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(57) ABSTRACT

Embodiments described herein may provide a method for
aggregating probe data to detect a road work event and
generating, from the road work event, a work zone map
overlay to inform navigational systems and autonomous
vehicles. Methods may 1nclude: receiving probe data from a
plurality of probe apparatuses traveling within a road net-
work; 1identifying, from the probe data, a road work event
within the road network; determiming, from the road work
event and the probe data, a work zone; generating a map
overlay including the work zone, where the map overlay 1s
independent from map data of the road network; providing
the map overlay to at least one vehicle for use in combina-
tion with the map data of the road network; and providing
for at least one of navigational assistance or at least semi-
autonomous vehicle control based on the map overlay of the
map data of the road network.
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METHOD, APPARATUS AND COMPUTER
PROGRAM PRODUCT FOR IDENTIFYING
WORK ZONES WITHIN A MAP

TECHNOLOGICAL FIELD

[0001] An example embodiment of the present invention
relates generally to providing an indication of work zones
within a map, and more particularly, to a method, apparatus
and computer program product for aggregating probe data to
detect a road work event and generating, from the road work
event, a work zone map overlay to inform navigational
systems and autonomous vehicles.

BACKGROUND

[0002] Diagital maps provide a detailed view of a road
network and enable users to navigate among the road
network with relative ease. Further, dynamic information
such as traflic can provide additional details that help drivers
navigate the road network efliciently. Beyond traflic, there
are other factors that influence travel within a road network.
Various hazard 1dentification systems exist to identily poten-
tially hazardous conditions such as road work conditions in
a road network. Municipalities may publish road work
events that can be used by traflic services and map data
services to caution drivers of road work. These road work
events generally mvolve little detail and often include ten-
tative, planned schedules where the schedules may not
account for various events that may impact scheduling.
[0003] Road work details within map data may not be
temporally relevant, and may lag actual events due to the
refresh rate ol map data. Further, the dynamic nature of road
work events presents challenges to map data service pro-
viders.

BRIEF SUMMARY

[0004] A method, apparatus, and computer program prod-
uct are therefore provided for aggregating probe data to
detect a road work event and generating, from the road work
event, a work zone map overlay to mnform navigational
systems and autonomous vehicles. An apparatus may be
provided including at least one processor and at least one
non-transitory memory including computer program code
instructions, the computer program code 1nstructions may be
configured to, when executed, cause the apparatus to at least:
receive probe data from a plurality of probe apparatuses
traveling within a road network; identily, from the probe
data, a road work event within the road network; determine,
from the road work event and the probe data, a work zone;
generate a map overlay including the work zone, where the
map overlay 1s independent from map data of the road
network; provide the map overlay to at least one vehicle for
use 1n combination with the map data of the road network;
and provide for at least one of navigational assistance or at
least semi-autonomous vehicle control based on the map
overlay of the map data of the road network.

[0005] The map overlay of example embodiments 1is
dynamic, with the work zone indicating an area in which at
least one change to road segment information relative to the
map data 1s present. The at least one change to road segment
information relative to the map data includes a change to at
least one of: a number of lanes available on a road segment,
a speed limit of a road segment, or lane markings of a road
segment. The work zone of the map overlay includes, 1n
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certain embodiments, a time to live, where the time to live
1s determined based on an event type of the word network.
The event type of the road work event comprises at least one
of: a vehicle accident, road surface improvements, or 1nfra-
structure changes.

[0006] According to some embodiments, the apparatus 1s
further caused to determine, from the probe data and from
map data, one or more atlected driving lanes associated with
the work zone. Causing the apparatus to provide for at least
one of navigational assistance or at least semi-autonomous
vehicle control includes, 1n some embodiments, causing the
apparatus to provide at least semi-autonomous vehicle con-
trol, where the apparatus 1s further caused to 1dentity, from
the probe data and map data, map attributes associated with
the work zone aflecting at least semi-autonomous vehicle
control. The apparatus of certain embodiments 1s further
caused to determine, based on the map attributes associated
with the work zone aflecting at least semi-autonomous
vehicle control, that autonomous vehicle control 1s not
recommended, and cede vehicle control to an operator in
response to the apparatus determining that autonomous
vehicle control 1s not recommended.

[0007] Embodiments provided herein include a computer
program product including at least one non-transitory com-
puter-readable storage medium having computer-executable
program code 1instructions stored therein, the computer-
executable program code instructions including program
code 1nstructions to: receive probe data from a plurality of
probe apparatuses traveling within a road network; 1dentity,
from the probe data, a road work event within the road
network; determine, from the road work event and the probe
data, a work zone; generate a map overlay including the
work zone, where the map overlay 1s independent from map
data of the road network; provide the map overlay to at least
one vehicle for use 1n combination with the map data of the
road network; and provide for at least one of navigational
assistance or at least semi-autonomous vehicle control based
on the map overlay of the map data of the road network.

[0008] The map overlay of example embodiments 1is
dynamic, with the work zone indicating an area in which at
least one change to road segment information relative to the
map data 1s present. The at least one change to road segment
information relative to the map data includes a change to at
least one of: a number of lanes available on a road segment,
a speed limit of a road segment, or lane markings of a road
segment. The work zone of the map overlay includes, 1n
certain embodiments, a time to live, where the time to live
1s determined based on an event type of the word network.
The event type of the road work event comprises at least one
of: a vehicle accident, road surface improvements, or inira-
structure changes.

[0009] According to some embodiments, the computer
program product further includes program code instructions
to determine, from the probe data and from map data, one or
more aflected driving lanes associated with the work zone.
The program code instructions to provide for at least one of
navigational assistance or at least semi-autonomous vehicle
control include, 1 some embodiments, program code
istructions to provide at least semi-autonomous vehicle
control, where the computer program product further
includes program code instructions to identily, from the
probe data and map data, map attributes associated with the
work zone aflecting at least semi-autonomous vehicle con-
trol. The computer program product of certain embodiments
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turther includes program code instructions to determine,
based on the map attributes associated with the work zone
allecting at least semi-autonomous vehicle control, that
autonomous vehicle control 1s not recommended, and cede
vehicle control to an operator in response to the program
code 1nstructions determining that autonomous vehicle con-
trol 1s not recommended.

[0010] Embodiments provided herein include a method
including: receiving probe data from a plurality of probe
apparatuses traveling within a road network; identitying,
from the probe data, a road work event within the road
network; determining, from the road work event and the
probe data, a work zone; generating a map overlay including
the work zone, where the map overlay 1s independent from
map data of the road network; providing the map overlay to
at least one vehicle for use 1n combination with the map data
of the road network; and providing for at least one of
navigational assistance or at least semi-autonomous vehicle
control based on the map overlay of the map data of the road
network.

[0011] The map overlay of example embodiments is
dynamic, with the work zone indicating an area in which at
least one change to road segment information relative to the
map data 1s present. The at least one change to road segment
information relative to the map data includes a change to at
least one of: a number of lanes available on a road segment,
a speed limit of a road segment, or lane markings of a road
segment. The work zone of the map overlay includes, 1n
certain embodiments, a time to live, where the time to live
1s determined based on an event type of the word network.
The event type of the road work event comprises at least one
of: a vehicle accident, road surface improvements, or 1nfra-
structure changes.

[0012] According to some embodiments, the method fur-
ther includes determining, from the probe data and from map
data, one or more aflected driving lanes associated with the
work zone. Providing for at least one of navigational assis-
tance or at least semi-autonomous vehicle control includes,
in some embodiments, providing at least semi-autonomous
vehicle control, where the method further includes 1denti-
tying, from the probe data and map data, map attributes
associated with the work zone aflecting at least semi-
autonomous vehicle control. The method of certain embodi-
ments Turther includes determining, based on the map attri-
butes associated with the work zone aflecting at least semi-
autonomous vehicle control, that autonomous wvehicle
control 1s not recommended, and ceding vehicle control to
an operator 1n response to determining that autonomous
vehicle control 1s not recommended. The method of an
example embodiment further includes deriving a road detour
event based on the work zone to support at least one of
navigational assistance or at least semi-autonomous vehicle
control.

[0013] Embodiments provided herein include an apparatus
including: means for receiving probe data from a plurality of
probe apparatuses traveling within a road network; means
for 1dentitying, from the probe data, a road work event
within the road network; means for determining, from the
road work event and the probe data, a work zone; means for
generating a map overlay including the work zone, where
the map overlay 1s independent from map data of the road
network; means for providing the map overlay to at least one
vehicle for use 1n combination with the map data of the road
network; and means for providing for at least one of navi-
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gational assistance or at least semi-autonomous vehicle
control based on the map overlay of the map data of the road
network.

[0014] The map overlay of example embodiments 1is
dynamic, with the work zone indicating an area in which at
least one change to road segment information relative to the
map data 1s present. The at least one change to road segment
information relative to the map data includes a change to at
least one of: a number of lanes available on a road segment,
a speed limit of a road segment, or lane markings of a road
segment. The work zone of the map overlay includes, 1n
certain embodiments, a time to live, where the time to live
1s determined based on an event type of the word network.
The event type of the road work event comprises at least one
ol: a vehicle accident, road surface improvements, or inira-
structure changes.

[0015] According to some embodiments, the apparatus
turther includes means for determining, from the probe data
and from map data, one or more aflected drniving lanes
associated with the work zone. The means for providing for
at least one of navigational assistance or at least semi-
autonomous vehicle control includes, in some embodiments,
means for providing at least semi-autonomous vehicle con-
trol, where the apparatus further includes means for identi-
tying, from the probe data and map data, map attributes
associated with the work zone aflecting at least semi-
autonomous vehicle control. The apparatus of certain
embodiments further includes means for determining, based
on the map attributes associated with the work zone aflecting
at least semi-autonomous vehicle control, that autonomous
vehicle control 1s not recommended, and means for ceding
vehicle control to an operator 1n response to determining that
autonomous vehicle control 1s not recommended.

[0016] The above summary 1s provided merely for pur-
poses of summarizing some example embodiments to pro-
vide a basic understanding of some aspects of the invention.
Accordingly, 1t will be appreciated that the above-described
embodiments are merely examples and should not be con-
strued to narrow the scope or spirit of the mvention 1n any
way. It will be appreciated that the scope of the mvention
encompasses many potential embodiments 1n addition to
those here summarized, some of which will be further
described below.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

[0017] Having thus described certain example embodi-
ments of the present invention in general terms, reference
will hereinafter be made to the accompanying drawings
which are not necessarily drawn to scale, and wherein:

[0018] FIG. 1 1s ablock diagram of an apparatus according
to an example embodiment of the present disclosure;

[0019] FIG. 2 1s a block diagram of a system for gener-
ating a dynamic work zone map layer from a plurality of
information sources according to an example embodiment of
the present disclosure;

[0020] FIG. 3 illustrates a diagram of a dynamic work
zone map data system according to an example embodiment
of the present disclosure;

[0021] FIG. 4 illustrates a flowchart of a method of

example embodiments for detecting a road work zone
according to an example embodiment of the present disclo-
Sure;




US 2023/0160713 Al

[0022] FIG. 5 1s a flowchart of a method of generating
dynamic work zone map data according to an example
embodiment of the present disclosure; and

[0023] FIG. 6 1s a flowchart of a method for aggregating
probe data to detect a road work event and generating, from
the road work event, a work zone map overlay to inform
navigational systems and autonomous vehicles according to
an example embodiment of the present disclosure.

DETAILED DESCRIPTION

[0024] Some embodiments of the present invention will
now be described more fully hereinafter with reference to
the accompanying drawings, in which some, but not all,
embodiments of the invention are shown. Indeed, various
embodiments of the mvention may be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will satisiy applicable legal
requirements. Like reference numerals refer to like elements
throughout. As used herein, the terms *“data,” “content,”
“information,” and similar terms may be used interchange-
ably to refer to data capable of being transmitted, received
and/or stored 1n accordance with embodiments of the present
invention. Thus, use of any such terms should not be taken
to limit the spirit and scope of embodiments of the present
invention.

[0025] A method, apparatus and computer program prod-
uct are provided 1n accordance with an example embodiment
of the present invention for aggregating probe data to detect
a road work event and generate, from the road work event,
a work zone map overlay to inform navigational systems and
autonomous vehicles. In this regard, according to certain
embodiments, user interface of a device, such a mobile
device or a device atflixed to a vehicle, such as to a dashboard
or the like, may provide work zone warnings to a user in the
form of a map overlay, which may aid the user in navigation
or driving 1n an instance in which the user 1s traveling by
vehicle. According to other embodiments described herein,
a road work zone 1s 1dentified, and a map overlay 1is
generated to indicate on a map where a work zone 1s defined
to mnform autonomous or semi-autonomous vehicles of the
presence ol the work zone such that appropriate precautions
may be taken.

[0026] A work zone, as described herein, includes an area
within which work or construction 1s being performed that
aflects, 1n at least one manner, travel along a road segment.
Work or construction need not be actively occurring (e.g.,
work crews on-site) for a work zone to be considered a work
zone. Further, the work or construction that 1s being per-
formed need not be on a road along which a work zone 1s
defined, as work performed proximate a road segment may
allect a road segment suthliciently for the road segment to be
identified as having a work zone along the road segment. For
example, while work may be performed on a shoulder of a
road or even on a building or landscape adjacent to a road
segment, the road segment may be impacted by the work.
With workers operating adjacent to a road segment, vehicle
speeds may be reduced along the road segment to sateguard
the workers and increase driver awareness 1n the area.
[0027] Because of the dynamic nature of work zones, and
road work events that involve work zones, such work zones
may not be adequately represented within map data that 1s
updated periodically. Some work zones occur only during
certain times of day, while others can be persistent for
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months. Further, the way in which road segments are
allected by work zones can change frequently. For example,
in some 1nstances, work zone speed limits may only be
present during such time as workers are present. Work zones
may change the number and position of open lanes along a
road segment. For these reasons, conventional map data 1s
not well equipped to handle regularly changing work zones
and the details thereot that impact trathic flow, routing, and
autonomous vehicle control around the area of the work
Zone.

[0028] Provided herein 1s a method, apparatus, and com-
puter program product to aggregate vehicle data or probe
data that includes sensor data collected from sensors of a
probe apparatus for road work event detection. Once the
road work events have been identified, the aflected region
can be 1dentified. Using the sensor data of the probe data and
underlying map data to determine the affected driving lane
and other map attributes that can impact vehicle navigation
and autonomous vehicle control. Embodiments provided
herein include a map overly of a dynamic work zone that can
be generated independently of map data, and the data life
period or time-to-live of the work zone can be estimated.
The dynamic work zone map data can be delivered as a
separate layer from the map data to vehicles or devices
through a network to support navigational assistance and to
support an autonomous driving strategy when an autono-
mous driving vehicle approaches the work zone. This added
dynamic work zone map data layer can provide information
that mitigates confusions over lane changes, temporary lane
boundaries, temporary lane markings, etc. A dniver of a
vehicle using navigational assistance or an autonomous
vehicle 1tself can determine how to proceed based on the
dynamic work zone map layer. An autonomous vehicle, for
example, may determine that manual driving 1s necessary
such that vehicle control 1s handed ofl to a driver. Alterna-
tively, an autonomous vehicle can determine a best path
through the work zone and proceed accordingly employing
any work zone specific requirements, such as lower speed
limits, no passing, etc.

[0029] As described herein, example embodiments of the
claims may provide for a dynamic work zone map layer.
This map layer may be provided to a user via any available
device, such as a mobile phone, tablet computer, fixed
computer (e.g., desktop computer), or the like. Optionally,
the map layer may be provided to autonomous or semi-
autonomous vehicle controls to aid the autonomous controls
in providing safe travel along a road network where work
zones exist. One example embodiment that will be described
herein includes a user device of a user traveling 1n a vehicle.
Such a device may be a mobile personal device that a user
may use within a vehicle and outside of a vehicle environ-
ment, while other devices may include a vehicle navigation
system. In some embodiments, the mobile personal device
may double as a vehicle navigation system.

[0030] While the term “navigation system” 1s used herein
to describe a device used to present map data, trafhic data,
etc., 1t 1s to be appreciated that such a navigation system can
be used via a user interface without providing route guid-
ance mformation. Route guidance 1s provided 1n response to
a user entering a desired destination, and where a route
between the origin or current location of a user and the
destination 1s mapped and provided to the user. A navigation
system may be used 1n the absence of a discrete destination
to provide driver assistance and information. For example,
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as a user travels within a road network, a driver may be made
aware ol an upcoming work zone such that they can take any
necessary precautions, or avoid the area altogether.

[0031] In example embodiments, a navigation system user
interface may be provided for driver assistance for a user
traveling along a network of roadways. Optionally, embodi-
ments described herein may provide assistance for autono-
mous or semi-autonomous vehicle control. Autonomous
vehicle control may include driverless vehicle capability
where all vehicle functions are provided by software and
hardware to safely drive the vehicle along a path i1dentified
by the vehicle. Semi-autonomous vehicle control may be
any level of driver assistance from adaptive cruise control,
to lane-keep assist, or the like.

[0032] Autonomous and semi-autonomous vehicles are
classified according to the Society of Automotive Engineers
(SAE) to imclude six distinct levels of autonomy ranging
from Level 0 to Level 5. In Level 0, a vehicle may provide
warnings and may momentarily intervene (e.g., anti-lock
braking or stability control), but has no sustained vehicle
control. Level 1 autonomy includes a “hands on” control,
where the driver and the automated system share control of
the vehicle. Examples include adaptive cruise control (ACC)
where the driver controls steering and the automated system
controls speed. The driver must be ready to retake tull
control at any time with Level 1 autonomy. Level 2
autonomy 1s “hands ofl”” control, where the system takes full
control of the vehicle including accelerating, braking, and
steering. The driver must momtor the driving and be pre-
pared to intervene at any time 1f the automated system fails
to respond properly. A driver may be required to maintain
hands on a steering wheel 1n this level of autonomy despite
the name as the driver must be ready to intervene when
appropriate.

[0033] Level 3 vehicle autonomy includes “eyes ofl”
whereby a drniver can safely turn their attention away from
the driving tasks. For example, a driver of a Level 3
autonomous vehicle can watch a movie or use a mobile
device. While the vehicle will handle situations that call for
immediate response like emergency braking, the driver must
be prepared to intervene within some limited time specified
by the manufacturer when called upon to do so. Level 4
autonomous control requires no driver attention for safety
and a driver can even leave a driver’s seat. Self-driving 1s
supported only 1 limited spatial arecas that may be
geofenced or under special circumstances, like traflic jams.
Level 5 autonomy 1s “steering wheel optional” autonomy.
This 1ncludes true driverless vehicles that do not require a
human.

[0034] Autonomous and semi-autonomous vehicles may
use HD maps and an understanding of the context (e.g.,
trailic, weather, road construction, etc.) to help navigate and
to control a vehicle along its path. In an 1nstance in which
a vehicle 1s subject to complete or partial autonomous
control, hazard warnings associated with a work zone defin-
ing a geographic area 1 which a work zone 1s determined to
exist may inform the vehicle enabling appropriate actions to
be taken. Those actions may include re-routing to avoid or
partially avoid hazardous conditions, or to alter the opera-
tional state of the vehicle according to the work zone. Such
operational state adjustments may include transitioning from
autonomous control to manual control of the wvehicle,
increasing a sensor refresh rate 1 anticipation of potential

rapid changes in the environment, or the like.
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[0035] FIG. 1 1s a schematic diagram of an example
apparatus configured for performing any of the operations
described herein. Apparatus 20 1s an example embodiment
that may be embodied by or associated with any of a variety
of computing devices that include or are otherwise associ-
ated with a device configured for aggregating probe data to
detect a road work event and generating, from the road work
event, a work zone map overlay to inform navigational
systems and autonomous vehicles. For example, the com-
puting device may be a mobile terminal, such as a personal
digital assistant (PDA), mobile telephone, smart phone,
personal navigation device, smart watch, tablet computer,
camera, or any combination of the aforementioned and other
types of voice and text communications systems. Optionally,
the computing device may be a fixed computing device, such
as a built-in vehicular navigation device, assisted driving
device, or the like.

[0036] Optionally, the apparatus may be embodied by or
associated with a plurality of computing devices that are 1n
communication with or otherwise networked with one
another such that the various functions performed by the
apparatus may be divided between the plurality of comput-
ing devices that operate in collaboration with one another.

[0037] The apparatus 20 may be equipped with any num-
ber of sensors 21, such as a global positioning system (GPS),
Light Distancing and Ranging (LiDAR) sensor, humidity
sensor, 1mage capture sensor, precipitation sensor, acceler-
ometer, and/or gyroscope. Any of the sensors may be used
to sense mnformation regarding the movement, positioning,
or orientation of the device and for determiming a weather
condition at the location of the device as described herein
according to example embodiments. In some example
embodiments, such sensors may be implemented in a
vehicle or other remote apparatus, and the information
detected may be transmitted to the apparatus 20, such as by
near field communication (NFC) including, but not limited
to, Bluetooth™ communication, or the like.

[0038] The apparatus 20 may include, be associated with,
or may otherwise be 1n communication with a communica-
tion interface 22, processor 24, a memory device 26 and a
user interface 28. In some embodiments, the processor
(and/or co-processors or any other processing circuitry
assisting or otherwise associated with the processor) may be
in communication with the memory device via a bus for
passing information among components ol the apparatus.
The memory device may be non-transitory and may include,
for example, one or more volatile and/or non-volatile memo-
ries. In other words, for example, the memory device may be
an electronic storage device (for example, a computer read-
able storage medium) comprising gates configured to store
data (for example, bits) that may be retrievable by a machine
(for example, a computing device like the processor). The
memory device may be configured to store information,
data, content, applications, instructions, or the like for
ecnabling the apparatus to carry out various functions 1in
accordance with an example embodiment of the present
invention. For example, the memory device could be con-
figured to bufler input data for processing by the processor.
Additionally or alternatively, the memory device could be
configured to store instructions for execution by the proces-
SOr

[0039] The processor 24 may be embodied 1n a number of
different ways. For example, the processor may be embodied
as one or more of various hardware processing means such
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as a coprocessor, a microprocessor, a controller, a digital
signal processor (DSP), a processing element with or with-
out an accompanying DSP, or various other processing
circuitry including integrated circuits such as, for example,
an ASIC (application specific integrated circuit), an FPGA
(field programmable gate array), a microcontroller unit
(MCU), a hardware accelerator, a special-purpose computer
chip, or the like. As such, in some embodiments, the
processor may include one or more processing cores con-
figured to perform independently. A multi-core processor
may enable multiprocessing within a single physical pack-
age. Additionally or alternatively, the processor may include
one or more processors configured 1n tandem via the bus to
enable independent execution of instructions, pipelining
and/or multithreading.

[0040] In an example embodiment, the processor 24 may
be configured to execute instructions stored in the memory
device 26 or otherwise accessible to the processor. Alterna-
tively or additionally, the processor may be configured to
execute hard coded functionality. As such, whether config-
ured by hardware or software methods, or by a combination
thereol, the processor may represent an entity (for example,
physically embodied 1n circuitry) capable of performing
operations according to an embodiment of the present inven-
tion while configured accordingly. Thus, for example, when
the processor 1s embodied as an ASIC, FPGA or the like, the
processor may be specifically configured hardware for con-
ducting the operations described herein. Alternatively, as
another example, when the processor 1s embodied as an
executor of software instructions, the instructions may spe-
cifically configure the processor to perform the algorithms
and/or operations described herein when the instructions are
executed. However, 1n some cases, the processor may be a
processor of a specific device (for example, the computing,
device) configured to employ an embodiment of the present
invention by further configuration of the processor by
instructions for performing the algorithms and/or operations
described herein. The processor may include, among other
things, a clock, an arithmetic logic umit (ALU) and logic
gates configured to support operation of the processor.

[0041] The apparatus 20 of an example embodiment may
also include or otherwise be 1n communication with a user
interface 28. The user interface may include a touch screen
display, a speaker, physical buttons, and/or other iput/
output mechanisms. In an example embodiment, the pro-
cessor 24 may comprise user interface circuitry configured
to control at least some functions of one or more input/
output mechanisms. The processor and/or user interface
circuitry comprising the processor may be configured to
control one or more functions of one or more 1nput/output
mechanisms through computer program instructions (for
example, software and/or firmware) stored on a memory
accessible to the processor (for example, memory device 26,

and/or the like).

[0042] The apparatus 20 of an example embodiment may
also optionally include a communication interface 22 that
may be any means such as a device or circuitry embodied in
either hardware or a combination of hardware and software
that 1s configured to receive and/or transmit data from/to
other electronic devices in communication with the appara-
tus, such as by NFC, described above. Additionally or
alternatively, the communication interface 22 may be con-
figured to communicate over Global System for Mobile
Communications (GSM), such as but not limited to Long
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Term Evolution (LTE). In this regard, the communication
interface 22 may include, for example, an antenna (or
multiple antennas) and supporting hardware and/or software
for enabling communications with a wireless communica-
tion network. Additionally or alternatively, the communica-
tion interface 22 may include the circuitry for interacting
with the antenna(s) to cause transmission of signals via the
antenna(s) or to handle receipt of signals received via the
antenna(s). In some environments, the communication inter-
face 22 may alternatively or also support wired communi-
cation may alternatively support vehicle to vehicle or
vehicle to infrastructure wireless links.

[0043] According to certain embodiments, the apparatus
20 may support a mapping or navigation application so as to
present maps or otherwise provide navigation or driver
assistance. In order to support a mapping application, the
computing device may include or otherwise be in commu-
nication with a geographic database, such as may be stored
in memory device 26. For example, the geographic database
includes node data records, road segment or link data
records, point of interest (POI) data records, and other data
records. More, fewer, or different data records can be
provided. In one embodiment, the other data records include
cartographic data records, routing data, and maneuver data.
One or more portions, components, areas, layers, features,
text, and/or symbols of the POI or event data can be stored
in, linked to, and/or associated with one or more of these
data records. For example, one or more portions of the POI,
event data, or recorded route information can be matched
with respective map or geographic records via position or
GPS data associations (such as using known or future map
matching or geo-coding techniques), for example. Further-
more, other positioning technology may be used, such as
electronic horizon sensors, radar, LIDAR, ultrasonic and/or
infrared sensors.

[0044] In example embodiments, a user device user inter-
face and/or navigation system user interface may be pro-
vided to provide mnformation or driver assistance to a user
traveling along a network of roadways. Devices and systems
may receive an indication of a current location of the user,
and any location based warnings such as work zones asso-
ciated with the current location of the device and user. While
a service provider may be specifically configured to provide
location-based mnformation to a user, such a service may be
enhanced or improved through cooperation with other ser-
vice providers that independently determine location based
warnings and work zone areas.

[0045] According to example embodiments, map service
provider database may be used to provide driver assistance
via a navigation system or in conjunction with autonomous
vehicle control. FIG. 2 illustrates a communication diagram
of an example embodiment of a system for implementing
example embodiments described herein using a navigation
system and a map data service provider. The illustrated
embodiment of FIG. 2 includes a mobile device 104, which
may be, for example, the apparatus 20 of FIG. 1, such as a
mobile phone, an m-vehicle navigation system, or the like,
an original equipment manufacturer (OEM) 114, and a map
data service provider or cloud service 108. FEach of the
mobile device 104, OEM 114, and map data service provider
108 may be 1n communication with at least one of the other
clements 1llustrated 1n FIG. 2 via a network 112, which may
be any form of wireless or partially wireless network as will
be described further below. Additional, different, or fewer
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components may be provided. For example, many mobile
devices 104 may connect with the network 112. The map
data service provider 108 may be cloud-based services
and/or may operate via a hosting server that receirves,
processes, and provides data to other elements of the system.

[0046] The OEM 114 may include a server and a database
configured to receive probe data from vehicles or devices
corresponding to the OEM. For example, if the OEM 1s a
brand of automobile, each of that manufacturer’s automo-
biles (e.g., mobile device 104) may provide probe data to the
OEM 114 for processing. That probe data may be encrypted
with a proprietary encryption or encryption that 1s unique to
the OEM. The OEM may be the manufacturer or service
provider for a brand of vehicle or a device. For example, a
mobile device carried by a user (e.g., driver or occupant) of
a vehicle may be of a particular brand or service (e.g.,
mobile provider), where the OEM may correspond to the
particular brand or service. The OEM may optionally
include a service provider to which a subscriber subscribes,
where the mobile device 104 may be such a subscriber.
While depicted as an OEM 114 1n FIG. 2, other entities may
function 1n the same manner described herein with respect to
the OEM. As such, the OEM 114 illustrated 1n FI1G. 2 1s not
limited to original equipment manufacturers, but may be any

entity participating as described herein with respect to the
OFEMs.

[0047] The map data service provider may include a map
database 110 that may include node data, road segment data
or link data, point of interest (POI) data, trathic data or the
like. The map database 110 may also include cartographic
data, routing data, and/or maneuvering data. According to
some example embodiments, the road segment data records
may be links or segments representing roads, streets, or
paths, as may be used 1n calculating a route or recorded route
information for determination of one or more personalized
routes. The node data may be end points corresponding to
the respective links or segments of road segment data. The
road link data and the node data may represent a road
network, such as used by vehicles, cars, trucks, buses,
motorcycles, and/or other entities. Optionally, the map data-
base 110 may contain path segment and node data records or
other data that may represent pedestrian paths or areas 1n
addition to or instead of the vehicle road record data, for
example. The road/link segments and nodes can be associ-
ated with attributes, such as geographic coordinates, street
names, address ranges, speed limits, turn restrictions at
intersections, and other navigation related attributes, as well
as POlIs, such as fueling stations, hotels, restaurants, muse-
ums, stadiums, otlices, auto repair shops, buildings, stores,
parks, etc. The map database 110 can include data about the
POIs and their respective locations 1n the POI records. The
map database 110 may include data about places, such as
cities, towns, or other communities, and other geographic
teatures such as bodies of water, mountain ranges, etc. Such
place or feature data can be part of the POI data or can be
associated with POIs or POI data records (such as a data
point used for displaying or representing a position of a
city). In addition, the map database 110 can include event
data (e.g., traflic incidents, construction activities, scheduled
events, unscheduled events, etc.) associated with the POI
data records or other records of the map database 110.

[0048] The map database 110 may be maintained by a
content provider e.g., the map data service provider and may
be accessed, for example, by the content or service provider
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processing server 102. By way of example, the map data
service provider can collect geographic data and dynamic
data to generate and enhance the map database 110 and
dynamic data such as traflic-related data or location-based
road work event data contained theremn. There can be
different ways used by the map developer to collect data.
These ways can 1nclude obtaining data from other sources,
such as municipalities or respective geographic authorities,
such as via global information system databases. In addition,
the map developer can employ field personnel to travel by
vehicle along roads throughout the geographic region to
observe features and/or record information about them, for
example. Also, remote sensing, such as aerial or satellite
photography and/or LIDAR, can be used to generate map
geometries directly or through machine learning as
described herein. However, the most ubiquitous form of data
that may be available 1s vehicle data provided by vehicles,
such as mobile device 104, as they travel the roads through-
out a region. These vehicles or probes may be embodied by
mobile device 104 and may provide data to the map data
service provider 1n the form of traflic speed/congestion data,
weather mnformation, location, speed, direction, etc.

[0049] The map database 110 may be a master map
database stored in a format that facilitates updates, mainte-
nance, and development. For example, the master map
database or data in the master map database can be 1n an
Oracle spatial format or other spatial format, such as for
development or production purposes. The Oracle spatial
format or development/production database can be compiled
into a delivery format, such as a geographic data files (GDF)
format. The data 1n the production and/or delivery formats
can be compiled or further compiled to form geographic
database products or databases, which can be used in end
user navigation devices or systems.

[0050] For example, geographic data may be compiled
(such as into a platform specification format (PSF) format)
to organize and/or configure the data for performing navi-
gation-related functions and/or services, such as route cal-
culation, route guidance, map display, speed calculation,
distance and travel time functions, and other functions, by a
navigation device, such as by a vehicle represented by
mobile device 104, for example. The navigation-related
functions can correspond to vehicle navigation, pedestrian
navigation, or other types of navigation. While example
embodiments described herein generally relate to vehicular
travel along roads, example embodiments may be imple-
mented for pedestrian travel along walkways, bicycle travel
along bike paths, boat travel along maritime navigational
routes, etc. The compilation to produce the end user data-
bases can be performed by a party or entity separate from the
map developer. For example, a customer of the map devel-
oper, such as a navigation device developer or other end user
device developer, can perform compilation on a received
map database in a delivery format to produce one or more
compiled navigation databases.

[0051] The OEM 114 may be configured to access the map
database 110 via the processing server 102 through, for
example, a mapping application, such that the user equip-
ment may provide navigational assistance to a user among
other services provided through access to the map data
service provider 108. According to some embodiments, the
map data service provider 108 may function as the OEM,
such as when the map data service provider i1s a service
provider to OEMs to provide map services to vehicles from
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that OEM. In such an embodiment, map data service pro-
vider 108 may or may not be the recipient of vehicle probe
data from the vehicles of that manufacturer. Similarly, the
map data service provider 108 may provide services to
mobile devices, such as a map services provider that may be
implemented on a mobile device, such as 1 a mapping
application. According to such an embodiment, the map data
service provider 108 may function as the OEM as the map
developer receives the probe data from the mobile devices of
users as they travel along a road network.

[0052] As mentioned above, the map data service provider
108 map database 110 may be a master geographic database,
but 1n alternate embodiments, a client side map database
may represent a compiled navigation database that may be
used 1 or with end user devices (e.g., mobile device 104) to
provide navigation and/or map-related functions. For
example, the map database 110 may be used with the mobile
device 104 to provide an end user with navigation features.
In such a case, the map database 110 can be downloaded or
stored on the end user device which can access the map
database 110 through a wireless or wired connection, such as
via a processing server 102 and/or the network 112, for
example.

[0053] In one embodiment, as noted above, the end user
device or mobile device 104 can be embodied by the
apparatus 20 of FIG. 1 and can include an Advanced Driver
Assistance System (ADAS) which may include an infotain-
ment 1-vehicle system or an 1n-vehicle navigation system,
and/or devices such as a personal navigation device (PND),
a portable navigation device, a cellular telephone, a smart
phone, a personal digital assistant (PDA), a watch, a camera,
a computer, and/or other device that can perform navigation-
related functions, such as digital routing and map display.
An end user can use the mobile device 104 for navigation
and map functions such as guidance and map display, for
example, and for determination of useful driver assistance
information, according to some example embodiments. An
embodiment implemented as an ADAS may at least partially
control autonomous or semi-autonomous Ifeatures of a
vehicle with the assistance of establishing the vehicle.

[0054] An ADAS may be used to improve the comiort,
ciliciency, safety, and overall satistaction of driving.
Examples of such advanced drniver assistance systems
include semi-autonomous driver assistance features such as
adaptive headlight aiming, adaptive cruise control, lane
departure warning and control, curve warning, speed limait
notification, hazard warning, predictive cruise control, adap-
tive shift control, among others. Other examples of an
ADAS may include provisions for fully autonomous control
of a vehicle to drive the vehicle along a road network
without requiring mput from a drniver. Some of these
advanced driver assistance systems use a variety of sensor
mechanisms 1n the vehicle to determine the current state of
the vehicle and the current state of the roadway ahead of the
vehicle. These sensor mechanisms may include radar, inira-
red, ultrasonic, and vision-oriented sensors such as image
sensors and light distancing and ranging (LiDAR) sensors.

[0055] Driver assistance information may be communi-
cated to a user via a display, such as a display of user
interface 28 of apparatus 20 of FIG. 1. The display may be
a display ol a mobile phone, or a screen of an i1n-vehicle
navigation system, for example. In the presentation of the
driver assistance information to the user it 1s 1mportant that
the information 1s communicated clearly and in an easily
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understood manner such that a user may quickly understand
the information presented. As a user of a navigation system
may be driving a vehicle, 1t 1s important that the navigation
information including driver assistance information 1s
quickly and easily understood, without requiring substantial
user interaction should additional information be needed by
the driver.

[0056] Map information and dynamic content 1s provided
in some embodiments by service providers, such as map data
service provider 108 of FIG. 1. These services collect probe
data from probe apparatuses embodied by connected
vehicles with various configurations of sensor arrays and
aggregated the collected probe data to build high definition
(HD) maps with road segment resolution down to, in some
embodiments, centimeters, for an ADAs system to support
autonomously controlled vehicles. The sensor data of the
probe data collected from vehicles traveling within the road
network includes L1DAR, radar, ultrasonic sensors, cameras,
geolocation, etc. Generally, ADAS dynamic content services
include real time traflic, hazard warning, road signs, safety
cameras, on-street parking, etc. Using backend sensor data
from the probe apparatus vehicles and advanced wireless
technologies (e.g., 4G and/or 5G or subsequent iterations),
autonomous vehicle control can be mmproved through
greater awareness of dynamic environmental factors.

[0057] Example embodiments provided herein provide a
method of providing an indication of work zones within a
map, and more particularly, to a method, apparatus and
computer program product for aggregating probe data to
detect a road work event and generate, from the road work
event, a work zone map overlay to imnform navigational
systems and autonomous vehicles. Mobile devices, such as
mobile device 104 may be associated with a particular
service provider (e.g., OEM 114 and/or map data service
provider 108) where dynamic information such as work
zones and road work events are communicated from that
particular service provider to the mobile device, and used by
the mobile device to present relevant information on a user
interface and/or to inform vehicle automation regarding
work zones or areas where a road work event 1s determined
to exist. Individually, these service providers may have
limited knowledge of dynamic conditions throughout a road
network and may not individually have a complete under-
standing of a road work event or an associated work zone.
Individual service providers typically receive dynamic infor-
mation reports only from mobile devices afliliated with the
respective service provider (e.g., as a subscriber). This limits
the dynamic information available to a service provider. The
limited information available to each service provider results
in different dynamic information including road work events
and associated work zones.

[0058] Embodiments described herein include a method to
generate a work zone map overlay from a road work event
to inform navigational systems and autonomous vehicle
control. Embodiments aggregate connected vehicle probe
data including sensor data from the vehicles to detect road
work events. Once the road work events have been 1dentified
through the aggregated probe data, the aflected region 1s
identified. The aflected region defines the work zone asso-
ciated with the road work event. Using the probe data and
sensor data thereof, together with the high definition map
data, the aflected driving lane(s) and other map attributes
that impact driving and autonomous vehicle control 1 the
work zone 1s defined. An overlay of the dynamic work zone
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map data can then be generated independent of the under-
lying high definition map data to provide dynamic informa-
tion to vehicles traveling within a road network 1n a manner
requiring less bandwidth than comprehensive map data. The
overlay of the dynamic work zone map data can further have
an estimated life or time to live within which the work zone
1s present.

[0059] According to embodiments, the dynamic work
zone map data can be delivered as a separate layer or overlay
to vehicles through a network connection (e.g., network 112
of FIG. 2) to support navigational guidance and autonomous
driving strategies when an autonomous vehicle approaches
the work zone. This dynamic work zone map data can
provide information to drivers and vehicles of lane changes,
temporary lane boundary closures, temporary lane marking,
accident avoidance, etc. In the case of an autonomous
vehicle, the autonomous vehicle control may determine that
autonomous control 1s not recommended, and cede control
to a driver of the vehicle through the work zone.

[0060] FIG. 3 illustrates a diagram of a dynamic work
zone map data system according to an example embodiment
of the present disclosure. As shown, connected vehicle
sensor data 1s generated from vehicles traveling withing a
road network and includes a variety of sensor data, such as
construction data 202 (e.g., temporary barricade detection),
road sign data 204, lane marking data 206, and geolocation
data 208, among other data collected by vehicles. This data
1s received by roadwork event detection 200 which may
include a software module, hardware module, or the like,
and may be embodied, for example, by apparatus 20 of FIG.
1. The roadwork event detection 200 provides information
regarding 1dentified roadwork events to dynamic work zone
map data generation 220, which may also be embodied by
a hardware module, software module, or by apparatus 20, for
example. The dynamic work zone map data generation 220
may receive additional imnformation regarding road closure
and incident data 210, which may be provided, for example,
by a municipality, department of transportation, or other
service provider. Further, third party roadwork data 212 may
be provided to the dynamic work zone map data generation
220, such as by entities responsible for construction and
associated closures or impacts on road segments and lanes
thereot. The existing HD map data 230 1s used to define road
segments and locations within a road network. However, the
dynamic work zone map data 1s generated separately from
the HD map data for ease of communicating with lower
bandwidth and processing requirements. The dynamic work
zone map data that 1s generated can be used at a vehicle 1n
combination with locally stored map data (e.g., a map
database stored at a vehicle) as an overlay to provide
dynamic, up-to-date map work zone information without

requiring map updates that can be processing and bandwidth
intensive.

[0061] Probe data from vehicles traveling within a road
network can include a variety of sensor data, particularly
from autonomous vehicles that are equipped with a high-
capability sensor suite that can provide rich sensor informa-
tion with the probe data. Such sensor data can include an
identification of construction presence, construction-related
signage, speed limit signs, cones, barricades, lane markings,
time stamp, location, worker presence, etc. Dynamic content
from vehicles can include weather data, trattic data, incident
data, hazard warning data, etc. Probe data including the
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sensor data can be aggregated, such as by map data service
provider 108, and map-matched within the HD map data.

[0062] Embodiments provided herein include dynamic
service providers using sensor data from probe data to detect
a road work zone region. Dynamic service providers mgest
third party road work data, and the road work zone region
can be 1dentified using probe data and sensor data. HD map
data for a specific road work zone region can be retrieved to
correlate the work zone with rich map data. Embodiments
determine 1f the dynamic work zone map data needs to be
generated using probe data including sensor data to detect 1f
there are lane changes or other map attributes that are
allected by the work zone temporally. A dynamic work zone
map data layer 1s etther created or 1f one 1s existing, updated,
based on the HD map data and the sensor data to refine lane
boundaries, lane widths, lane nodes, and other features of the
road segments aflected by the work zone. The dynamic work
zone map data 1s packaged for delivery to vehicles as
dynamic content through a network, such as through 4G, 5G,
internet, or the like when a vehicle 1s approaching the work
zone, when a work zone exists along a vehicle route, or 1n
an offline backend server mode.

[0063] FIG. 4 illustrates a flowchart of a method of
example embodiments for detecting a road work zone. Probe
data 1s received at 310, where probe data includes sensor
data from vehicles traveling within a road network. The
probe data 1s aggregated at 320, and may be aggregated by
a plurality of categories, such as by provider (e.g., OEM,
service provider, etc.), vehicle identifier, road functional
class, sensor category (e.g., LIDAR, 1images, etc.). Probe
data 1s accumulated at 330 by at least one of region of the
road network, road functional class, provider, or vehicle
identifier. At 340 road work events are detected based on the
probe data including the sensor data. The road work zone
region 1s 1dentified at 350.

[0064] According to example embodiments described
herein, the quality or reliability of the road work zone region
may be generated to 1dentify the trustworthiness of the road
work zone region mnformation. The quality score described
herein 1s computed based on agreement of the presence of
the road work zone region at particular locations within the
road network. This may be performed based on a number of
vehicles providing probe data that 1s 1n agreement regarding
the work zone region, and any vehicles providing probe data
that contlicts with the work zone region. Users and vehicles
receiving the road work zone region data can understand the
quality of the work zone region and use that quality com-
putation to determine how to use information. For example,
if the computed quality 1s high with respect to a work zone
region, the user and/or the vehicle may trust that a work zone
region exists within the reported area, and take the appro-
priate precautions. If the computed quality 1s low, such as
when only one source indicates a work zone region at a
location, then the user and/or vehicle can determine 1f any
action 1s to be taken with respect to the identified work zone
region.

[0065] FEmbodiments described herein optionally provide
a quality measure that may influence how a work zone
region 1ndication 1s processed by a navigational system or
autonomous vehicle control system. In this manner, a user
may be presented with an alert to a work zone region and a
quality of the data supporting the work zone region. The user
may be presented with an option to take action with respect
to the work zone region or not. This decision may be
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influenced by the quality of the data, and a user may
optionally take into consideration current context of the
vehicle, such as 1t 1t 1s apparent that a work zone region 1s
likely (e.g., if traflic 1s slowing, 1f signs exist, etc.). Simi-
larly, an autonomous vehicle may use the quality of infor-
mation with respect to a work zone region to determine what
actions may be taken responsive to the mformation. A
threshold may be set, either manually by a user or by the
autonomous vehicle control system, below which no action
1s taken 1n response to a low quality work zone region, or
above which action may be taken in response to a high
quality work zone region. Further, there may be multiple
thresholds, where different actions are taken based on the
quality of the work zone region information. For example, a
work zone region ol moderate quality (e.g., between 30%
and 70%) may result in some actions taken, while different,
more substantial actions may be taken by an autonomous
vehicle controller or a user 1n response to a higher quality of
information pertaining to the work zone region.

[0066] FIG. 5 1s a flowchart of a method of generating
dynamic work zone map data. Work zone event data is
received at 410. HD map data 1s retrieved for an area
corresponding to the work zone area at 420. At 430, probe
data including sensor data within the work zone 1s collected,
from which 1t 1s determined at 440 1f there are any lane
changes or other map attribute changes detected, such as
reduced speed limits, lane closures, lane shiits, etc. Dynamic
work zone map data i1s created or updated at 450 as an
overlay for the HD map data. At 460 the time to live or
estimated life time of the dynamic work zone map data is
estimated. The method of the flowchart of FIG. 5 depicts the
generation of new dynamic work zone map data overlayed
with the existing HD map data using probe data and sensor
data to support autonomous vehicle control. The sensor data,
such as L1iDAR data, camera data, lane marking data, road
sign data, etc. are used to determine the HD map data
attribute that have changed within or proximate the work
zone. If there are changes, the new dynamic road work zone
data 1s generated and delivered to vehicles approaching or
within the work zone such that the vehicle can take appro-
priate actions. The time to live of the dynamic road work
zone map can be determined or updated based on the sensor
data analysis. Map data service providers can determine
whether or not to merge the dynamic road work zone map
data into the HD map data as there may be frequent changes
due to the dynamic nature of road work. It 1s up to a vehicle
in the case of an autonomous vehicle, or a driver 1n the case
of an at least partially manually-driven vehicle to make
decisions regarding the work zone when encountering the
work zone based on the dynamic work zone overlay data
generated and provided herein.

[0067] The work zone of example embodiments can be
established for one or more segments of road within the road
network. The bounds of the work zone can be established
based on the probe data and sensor data from the probe
apparatus vehicles traveling among the road network. This
boundary may include the boundary within which confi-
dence of the work zone presence satisfies at least a minimum
value. For example, while some probe apparatuses may
identily a work zone as starting at a first location, 11 most
probe apparatuses i1dentily a work zone as starting at a
second location, the second location may be used as the start
of the work zone boundary based on a higher degree of
confidence. Optionally, the probe data and sensor data of
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some probe apparatuses may be afforded a higher weight,
such as vehicles including more accurate sensors or a higher
level sensor suite capable of greater detection of an envi-
ronment of a probe apparatus.

[0068] The time to live of work zones of example embodi-
ments described herein can be impacted by a type of event
of the road work event. An event such as a trathic accident
involving a single vehicle may have a first time to live that
1s shorter than an event that includes an accident mnvolving
multiple vehicles. Further, a road work event including road
surface improvement may have a time to live that 1s con-
siderably longer than that of an accident type event. Still
further, a general infrastructure improvement, such as add-
ing trailic lanes, bridge surface repair, the addition or
changing of traflic patterns, may each have an even longer
time to live. Sensor data collected from probe apparatuses
may provide an indication of a road work event type, and the
road work event type may indicate a likely time to live of a
road work event.

[0069] FIGS. 4, 5, and 6 are a flowcharts illustrative of
methods according to example embodiments of the present
invention. It will be understood that each block of the
flowcharts and combination of blocks 1n the flowcharts may
be implemented by various means, such as hardware, firm-
ware, processor, circuitry, and/or other communication
devices associated with execution of software including one
or more computer program instructions. For example, one or
more of the procedures described above may be embodied
by computer program instructions. In this regard, the com-
puter program instructions which embody the procedures
described above may be stored by a memory device 26 of an
apparatus employing an embodiment of the present inven-
tion and executed by a processor 24 of the apparatus 20. As
will be appreciated, any such computer program instructions
may be loaded onto a computer or other programmable
apparatus (for example, hardware) to produce a machine,
such that the resulting computer or other programmable
apparatus implements the functions specified 1n the flow-
chart blocks. These computer program instructions may also
be stored 1n a computer-readable memory that may direct a
computer or other programmable apparatus to function 1n a
particular manner, such that the instructions stored in the
computer-readable memory produce an article of manufac-
ture the execution of which implements the function speci-
fied 1n the flowchart blocks. The computer program instruc-
tions may also be loaded onto a computer or other
programmable apparatus to cause a series of operations to be
performed on the computer or other programmable appara-
tus to produce a computer-implemented process such that
the instructions which execute on the computer or other
programmable apparatus provide operations for implement-
ing the functions specified in the flowchart blocks.

[0070] Accordingly, blocks of the tlowcharts support com-
binations of means for performing the specified functions
and combinations of operations for performing the specified
functions for performing the specified functions. It will also
be understood that one or more blocks of the flowcharts, and
combinations of blocks in the flowcharts, can be 1mple-
mented by special purpose hardware-based computer sys-
tems which perform the specified functions, or combinations
of special purpose hardware and computer instructions.

[0071] FIG. 6 illustrates a method for aggregating probe
data to detect a road work event and generating, from the
road work event, a work zone map overlay to inform
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navigational systems and autonomous vehicles according to
an example embodiment of the present disclosure. Probe
data 1s received at 510 including sensor data from probe
apparatuses traveling within a road network. Probe appara-
tuses include, 1 certain embodiments, sensor-equipped
vehicles that provide sensor data together with location
information and a timestamp reflecting when the sensor data
was collected. A road work event within the road network 1s
identified at 520 from the probe data. Based on the road
work event and probe data, a work zone 1s determined at
530. A map overlay 1s generated at 540 including the work
zone, where the map overlay 1s independent from map data
of the road network. The map overlay 1s provided to at least
one vehicle at 550 for use in combination with the map data
of the road network. This overlay may be provided, for
example, over a network. At least one of navigational
assistance or at least semi-autonomous vehicle control is
provided based on the map overlay of the map data of the
road network as shown at 560.

[0072] In an example embodiment, an apparatus for per-
forming the methods of FIGS. 4, 5, and/or 6 above may
comprise a processor (e.g., the processor 24) configured to
perform some or each of the operations (310-350, 410-460,
and/or 510-560) described above. The processor may, for
example, be configured to perform the operations (310-350,
410-460, and/or 510-560) by performing hardware imple-
mented logical functions, executing stored instructions, or
executing algorithms for performing each of the operations.
Alternatively, the apparatus may comprise means for per-
forming each of the operations described above. In this
regard, according to an example embodiment, examples of
means for performing operations 310-350, 410-460, and/or
510-560 may comprise, for example, the processor 24 and/or
a device or circuit for executing 1nstructions or executing an
algorithm for processing information as described above.

[0073] Many modifications and other embodiments of the
inventions set forth herein will come to mind to one skilled
in the art to which these inventions pertain having the benefit
ol the teachings presented in the foregoing descriptions and
the associated drawings. Therefore, 1t 1s to be understood
that the nventions are not to be limited to the specific
embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of
the appended claims. Moreover, although the foregoing
descriptions and the associated drawings describe example
embodiments 1n the context of certain example combina-
tions of elements and/or functions, 1t should be appreciated
that different combinations of elements and/or functions
may be provided by alternative embodiments without
departing from the scope of the appended claims. In this
regard, for example, different combinations of elements
and/or functions than those explicitly described above are
also contemplated as may be set forth in some of the
appended claims. Although specific terms are employed
herein, they are used 1n a generic and descriptive sense only
and not for purposes of limitation.

That which 1s claimed:

1. An apparatus comprising at least one processor and at
least one non-transitory memory including computer pro-
gram code 1nstructions, the computer program code 1nstruc-
tions configured to, when executed, cause the apparatus to at
least:

receive probe data from a plurality of probe apparatuses
traveling within a road network;

May 25, 2023

identily, from the probe data, a road work event within the
road network;

determine, from the road work event and the probe data,
a work zone;

generate a map overlay including the work zone, wherein
the map overlay 1s independent from map data of the
road network:

provide the map overlay to at least one vehicle for use 1n
combination with the map data of the road network;
and

provide for at least one of navigational assistance or at
least semi-autonomous vehicle control based on the
map overlay of the map data of the road network.

2. The apparatus of claim 1, wherein the map overlay 1s
dynamic with the work zone indicating at least one change
to road segment information relative to the map data 1s
present.

3. The apparatus of claim 2, wherein the at least one
change to road segment information relative to the map data
includes a change to at least one of: a number of lanes
available on a road segment, a speed limit of a road segment,
or lane markings of a road segment.

4. The apparatus of claim 1, wherein the work zone of the
map overlay comprises a time to live, wherein the time to
live 1s determined based on an event type of the road work
event.

5. The apparatus of claim 4, wherein the event type of the
road work event comprises at least one of: a vehicle acci-
dent, road surface improvements, or infrastructure changes.

6. The apparatus of claim 1, wherein the apparatus 1s
turther caused to:

determine, from the probe data and from map data, one or

"y

more aflected driving lanes associated with the work
Zone.

7. The apparatus of claim 6, wherein causing the appa-
ratus to provide for at least one of navigational assistance or
at least semi-autonomous vehicle control comprises causing
the apparatus to provide at least semi-autonomous vehicle
control, wherein the apparatus 1s further caused to:

identily, from the probe data and map data, map attributes
associated with the work zone aflecting at least semi-
autonomous vehicle control.

8. The apparatus of claim 7, wherein the apparatus 1s
further caused to:

determine, based on the map attributes associated with the
work zone aflecting at least semi-autonomous vehicle
control, that autonomous vehicle control 1s not recom-
mended; and

cede vehicle control to an operator in response to the
apparatus determining that autonomous vehicle control
1s not recommended.

9. A computer program product comprising at least one
non-transitory computer-readable storage medium having
computer-executable program code instructions stored
therein, the computer-executable program code nstructions
comprising program code instructions to:

recerve probe data from a plurality of probe apparatuses
traveling within a road network;

identily, from the probe data, a road work event within the
road network:

determine, from the road work event and the probe data,
a work zone;:
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generate a map overlay including the work zone, wherein
the map overlay 1s independent from map data of the
road network:

provide the map overlay to at least one vehicle for use 1n

combination with the map data of the road network;
and

provide for at least one of navigational assistance or at

least semi-autonomous vehicle control based on the
map overlay of the map data of the road network.

10. The computer program product of claam 9, wherein
the map overlay 1s dynamic with the work zone indicating at
least one change to road segment information relative to the
map data 1s present.

11. The computer program product of claim 10, wherein
the at least one change to road segment information relative
to the map data includes a change to at least one of: a number
of lanes available on a road segment, a speed limit of a road
segment, or lane markings of a road segment.

12. The computer program product of claim 9, wherein
the work zone of the map overlay comprises a time to live,
wherein the time to live 1s determined based on an event type
of the road work event.

13. The computer program product of claim 12, wherein
the event type of the road work event comprises at least one
of: a vehicle accident, road surface improvements, or infra-
structure changes.

14. The computer program product of claim 9, further
comprising program code instructions to:

determine, from the probe data and from map data, one or

more aflected driving lanes associated with the work
Zone.

15. The computer program product of claim 14, wherein
the program code 1nstructions to provide for at least one of
navigational assistance or at least semi-autonomous vehicle
control comprise program code instructions to provide at
least semi-autonomous vehicle control, wherein the appara-
tus 1s further caused to:

identify, from the probe data and map data, map attributes

associated with the work zone aflecting at least semi-
autonomous vehicle control.

16. The computer program product of claim 15, further
comprising program code instructions to:

determine, based on the map attributes associated with the

work zone aflecting at least semi-autonomous vehicle
control, that autonomous vehicle control 1s not recom-
mended; and
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cede vehicle control to an operator 1n response to the
program code instructions determining that autono-
mous vehicle control 1s not recommended.

17. A method comprising:

recerving probe data from a plurality of probe apparatuses
traveling within a road network;

identifying, from the probe data, a road work event within
the road network;

determining, from the road work event and the probe data,
a work zone;

generating a map overlay including the work zone,
wherein the map overlay 1s independent from map data
of the road network:

providing the map overlay to at least one vehicle for use
in combination with the map data of the road network;
and

providing for at least one of navigational assistance or at
least semi-autonomous vehicle control based on the
map overlay of the map data of the road network.

18. The method of claim 17, wherein the map overlay 1s
dynamic with the work zone indicating at least one change
to road segment information relative to the map data 1s
present, wherein the change to road segment mnformation
comprises changes to at least one of: a number of lanes

available on a road segment, a speed limit of a road segment,
or lane markings of a road segment.

19. The method of claim 17, further comprising:

deriving a road detour event based on the work zone to
support at least one of navigational assistance or at least
semi-autonomous vehicle control

20. The method of claim 17, wherein the apparatus 1s
further caused to:

determine, from the probe data and from map data, one or

e

more aflected driving lanes associated with the work
Zone,

wherein providing for at least one of navigational assis-
tance or at least semi-autonomous vehicle control com-
prises providing at least semi-autonomous vehicle con-
trol, the method further comprising:

identifying, from the probe data and map data, map
attributes associated with the work zone affecting at
least semi-autonomous vehicle control.
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