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(57) ABSTRACT

In an approach to determining pavement markings, a com-
puter determines a location of a first computing device based
on data received from one or more location devices associ-
ated with the first computing device. The computer then
retrieves pavement marking data for one or more pavement
markings for the location and determines whether one or
more existing pavement markings are present at the location.
Responsive to determining that one or more existing pave-
ment markings are present at the location, the computer
determines whether each of the one or more existing pave-
ment markings meet one or more pre-determined thresholds
for an acceptable pavement marking quality. Furthermore,
responsive to determining each of the one or more existing
pavement markings do not meet the one or more pre-
determined thresholds for an acceptable pavement marking
quality level, the computer provides pavement marking data
to the first computing device.
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PAVEMENT MARKING DETERMINATION

BACKGROUND

[0001] The present invention relates generally to roadway
management, and more particularly, to computers using
sensors such as location sensors, depth sensors, and cameras
to evaluate road pavement markings at a location and output
pavement marking data for the location to a pavement
painting system.

[0002] Current methods to apply pavement markings for
roadways include determining a center of a road using a
manual measurement of the road width. A road width may
be manually measured and the center of the road is deter-
mined and marked at multiple locations along the road. Once
the center of a road is determined, a truck with painting
equipment uses the manually applied marks to position the
truck and to guide the painting system to apply the pavement
marks. The painting system is typically on a movable arm
positioned by a second operator for paint application on a
road surface.

[0003] Typically, the location of pavement marks for road-
ways such as slow lanes are manually determined using the
center of a road as a reference mark for the application of
pavement markings. The center of the road is used to offset
additional pavement markings such as lines depicting merge
lanes, bike lanes, intersection stop lines, turn arrows, etc.
The pavement markings for a road are typically included in
a road plan based on the required traffic control marks as
defined in a manual or document for a governing entity (e.g.,
a providence, a state, or a country). The pavement markings
can be specified in a traffic specification or document for
governing traffic regulations such as a Manual on Uniform
Traffic Control Devices (MUTCD) in the United States or
other similar document in another country.

[0004] Existing pavement markings may be inspected or
evaluated to determine if the pavement marking meet a
required quality level (e.g., the pavement marks meet
defined criteria or thresholds for visibility). An inspector,
typically a Department of Transportation inspector or other
similar trained individual, performs the inspection to evalu-
ate if the existing pavement markings are acceptable based
on one or more criteria defined in the governing traffic
specifications such as the MUTCD.

SUMMARY

[0005] Aspects of the present invention provide a method,
computer program product, and a computer system for one
or more computers to determine determining pavement
markings. The method includes determining, by one or more
computers, a location of a first computing device based on
data received from one or more location devices associated
with the first computing device, wherein at least one of the
one or more location devices includes a precision global
positioning system and wherein the first computing device is
one of: a mobile computing device held by an operator of a
pavement painting system, a computer integrated into the
pavement painting system, and an automated robotic paint-
ing system that is one of an autonomous car, an autonomous
kart, or an autonomous drone. The method includes retriev-
ing, by one or more computers, pavement marking data for
one or more pavement markings for the location, and
determining whether one or more existing pavement mark-
ings are present at the location, wherein the determining
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includes determining, based, at least in part, on at least one
of: a digital image received from one or more cameras and
sensor data received from one or more sensors. Responsive
to determining that one or more existing pavement markings
are present at the location, the method includes determining,
by one or more computers, whether each of the one or more
existing pavement markings meet one or more pre-deter-
mined thresholds for an acceptable pavement marking qual-
ity, wherein the one or more pre-determined thresholds for
the acceptable pavement marking quality level include at
least one of: a level of contrast between a pavement marking
color and a pavement color, a percent of a pavement marking
present, a location of a pavement marking as compared to a
specified pavement mark for the location of an existing
pavement marking, and any other threshold of the one or
more pre-determined thresholds for an acceptable quality
level included in a governing traffic regulation document.
The method then includes, responsive to determining each
of the one or more existing pavement markings do not meet
the one or more pre-determined thresholds for an acceptable
pavement marking quality level, providing, by one or more
computers, pavement marking data to the first computing
device, wherein providing pavement marking data includes
providing data for removal of one or more of the one or more
existing pavement markings and providing pavement mark-
ing data for display using augmented reality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a functional block diagram illustrating a
distributed data processing environment, in accordance with
an embodiment of the present invention;

[0007] FIG. 2 is a flowchart depicting operational steps of
the pavement marking program of FIG. 1, for determining a
pavement marking for a paved area, in accordance with an
embodiment of the present invention;

[0008] FIG. 3 depicts a block diagram of components of a
computer, in accordance with an illustrative embodiment of
the present invention.

DETAILED DESCRIPTION

[0009] Embodiments of the present invention recognize
that in road construction and road maintenance projects
pavement markings of various shapes and sizes for traffic
lanes, passing lines, turn arrows, and other road markings
are applied. Embodiments of the present invention recognize
that the method to determine a location for pavement
marking application and a method of pavement marking
application typically rely on predominately manual methods
to determine the pavement marking location and the speci-
fied pavement markings for application prior to painting the
road pavement markings. Additionally, embodiments of the
present invention recognize the pavement markings for
roads are periodically re-applied, in some cases, based on a
manual visual inspection and evaluation of existing pave-
ment markings.

[0010] Embodiments of the present invention provide a
method, a system, and a computer program to determine if
a paved area such as a new or re-surfaced road needs an
initial pavement marking application. Additionally, embodi-
ments of the present invention provide a method, a system,
and a computer program for an automatic evaluation of
existing pavement markings to determine if a re-painting of
the existing pavement markings is needed. Embodiments of



US 2017/0212058 Al

the present invention provide a method to determine when,
where, and which pavement markings need to be applied
using a combination of various sensors, cameras, a road
plan, and at least one software program. Furthermore,
embodiments of the present invention provide pavement
marking data to a display that uses augmented reality to
depict pavement markings on an overlay of the real-time
view of the road. Additionally, embodiments of the present
invention include the ability to use an automated robotic
vehicle or drone to provide an evaluation, a location, pave-
ment marking data, and an ability to paint pavement mark-
ings autonomously. Embodiments of the present invention
discuss a method, a system, and a computer program for the
determination and application of pavement markings for a
paved area such as a road or parking lot, however, embodi-
ments of the present invention are not limited to the deter-
mination of pavement markings for a road, but can also be
used in the determination of markings for other surfaces
such as athletic fields (e.g., a football field), a track, or other
applicable non-paved area that may require painted mark-
ings.

[0011] The present invention will now be described in
detail with reference to the Figures. FIG. 1 is a functional
block diagram illustrating a distributed data processing
environment, generally designated 100, in accordance with
one embodiment of the present invention.

[0012] FIG. 1 provides only an illustration of one imple-
mentation and does not imply any limitations with regard to
the environments in which different embodiments may be
implemented. Many modifications to the depicted environ-
ment may be made by those skilled in the art without
departing from the scope of the invention as recited by the
claims.

[0013] Distributed data processing environment 100
includes server 120, computer 130, and pavement painting
system 150 connected through a network depicted as net-
work 110. Network 110 can include wired, wireless, or fiber
optic connections between server 120, computer 130, pave-
ment painting system 150, and any computing devices not
depicted but included in distributed data processing envi-
ronment 100. Network 110 can be, for example, a local area
network (LAN), a virtual LAN (VLAN), a wide area net-
work (WAN), such as the Internet, a telecommunications
network, or a combination of the these networks. Network
110 can include one or more virtual, wired, and/or wireless
networks that are capable of receiving and transmitting data.
In general, network 110 can be any combination of connec-
tions and protocols that will support communications
between server 120, computer 130, pavement painting sys-
tem 150, and other computing devices (not shown) within
distributed data processing environment 100.

[0014] Server 120 can be a standalone computing device,
a database server, a web server, a management server, a
mobile computing device, a laptop computer, a desktop
computer, or any other electronic device or computing
system capable of receiving, sending, storing, and process-
ing data. In various embodiments, each of the programs,
applications, and databases on server 120 and computer 130
can reside on one or more other computing devices with
distributed data processing environment 100, provided each
have access to information and storage for implementation
and operations of the present invention via network 110.
[0015] Server 120 includes roadway design database 125
and user interface (UI) 127. Server 120 may be a web server,
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a tablet computer, a netbook computer, a personal computer
(PC), a personal digital assistant (PDA), a smart phone, or
any programmable electronic device capable of communi-
cating with computer 130, pavement painting system 150,
and any other computing components and devices not shown
in FIG. 1 in distributed data processing environment 100.
Server 120 is capable of sending and receiving data such as
road design plans to computer 130, pavement painting
system 150, and other computing devices not depicted in
FIG. 1 via network 110.

[0016] In various embodiments, server 120 sends road
plans and data to computer 130, based on a user request or
input to Ul 127. Server 120 may receive data such as
location data or photographs, or other information from
computer 130 and pavement painting system 150 via net-
work 110. A road plan can include information on required
pavement markings, required signage, locations of various
stations or points on a road (e.g., GPS location, survey
location, or other locational data that may be available for
road location and pavement marking), sets of digitized
drawings, and other supporting information included in a
road design. In some embodiments, pavement marking
program 134 resides on server 120. In the depicted example,
server 120 sends and receives data such as the location of a
paint system and pavement markings to computer 130
and/or pavement painting system 150. In this example,
server 120 may receive from computer 130 data from
various sensors including sensors for determining a location,
depth sensors, and cameras used to determine pavement
markings for a current location. Server 120 may include
internal and external hardware components, as depicted and
described in further detail with respect to FIG. 3.

[0017] Roadway design database 125 resides on server
120 and stores road design plans used in road construction
and road upgrades. Roadway design database 125 may
receive, retrieve, and store information such as photographs,
location data, and other information from computer 130,
pavement painting system 150, and other computing devices
not depicted in FIG. 1. In some embodiments, roadway
design database 125 includes the painting details for creating
pavement marks. For example, pavement marking size,
shape, color, spacing, periodicity of repeating elements, type
of paint, paint application thickness, or a document speci-
fying the pavement marking requirements can be stored as
data in roadway design database 125. While depicted on
server 120, roadway design database 125 may be a separate
database, may be on another computing device such as
computer 130, or can reside on more than one other com-
puting devices (e.g., a cloud) within distributed data pro-
cessing environment 100, provided each has access to infor-
mation and storage for implementation and operations of the
present invention via network 110.

[0018] UI 127 is a user interface on server 120 providing
an interface between a user of server 120 that enables a user
of server 120 to interact with programs and data on server
120, computer 130, pavement painting system 150, and
other computing devices (not shown). Ul 127 may be a
graphical user interface (GUI), an active area or line for text
inputs, a web user interface (WUI), or other type of user
interface and can display user options, application inter-
faces, and data including road designs and maps. In various
embodiments, Ul 127 receives user input via a touch screen,
a keyboard, a mouse, a display, an audio, visual or motion
sensing device, or another peripheral device. A user can use
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UI 127 to send road design information retrieved from
roadway design database 125 to computer 130 or to send and
receive and/or display other data sent from computer 130
and pavement painting system 150.

[0019] Computer 130 can be an augmented reality device,
a laptop computer, a mobile computing device such as a
smart phone, a wearable computer, a tablet computer, a
notebook computer, a desktop computer, a server computer,
or any other electronic device or computing system capable
of receiving, sending, and processing data. Augmented
reality is live direct or indirect view of a physical, real-world
environment whose elements are augmented or enhanced by
computer-generated input, for example, graphics, video,
sound, or GPS data. As known to one skilled in the art, an
augmented reality device can include hardware components
such as a processor, a display, one or more sensors and input
devices used to provide an augmented reality display or
view such as an overlay of an element or an object on a
real-world image on a display or in a displayed image. Some
mobile computing devices like smartphones, tablet comput-
ers, smart glasses, and holographic goggles contain elements
such as a camera, an accelerometer, a global position sensor,
and a solid-state compass making them a suitable device for
an augmented reality platform. Computer 130 is any pro-
grammable electronic device capable of communicating
with server 120, pavement painting system 150, and other
computing devices (not shown) within distributed data pro-
cessing environment 100 via network 110 that can determine
a location, a paved area size, a pavement environment, and
pavement markings.

[0020] In various embodiments, computer 130 includes
depth sensor 131, camera 132, location device 133, pave-
ment marking program 134, pavement marking database
135, and UI 137. In some embodiments, computer 130
includes one type of device (e.g., one of a camera or a depth
sensor) to provide the capabilities such as a determination of
the presence of an existing pavement mark and the distance
to objects provided by depth sensor 131 and camera 132. For
example, computer 130 may include one or more cameras
(e.g., one or more of camera 132) but not depth sensor 131.
In this example, computer 130 can analyze photographs or
digital images captured by one or more cameras to deter-
mine a road width, a road environment, pavement marking
location, and pavement marking quality (e.g., fading or
wear) using one or more of known digital image analysis
software algorithms (e.g., image contrast, color contrast,
color intensity, shape matching, etc.).

[0021] In various embodiments, computer 130 is inte-
grated with pavement painting system 150. For example,
computer 130 may be mounted on pavement painting system
150 or be integrated into pavement painting system 150. For
example, computer 130 and pavement painting system 150
may share hardware such as physical hardware (e.g., a frame
or chassis, a paint dispersion or application system, a
display, etc.), electrical elements (e.g., sensors, GPS or
location devices, camera, etc.), computer components, or
software. In various embodiments, when computer 130
includes pavement painting system 150, the display or user
interface (e.g., one of Ul 137 or Ul 157) for the combined
system provides capability for augmented reality such as an
overlay of pavement markings for paint application depicted
on a real-time view of the paved surface.

[0022] In other embodiments, a vehicle that is an auto-
mated, robotic painting system such as an autonomous or a
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self-driving car, kart, or a drone that integrates the various
hardware components, sensors, and software of computer
130 and pavement painting system 150. For example, an
automated, robotic painting system using pavement marking
program 134 can determine if one or more pavement mark-
ings are required at a location determined by the system and
can automatically apply the pavement markings using paint
application equipment on the automated, robotic painting
system.

[0023] In some embodiments, computer 130 is a mobile
computing device or computer on a drone, an aerostat, or a
hybrid aerostat capable of sending pavement-marking data
to pavement painting system 150. Aerostats or hybrid
aerostats commonly used for aerial surveys, surveillance, or
aerial photography can be an aircraft the remains aloft
primarily using aerostatic buoyancy (e.g., a tethered bal-
loon). A hybrid aerostat that uses both static buoyancy and
dynamic airflow as provided by a propulsive power (e.g., an
engine) or tethering in the wind (e.g., like a kite or an
Allsopp Helikite®) that are more stationary and lower cost
than a drone or unmanned aerial vehicle (UAV). In this
example, computer 130 is an aerial mobile computing
device capable of performing the functions discussed above
to determine the pavement markings for a location and
provide pavement marking data for a current location to
pavement painting system 150.

[0024] Computer 130 connects to server 120 and pave-
ment painting system 150 via network 110. In various
embodiments, computer 130 sends and receives data such as
pavement markings, a pavement marking specification (e.g.,
MUTCD), and road plans which may include digital design
data in a tagged image file format (TIFF) or a station (e.g.,
a defined location from a survey) to and from server 120 and
pavement painting system 150. Computer 130 stores data
such as a road plan in a database, for example as pavement
marking database 135. In some embodiments, computer 130
retrieves data such as a road specification from a database
such as roadway design database 125 on server 120, or
another storage location (not shown) within distributed data
processing environment 100. Computer 130 may include
internal and external hardware components, as depicted and
described in further detail with respect to FIG. 3.

[0025] Depth sensor 131 is composed of one or more
depth detection sensors. Depth sensor 131 provides data
such as distance to elements on a road or objects around the
road. In various embodiments, depth sensor 131 sends the
measured distances to pavement marking program 134 and
may be used to determine a road layout. For example, the
road layout can include distances such as a distance to one
or more edges of a paved area used for determining a road
width, the distance to objects such as sidewalks, curbs,
reflectors, drainage grates, roadway signs in the vicinity of
the road or paved area, and other obstacles or elements such
as tree branches or railway crossings on or in the vicinity
(e.g., three to four meters) of a road or paved area.

[0026] Insome embodiments, depth sensor 131 is used for
elements or landmarks within the field of vision at a loca-
tion. In an embodiment, a range used for a depth sensor 131
is based on a level of accuracy of the one or more sensors
used in computer 130. For example, ranges that may be used
with depth sensor 131 include the range of a sensor such as
depth sensor 131 can be determined based on the sensor
accuracy. For example, a range over which depth sensor 131
provides an accuracy of one to ten centimeters for objects or
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elements around a paved area and an accuracy of one tenth
of a centimeter to ten centimeters for pavement markings.
[0027] In various embodiments, depth sensor 131 uses
hardware and software algorithms from depth detection
technologies known to one skilled in the art. For example,
depth sensor 131 can use three dimensional (3D) scanners,
range imaging cameras including time-of-flight cameras,
structured light 3D scanners, stereographic triangulation
cameras or range imagers, laser range finders, and any other
suitable depth detection technologies used in sensors to
determine a distance to an element on a paved area, or in the
vicinity of a paved area such as a road. In various embodi-
ments, one or more depth sensors 131 are included in
computer 130. Depth sensor 131 sends data, such as the
distance from a pavement edge to a pavement edge (e.g., for
a road width), to pavement marking program 134, pavement
marking database 135, or another database on computer 130
or server 120 for storage.

[0028] Camera 132 provides the ability to capture photo-
graphs or digital images of a paved area and the paved area
surroundings (e.g., a road and the road surroundings). While
FIG. 1 depicts computer 130 with a camera for camera 132,
in various embodiments, computer 130 includes one or more
cameras. In some embodiments, the recorded digital images
are videos or still digital images extracted from video digital
image files. The recorded digital images can be used by
pavement marking program 134 to determine the presence
of pavement markings, the quality of existing pavement
markings, the location of existing pavement markings, and
can be used to verify or provide additional information on
computer 130°s current location (e.g., based on landmarks,
survey pins, or other visual location indicators). In some
embodiments, pavement marking program 134 uses the
digital images provided by camera 132 to determine a
distance to one or more objects such as a road edge or stop
sign. For example, pavement marking program 134 may use
one or more known software algorithms to determine dis-
tance from digital images captured by one or more cameras
for camera 132 (e.g., camera 132 can be used to provide
distances instead of or in addition to depth sensor 131). In
various embodiments, camera 132 sends one or more cap-
tured digital images to pavement marking program 134 and
pavement marking database 135.

[0029] Location device 133 provides a location of com-
puter 130. Location device 133 uses one or more known
technologies that can provide a location accurate (e.g.,
within 0.5 to twenty cm) for computer 130. In various
embodiments, location device 133 is a high precision global
positioning system (GPS). In some embodiments, location
device is one or more of a local positioning system (e.g.,
based off a known cell tower location, etc.), theodolite based
software or software application, or any other suitable
location device technology. In various embodiments, loca-
tion device 133 is a sensor. Location device 133 sends data
such as a current location to pavement marking program 134
and to pavement marking database 135. In one embodiment,
location device 133 sends data such as a current location to
persistent storage 308 in computer 130.

[0030] Pavement marking program 134 receives a current
location from a location sensor (e.g., location device 133). In
various embodiments, pavement marking program 134
determines if pavement markings exist on a road at the
current location. In various embodiments, pavement mark-
ing program 134 determines if no pavement markings exist
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(e.g., on a new road surface), if the existing pavement
markings are acceptable (e.g., no painting required), if the
existing pavement markings should be refreshed or re-
painted, or if the existing pavement markings are off location
and should be erased and re-applied in the proper location.
In various embodiments, when pavement marking program
134 determines the pavement or road needs pavement mark-
ing, pavement marking program 134 retrieves one or more
pavement markings identified in the road plans for the
current location from a database such as pavement marking
database 135 or roadway design database 125. In some
embodiments, pavement marking program 134 determines
markings for a location on another surface. For example,
line marks and field marking for a football field on a turf or
a grass surface. In various embodiments, pavement marking
program 134 retrieves pavement marking specifications
(e.g., MUTCD) from a database (e.g., pavement marking
database 135, roadway design database 125 on server 120,
or another database on a computer in distributed data
processing environment 100). In an embodiment, pavement
marking program 134 uses pavement markings that are
included in the road plans. For example, pavement marking
program 134 retrieves the pavement marking data detailing
the shape, size, spacing, and location of the pavement
markings from the road plan rather than retrieving the
pavement marking specification stored in pavement marking
database 135.

[0031] Pavement marking program 134 receives a current
location from location device 133 and receives distances
from depth sensor 131 associated with the road at the current
location (e.g., a distance to one or more road edges to
determine a road width and a road center, distance to curb,
distance to an on-ramp, distance to an intersection, etc.).
Additionally, pavement marking program 134 receives digi-
tal images or photographic data of the road surface and the
surrounding road area including possible existing pavement
markings and signage from camera 132. In various embodi-
ments, pavement marking program 134 resides on computer
130. In some embodiments, pavement marking program 134
resides on another computer such as server 120 sending and
receiving data such as sensor data and pavement marking
data to and from pavement painting system 150, sensors
(e.g., location device 133, depth sensor 131, and camera
132), and databases such as roadway design database 125 on
server 120.

[0032] Pavement marking program 134 analyzes the road
plan and received data from depth sensor 131, camera 132,
and location device 133 to determine the location and type
of pavement markings for application on a road by pavement
painting system 150. Pavement marking program 134 deter-
mines from one or more of digital image data or depth sensor
data if there are existing pavement markings or lines and
determines if the existing pavement markings meet a num-
ber of pre-determined thresholds for pavement marking
quality.

[0033] In various embodiments, pavement marking pro-
gram 134 provides the pavement marking data to pavement
painting system 150 for pavement marking application. In
various embodiments, pavement marking program 134
sends data for pavement marking application to an aug-
mented reality display in pavement painting system 150. For
example, the display provides an overlay of pavement
markings on a real-time view of a road to a user with a
manual pavement painting system for pavement painting
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system 150 using a handheld or mounted display (e.g., a
smart phone with an augmented reality overlay depicting a
pavement marking location). In another embodiment, pave-
ment marking program 134 provides data for pavement
marking to a painting system in an automated robotic
vehicle or a drone.

[0034] In various embodiments, pavement marking data-
base 135 stores pavement marking details (e.g., a pavement
marking specification in MUTCD) and one or more road
plans. Pavement marking details may include digital design
data in a tagged image file format (TIFF) or any other digital
design data format that may be utilized by pavement paint-
ing system 150 to paint markings such as lines, arrows,
words, or other pavement markings for traffic control or
pedestrian directions on a road or paved surface. Pavement
marking program 134 retrieves required data such as pave-
ment marking specifications, pavement design, and paint
application related data for one or more pavement markings
identified in a road plan for a current location from pavement
marking database 135 to send to pavement painting system
150. While depicted on computer 130, in some embodi-
ments, pavement marking database 135 is on another com-
puter, is a standalone database, or is included on one or more
computers or computing devices (e.g., resides on a cloud
computing environment).

[0035] UI 137 is a user interface on computer 130 pro-
viding an interface between a user of computer 130 that
enables a user of computer 130 to interact with programs and
data on server 120, pavement painting system 150, and other
computing devices (not shown). Ul 137 may be a graphical
user interface (GUI), an active area or line for text inputs, a
web user interface (WUI), a heads-up display (HUD), or
other type of user interface and can display user options,
application interfaces, data including maps, digital images
from camera 132, pavement markings, overlays of pavement
markings projected on a real-time image, and includes
displaying any other information that a program or applica-
tion may present to a user. As known to one skilled in the art,
a heads-up display (HUD) is any transparent display that
presents data without requiring a user to look away from
their standard viewpoint (e.g., see data while looking for-
ward as can be done with holographic goggles or smart-
glasses).

[0036] In an embodiment, Ul 137 uses a virtual retinal
display. A virtual retinal display is a display scanned directly
on a user’s retina that appears to be floating in space in front
of the user. In some embodiments, computer 130 and
pavement painting system 150 are coupled to form a single
unit. In this case, when computer 130 and pavement painting
system 150 are integrated, Ul 137 is an augmented reality
display. For example, Ul 137 may be a hand held display
such as a smart phone displaying an overlay of pavement
markings on a real-time image of a road. In some embodi-
ments, Ul 137 is used to by a user to send painting
instructions to pavement painting system 150 for pavement
marking.

[0037] In various embodiments, pavement painting sys-
tem 150 applies pavement markings to a road or other paved
surface. In various embodiments, pavement painting system
150 is any known painting system for pavement painting
used in road construction or road repair. In some embodi-
ments, pavement painting system 150 includes computer
130. For example, computer 130 is mounted on pavement
painting system 150 or integrated into a dashboard of
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pavement painting system 150. In other embodiments, pave-
ment painting system 150 is in an automated, robotic system
(i.e., a self-driving car or other self-driving vehicle with a
painting system and computing capability) or a drone inte-
grating the functions and elements of computer 130 and the
ability to apply pavement markings in one unit or vehicle.
[0038] In some embodiments, pavement painting system
150 includes a location device 133. For example, location
device 133 in pavement painting system 150 can be used to
correlate pavement marking data for a current location of
computer 130 to a current location for pavement painting
system 150. In one embodiment, when pavement painting
system 150 is a vehicular, automated, robotic painting
system where the automated, robotic painting system is
capable of being programmed to place traffic cones before
painting and to remove or pick-up traffic cones after road
painting is complete.

[0039] In some embodiments, pavement painting system
150 includes Ul 157. In various embodiments, UI 157 is a
display capable of providing an overlay using augmented
reality technology. In one embodiment, UI 157 uses spatial
augmented reality such as digital projectors to display
information on a physical object such as a pavement mark-
ing projected on a road surface. In this case, the projection
from UI 157 can be used as a visual guide to an operator of
pavement painting system 150 for applying pavement mark-
ings to the correct location. In various embodiments, UI 157
receives a user input via a touch screen, a key board, a
mouse, a display, an audio, visual or motion sensing device
or other peripheral device standard in computer devices. In
various embodiments, Ul 157 includes the capability to
provide an augmented reality such as an overlay of deter-
mined pavement markings on a real-time view of a road or
paved area.

[0040] FIG. 2 is a flowchart 200 depicting operational
steps for pavement marking program 134 for determining
the pavement marking for a paved area, in accordance with
an embodiment of the present invention. In step 202, pave-
ment marking program 134 receives a road plan which may
be a parking lot plan or soccer field layout from server 120.
In various embodiments, based on a user input to Ul 127,
server 120 retrieves a plan from roadway design database
125 to send to computer 130. In some embodiments, com-
puter 130 receives a road plan from one or more other
computing devices (not shown) in distributed data process-
ing environment 100. Pavement marking program 134 can
receive a road plan that includes a plan of record design for
the road. The plan of record design for the road includes one
or more of digitized road drawings for the road design,
maps, surveys, areal maps, station positions, road location
points, distances to surveying pins, station points, or sig-
nificant landmarks, precision GPS locations, signage, and
assigned pavement markings for the road at the current
location (e.g., location on the road such as identified by high
precision GPS data, survey data, or other similar location
data).

[0041] In step 204, pavement marking program 134 deter-
mines a current location. Using location device 133, pave-
ment marking program 134 determines a current location for
computer 130. In some embodiments, for example in
embodiments where pavement painting system 150 is
coupled to computer 130, pavement painting system 150
includes a location device, such as location device 133 used
to transmit a location of pavement painting system 150 to
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pavement marking program 134. In other embodiments, a
location for pavement painting system 150 is determined by
pavement marking program 134 using a current location for
computer 130 combined with a distance and/or a location
determined based on data provided depth sensor 131 or
camera 132. In various embodiments, location device 133
may use high precision GPS to identify the current location
for computer 130. In some embodiments, pavement marking
program 134 uses a location technology that matches one or
more of the location data types supplied in the road plan. For
example, pavement marking program 134 may use a the-
odolite software application for location device 133 to match
theodolite data (e.g., from a survey of the road area)
included in a road plan. A theodolite is a precision instru-
ment for measuring angles commonly used in surveying
applications.

[0042] In step 206, pavement marking program 134 deter-
mines pavement markings for a location. Using the deter-
mined current location, pavement marking program 134
identifies from the road plan the assigned pavement mark-
ings for the location. For example, pavement marking pro-
gram 134 analyzes the road plan and determines the
assigned pavement markings identified in the road plan for
the current location. In various embodiments, pavement
marking program 134 retrieves from pavement marking
database 135 the identified pavement markings determined
from the road plan for the current location.

[0043] The retrieved pavement marking from pavement
marking database 135 includes data, detail, and specifica-
tions for painting the identified and retrieved pavement
markings. The retrieved pavement painting data includes
information on pavement marking shape, size, location,
periodicity, proximity to associated markings and road sig-
nage, and may also include a required paint thickness and
paint type. Pavement marking data and details may be
specified by one of a local, a state, a province, or a federal
regulation such as a traffic regulatory body or department, or
in some cases, by a designer or an engineer for the road
design. For example, pavement markings may be specified
in a department of transportation document or manual such
as the MUTCD. In some embodiments, pavement marking
program 134 retrieves pavement markings from one of
roadway design database 125 on server 120 or the received
road plan.

[0044] In step 208, using depth sensor 131, pavement
marking program 134 determines a road center and the
surrounding environment. Pavement marking program 134
makes a determination of a road width and a location of the
center of the center of the road using the distance to the road
edges measured by depth sensor 131. Depth sensor 131 may
use three dimensional (3D) scanning technology or time-of-
flight technology (e.g., time-of-flight camera or sensors) to
determine one or more of the following: the distance to the
road edges, a road width, a distance to a curb, a distance to
a side walk, a sign, a cross-walk, an on-ramp, a landmark,
a survey mark based station, a survey pin, or a distance to
any other significant objects in the vicinity of the pavement
or road.

[0045] Insome embodiments, pavement marking program
134 uses depth sensor 131 to determine the distances to
elements directly connected to a paved area. For example, a
distance to a road edge, to a curb, to an intersection, to an
on-ramp, or a distance to a pavement marking such as a line
when depth sensor 131 can detect a change in road surface
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texture or color. In other embodiments, pavement marking
program 134 uses depth sensor 131 to determine objects and
elements outside of a paved area. For example, pavement
marking program 134 uses depth sensor 131 to determine a
distance to elements or objects such as signs, survey pins, or
sidewalks beyond a paved area where the range of distance
beyond the pavement that are limited by the desired accu-
racy of depth sensor 131 (e.g., a distance range with an
accuracy of two centimeters).

[0046] In various embodiments, pavement marking pro-
gram 134 determines the location of the pavement markings
based, at least in part, on the center of the road. For example,
depth sensor 131 sends a distance for each pavement edge to
pavement marking program 134 to determine a road width,
a location for the center of the road, and pavement marking
program 134 determines a distance to a curb or a bike lane
with respect to the center of the road. In some embodiments,
pavement marking program 134 receives one or more digital
images from camera 132 used by pavement marking pro-
gram 134 to determine the center of the road for pavement
painting.

[0047] In decision step 210, pavement marking program
134 determines if the road has existing pavement markings.
In various embodiments, pavement marking program 134
receives digital images from camera 132 of the road or
pavement surface that are used for an evaluation of the
presence of existing pavement markings. In one embodi-
ment, depth sensor 131 provides information and data on the
details of the road surface (e.g., variations in surface indi-
cating a layer of paint on the surface or a variation of surface
color such as a variation between a pavement color and a
pavement marking color, or a level of contrast in reflected
light intensity indicating the presence of pavement mark-
ings) to determine if existing pavement marks are present.
Pavement marking program 134 uses known digital image
analysis techniques and software algorithms (e.g., a road
surface color contrast analysis or a surface texture analysis
using digital image data) on the received digital images from
camera 132 to determine if pavement markings are present
on the road surface.

[0048] Ifno existing pavement markings are identified (no
branch of decision 210), then pavement marking program
134 provides pavement marking data to pavement painting
system 150 (step 214). For example, pavement marking
program 134 provides to pavement painting system 150 the
retrieved details for painting the pavement markings
retrieved in step 206. Pavement marking program 134
retrieves the pavement marking data for the current location
identified in step 206 and sends the pavement marking data
to pavement painting system 150. In this case, pavement
marking program 134 sends pavement marking or painting
data to pavement painting system 150. The pavement mark-
ing data is for painting the identified pavement markings for
the current location. Using the provided pavement marking
data from pavement marking program 134, pavement paint-
ing system 150 can apply lines and other identified pave-
ment markings on a new road surface (e.g., a new road or
re-paved road without any pavement markings).

[0049] In various embodiments, pavement marking pro-
gram 134 outputs pavement marking data using augmented
reality technology such as an overlay of one or more
pavement markings projected on a real-world road image of
the road or paved area in UI 137. For example, as previously
discussed, pavement painting system 150 may display on a
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laptop or a handheld smart phone an overlay of pavement
markings for the current location. In another example as
previously discussed, computer 130 may be an augmented
reality device such as smart glasses or goggles. In one
embodiment, pavement marking program 134 is integrated
into an automated, robotic system or vehicle and outputs
directly to a painting system in the robotic vehicle.

[0050] In some embodiments, if pavement marking pro-
gram 134 determines that existing pavement markings are
present upon analysis of the digital images of the road
captured by camera 132 (yes branch of decision 210), then
pavement marking program 134 evaluates if the existing
pavement markings are acceptable (decision step 212).
Pavement marking program 134 uses a set of thresholds to
determine if pavement markings meet one or more pre-
determined threshold for an acceptable pavement mark
quality for the existing pavement markings. In various
embodiments, pavement marking program 134 utilizes pre-
determined thresholds from a pavement marking specifica-
tion (e.g., MUTCD) for at least a part of the determination
of acceptability of existing pavement marking quality. For
example, pavement marking program 134 can determine if
the current existing pavement marking is within a pre-
determined or specified threshold distance to a desired
location. In this example, a threshold can be that an accept-
able existing pavement mark is within a range of plus or
minus ten centimeters from the desired location of the
pavement mark as depicted in the road plan. In another
threshold example, the existing pavement marking should
cover at least ninety percent of the pavement mark area (e.g.,
no more than ten percent of a pavement marking missing in
a square foot of pavement) as determined from the specified
pavement mark to be acceptable (e.g., no large missing or
worn off areas of paint). In this example, pavement marking
program 134 compares the size and shape of the pavement
mark of a specified pavement mark in the road plan retrieved
in step 206 to the existing pavement mark. Another example
of a pavement marking threshold for an existing pavement
mark can be a required level of contrast between an existing
mark and the pavement. For example, a required level of
brightness or a level of color saturation for a pavement
marking may be required for an acceptable existing pave-
ment mark (e.g., a yellow marking must be at a forty percent
saturation level). In another example, a pavement marking
threshold can be a specified color for the pavement mark
(e.g., a turn arrow must be yellow).

[0051] For each pavement marking depicted in the digital
image data, when pavement marking program 134 evaluates
that the existing pavement marking is acceptable (yes branch
decision 212), then, no re-painting of the existing pavement
markings in the current location is needed. When each of the
pavement markings in the provided digital image data are
evaluated by pavement marking program 134, the program
may end. Pavement marking program 134 does not send
pavement marking data to pavement painting system 150
when the existing pavement markings meet the pre-deter-
mined thresholds for acceptable quality. In various embodi-
ments, when pavement marking program 134 determines
that the existing pavement markings are acceptable at a
location, computer 130 is moved to a new location and
pavement marking program 134 determines a new current
location and evaluates the pavement markings for the new
location. In this example, pavement marking program 134
repeats as required the steps 202 to 214.
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[0052] When pavement marking program 134 determines
that the existing pavement markings are not acceptable (no
branch of decision 212), then pavement marking program
134 provides pavement marking data to pavement painting
system 150 (step 214). When the existing pavement mark-
ings do not meet the specified or pre-determined quality
levels or thresholds, pavement marking program 134 deter-
mines that the pavement marking should be re-applied. In
some cases, when the existing pavement marks do not meet
expected pavement location thresholds as provided in a
pavement specification such as MUTCD or other pavement
marking specification configured as a pre-set threshold in
pavement marking program 134 then, pavement marking
program 134 determines that the existing pavement marks
should be removed and re-applied at the correct location.

[0053] In some embodiments, when pavement marking
program 134 provides pavement marking data to pavement
painting system 150, where pavement painting system 150
is a manual paint system. In this example, the pavement
markings determined by pavement marking program 134
may be displayed as an augmented reality overlay on a
real-time display of the pavement in a hand held device such
as a smart phone. In another example, as the pavement
markings can be added as an overlay on a displayed static
digital image or video of the paved area in a current location
shown on a mounted display, Ul 157 on manual pavement
painting system 150. In some embodiments, pavement
marking program 134 sends pavement marking data to an
augmented reality display in smart glasses worn by the
operator of the manual painting system.

[0054] In some embodiments, pavement marking program
134 includes an overlay of the pavement marking in smart
glasses worn by an operator of a vehicular painting system
(e.g., pavement painting system 150). In various embodi-
ments, computer 130 is mounted or integrated in a manually
operated vehicular pavement painting system 150. In this
example, pavement markings are displayed as an augmented
reality overlay on one of UI 137 or UI 157. In one embodi-
ment, pavement marking program 134 provides pavement
marking data to pavement painting system 150 for projec-
tion on the road surface indicating the location for paint
application by a driver or paint system operator. In another
embodiment, the functions and hardware of computer 130
and pavement painting system 150 are combined in an
automated robotic paint system that includes a mobile
painting system with the sensors, cameras, and software to
determine pavement markings for a location and automati-
cally guide the robotic vehicle during paint application. In
this example, pavement marking program 134 includes
additional software algorithms known to one skilled in the
art to determine a path for the automated robotic paint
system based on location device 133 data, depth sensor 131
data, and camera 132 digital image data. Upon completion
of pavement marking application by pavement painting
system 150, computer 130 and pavement painting system
150 can be moved to another location and an evaluation of
pavement markings for the new location can be performed
by pavement marking program 134 (e.g., steps 202 to 214
are repeated as needed for the new location).

[0055] FIG. 3 depicts block diagram 300 of components of
computer 130 in accordance with an illustrative embodiment
of the present invention. It should be appreciated that FIG.
3 provides only an illustration of one implementation and
does not imply any limitations with regard to the environ-
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ments in which different embodiments may be implemented.
Many modifications to the depicted environment may be
made.

[0056] Computer 130 includes communications fabric
302, which provides communications between cache 314,
memory 306, persistent storage 308, communications unit
310, and input/output (I/O) interface(s) 312. Communica-
tions fabric 302 can be implemented with any architecture
designed for passing data and/or control information
between processors (such as microprocessors, communica-
tions and network processors, etc.), system memory, periph-
eral devices, and any other hardware components within a
system. For example, communications fabric 302 can be
implemented with one or more buses or a crossbar switch.

[0057] Memory 306 and persistent storage 308 are com-
puter readable storage media. In this embodiment, memory
306 includes random access memory (RAM). In general,
memory 306 can include any suitable volatile or non-volatile
computer readable storage media. Cache 314 is a fast
memory that enhances the performance of computer pro-
cessor(s) 305 by holding recently accessed data, and data
near accessed data, from memory 306.

[0058] Programs and data used for implementation of
embodiments of the present invention, i.e., pavement mark-
ing program 134 may be stored in persistent storage 308 and
in memory 306 for execution by one or more of the
respective computer processors 304 via cache 314. In an
embodiment, persistent storage 308 includes a magnetic
hard disk drive. Alternatively, or in addition to a magnetic
hard disk drive, persistent storage 308 can include a solid
state hard drive, a semiconductor storage device, read-only
memory (ROM), erasable programmable read-only memory
(EPROM), flash memory, or any other computer readable
storage media that is capable of storing program instructions
or digital information.

[0059] The media used by persistent storage 308 may also
be removable. For example, a removable hard drive may be
used for persistent storage 308. Other examples include
optical and magnetic disks, thumb drives, and smart cards
that are inserted into a drive for transfer onto another
computer readable storage medium that is also part of
persistent storage 308.

[0060] Communications unit 310, in these examples, pro-
vides for communications with other data processing sys-
tems or devices. In these examples, communications unit
310 includes one or more network interface cards. Commu-
nications unit 310 may provide communications through the
use of either or both physical and wireless communications
links. Pavement marking program 134 may be downloaded
to persistent storage 308 through communications unit 310.

[0061] 1/O interface(s) 312 allows for input and output of
data with other devices that may be connected to computer
130. For example, /O interface 312 may provide a connec-
tion to external devices 316 such as a keyboard, keypad, a
touch screen, and/or some other suitable input device. Exter-
nal devices 316 can also include portable computer readable
storage media such as, for example, thumb drives, portable
optical or magnetic disks, and memory cards. Software and
data used to practice embodiments of the present invention
can be stored on such portable computer readable storage
media and can be loaded onto persistent storage 308 via I/O
interface(s) 312. /O interface(s) 312 also connect to a
display 318.
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[0062] Display 318 provides a mechanism to display data
to a user and may be, for example, a computer monitor or an
augmented reality display such as smart glasses.

[0063] The programs described herein are identified based
upon the application for which they are implemented in a
specific embodiment of the invention. However, it should be
appreciated that any particular program nomenclature herein
is used merely for convenience, and thus the invention
should not be limited to use solely in any specific application
identified and/or implied by such nomenclature.

[0064] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium
(or media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[0065] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0066] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers, and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0067] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
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the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of'the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

[0068] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.

[0069] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

[0070] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0071] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, the
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functions noted in the block may occur out of the order noted
in the Figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.
[0072] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
invention. The terminology used herein was chosen to best
explain the principles of the embodiment, the practical
application, or technical improvement over technologies
found in the marketplace, or to enable others of ordinary
skill in the art to understand the embodiments disclosed
herein.

1. A method for determining pavement markings, the
method comprising:

determining, by a first computing device, by one or more
computers, a location of a first computing device based
on data received from one or more location devices
associated with the first computing device, wherein at
least one of the one or more location devices includes
at least data from a precision global positioning system,
and wherein the first computing device is one of: a
mobile computing device with augmented reality dis-
play capability, a computer with augmented reality
display capability integrated into a pavement painting
system, and an automated robotic painting system that
is one of an autonomous car, an autonomous kart, or an
autonomous drone;

retrieving, by one or more computers, pavement marking
data for one or more pavement markings for the loca-
tion;

determining, by one or more computers, whether one or
more existing pavement markings are present at the
location, wherein the determining includes determin-
ing, based, at least in part, on at least one of: a digital
image received from one or more cameras and sensor
data received from one or more sensors;

responsive to determining that one or more existing
pavement markings are present at the location, deter-
mining, by one or more computers, whether each of the
one or more existing pavement markings meet one or
more pre-determined thresholds for an acceptable
pavement marking quality, wherein the one or more
pre-determined thresholds for the acceptable pavement
marking quality level include at least one of: a level of
contrast between a pavement marking color and a
pavement color, a percent of a pavement marking
present, a location of the pavement marking as com-
pared to a specified pavement mark for the location of
an existing pavement marking, and any other threshold
of the one or more pre-determined thresholds for an
acceptable quality level included in a governing traffic
regulation document; and
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responsive to determining each of the one or more exist-
ing pavement markings do not meet the one or more
pre-determined thresholds for an acceptable pavement
marking quality level, providing, by one or more com-
puters, pavement marking data, wherein providing
pavement marking data includes providing data for
removal of one or more of the one or more existing
pavement markings and providing pavement marking
data for display on the first computing device using
spatial augmented reality.
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