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BROADCASTING DETAILS OF OBJECTS AT AN INTERSECTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority benefit of U.S. provisional patent
application number 62,664,029 filed April 27, 2018, the disclosure of which is incorporated by

reference herein.

BACKGROUND OF THE INVENTION

1 Field of Invention:
[0002] The present disclosure generally relates to a smart traffic camera system. More
specifically the present disclosure relates to identifying and resolving discrepancies that may

be related to a traffic system or autonomous vehicle.

2. Description of the Related Art:

[0003] Ever-increasing traffic has been a serious problem faced by drivers as travel times
have considerably increased due to increased traffic. In peak hours, existing infrastructure
fails to cope with the heavy traffic, leading to long traffic congestions. Furthermore, traffic
situations—such as pedestrian movement at the intersection, emergency vehicle movement,
or a road accident—may also affect the movement of the traffic. In addition, at busy
intersections, the traffic movement remains congested for most of the time.

[0004] Vehicles equipped with onboard computing systems for navigating the vehicles
are of great interest nowadays. Driverless cars, also known as autonomous vehicles can sense
their environment as they navigate from one place to another. Such vehicles may navigate
with minimal or no input from a human occupant of a vehicle. Commonly environment that
surround such autonomous vehicles use sensors to sense objects located near an autonomous
vehicle. Sensor used by autonomous vehicles may include, optical sensors, radar, global

positioning system (GPS) sensors, lasers, or light assisted radar. Generally, an onboard
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computing system equipped in the vehicle receives inputs from different sensors and like
technologies. Based on these inputs, onboard vehicle computing systems can navigate the
vehicle with minimum or no input from a human. However, navigating the vehicle in
congested traffic situations and at intersections or in low light conditions still present
challenges to onboard computing systems.

[0005] As such, there is a need to improve both the function of autonomous navigation

and to improve communications between autonomous vehicles and traffic control systems.
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SUMMARY OF THE PRESENTLY CLAIMED INVENTION

[0006] The presently claimed invention may be implemented as a method, a non-
transitory computer readable storage medium, or apparatus that identify discrepancies
associated with different sets of data that were acquired at a roadway. Methods consistent
with the presently claimed invention may include receiving roadway image data from a
camera, identifying an object and a first location of the object from the received image data,
receiving sensor data from a sensing device, identifying the object and a second location of
the object from the received sensor data, and initiating a corrective action after a discrepancy
has been identified when the first and the second locations do not match.

[0007] When the presently claimed method is implemented as a non-transitory computer
readable storage medium, a processor executing instructions out of a memory may
implement methods consistent with the present disclosure. Here again the method may
include receiving roadway image data from a camera, identifying an object and a first
location of the object from the received image data, receiving sensor data from a sensing
device, identifying the object and a second location of the object from the received sensor
data, and initiating a corrective action after a discrepancy has been identified when the first
and the second locations do not match.

[0008] Apparatus consistent with the present disclosure may include a camera that
acquires roadway image data, a memory, and a processor. The processor at such an
apparatus may execute instructions out of the memory when an object and first location of
that object are identified and identify the object and a second location of that object from
received sensor data. The processor may then identify that the first and the second location
do not match and may initiate a corrective action based on the identification that the first

location and the second location do not match.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates a roadside computer that may send communications regarding
traffic conditions to a computer at a vehicle.

[0010] FIG. 2 illustrates hardware components and software program code modules that
may be used to receive and analyze roadway image data.

[0011] FIG. 3 illustrates a set of steps that may be executed by a traffic control computer
when that computer detects objects located at or near an intersection or roadway.

[0012] FIG. 4 illustrates an image of an intersection that has been divided into a grid
pattern by a computer that cross-references the location of objects at the intersection with
location of the grid pattern.

[0013] FIG. 5 illustrates functions that may be performed when an intersection control
computer communicates with a computer at a vehicle.

[0014] FIG. 6 illustrates exemplary steps of program code that may be executed by a
computer at a vehicle.

[0015] FIG. 7 illustrates a series of steps that may be performed by a traffic control
computer that compares different sets of image or sensor data when identifying faults or
discrepancies associated with received image or sensor data.

[0016] FIG. 8 illustrates steps of a flow chart that may receive and compare sets of sensed
data and that may perform a calibration function based on the different sets of received data.
[0017] FIG. 9 illustrates steps that may identify that a first determination made by a first
computer is inconsistent with a second determination made by a second computer.

[0018] FIG. 10 illustrates a computing system that may be used to implement an

embodiment of the present invention.
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DETAILED DESCRIPTION

[0019] Methods and apparatus consistent with the present disclosure may receive
different sets of image or sensor data that may be compared for inconsistencies. Each of these
sets of received data may include images of a roadway or intersection that are processed to
identify objects and object locations at or near the roadway/intersection. In certain instances
data received from a camera at a traffic control system may be compared with data received
from a computer at a vehicle. Alternatively or additionally, different sets of data acquired by
a same or by different cameras may be compared for discrepancies. When one or more
discrepancies are identified in different sets of received data, corrective actions may be
initiated. In certain instances, such corrective actions may include recalibrating an image
acquisition system or may include sending a message to a vehicle computer that identifies
the discrepancy.

[0020] FIG. 1 illustrates a roadside computer that may send communications regarding
traffic conditions to a computer at a vehicle. The system 100 of FIG. 1 includes camera 102
that may acquire and provide image data to computer 105 as vehicle 140 moves through
intersection 110. Computer 105 may communicate with vehicle 140 computer/computing
system 150 over communication network 115. Computer 105 may communicate with a GPS
database 120, a smart traffic camera database 125, a smart traffic camera location database
130, and a smart camera vehicle object database 135. While computer 105 is illustrated as
communicating with databases 120, 125, 130, and 135 via communication network 115, any of
these databases may alternatively be located at computer 105. Alternatively databases 120,
125, 130, and 135 may reside at cloud based network 160. Computer 105 may store
information in any of these databases after image data of an intersection have been captured
and analyzed.

[0021] GPS database 120 may be used to store information that associates specific grid
cells to respective unique locations. Smart traffic camera data base 125 may be used to store
calibration information, information that may be used to calculate distances between
different objects, or information that may be used to identify particular types of objects.

Smart traffic camera object location database 130 may be used to store relative or absolute
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locations of various different objects at an intersection after different objects have been
identified. Smart traffic vehicle object database 135 may be used to store information that
identifies dates, times, and locations of particular vehicles as those vehicles move through an
intersection. Information included in these various different databases may be used to cross-
reference the position of particular object relative to particular vehicles. The information
stored in these different databases may also be used to store information captured by
different cameras or sensors over time. Information stored in these databases may also be
used to identify how fast certain vehicles moved through an intersection.

[0022] While a single camera 102 is illustrated in FIG. 1, systems consistent with the
present disclosure may include multiple cameras like camera 102. In certain instances,
computer 105 may collect data from a plurality of cameras that may be located at an
intersection or that may be located at a plurality of different intersections. After camera 102
provides image data of an intersection to computer 105, computer 105 may partition that
intersection data into a plurality of squares (or cells) that form a grid, where each individual
cell may be associated with a unique location at the intersection. In certain instances, these
squares or grid cells may allow distances to be estimated by computer 105. As such,
computer 105 may also identify objects and approximate distances between respective
objects at the intersection using the grid pattern. In certain instances, images form two
cameras or two different sensing apparatus may be used to generate a stereoscopic view of a
roadway or intersection. In such an instance, data from this stereoscopic view may be used
when distances between objects are calculated. Examples of objects near or at a roadway or
intersection include, yet are not limited to pathways, foot paths, people, animals, plants,
trees, benches, vehicles, bus stops, signs, and traffic signals.

[0023] Vehicle computer 150 may store program code associated with the operation of
vehicle base software module 155 and computer 150 may store data in vehicle object sensor
database 145 of FIG. 1 that was sensed by one or more sensors at vehicle 140. Traffic
computer 105 and camera 102 may be part of a system that broadcasts details of objects to
vehicle computer 150 or traffic computer 105 may receive data acquired by sensors at vehicle
140. Program code associated with vehicle base software module 155 may be executed by a

processor at vehicle computer 150 as vehicle 140 moves down a street. Functions that may be
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performed by vehicle base software module 155 may include collecting and processing
information sensed by one or more proximity sensors at vehicle 140. Vehicle computer may
use this sensor data to calculate relative distances between a vehicle and respective objects
located around an intersection. This relative distance information may then be sent to traffic
computer 105 for additional computations or comparisons.

[0024] After traffic computer 105 receives sensor data or object location data from vehicle
computer 150, traffic computer 105 may identify distances between the various object at an
intersection using image data acquired by camera 102. Computer 105 may then identify
whether distance data associated with the images acquired by camera 102 are consistent with
relative distance data received from vehicle computer 150. When computer 105 identifies
differences in a distance data associated with images captured by camera 102 and with the
relative location data received from vehicle computer 102, computer 150 may recalibrate its
camera system in an attempt to eliminate discrepancies associated with the different sets of
location data. Alternatively or additionally, computer 105 may send a message vehicle
computer 140 that informs vehicle computer 140 of the discrepancy. In instances when a
particular vehicle computer receives discrepancy information from numerous (greater than a
threshold number of) different traffic computers over a time span, vehicle computer 150 may
identify that sensors at vehicle 140 should be recalibrated. In such an instance computer 150
may provide a warning message to a driver of vehicle 140 that recommends that vehicle 140
be serviced.

[0025] In certain instances, traffic computer 105 may collect different data sets from
various different cameras. Here traffic computer 105 may compare data associated with a
first camera with data associated with a second camera when identifying whether the
different sets of camera data are inconsistent. When traffic computer does identify that the
different data sets include inconsistent information, computer 105 may perform a calibration
function to eliminate this inconsistency.

[0026] Communication network 115 may allow traffic computer 105 or vehicle computer
150 to send data to or receive data from cloud-based network 160. In certain instances,
embodiments of the present invention may be implemented in cloud-based network 160. For

example, one or more databases may be stored in the cloud-based network 160. Furthermore,



WO 2019/210319 PCT/US2019/029723

communication network 115 may be a wired and/or a wireless network, but preferably a
wireless network. The communication network 115, if wireless, may be implemented using
communication techniques such as visible light communication (VLC), worldwide
interoperability for microwave access (WiMAX), long term evolution (LTE), wireless local
area network (WLAN), infrared (IR) communication, public switched telephone network
(PSTN), radio waves, and other communication techniques known in the art.

[0027] In certain instances, vehicle 140 may be an automotive vehicle having advanced
navigation technologies. For example, automotive wvehicles equipped with advanced
computing technologies that can sense the surrounding environment and this information
may allow a vehicle to drive itself to a destination. In such instances, vehicle 140 may or may
not receive human input for navigating the vehicle. Examples of vehicle 140 may include, but
not limited to autonomous vehicles, smart vehicles, and driverless vehicles.

[0028] In example, the computer 105 may identify details of objects at an intersection,
using information collected by camera 102. Computer 105 may then broadcast these details
to vehicles arriving at an intersection. Such details obtained from the computer 105 may aid
the vehicle in navigation at the intersection. For example, the details may allow the vehicle to
recognize objects that are not recognized by the vehicle itself.

[0029] As mentioned above, computer 105 may also communicate with the onboard
computing system 150 of vehicle 140 to receive object sensor data from the vehicle. The
object sensor data may relate to the positions of objects in close proximity to vehicle 140.
Vehicle 140 may sense its environment using different technologies equipped in the vehicle.
As such, vehicle 140 may use proximity sensors or radar to sense the presence of nearby
objects. Such sensing technologies could provide a kind of computer vision to vehicle 140 for
navigating to a destination. Such computer vision systems may recognize objects in
proximity near vehicle 140 and may identify how far certain specific objects are from vehicle
140. In one instance, distances between objects may be identified using GPS coordinates.
Computer 105 may receive such details from the vehicle 140 to identify whether traffic
system 100 is currently operating using faulty information. For example, faults associated
with identifying a type of objects or a precise location of an object may be identified. Also,

these details may be used by the computer 105 for initiating a self-calibration function.
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[0030] In one instance, the system 100 may be a part of a smart traffic control system. In
certain instances, system 100 may function as an independent entity. Alternatively computer
105 may be part of an existing traffic control system that receives traffic signal timing
schedule data from a plurality of different intersections. Such traffic signal timing schedule
data may be broadcasted to vehicles along with information that identifies objects or the
location of objects at an intersection. Additionally, camera 102 may be a part of the smart
traffic control system that includes multiple cameras controlled by one or more computer
systems. Any suitable camera may be used according to the present invention. Camera 102
may be installed on the side of a road to capture the objects on the road. Also, more than one
camera 102 may be installed at an intersection. Methods and apparatus consistent with the
present disclosure may be implemented for use at any other portion of a roadway. For
example, a congested stretch of a road, where the system 100 may aid a vehicle to navigate a
congested stretch of roadway.

[0031] FIG. 2 illustrates hardware components and software program code modules that
may be used to receive and analyze roadway image data. The hardware and software
components of computer 200 of FIG. 2 may implement functionality consistent with
computer 105 of FIG. 1. Computer 200 includes processor 210, interfaces 220, and memory
230. Memory 230 may store program code executable by processor 210 to perform tasks
associated with smart traffic camera base software module 260, smart traffic camera trigger
software module 270, and smart traffic comparison software module 280.

[0032] Smart traffic camera base software module 260 may include program code
executable by a processor to calibrate a visual data acquisition system when images of a
roadway or intersection are acquired. Acquired image data may be divided into a grid
pattern that includes a series of boxes or cells. Visual acquisition systems consistent with the
present disclosure may identify objects and object location in the image data and may
identify apparent faults or discrepancies in acquired image data. Program code associated
with smart traffic camera base software module 260 may work in conjunction with smart
traffic camera trigger software module 270 and smart traffic comparison software module
280 when performing functions consistent with the present disclosure. Smart traffic camera

trigger software module 270 may include program code that identifies a vehicle in acquired
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image data, may communicate with a computer at a vehicle to receive/store or process data
acquired by a camera or sensor. program code associated with smart traffic comparison
software module 280 may be used to identify differences in various sets of acquired images
when identifying discrepancies in different sets of acquired data or processed data that
include a same set of objects.

[0033] In operation processor 210 may execute instructions out of memory 230 when the
smart traffic camera base software module 260 receives image data that includes a vehicle
and an object at an intersection from a camera. Smart traffic camera trigger software module
270 may be used to receive sensor data from sensors that also detect the presence of the
vehicle and the object at the intersection. This acquired image and sensor data may then be
provided to safe traffic comparison software module 280 and instructions of the software
module 280 may be used by processor 210 to identify relative locations of the vehicle and the
object using both the camera image data and the sensor data. After these relative object
locations have been identified, they may be compared to identify any discrepancies
associated with estimated locations of various specific objects at a roadway. Once a
discrepancy has been identified, actions may be initiated that mitigate a possible negative
outcome associated with misidentifying a true location of particular objects. As such, the
operation of the different software modules stored in memory 230 of computer 200 may help
resolve errors or faults that may be associated with a camera or a sensor system.

[0034] Processor 210 may also be configured to decode and execute any instructions
received from one or more other electronic devices or server(s). The processor 210 may
include one or more general-purpose processors (e.g., INTEL® or Advanced Micro Devices®
(AMD) microprocessors) and/or one or more special purpose processors (e.g., digital signal
processors or Xilinx® system-on-chip (SOC), field programmable gate array (FPGA)
processor). The processor 210 may be configured to execute one or more computer-readable
program instructions. In certain instances processor 210 may compare data acquired by a
camera at an intersection as processor 210 receives data via interface 220 that was
transmitted from a computer at a vehicle (e.g. from vehicle computer 150 of FIG. 1) and
computer 210 may send instructions to the vehicle computer such that the vehicle can safely

avoid hitting an object at the intersection.
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[0035] The interface(s) 220 may include communication interfaces and may include
command interfaces that allow a person to interact with computer 200. Interface(s) 220 of the
traffic control system 102 may accept an input from the operator or provide an output to the
operator, or may perform both of these actions. Interface(s) 220 may include a command line
interface (CLI), a graphical user interface (GUI), or a voice interface. When a voice interface is
used, processor 210 may execute software out of memory 240 that performs a speech
recognition function. Interfaces 220 may also include menu driven interactions, text
interfaces, keyboard shortcuts, pointers, scripts, or a control panel that an operator can use to
configure traffic control computer 200.

[0036] Memory 230 may include any form of memory. As such, memory 240 may
include , hard disk drives, FLASM memory, magnetic tape, floppy diskettes, optical disks,
compact disc read-only memories (CD-ROMs), magneto-optical disks, semiconductor
memories, such as ROMs, random access memories (RAMs), programmable read-only
memories (PROMs), erasable PROMs (EPROMs), electrically erasable PROMs (EEPROMs),
magnetic cards, optical cards, or other type of media/machine-readable medium suitable for
storing electronic instructions.

[0037] FIG. 3 illustrates a set of steps that may be executed by a traffic control computer
when that computer detects objects located at or near an intersection or roadway. The flow
chart 300 of FIG. 3 begins with step 310 where data acquisitions sensors or cameras located at
an intersection may be calibrated. Such a calibration process may include acquiring images
of various different signs at an intersection that are located at different known distances from
a camera. Since the various different signs are located at known distances from the camera,
coefficients - variables - or offsets used in calculations associated with identifying distance
from image data may be adjusted during this calibration process. For example, when image
data is processed from a sign that is known to be 20 feet away from a particular camera and
when distance calculations identify that the sign appears to be 22 feet away from the camera,
a coefficient or variable used in the distance calculation may be modified such that the
calculation correctly identifies that the sign is 20 feet away from the camera. Alternatively or
additionally, other types of sensors may be used and calibrated in step 310 of FIG. 3. These

other types of sensors may include radar, LIDAR, pressure, or optical sensors, for example.
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[0038] After calibration step 310, image data associated with the intersection may be
collected in step 320, the acquired image may be divided into a grid that includes a plurality
of boxes or cells. Each of these grid cells may be associated with a different unique location at
an intersection in step 330. Each of these grid cells may be also associated with a distance
from a camera or sensor that was used to acquire image data in step 330. The location data
identified in step 330 may include global positioning (GPS) data. As such, locations
associated with each of the grid cells may be assigned a different GPS location. Alternatively,
locations of particular grid cells may be relative to one or more reference points at a
roadway. A processor executing instructions out of a memory may then identify objects at
the intersection in step 304 of FIG. 3. Next, locations for each of these objects may be
identified in step 350.

[0039] After objects have and their locations have been identified, detailed information
regarding these objects and object locations may be stored in a memory or database in step
360. The details stored in the memory may identify that a first object is a bus that is located a
first position and that a second object is a tree that is located at a second position at an
intersection. After received object data is stored, a processor may begin executing program
code consistent with the smart traffic camera trigger module in step 370 and this trigger
module 370 may collect information regarding the presence of the objects that were
identified in step 340. The information collected by the trigger module 370 may be a second
image collected by a same camera or may include data collected by a different camera or
sensor. After at least two different sets of image data have been acquired, locations of objects
located in these different sets of image data may be compared after operation of program
code of a smart traffic comparison module is initiated in step 380 of FIG. 3. Note that
operations of the smart traffic camera trigger module in step 370 and the smart traffic
comparison module in step 380 may be consistent with the smart traffic camera trigger
software module 270 and the smart traffic comparison software module 280 of FIG. 2.

[0040] After step 380, determination step 390 may identify whether data from a first set
of acquired images is not consistent (discrepant) with data from the second set of acquired
images. When a discrepancy has been identified program flow may move back to step 310

where cameras or sensors associated with a traffic control system are recalibrated. When

12
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determination step 390 does not identify a discrepancy, program flow may move back to step
370 and then to step 380 of FIG. 3 as additional sets of data may be acquired and compared
for discrepancies.

[0041] FIG. 4 illustrates an image of an intersection that has been divided into a grid
pattern by a computer that cross-references the location of objects at the intersection with
locations of the grid pattern. Note that the grid pattern of FIG. 3 includes gray lines 410 that
form a series of squares that may be referred to as grid cells. Intersection 400 of FIG. 4
includes a person 410, curbs 420, car 430, car 440, and tree 450. The grid pattern illustrated in
FIG. 4 may have been generated by a processor executing program code consistent with step
320 of FIG. 3.

[0042] Here again the smart traffic camera base module 260 of FIG. 2 may have collected
an image of an intersection and that image data may have been divided into the grid pattern
of FIG. 4. Each of the grid cells in FIG. 4 may be associated with a location (e.g. a GPS
location), where each of these grid cells may be of a uniform size. For example, each grid cell
may have a size of 1 foot by 1 foot. Different images acquired by camera may be
timestamped by a processor executing program code consistent with smart traffic camera
base module 260 of FIG. 2.

[0043] Thereafter, the smart traffic camera base module 260 of FIG. 2 may recognize
different objects present in the image. These objects may be recognized using suitable image
pattern recognition algorithms known in the art may be used. For example, the system may
recognize the vehicles, pedestrians, and road signs present in the image. Further, positions of
the recognized objects may identife by the smart traffic camera base module 260. The
positions may be identified in the form of GPS coordinates. Alternatively, the positions of the
objects may be identified in relation to distance from reference objects or grid cells. Objects
that may be identified in FIG. 4 include pedestrian 410, curbs 420, vehicles 430 & 440, and
tree 450. Note that the image of the intersection may have acquired by camera 102 of FIG. 1
and this image data may have been processed by computer 105 of FIG. 1 when processor 210
of FIG. 2 executes program code consistent with the steps illustrated in FIG. 3.

[0044] In an example, the present and location of vehicle 430 may be identified by the

smart traffic camera base module 260 of FIG. 2. The grid cells may further allow relative
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positions of vehicle 430 and pedestrian 410 to be identified as pedestrian 410 crosses
intersection 400. The details of the objects identified by smart traffic camera base module 260
may be stored as metadata associated along with image data. This metadata may include
timestamps, relative positions, or other information. Metadata may also be used to identify
when relative distances reach a measure of zero distance. A relative distance of zero may
indicate that a pedestrian has successfully crossed the street without incident, for example,
when a relative distance between a pedestrian and a curb have reach zero. In another
example, when relative distances between a pedestrian and a vehicle reaches zero, an
accident could have occurred or that pedestrian could have entered the vehicle.

[0045] The smart traffic camera base module 260 of FIG. 2 may also determine
movement details of various objects illustrated in FIG. 4. Movement details of the objects
may be identified by comparing two or more images captured in over a time interval, where
each image includes an object in a different grid cell. The comparison of two or more images
may allow changes in positions of an object over time. In certain instances, changes in the
GPS coordinates of a moving object may be used to identify movement details of the object.
These GPS coordinate changes of the object may also be used to determine velocity of the
object. The movement and related details of objects at an intersection may also be stored as
metadata associated with the image. As such, the details of objects identified by methods and
systems consistent with the present disclosure may be stored in traffic camera object location
database 130 of FIG. 1.

[0046] FIG. 5 illustrates functions that may be performed when an intersection control
computer communicates with a computer at a vehicle. The various steps illustrated in FIG. 5
may be performed by computer 105 of FIG. 1 or by the computer 200 of FIG. 2 when those
computers execute instructions consistent with the smart traffic camera trigger module 270
of FIG. 2 are executed. In such an instance camera 102 of FIG. 1 may capture an image of
vehicle 140 in step 510 of FIG. 5. Next, traffic control computer 105/200 may then send a
communication connection request to vehicle computer 150 of FIG. 1 in step 520. After the
communication request has been sent in step 520, communications between the traffic
control computer 105/200 and vehicle computer 150 may proceed. In certain instances,

vehicle computer 150 may reject the communication request.
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[0047] In an instance where a communication connection between traffic control
computer 105 of FIG. 1 or computer 200 of FIG. 2 and vehicle computer 150 are established,
program code associated with the smart traffic camera trigger module 270 may be used to
receive object sensor data in step from vehicle computer 150 in step 540 of FIG. 5. This object
sensor data may be related to the objects surrounding a particular vehicle, where this object
sensor data may include position data of the one or more objects surrounding the particular
vehicle. In one instance, object positions may be relative positions or these objection
positions may be identified by GPS coordinates. In such instances, a relative position may
identify that a pedestrian is located ten feet south of a first vehicle located at an intersection.
After step 540, the received object sensor data may be stored in the object location database
130 of FIG. 1. This stored object sensor data may also include metadata that identifies a time
when that sensor data was captured.

[0048] FIG. 6 illustrates exemplary steps of program code that may be executed by a
computer at a vehicle. The program code illustrated in FIG. 6 may be consistent with
functions consistent with vehicle base software module 155 of FIG. 1. The flow chart of FIG. 6
begins with step 610 where sensors are polled for data. After step 610, sensor data may be
received by the vehicle computer 150 of FIG. 1 in step 620 of FIG. 6. The sensor data received
in step 610 may be received from sensors that detect the proximity of objects to vehicle 140 of
FIG. 1, for example. Next, in step 630, the received sensor data may be stored with associated
timestamps in the vehicle object sensor database 145 of FIG. 1.

[0049] Determination step 640 may then identify whether a communication request has
been received by the vehicle computer. When a communication request has not been
received, program flow may move from step 640 back to step 610 of FIG. 6. When step 640
identifies that a communication request has been received program flow may move from
step 640 to step 650 where object sensor data may be sent to the smart camera trigger
software module 270 of FIG. 2 when performing functions consistent with the steps of FIG. 3.
After step 650 of FIG. 6 program flow of FIG. 6 may end.

[0050] FIG. 7 illustrates a series of steps that may be performed by a traffic control
computer that compares different sets of image or sensor data when identifying faults or

discrepancies associated with received image or sensor data. The flow chart 700 of FIG. 7
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begins with step 710 where a first set of details are received from a smart traffic camera base
module like the base module 260 of FIG. 2. Steps associated with the flow chart 700 of FIG. 7
may be consistent with steps performed by the smart traffic comparison module 280 of FIG.
2. After step 710, a second set of details may be received from the smart traffic camera base
module 260. The first and second set of details received respectively in step 710 and 720 of
FIG. 7 may include identified object, object locations, and other information associated with a
traffic intersection at a particular moment in time.

[0051] After step 730, the first and the second set of details may be compared in step 730
when identifying whether data associated with the first set of details are consistent with data
associated with the second set of details. Determination step 740 may then identify any
differences that may exist in the first set of details as compared to the second set of details.
When the first and the second set of details do not include identifiable differences, program
flow may move to step 750, where a processor at a traffic control computer 105/200 may
return to executing instructions consistent with the smart traffic camera base module 260 of
FIG. 2.

[0052] When determination step 740 identifies discrepancies in the first and second set of
details, data associated with those discrepant details may be sent to the smart camera trigger
module 270 of FIG. 2 in step 760. Program flow may then move to determination step 770
that identifies whether several of the identified differences are associated with a same object.
Determination step 740 may also identify objects responsible for the difference. In an
example, when step 730 identifies several differences in object data, the comparison module
700 could identify whether a number of differences are greater than a threshold level. For
example, when the discrepancies are associated with a location or timing error, a series of
discrepancies (e.g. 5 discrepancies) relating to a true location of a vehicle at a point in time
may be identified in determination step 770. Next, fault information may be provided to the
smart traffic camera base module 260 of FIG. 2 in step 780 of FIG. 7, where a calibration may
be performed by instructions associated with the base software module 260 of FIG. 2 to
resolve these discrepancies or faults. In an instance where several of the identified
differences are not associated with a same object program flow may move from step 770 to

step 750 that was previously discussed.
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[0053] Differences detected by operation of comparison module 700 may be related to
differences in locations of particular stationary objects from images that were captured by
different cameras. Furthermore difference in position of a moving object may be associated
with a timing or location of that object relative to timestamps received from these different
cameras. In such an instance, differences in clock settings at one camera or sensor versus
another may be used to identify that the differences are associated with a timing error at a
particular camera.

[0054] Alternatively or additionally, the steps of FIG. 7 may be used to compare data
received by an intersection camera with data received from vehicle computer 150 of FIG. 1.
In such an instance, a distance between a stationary object and a vehicle may be identified
from image data captured by camera 102. This distance may also be identified by vehicle
computer 150 after computer 150 receives data from a proximity sensor at vehicle 140. In this
instance, the distance determined by the smart traffic camera base module 260 of FIG. 2 may
be 5 units, while the distance obtained from the vehicle computer 150 may be 7 units. Such
difference of 2 units may indicate a fault in the traffic system of FIG. 1. Here again corrective
actions may include recalibrating components of a traffic control system or may include
informing a vehicle computer of the discrepant data.

[0055] FIG. 8 illustrates steps of a flow chart that may receive and compare sets of sensed
data and that may perform a calibration function based on the different sets of received data.
The steps performed in flowchart 800 of FIG. 8 may be calibration steps performed in step
310 of FIG. 3. First, in step 810 image data of an intersection may be received. This received
image data may be analyzed to identify a first set of details in the first received image. Next,
a second set of details in the image may be identified in step 830 after which information
associated with the first and the second set of details may be compared in step 840 of FIG. 8.
Finally, in step 850 of FIG. 8, a calibration function may be performed that resolves any
differences or discrepancies that were identified by comparing the different sets of details.
[0056] As mentioned previously, a calibration function may include identifying signs
located at a known distance from a camera of a traffic control system. Here the first set of
details may relate to a calculated distance from the camera to a first sign and the second set

of details may relate to a calculated distance from the camera to a second sign. For example,
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when such a comparison identifies that the first sign appears to be located 22 feet from the
camera when this first distance is really 20 feet and when this comparison identifies that the
second sign appears to be 36 feet from the camera when this second distance is really 30 feet
a determination can be made that the camera is acquiring distorted images. In such an
instance, when computer 105 of FIG. 1 or computer 200 of FIG. 2 identifies image distortion,
calculations of distances of approximately 22 feet from the camera should be reduced by
about 9 percent and calculated distances of about 36 feet should be reduced by about 17
percent to account for distortion in the acquired image. In other instances, the comparisons
performed in FIG. 8 may include comparing details that relate to positions of one or more
objects relative to a vehicle position.

[0057] FIG. 9 illustrates steps that may identify that a first determination made by a first
computer is inconsistent with a second determination made by a second computer. The flow
chart 900 of FIG. 9 includes a first step where roadway image data is received by a first
computer system (e.g. the computer system 105 of FIG. 1 or the computer 200 of FIG. 2).
After the roadway image data is received, an object may be identified and classified in step
920 of FIG. 9. For example, this identification may indicate that a particular object is a
pedestrian. Next, in step 930, information may be received from a computer at a vehicle (e.g.
vehicle computer 150 of FIG. 1) that includes a classification of the same object as a second
type of object (e.g. a tree branch).

[0058] Determination step 940 may then identify whether the first object type is
consistent with the second object type, when yes, program flow may move back to step 910
where another set of roadway image data is received. When determination step 940 identifies
that the first and the second object types are not consistent, program flow may move to step
950 where a message is sent to the vehicle computer that identifies the inconsistency. The
message sent to the vehicle computer may indicate that the object type identified by the first
computer is a person and that this is discrepant with an object type included in the
information received from the vehicle computer. This inconsistency, may inform the vehicle
computer that determinations made at the vehicle computer may be incorrect. The vehicle
computer may then provide an occupant of the vehicle with a warning message that

indicates that the vehicle computer may need to be updated or recalibrated based on this
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identified discrepancy. In such an instance, the vehicle computer may provide the warning
message to the vehicle occupant only after a threshold number of inconsistent object type
identifications have been made. After step 950 of FIG. 9 program flow may move back to step
910 where additional sets of roadway image data may be acquired.

[0059] FIG. 10 illustrates a computing system that may be used to implement an
embodiment of the present invention. The computing system 1000 of FIG. 10 includes one or
more processors 1010 and main memory 1020. Main memory 1020 stores, in part,
instructions and data for execution by processor 1010. Main memory 1020 can store the
executable code when in operation. The system 1000 of FIG. 10 further includes a mass
storage device 1030, portable storage medium drive(s) 1040, output devices 1050, user input
devices 1060, a graphics display 1070, peripheral devices 1080, and network interface 1095.
[0060] The components shown in FIG. 10 are depicted as being connected via a single
bus 1090. However, the components may be connected through one or more data transport
means. For example, processor unit 1010 and main memory 1020 may be connected via a
local microprocessor bus, and the mass storage device 1030, peripheral device(s) 1080,
portable storage device 1040, and display system 1070 may be connected via one or more
input/output (I/O) buses.

[0061] Mass storage device 1030, which may be implemented with a magnetic disk drive
or an optical disk drive, is a non-volatile storage device for storing data and instructions for
use by processor unit 1010. Mass storage device 1030 can store the system software for
implementing embodiments of the present invention for purposes of loading that software
into main memory 1020.

[0062] Portable storage device 1040 operates in conjunction with a portable non-volatile
storage medium, such as a FLASH memory, compact disk or Digital video disc, to input and
output data and code to and from the computer system 1000 of FIG. 10. The system software
for implementing embodiments of the present invention may be stored on such a portable
medium and input to the computer system 1000 via the portable storage device 1040.

[0063] Input devices 1060 provide a portion of a user interface. Input devices 1060 may
include an alpha-numeric keypad, such as a keyboard, for inputting alpha-numeric and

other information, or a pointing device, such as a mouse, a trackball, stylus, or cursor

19



WO 2019/210319 PCT/US2019/029723

direction keys. Additionally, the system 1000 as shown in FIG. 10 includes output devices
1050. Examples of suitable output devices include speakers, printers, network interfaces, and
monitors.

[0064] Display system 1070 may include a liquid crystal display (LCD), a plasma
display, an organic light-emitting diode (OLED) display, an electronic ink display, a
projector-based display, a holographic display, or another suitable display device. Display
system 1070 receives textual and graphical information, and processes the information for
output to the display device. The display system 1070 may include multiple-touch
touchscreen input capabilities, such as capacitive touch detection, resistive touch detection,
surface acoustic wave touch detection, or infrared touch detection. Such touchscreen input
capabilities may or may not allow for variable pressure or force detection.

[0065] Peripherals 1080 may include any type of computer support device to add
additional functionality to the computer system. For example, peripheral device(s) 1080 may
include a modem or a router.

[0066] Network interface 1095 may include any form of computer interface of a
computer, whether that be a wired network or a wireless interface. As such, network
interface 1095 may be an Ethernet network interface, a BlueToothrn wireless interface, an
802.11 interface, or a cellular phone interface.

[0067] The components contained in the computer system 1000 of FIG. 10 are those
typically found in computer systems that may be suitable for use with embodiments of the
present invention and are intended to represent a broad category of such computer
components that are well known in the art. Thus, the computer system 1000 of FIG. 10 can
be a personal computer, a hand held computing device, a telephone (“smart” or otherwise),
a mobile computing device, a workstation, a server (on a server rack or otherwise), a
minicomputer, a mainframe computer, a tablet computing device, a wearable device (such
as a watch, a ring, a pair of glasses, or another type of jewelry/clothing/accessory ), a video
game console (portable or otherwise), an e-book reader, a media player device (portable or
otherwise), a vehicle-based computer, some combination thereof, or any other computing
device. The computer can also include different bus configurations, networked platforms,

multi-processor platforms, etc. The computer system 1000 may in some cases be a virtual
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computer system executed by another computer system. Various operating systems can be
used including Unix, Linux, Windows, Macintosh OS, Palm OS, Android, iOS, and other
suitable operating systems.

[0068] The present invention may be implemented in an application that may be
operable using a variety of devices. Non-transitory computer-readable storage media refer
to any medium or media that participate in providing instructions to a central processing
unit (CPU) for execution. Such media can take many forms, including, but not limited to,
non-volatile and volatile media such as optical or magnetic disks and dynamic memory,
respectively. Common forms of non-transitory computer-readable media include, for
example, a floppy disk, a flexible disk, a hard disk, magnetic tape, any other magnetic
medium, a CD-ROM disk, digital video disk (DVD), any other optical medium, RAM,
PROM, EPROM, a FLASH EPROM, and any other memory chip or cartridge.

[0069] Some embodiments of this disclosure, illustrating all its features. The words

"comprising,” "having," "containing,” and "including,” and other forms thereof, are intended
to be equivalent in meaning and be open ended in that an item or items following any one of
these words is not meant to be an exhaustive listing of such item or items, or meant to be
limited to only the listed item or items.

[0070] It must also be noted that as used herein and in the appended claims, the singular
forms "a,” "an,” and "the" include plural references unless the context clearly dictates
otherwise. Although any systems and methods similar or equivalent to those described
herein can be used in the practice or testing of embodiments of the present disclosure, the
preferred, systems and methods are now described.

[0071] Embodiments of the present disclosure will be described more fully hereinafter
with reference to the accompanying drawings in which like numerals represent like
elements throughout the several figures, and in which example embodiments are shown.
Embodiments of the claims may, however, be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein. The examples set forth
herein are non-limiting examples and are merely examples among other possible examples.

[0072] While various flow diagrams provided and described above may show a

particular order of operations performed by certain embodiments of the invention, it should
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be understood that such order is exemplary (e.g., alternative embodiments can perform the
operations in a different order, combine certain operations, overlap certain operations, etc.).
The accompanying drawings illustrate various embodiments of systems, methods, and
embodiments of various other aspects of the disclosure. Any person with ordinary skills in
the art will appreciate that the illustrated element boundaries (e.g. boxes, groups of boxes, or
other shapes) in the figures represent one example of the boundaries. It may be that in some
examples one element may be designed as multiple elements or that multiple elements may
be designed as one element. In some examples, an element shown as an internal component
of one element may be implemented as an external component in another, and vice versa.
Furthermore, elements may not be drawn to scale. Non-limiting and non-exhaustive
descriptions are described with reference to the following drawings. The components in the
figures are not necessarily to scale, emphasis instead being placed upon illustrating

principles.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for identifying object locations, the method comprising:

receiving image data from a camera at a roadway;

identifying an object and a first location of the object indicated by the received image
data;

receiving sensor data from a sensing device;

identifying the object and a second location of the object indicated by the received
sensor data; and

initiating a corrective action based on an identification that the first location and the

second location do not match.

2. The method of claim 1, further comprising dividing the received image data into a series
of cells that form a grid pattern, wherein the first location of the object is identified based on
the object being included in an identified cell within the series of cells of the grid pattern,

and wherein the grid pattern corresponds to a first unique location.

3. The method of claim 1, wherein the sensing device is the camera at the roadway and the

received sensor data is a second image of the roadway taken by the camera.

4. the method of claim 1, wherein the sensing device is a second camera at the roadway and

the received sensor data is a second image of the roadway taken by the second camera.

5. The method of claim 1, wherein the sensing device is at a vehicle at the roadway, and the

received sensor data is received from a vehicle computer at the vehicle.

6. The method of claim 1, wherein the corrective action includes recalibrating an image

control system.
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7. The method of claim 1, wherein the corrective action includes sending a message to a

vehicle computer, the message recommending that the sensing device be calibrated.

8. The method of claim 1, further comprising:

receiving one or more additional images from the camera;

evaluating the one or more additional images received from the camera for
discrepancies; and

identifying that the one or more additional images do not include any data indicative

of discrepancies.

9. The method of claim 1, further comprising associating the first location with a global

positioning system (GPS) location.

10. The method of claim 2, further comprising associating the first location with a position

relative to at least one other object detected within the received image data.

11. The method of claim 1, further comprising associating the first location with a position

that is relative to a second cell in a grid pattern.
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12. A non-transitory computer-readable storage medium having embodied thereon a
program executable by a processor to perform a method for identifying object locations, the
method comprising:

receiving image data from a camera at a roadway;

identifying an object and a first location of the object indicated by the received image
data;

receiving sensor data from a sensing device;

identifying the object and a second location of the object indicated by the received
sensor data; and

initiating a corrective action based on an identification that the first location and the

second location do not match.

13. The non-transitory computer-readable storage medium of claim 12, further comprising
instructions executable to divide the received image data into a series of cells that form a
grid pattern, wherein the first location of the object is identified based on the object being
included in an identified cell within the series of cells of the grid pattern, and wherein the

grid pattern corresponds to a first unique location.

14. The non-transitory computer-readable storage medium of claim 12, wherein the sensing
device is the camera at the roadway, and the received sensor data is a second image of the

roadway taken by the camera.

15. The non-transitory computer-readable storage medium of claim 12, wherein the sensing
device is a second camera at the roadway, and the received sensor data is a second image of

the roadway taken by the second camera.
16. The non-transitory computer-readable storage medium of claim 12, wherein the sensing

device is at a vehicle at the roadway, and the received sensor data is received from a vehicle

computer at the vehicle.
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17. The non-transitory computer-readable storage medium of claim 12, wherein the

corrective action includes recalibrating an image control system.

18. The non-transitory computer-readable storage medium of claim 12, wherein the
corrective action includes sending a message to a vehicle computer, the message

recommending that the sensing device be calibrated.

19. The non-transitory computer-readable storage medium of claim 12, further comprising
instructions executable to:

receive one or more additional images from the camera;

evaluate the one or more additional images received from the camera for
discrepancies; and

identify that the one or more additional images do not include any data indicative of

discrepancies.

20. An apparatus for identifying object locations, the apparatus comprising:
a camera that acquires image data of a roadway;
a memory; and
a processor that executes instructions out of the memory to:
identify an object and a first location of the object from the received image
data;
identify the object and a second location of the object from received sensor
data;
initiate a corrective action based on an identification that the first location and

the second location do not match.
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