computer-readable medium can include a magneto-optical or optical
medium, such as a disk or tapes or other storage device to capture carrier wave signals
such as a signal communicatéd over a transmission medium. A digital file attachment to

an e-mail or other self-contained information archive or set of archives may be
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considered a distribution medium that is a tangible storage medium. Accordingly, the-
disclosure is considered to include any one or more of a computer-readable medium or
a distribution medium and other equivalénts and successor media, in which data or
instructions may be stored. These examples may be collectively referred to as a non-
transitory computer readable medium.

[0075] In an alternative embodiment, dedicated hardware implemeﬁtations, such as
application specific integrated circuits, programmable logic arrays and other hardware
devices, can be constructed to implement one or more of the methods described
herein. Applications that may include the apparatus and systems of various
embodiments can broadly include a variety of electronic and computer systems. One or
more embodiments described herein may implement functions using two or more
specific interconnected hardware modules or devices with related control and data
signals that can be communica’ted between and through the modules, or as portions of
an application-specific integrated circuit. Accordingly, the present system encompasses
software, firmware, and hardware implementations.

[0076] In accordance with various embodiments of the present disclosure, the
methéds described herein may be implemented by software programs execufable by a
computer system. Further, in an exemplary, non-limited embodiment, implementations -
can include distributed processing, component/quect distributed processing, and

parallel processing. Alternatively, virtual computer system processing can be
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constructed to implement one or more of the methods or functionality as described
herein.

[0077] Although the present specification describes components and functions that
may be implemented in particular embodiments with reference to particular standards
and protocols, the invention is not limited to such standards and protocols. For
example, standards for Internet and other packet switched network transmission (e.g.,
TCP/IP, UDP/IP, HTML, HTTP, HTTPS) represent examples of the state of the art. Such
standerds are periodically superseded by faster or more efficient equivalents having
essentially the same functions. Accordingly, replacement standards and protocols
having the same or similar functions as those disclosed herein are considered
equivalents thereof.

[0078] A computer program (also known as a program, software, software
application, script, or code) can be written in any form of programming language,
including corﬁpiled or interpreted languages, and it can be deployed in any form,
including as a standalone program or as a module, component, subroutine, or other unit
suitable for use in a computing environment. A computer pregram does not necessarily
correspond to a file in a file system. A program can be stored in a portion of e file that
holds other programs or data (e.g., one or more scripts stored in a markup language
document), in a single file dedicated to the program in question, or in multiple

coordinated files (e.g., files that store one or more modules, sub programs, or portions
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of code). A computer program can be deployed to be ‘executed on one computer or on
multiple computers that are located at one site or distributed across multiple sites and
interconnected by a communication network.

[0079] The processes and logic flows described in this specificatiovn can be performed
by one or more programmable processors executing one or more computer programs to
perform functions by operating on input data and generating output. The processes and
logic flows can also be performed by, and apparatus can also be implemented as, special
purpose logic circu‘itry, e.g., an FPGA (field programmable gate array) or an ASIC
(applicatiqn specific integrated circuit).

[0080] As used in this application, the term ‘circuitry’ or ‘circuit’ refers to all of the

| following: (a)hardware-only circuit implementations (sufh as implementations in only
analog and/or digital circuitry) and (b) to combinations of circuits and software (and/or
firmware), such as (as applicable): (i) to a combination of processbr(s) or (ii) to porfions
of processdr(s)/software (including digital signal processor(s)), software, and
memory(ies) that work together to cause an apparatus, such as a mobile phone or
server, to p)erform various functions) and (c) to circuits, such as a microprocessor(s) or a
portion 6f a microprocessor(s), that require software or firmware for operation, even if
the software or firmware is not physically present.

[0081] This definition of “circuitry” applies to all uses of this term in this application,

including in any claims. As a further example, as used in this application, the term
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“circuitry” would also cover an implementation of merely a processor (or multiple
processors) or portion of a processor and its (or their) accompanying software and/or
firmwaré. The term “circuitry” would also cover, for example and if applicable to the
particular claim element, a baseband integrated circuit or applications processor
integrated circuit for a mobile phone or a similar integrated circuit in server, a cellular
network device, or other network device.

[0082] Processors suitabie for the execution of a computer prbgram include, by way
of example, both general and special purpose microprocessors, and anyone or more
processors of any kind of digital computer. Generally, a processorvreceiv'es instructions
and data from a read only memory or a random access memory or both. The essential
elements of a computer are a processor for performing instructions and one or more
memory devices for storing instructions and data. Generally, a compufer also includes,
or is operatively coupled to receive déta from or transfer data to, or both, one or more
mass storage devices for storing data, e.g., magnetic, magneto optical disks, or optical
disks. However, a computer need not have such devices. Moreover, a computer can be
embeddgd in another device, e.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio player, a Global Positioning System (GPS) receiver, to name just a
few. Computer readable media suitable for storing computer program instructions and
data include all forms of non-volatile memory, media and memory dévices, ivncluding by

way of example semiconductor memory devices, e.g., EPROM, EEPROM, and flash
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memory devices; magnetic disks, e.g., internal hard disks or removable disks; magnefo
optical disks; and CD ROM and DVD-ROM disks. The processor and the memory can be
supplemented by, or incorporated in, special purpose logic circuitry.

[0083] To provide for interaction with a user, embodiments of the subject matter
described in this specification can be implémented on a device having a display, e.g., a
CRT (cathode ray tube) or LCD (liquid crystal display) monitor, or projector, for
displaying information to the user and a keyboard and a pointing device, e.g., a mouse
or a trackball, by which the user can provide input to the computer. Other kinds of
devices can be used to provide for interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback, e.g., visual feedback, auditory
feedback, or tactile feedback; and input from the user can be received in any form,
including acoustic, speech, or tactile input.

[0084] Embodiments of the subject matter described. in this specification can be
implemented in a computing system that includes a back end component, e.g., as a data
server, or that includes a middleware component, e.g., an application server, or that
includes a front end component, e.g., a client computer having a graphical user interface
ora ’Web browser through which a user can interact with an implementation of the
subject matter déscribed in this specification, or any combination of one or more such
back end, middleware, or front end components. The compdnénts of the system can be

interconnected by any form or medium of digital data communication, e.g., a
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communication network. Examples of communicatio‘n networks include a local area
network (“LAN”) and a wide area network (“WAN"), e.g., the Internet.

[0085] The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respeptive computers and having a client-server relationship to each
other.

[0086] The illustrations of the embodiments described herein are intended to
provide a general understanding of the structure of the various embodiments. The
illustrations are not intended to serve as a.complete description of all of»the elements
and features of apparatus and systems that utilize the structures or methods described
herein. Many other embodiments may be apparent to those of skill in the art upon
reviewing the disclosure. Other embodiments may be utilized and derived from the
disclosure, such that structural and logical substitutions and changes may be made
without departing from the scope of the disclosure. Additionally, the illustrations are
merely representational and may not be drawn to scale. Certain proportions within the
illustrations may be exagger»afed, while other propoftions may be minimized.
Accprdiﬁgly, the disclosure and the figures are to be regarded as illustrative rather than

restrictive.
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-[0087]  While this specification contains many specifics, these should not be
construed as limitations on the scope of the invention or éf what may be claimed, but
rather as descriptions of features specific to particular embodiments of the invention.
Certain features that are described in this specification in the context of separate
embodiments can also be i‘mplemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single embodiment
can also be implemented in mﬁltiple embodiments separately or in any suitable sub-
combination. Moreover, although features may be described above as acting in certain
combinations and even initially Clairﬁed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed .
combination may be directed to a sub-combination or variation of a sub-combination.
[0088]  Similarly, while operations are depicted in the drawings and described herein
in a particular order, this should not be understood as requiring that such operatibns be
performed in the particular order shown or in sequential order, or that all illustrated
operations be performed, to achieve desirable results. In certain circumstances,
multitasking and parallel processing may be advantageous. Moreover, the separation of
various system components in the embodiments described above should not be
understood as requiring such separation in all émbodiments, and it should be

understood that the described program components and systems can generally be
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integrated together in a single software product or packaged into multiple software
products.

[0089] One or more embodiments of the disclosure may be referred to herein,
individually and/or collectively, by the term “invention” merely for convenience and
without intending to voluntarily limit the scope of this application to any particular
invention or inventive concept. Moreover, although specific embodiments have been
iIIustrated and describéd herein, it should be appreciated that any subsequent
arrangement designed to achieve the same or similar purpose may be substituted for
the specific embodiments shown. This disclosure is intended to cover any and all
subsequent adaptations or variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically described herein, will be
apparent to‘ those of skill in the art onn reviewing the description.

[0090] The Abstract of the Disclosure is provided to comply with 37 C.F.R. §1.72(b)
and is submitted with the understanding that it will not be used to interpret or limit the
scope or meaning of the claims. In addition, in the foregoing Detailed Description,
~various features may be grouped together or described in a single embodiment for the
purpose of stréamlining the disclosure. This disclosure is not to be interpfeted as
reflecting an intention fhat the claimed embodiments require more features than are
expressly recited in each claim. Rather, as the following claims reflect, inventive subject

matter may be directed to less than all of the features of any of the disclosed
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embddiments. Thus, the following claims are incorporated into the Detailed Description,
with each claim ’standing on its own as defining separately claimed subject matter.
[0091] itisintended that the foregoing detailed description be regarded as
illustrative rather t.han limiting and that it is unnerstood that the following claims
including all equivalents are intended to define the scope of the invention. The claims
should not be read as limited to the described order or elements unless stated to that

‘ effect. Therefore, all embodiments that come within the scope and spirit of the

following claims and equivalents thereto are claimed as the invention.
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WE CLAIM:

1. A method for generating a MAP message, the method comprising:

receiving, over a network, map data for an intersection;

calc’ulating, using a processor, a reference point location for the intersection from
the map data; and

calculating, using the processor, offset values relative to the reference point

location for a plurality of lanes of the intersection from the map data.
2. The method of claim 1, wherein the map data comprises traffic light data.

3. The method of claim 2, calculating the reference point comprises:
identifying, using the processor, traffic light locations for each traffic iight in the .
intersection based on the traffic light data; and
| calculating the reference point location for the intersection using the identified

traffic light locations.

4, The method of claim 3, wherein 'calculating the reference point comprises:
constructing a closed convex polygon, wherein each vertex of the closed convex
polygon is one of the identified traffic light locations, wherein the reference point

location is a centroid of the closed convex polygon. -
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5. The method of claim 4, wherein the closed convex polygon comprises a non-self-

intersecting convex polygon with interior angles of less than 180 degrees.

6. The method of claim 3, wherein calculating the reference point comprises:
constructing a circle with the smallest diameter that contains each of the
identified traffic light locations, wherein the reference point location is a center of the

circle.

7. The method of claim 1, wherein calculating the offset values comprises:
identifying a plurality of shape point locations for each of the plurality of lanes of
the intersection from the map data;
calculating a distance between the reference point location and each shape point
location; and»

calculating the offset values for each shape point location using the calculated

distance.

8. The method of claim 1, further comprising:

generating a vehicle communication using the reference point location and offset

values.
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9. The method of claim 1, further comprising:

generating a MAP message using the reference point location and offset values.

10.  An apparatus comprising:
at least one processor; and
at least one memory including computer program code for one or more
~ programs, the at least one memory and the computer program code configured to, with
the at least one processor, cause the apparatus to at least perform:
identify a reference point location for an intersection using a plurality of
map data;
identify shape point locations for each lane of the intersection using the
plurality of marp data; and

compute offset values for each shape point with respect to the reference

point location.
11.  The apparatus of claim 10, wherein identifying the reference point location

comprises:

identifying a plurality of traffic light locations for the intersection;
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constructing either a closed convex polygon using the plurality of traffic light
locations as vertices or a minimum circle containing the plurality of traffic light
locations; and |

calculating either the centroid of the closed convex polygon or the center of the

minimum circle as the reference point location for the intersection.

12.  The apparatus of claim 11, wherein the reference point location is identified

using a minimum circle when a closed convex polygon cannot be constructed.

13. The apparatus of claim 10, wherein calculating the offset values comprises:
calculating a distance from each shape point location to the reference point
location; and
calculating the offset values using the reference point location, the shape point

locations and the calculated distances.

14. A non-transitory computer readable medium including instructions that when
executed are operable to:
receive traffic light position data for an inte'rsection;
receive map data comprising road link segment and road link attribute
_information for the intersection;

register the traffic light position data with the map data;
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identify a reference point location for the intersection with respect to the map
data using the registered traffic light position data;

identify shape point locations for each lane of the intersection ‘using the map
d;ita; and

compute offset values for each shape point with respect to the reference point

location..
15.  The non-transitory computer readable medium of claim 14, wherein the
identified shape point locations comprise centerline locations for each lane of the

intersection.

16.  The non-transitory computer readable medium of claim 15, wherein the

identified shape point locations comprise a set number of shape points per lane.

17.  The non-transitory computer readable medium of claim 15, wherein the number

of identified shape point locations vary per lane based on the curvature of each lane.

- 18.  The non-transitory computer readable medium of claim 14, wherein identifying

the reference point location comprises:
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identifying a plurality of traffic light Iocatibns for the intersection from the

registered traffic light position‘data;
- determining whether a closed convex polygon can be constructing using the

plurality of traffic light locations as vertices;

constructing the closed convex polygon using the‘ plurality of traffic light locations
as vertices or a minimum circle containing each of plurality of traffic light locations,
wherein a minimum circle is constructed when a closed convex polygon cannot be
constructed; and

calculating either the centroid of the closed convex polygon or the center of the

minimum circle as the reference point location for the intersection.

| 19. The non-transitory computer readable medium of claim 18, wherein computing
offset values comprises:

calculating a distance frdm each shape point location to the reference point
location; and

calculating the offset values from ;che reference point location, the shape point

locations and the calculated distances.

20.  The non-transitory computer readable medium of claim 19, wherein the offset

values are calculated using haversine formulas.
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using the plurality of map data

907

Y

Computing offset values for each shape point with respect to the

reference point location.

909

Generating map data and/or a message based on the reference point
location and offset values.

911

Modeling the intersection based on the intersection based on the
reference point location and the offset values.

FIG. 9



WO 2017/178609
10/11

PCT/EP2017/058978

12<
MOBILE DEVICE
203 205
\
COMMUNICATION
INPUT DEVICE INTERFACE
200
\
204
PROCESSOR
MEMORY
207
211
\ \
POSITION DISPLAY
CIRCUITRY

FIG. 10



WO 2017/178609 PCT/EP2017/058978
11/11

1101

\

Receiving traffic light position data for an intersection.

11{)3 l .

Receiving map data including road link segment data for the

intersection.

[

Registering the traffic light position data with the traffic light position

data and/or the map data.

11\07 l

Identifying a reference point location for the intersection with respect

to the map data using the registered traffic light position data.

1109

Identifying shape point locations for each lane of the intersection
using the map data.

11\11 ' l

Computing offset values for each shape point with respect to the

reference point location.

FIG. 11
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