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SYSTEM FOR DETERMINING TRAFFIC
METRICS OF A ROAD NETWORK

RELATED APPLICATIONS

[0001] This application is a Continuation-in-part of U.S.
application Ser. No. 16/877,936, filed May 19, 2020, titled
“Method For Defining Road Networks”, which is herein
incorporated by reference in its entirety, and which claims
the benefit under 35 U.S.C. § 119(e) to U.S. application Ser.
No. 16/535,527, filed Aug. 8, 2019, titled “Intelligent Telem-
atics System For Defining Vehicle Ways”, which is also
herein incorporated by reference in its entirety, and which
claims benefit under 35 U.S.C. § 119(e) to U.S. Provisional
Application Ser. No. 62/829,539 filed Apr. 4, 2019, titled
“Intelligent Telematics System For Providing Traffic Met-
rics”, which is herein incorporated by reference in its
entirety. This application also claims the benefit under 35
US.C. § 119(e) to U.S. Provisional Application Ser. No.
63/048,268, filed Jul. 6, 2020, titled “Intersection Metrics”,
which is also herein incorporated by reference in its entirety.

BACKGROUND

[0002] Telematics systems have been employed by fleet
owners to monitor use and performance of vehicles in the
fleet. Analysis of vehicle data collected by such telematics
systems can be useful for extracting meaningful data regard-
ing behaviour of a group of vehicles.

SUMMARY

[0003] According to a first broad aspect there is a method
for providing traffic metrics for a first intersection of a road
network comprising: providing first road network data indi-
cating a first plurality of road network subzones defining an
area occupied by the road network, the road network includ-
ing a plurality of intersections; processing first road network
data for labelling each road network subzone as one of a core
subzone and non-core subzone for forming a first plurality of
core subzones and a first plurality of non-core subzones,
respectively, and storing an indication thereof in the first
road network data; mapping each of the first plurality of core
subzones to an intersection of the plurality of intersections
of the road network and storing an indication thereof in the
first road network data, the first plurality of core subzones
including a plurality; forming a plurality of subsets of core
subzones of the first plurality of core subzones, each thereof
defining a geographic area occupied by an intersection core
of an intersection of the plurality of intersections of the road
network; processing first road network data for mapping
each non-core subzone of the first plurality of non-core
subzones to at least an intersection of the plurality of
intersections of the road network; forming second road
network data including the first road network data and an
indication of the at least an intersection of the plurality of
intersections of the road network each non-core subzone of
the first plurality of non-core subzones is mapped forming
trip metadata dependent on second road network data and
third vehicle data corresponding to the first plurality of road
network subzones; and processing trip metadata associated
with the first intersection for forming traffic metrics data
indicative of intersection metrics for the first intersection.

[0004] In an embodiment there is a method wherein pro-
cessing first road network data for mapping each non-core
subzone of the first plurality of non-core subzones to at least
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an intersection of the plurality of intersections of the road
network includes, for each road network subzone of the first
plurality of road network subzones, processing road network
data for forming representative point data indicating repre-
sentative points representing the location of the road net-
work subzone, for each intersection of the plurality of
intersections, processing representative point data of a cor-
responding intersection core and representative point data of
the first plurality of non-core subzones for clustering corre-
sponding representative points into groups, and for each
representative point of a non-core subzone of the first
plurality of non-core subzones grouped in a same group as
representative points of an intersection core, mapping the
non-core subzone to the corresponding intersection of the
intersection core.

[0005] In an embodiment there is a method wherein pro-
cessing representative point data of a corresponding inter-
section core and representative point data of the first plu-
rality of non-core subzones for clustering corresponding
representative points into groups includes, for at least a road
network subzone, processing road network data for deter-
mining a centre point of the road network subzone.

[0006] In an embodiment there is a method wherein pro-
cessing representative point data of a corresponding inter-
section core and representative point data of the first plu-
rality of non-core subzones for clustering corresponding
representative points into groups includes clustering the
corresponding representative points into groups using a
spatial clustering algorithm.

[0007] In an embodiment there is a method wherein the
spatial clustering algorithm includes density-based spatial
clustering of applications with noise spatial clustering algo-
rithm.

[0008] In an embodiment there is a method wherein form-
ing trip metadata dependent on second road network data
and third vehicle data corresponding to the first plurality of
road network subzones includes, for a plurality of vehicles
corresponding to the third vehicle data, selecting at least a
first subset of temporally consecutive third vehicle data
instances indicating the vehicle transitions from a first
undrivable state to a second drivable state to a third undriv-
able state for forming journey data; processing journey data
and road network data for mapping each instance of journey
data to a road network subzone of the first plurality of road
network subzones based on the journey data instance cor-
responding to a road network subzone of the first plurality of
road network subzones and storing an indication of the
location of the road network subzone, the label of the road
network subzone, and intersection mapping of the road
network subzone in the journey data; selecting subsets of
data instances for forming trip data indicative of vehicle
trips and mapping trip data to an intersection of the plurality
of intersections of the road network; and processing each
trip data instance of the trip data forming trip metadata.
[0009] In an embodiment there is a method wherein for a
plurality of vehicles corresponding to the third vehicle data,
selecting at least a first subset of temporally consecutive
third vehicle data instances indicating the vehicle transitions
from a first undrivable state to a second drivable state to a
third undrivable state for forming journey data, includes, for
at least a vehicle, selecting at least a sequence of third
vehicle data instances including a third vehicle data instance
indicating ignition status of the vehicle is OFF, immediately
followed by a third vehicle data instance indicating the
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ignition status of the vehicle is ON and the vehicle has a
speed greater than 0 km/h, immediately followed by one or
more third vehicle data instances indicating the vehicle is
ON, immediately followed by a third vehicle data instance
indicating ignition status of the vehicle is OFF.

[0010] Inanembodiment there is a method wherein select-
ing subsets of data instances for forming trip data indicative
of vehicle trips includes, selecting at least a first sequence of
journey data instances from journey data for forming trip
data, the at least a first sequence of journey data instances
including at least one journey data instance corresponding to
a core subzone that is mapped to a first intersection, and
immediately followed by a journey data instance mapped to
a second intersection, wherein the second intersection and
the first intersection are not the same intersection and
mapping each trip data instance to the first intersection and
storing an indication of the mapping therein.

[0011] Inanembodiment there is a method wherein select-
ing subsets of journey data instances for forming trip data
indicative of vehicle trips includes, selecting at least a first
sequence of journey data instances from journey data includ-
ing at least one journey data instance corresponding to a core
subzone that is mapped to a first intersection, and immedi-
ately followed by a journey data instance mapped to a
second intersection, wherein the second intersection and the
first intersection are not the same intersection and selecting
a second sequence of journey data instances including at
least a journey data instance corresponding to a non-core
subzone mapped to the first intersection immediately pre-
ceding the at least a first sequence of journey data instances
and forming trip data based on the first sequence of journey
data instances and the second sequence of journey data
instances, mapping each trip data instance to the first inter-
section and storing an indication of the mapping therein.
[0012] In an embodiment there is a method wherein form-
ing trip metadata includes forming trip metadata selected
from a group of: Hardwareld data, VIN data, Make data,
Model data, VehicleYear data, WeightClass data, Vehicle-
Type data, Vocation data, TripID data, Intersectionld data,
TimezoneName data, EventStartTimeUTC data, EventEnd-
TimeUTC data, EventStartTimelLocal data, EventEndTime-
Local data, Startingl.ocation data, EntryCardinal data, Exit-
Cardinal data, StreetNameEntry data, StreetNameExit data,
SignalUsed data, TurnSignals data, TravelTime data,
TravelDistance data, Travel Speed data, RunningTime data,
RunningSpeed data, MaxSpeed data, MinSpeed data, Stop-
TimeTotal data, NumberOfStops data, TimeFromFirstStop
data, DistanceFromFirstStop data, CoreDistance data, Max-
Acceleration data, and MinAcceleration data.

[0013] In an embodiment there is a method wherein form-
ing EntryCardinal data comprises determining a bearing
between position data corresponding to the first instance of
corresponding trip data located in the core and the imme-
diately preceding the instance of the corresponding journey
data and creating EntryCardinal data indicative of the bear-
ing.

[0014] In an embodiment there is a method wherein form-
ing ExitCardinal data comprises determining a bearing
between position data corresponding to the last instance of
corresponding trip data located in the core and the imme-
diately following instance of the corresponding journey data
and creating ExitCardinal data indicative of the bearing.
[0015] In an embodiment there is a method wherein pro-
cessing trip metadata associated with the first intersection
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for providing traffic metrics data indicative of intersection
metrics for the first intersection further includes selecting a
subset of trip metadata associated with the first intersection
for forming filtered trip metadata and processing filtered trip
metadata for providing traffic metrics for the first intersec-
tion. In an embodiment there is a method wherein selecting
a subset of trip metadata for forming filtered trip metadata
includes selecting a subset of trip metadata dependent on
filter data.

[0016] In an embodiment there is a method wherein filter
data is selected from a group of: Hardwareld data, VIN data,
Make data, Model data, VehicleYear data, WeightClass data,
VehicleType data, Vocation data, Intersectionld data, Tim-
ezoneName data, EventStartTimeUTC data, EventEnd-
TimeUTC data, EventStartTimeLocal data, EventEndTime-
Local data, Startingl.ocation data, EntryCardinal data,
ExitCardinal data, StreetNameEntry data, StreetNameExit
data, SignalUsed data, TurnSignals data, TravelTime data,
TravelDistance data, TravelSpeed data, RunningTime data,
RunningSpeed data, MaxSpeed data, MinSpeed data, Stop-
TimeTotal data, NumberOfStops data, TimeFromFirstStop
data, DistanceFromFirstStop data, CoreDistance data, Max-
Acceleration data, and MinAcceleration data.

[0017] In an embodiment there is a method wherein filter
data indicates one or more days of the week.

[0018] In an embodiment there is a method wherein filter
data includes filter data provided by a user.

[0019] In an embodiment there is a method wherein form-
ing intersection metrics data includes forming intersection
metrics data selected from a group of: Percentage Stopping,
AvgTravelSpeed, AvgRunningSpeed, AvgTotal-
TimeStopped, AvgTotalTimeStoppedNoZero, Avglrav-
elTime, AvgTimeFromFirstStop, AvgNumberOfStops,
AvgNumberOfStopsNoZero,  AvgDistanceFromIntersec-
tionToFirstStop, PercentOfVolumeByVehicleClass, and
NumberOfTrips.

[0020] In an embodiment there is a method wherein form-
ing trip metadata StreetNameEntry data, for at least an
intersection of the plurality of intersections, includes receiv-
ing data indicative of roads and location thereof within the
area occupied by core subzones of the corresponding inter-
section core; mapping each core subzone of the intersection
core to the nearest road; and generating StreetNameEntry
data indicating associated with the first core subzone of the
trip.

[0021] In an embodiment there is a method wherein form-
ing trip metadata StreetNameEntry data, for at least an
intersection of the plurality of intersections, includes receiv-
ing data indicative of roads and location thereof within the
area occupied by core subzones of the corresponding inter-
section core; mapping each core subzone of the intersection
core to the nearest road; and generating StreetNameEntry
data indicating the name of the road associated with the last
core subzone of the trip.

BRIEF DESCRIPTION OF DRAWINGS

[0022] Embodiments of the invention are now described
by way of non-limiting example and are illustrated in the
following figures in which like reference numbers indicate
like features, and wherein:

[0023] FIG. 1A is a simplified diagram of an exemplary
network configuration with which some embodiments may
operate.
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[0024] FIG. 1B is a simplified diagram of the exemplary
network configuration of FIG. 1A illustrating communica-
tion paths.

[0025] FIG. 1C is a simplified diagram of another exem-
plary network configuration with which some embodiments
may operate illustrating communication paths.

[0026] FIG. 2 is a simplified block diagram of an exem-
plary telematics system.

[0027] FIG. 3Ais a simplified block diagram of an exem-
plary traffic analytics system according to an embodiment.
[0028] FIG. 3B is a simplified block diagram of another
exemplary traffic analytics system comprising a data man-
agement system according to an embodiment.

[0029] FIG. 4A is a conceptual diagram of a database of a
traffic analytics system according to an embodiment.
[0030] FIG. 4B is a conceptual diagram of a dataset of the
database of FIG. 4A.

[0031] FIG. 4C is a conceptual diagram of a vehicle’s path
within a geographic area.

[0032] FIG. 5A is a simplified diagram illustrating an
exemplary intelligent telematics system according to
embodiments.

[0033] FIG. 5B is a simplified diagram illustrating another
exemplary intelligent telematics system according to
embodiments.

[0034] FIG. 6Ai is a simplified diagram of an exemplary
type of vehicle way.

[0035] FIG. 6Aii is a simplified diagram of an exemplary
type of vehicle way.

[0036] FIG. 6Aiii is a simplified diagram of an exemplary
type of vehicle way.

[0037] FIG. 6Aiv is a simplified diagram of an exemplary
type of vehicle way.

[0038] FIG. 6Av is a simplified diagram of an exemplary
type of vehicle way.

[0039] FIG. 6Avi is a simplified diagram of an exemplary
type of vehicle way.

[0040] FIG. 6Bi is a conceptual diagram of a specific and
non-limiting example of a zone encompassing the vehicle
way of FIG. 6A..

[0041] FIG. 6Bii is a conceptual diagram of a specific and
non-limiting example of a zone encompassing the vehicle
way of FIG. 6Aii.

[0042] FIG. 6Biii is a conceptual diagram of a specific and
non-limiting example of a zone encompassing the vehicle
way of FIG. 6Aiii.

[0043] FIG. 6Biv is a conceptual diagram of a specific and
non-limiting example of a zone encompassing the vehicle
way of FIG. 6Aiv.

[0044] FIG. 6Bv is a conceptual diagram of a specific and
non-limiting example of a zone encompassing the vehicle
way of FIG. 6Av.

[0045] FIG. 6Bvi is a conceptual diagram of a specific and
non-limiting example of a zone encompassing the vehicle
way of FIG. 6Avi.

[0046] FIG. 6C is a conceptual diagram of elements of a
vehicle way.
[0047] FIG. 7 is a flow diagram of a process for defining

a classifier for use in defining a vehicle way according to
some embodiments.

[0048] FIG. 8 is a simplified diagram of an area compris-
ing a plurality of sample intersections.
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[0049] FIG. 9 is a simplified diagram of a plurality of
exemplary zones imposed on the plurality of the sample
intersections of FIG. 8.

[0050] FIG. 10A is a simplified diagram of a plurality of
exemplary reference areas of a same dimension defined for
the sample intersections FIG. 8.

[0051] FIG. 10B is a simplified conceptual diagram of a
plurality of exemplary zones imposed on sample vehicle
ways.

[0052] FIG. 11A is a table defining the relationship
between Geohash string length and approximate Geohash
cell dimensions.

[0053] FIG. 11B is a simplified functional block diagram
of an exemplary Geohash encode function.

[0054] FIG. 11C is a simplified functional block diagram
of an exemplary Geohash decode function.

[0055] FIG. 11D is a simplified functional block diagram
of an exemplary Geohash bounds function.

[0056] FIG. 11E is a simplified functional block diagram
of an exemplary Geohash neighbours function

[0057] FIG. 11F is a simplified conceptual diagram of a
Geohash cell.
[0058] FIG. 11G is a conceptual diagram of a Geohash cell

and 8 nearest neighbours of the Geohash cell.

[0059] FIG. 12A is a flow diagram of an exemplary
process for subdividing a reference area into a grid of
Geohash cells.

[0060] FIG. 12B is a simplified diagram of a reference
area, a reference point and a Geohash cell to which the
reference point was mapped.

[0061] FIG. 12C is a simplified conceptual diagram of a
centre cell and its 8 closest neighbouring cells.

[0062] FIG. 12D is a simplified conceptual diagram of a
reference area completely subdivided into a grid of contigu-
ous Geohash cells.

[0063] FIG. 13A is a simplified conceptual diagram of
exemplary first subzone data.

[0064] FIG. 13B is a simplified conceptual diagram of
other exemplary first subzone data.

[0065] FIG. 14A is a simplified conceptual diagram of two
zones comprising centre subzones and a plurality of com-
mon subzones located within an overlapping portion thereof.
[0066] FIG. 14B is an enlarged view of a portion of zones
comprising an overlapping portion.

[0067] FIG. 14C is a simplified conceptual diagram of
redefined zones.

[0068] FIG. 15A is a simplified conceptual diagram of a
zone comprising vehicle-position data points representing
positions of vehicles therein.

[0069] FIG. 15B is an enlarged view of a portion of an area
and the simplified conceptual diagram of FIG. 15A imposed
thereon.

[0070] FIG. 16A an enlarged view of a portion of an area
comprising a sample intersection and paths of vehicles that
have traversed therethrough.

[0071] FIG. 16B is a conceptual diagram of a zone and
vehicle position-data points representing position data of
raw vehicle data instances that correspond to a position
along vehicle paths.

[0072] FIG. 16C illustrates vehicle position-data points
corresponding to positions of vehicles in an area.

[0073] FIG. 16D illustrates vehicle-position data points
corresponding to interpolated data instances.
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[0074] FIG. 16E is a conceptual diagram of a zone com-
prising a plurality of subzones illustrating vehicle-position
data points corresponding to raw vehicle data and interpo-
lated vehicle data.

[0075] FIG. 16F illustrates vehicle-position data points
inside a zone corresponding to interpolated data.

[0076] FIG. 17 is a simplified diagram of an exemplary
implementation of a traffic zone encompassing zones.
[0077] FIG. 18Ais a simplified block diagram of a process
for obtaining vehicle data for generating features.

[0078] FIG. 18B is a simplified block diagram of another
process for obtaining vehicle data for generating features.
[0079] FIG.19A1s a conceptual block diagram of a feature
extraction function for generating features from vehicle
data.

[0080] FIG. 19B is an exemplary table representing data
comprising each subzone ID and a plurality of features for
each Geohash.

[0081] FIG. 20A is a conceptual diagram of a portion of a
zone.

[0082] FIG. 20B enlarged view of a subzone.

[0083] FIG. 20C is a simplified functional block diagram

of'a function that may be implemented for generating at least
one feature.

[0084] FIG. 20D is a table representing an example subset
of vehicle data instances corresponding to a position within
a subzone.

[0085] FIG. 20E is a table of exemplary features and
feature values based on the subset of vehicle data instances
of FIG. 20D.

[0086] FIG. 21 is a simplified diagram of a subzone and
vehicle-position data points.

[0087] FIG. 22A is a simplified diagram of a path of a
vehicle that has traversed a subzone.

[0088] FIG. 22B is a table representing a subset of vehicle
data.
[0089] FIG. 23 is a simplified diagram of a portion of a
zone.
[0090] FIG. 24A is a simplified conceptual diagram of a

portion of a zone including a subzone having 8 adjacent
subzones.

[0091] FIG. 24B is a simplified conceptual diagram of a
portion of a zone including a subzone having 4 adjacent
subzones.

[0092] FIG. 25A is a conceptual diagram of a portion of a
sample vehicle way and a zone imposed thereon.

[0093] FIG. 25B is a table representing training data
including subzone 1D, a plurality of features for each asso-
ciated subzone, and a class label.

[0094] FIG. 25C is a simplified high-level flow diagram of
an exemplary process for using a machine learning tech-
nique to define a classifier.

[0095] FIG. 26A is a flow diagram of a process for
defining a road network according to an embodiment.
[0096] FIG. 26B is a conceptual diagram of a database
comprising second historical vehicle data.

[0097] FIG. 26C is a conceptual diagram of a dataset
comprising raw vehicle data instances indicative of vehicle
operation information collected by a monitoring device at
different points in time.ope

[0098] FIG. 27 is a simplified diagram of an exemplary
road network area defined by latitude-longitude pairs.
[0099] FIG. 28A is a conceptual diagram of a road net-
work zone comprising a plurality of Geohashes.
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[0100] FIG. 28B is exemplary second subzone data.
[0101] FIG. 28C is another exemplary second subzone
data.

[0102] FIG. 29 is a simplified diagram of a road network

zone, exemplary paths taken by three vehicles that have
traversed therethrough and vehicle position-data points cor-
responding to the paths.

[0103] FIG. 30 is a simplified diagram of a road network
zone, exemplary paths taken by three vehicles that have
traversed therethrough, vehicle position-data points corre-
sponding to the paths and interpolated vehicle position-data
points.

[0104] FIG. 31 is a simplified diagram of a second traffic
zone, encompassing a road network zone, exemplary paths
taken by three vehicles that have traversed therethrough and
vehicle position-data points corresponding to the paths.
[0105] FIG. 32 is a simplified diagram of a second traffic
zone, encompassing a road network zone, exemplary paths
taken by three vehicles that have traversed therethrough,
vehicle position-data points corresponding to the paths and
interpolated vehicle position-data points.

[0106] FIG. 33 is a conceptual diagram of a second
subzone comprising vehicle-position data points indicative
of a position of one or more vehicles that have entered the
second subzone at one point in time.

[0107] FIG. 34A is a simplified functional block diagram
of an exemplary process for generating second subzone-
related features for a second subzone.

[0108] FIG. 34B is an exemplary first subset of second
vehicle data corresponding to a position within a second
subzone.

[0109] FIG. 34C is an exemplary second subzone-related
features and feature values based on the first subset of
second vehicle data instances.

[0110] FIG. 35is a simplified diagram of a second subzone
and a vehicle-position data point representing a vehicle
position at T1 according to a first subset of second vehicle
data.

[0111] FIG. 36A is a simplified diagram of a path of a
vehicle that has traversed a second subzone.

[0112] FIG. 36B is an exemplary third subset of second
vehicle data corresponding to vehicle-position data points at
times T11-T24.

[0113] FIG. 37A is a conceptual diagram of a portion of a
road network zone.

[0114] FIG. 37B is another conceptual diagram of a por-
tion of a road network zone.

[0115] FIG. 38A is a conceptual diagram of exemplary
features generated for a second subzone.

[0116] FIG. 38B is a conceptual diagram of exemplary
unlabelled data.

[0117] FIG. 39A is a conceptual block diagram of a
classifier receiving unlabelled data and providing classifi-
cation data.

[0118] FIG. 39B is a conceptual diagram of exemplary
classification data illustrating each second subzone has been
assigned a label, i.e., 1 or 0, indicating whether the area
corresponding to a second subzone is a portion of a vehicle
way, or not a portion of a vehicle way.

[0119] FIG. 40A is a diagram of a road network zone
illustrating second subzones labelled as a portion of a
vehicle way shaded grey.

[0120] FIG. 40B is a conceptual diagram of a GeoJSON
file indicating geographical boundaries of a road network.
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[0121] FIG. 40C is a conceptual diagram of road network
indicative of a GeoJSON file.

[0122] FIG. 41 is a flow diagram of a process for relabel-
ling second subzones of a road network that have been
incorrectly classified by a classifier.

[0123] FIG. 42A is a conceptual diagram of a simplified
road network zone.

[0124] FIG. 42B is exemplary classification data indicat-
ing a second subzone ID for each geohash in a road network
zone and classification thereof.

[0125] FIG. 42C is exemplary neighbour data indicating
neighbours of each Geohash in a road network zone.
[0126] FIG. 42D is another conceptual diagram of a sim-
plified road network zone illustrating a first neighbour count
for each second subzone of a road network zone within the
respective second subzone.

[0127] FIG. 42E is another conceptual diagram of a sim-
plified road network zone illustrating a neighbour sum for
each second subzone of a road network zone within the
respective second subzone.

[0128] FIG. 42F is a conceptual diagram of exemplary
classification data.

[0129] FIG. 42G is another conceptual diagram of a sim-
plified road network zone illustrating a second neighbour
count for each second subzone of a road network zone
within the respective second subzone.

[0130] FIG. 42H is a conceptual diagram of other exem-
plary classification data.

[0131] FIG. 42I is another conceptual diagram of a sim-
plified road network zone illustrating a third neighbour
count for each second subzone of a road network zone
within the respective second subzone.

[0132] FIG. 42] is a conceptual diagram of other exem-
plary classification data.

[0133] FIG. 43 is a conceptual diagram of exemplary
classification data.

[0134] FIG. 44A is a conceptual diagram of a road net-
work zone illustrating a road network including second
subzones shaded according to classification data.

[0135] FIG. 44B is a conceptual diagram of a GeoJSON
file indicating geographical boundaries of a road network
based on classification data.

[0136] FIG. 44C is a conceptual diagram of a road net-
work indicative of a GeoJSON file.

[0137] FIG. 44D is a conceptual diagram of exemplary
road network data created by a traffic analytics system;

[0138] FIG. 45A is a conceptual diagram of an exemplary
road network;
[0139] FIG. 45B is a conceptual diagram of a first plurality

of road network subzones representing a geographical area
occupied by a road network;

[0140] FIG. 45C is exemplary road network data defining
a road network;

[0141] FIG. 46 is a flow diagram of a process for provid-
ing traffic metrics of an intersection according to an embodi-
ment;

[0142] FIG. 47A is a flow diagram of a process for core
subzones defining intersection cores and identifying non-
core subzones;

[0143] FIG. 47B is a conceptual diagram of traffic control
equipment-position data points representing locations of
traffic control equipment located within a geographic area
including a road network;
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[0144] FIG. 47C is a conceptual diagram of traffic control
equipment clustered into groups;

[0145] FIG. 47D is another conceptual diagram of traffic
control equipment clustered into groups and an intersection
reference point indicating a centroid thereof;

[0146] FIG. 47E is a conceptual diagram of the first
plurality of road network subzones and intersection refer-
ence areas and intersection reference points 4 superposed
thereon;

[0147] FIG. 47F is a flow diagram of an exemplary
process for determining whether a road network subzones
overlaps an intersection reference area for labelling the road
network subzone as one of a core and non-core subzone;
[0148] FIG. 47G is a simple block diagram of an exem-
plary Geohash decode function for resolving a Geohash
string to a centre location of the corresponding Geohash;
[0149] FIG. 48 is another conceptual diagram of the first
plurality of road network subzones including a first plurality
of core subzones and the first plurality of non-core subzones;
[0150] FIG. 49A is a conceptual diagram of exemplary
modified first road network data;

[0151] FIG. 49B is another conceptual diagram of exem-
plary modified first road network data;

[0152] FIG. 49C is yet another a conceptual diagram of
exemplary modified first road network data;

[0153] FIG. 50A is a conceptual diagram of exemplary
representative points of the first plurality of road network
subzones superposed thereon;

[0154] FIG. 50B is a conceptual diagram of exemplary
groups of representative points according to a spatial clus-
tering algorithm;

[0155] FIG. 50C is another conceptual diagram of exem-
plary groups of representative points according to a spatial
clustering algorithm;

[0156] FIG. 50D is yet another conceptual diagram of
exemplary groups of representative points according to a
spatial clustering algorithm;

[0157] FIG. 50E is yet another conceptual diagram of
exemplary groups of representative points according to a
spatial clustering algorithm;

[0158] FIG. 51 is a conceptual diagram of the first plural-
ity of road network subzones indicating the mapping of
non-core subzones to intersections.

[0159] FIG. 52A is a conceptual diagram of exemplary
second road network data;

[0160] FIG. 52B is another conceptual diagram of exem-
plary second road network data;

[0161] FIG. 52C is another conceptual diagram of exem-
plary second road network data;

[0162] FIG. 53A is another simplified block diagram of a
traffic analytics system;

[0163] FIG. 53B is a conceptual diagram of third vehicle
data organized by device ID;

[0164] FIG. 53C is a conceptual diagram of vehicle paths
of vehicles;

[0165] FIG. 53D shows exemplary journey data;

[0166] FIG. 53E is a conceptual diagram of vehicle jour-
neys;

[0167] FIG. 53F is a conceptual diagram of exemplary

vehicle journeys superposed on a first plurality of road
network subzones.

[0168] FIG. 54A is a conceptual diagram of a portion of a
first plurality of road network subzones;
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[0169] FIG. 54B is an enlarged view of a portion of a first
plurality of road network subzones;

[0170] FIG. 54C is a conceptual diagram of exemplary
modified journey data;

[0171] FIG. 54D is another conceptual diagram of exem-
plary modified journey data;

[0172] FIG. 55A s a conceptual diagram of exemplary trip
data;
[0173] FIG. 55B is conceptual diagram of a trip super-

posed on a portion of a first plurality of road network
subzones;

[0174] FIG. 55C is another conceptual diagram of exem-
plary trip data;
[0175] FIG. 55D is a conceptual diagram of exemplary

trips superposed on a portion of a first plurality of road
network subzones;

[0176] FIG. 55E is another conceptual diagram of exem-
plary trips superposed on a first plurality of road network
subzones;

[0177] FIG. 56A is a conceptual diagram of exemplary trip
data;
[0178] FIG. 56B is a table showing assigned cardinal

direction based on the bearing;

[0179] FIG. 56C is a conceptual diagram of exemplary trip
metadata;
[0180] FIG. 56D is another conceptual diagram of exem-

plary trip metadata;

[0181] FIG. 57A is another conceptual diagram of exem-
plary trip metadata associated will all intersections or a road
network;

[0182] FIG. 57B shows exemplary filter data;

[0183] FIG. 57C shows exemplary filtered trip metadata;
[0184] FIG. 57D shown exemplary intersection metrics
data;

[0185] FIG. 58A is a flow diagram of a process for

determining corridor metrics for a road network corridor;

[0186] FIG. 58B is a conceptual diagram of an exemplary
corridor;
[0187] FIG. 58C is a conceptual diagram of exemplary

intersection metrics data for a plurality of intersections;
[0188] FIG. 58D is a conceptual diagram of exemplary
intersection metrics data for an intersection;

[0189] FIG. 58E is a conceptual diagram of exemplary
traffic metrics between two intersections;

[0190] FIG. 58F is a conceptual diagram of exemplary
cumulative metrics data for a sequence of intersections;
[0191] FIG. 58G is a conceptual diagram of exemplary
cumulative metrics data for a plurality of sequences of
intersections;

DESCRIPTION

[0192] Telematics is a method of monitoring a vehicle
using an onboard monitoring device for gathering and
transmitting vehicle operation information. For instance,
fleet managers employ telematics to have remote access to
real time operation information of each vehicle in a fleet. A
vehicle may include a car, truck, recreational vehicle, heavy
equipment, tractor, snowmobile or other transportation
asset. A monitoring device may detect environmental oper-
ating conditions associated with a vehicle, for example,
outside temperature, attachment status of an attached trailer,
and temperature inside an attached refrigeration trailer. A
monitoring device may also detect operating conditions of
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an associated vehicle, such as position, (e.g., geographic
coordinates), speed, and acceleration, among others.
[0193] In an exemplary telematics system, raw vehicle
data, including vehicle operation information indicative of a
vehicle’s operating conditions, is transmitted from an
onboard monitoring device to a remote subsystem, (e.g.,
server). Raw vehicle data may include information indicat-
ing the identity of the onboard monitoring device (e.g.,
device identifier, device ID) and/or the identity of the
associated vehicle the onboard monitoring device is aboard.
Specific and non-limiting examples of raw vehicle data
includes device ID data, position data, speed data, ignition
state data, (e.g. indicates whether vehicle ignition is ON or
OFF), and date and time data indicative of a date and time
vehicle operating conditions were logged by the monitoring
device. Raw vehicle data transmitted and collected over a
period of time forms historical vehicle data which may be
stored by the remote subsystem for future analysis of a
single vehicle or fleet performance. In practise, a single fleet
may comprise many vehicles, and thus large volumes of raw
vehicle data (e.g., terabytes, petabytes, exabytes . . . ) may
be transmitted to, and stored by, a remote subsystem. Telem-
atics systems are discussed in further detail below with
reference to FIGS. 1A, 1B, 1C and FIG. 2.

[0194] Processing historical vehicle data corresponding to
positions within a roadway section of interest may provide
an alternative technique for obtaining traffic data and/or
traffic metrics that avoid some of the drawbacks of existing
techniques described in the foregoing. For example, a
method for obtaining traffic data and/or traffic metrics from
historical vehicle data may include obtaining a location
(e.g., boundary coordinates) of a roadway section of interest.
For instance, a road agency may store geographic data
describing a roadway system comprising the roadway sec-
tion of interest on a publicly accessible server, such as a
server accessible via the Internet. The geographic data may
be in the form of a geospatial file (e.g., shape file (.shp),
GeoJSON (.geojson)), or other file format, from which
geographical coordinates of boundaries delineating roads
forming the roadway system may be extracted. In this
example, a geospatial file including boundary coordinates of
the roadway section of interest is accessed, and latitude,
longitude (Lat/Long) coordinates of a plurality of points
defining the boundaries thereof are extracted from the geo-
spatial file. Next, a plurality of raw vehicle data instances
corresponding to a position within boundaries of the road-
way section of interest are selected from the historical
vehicle data and processed for providing traffic data and/or
traffic metrics relating to the roadway section of interest.
[0195] In an exemplary implementation, obtaining traffic
data and/or traffic metrics for a roadway section of interest
from historical vehicle data includes obtaining and process-
ing vehicle speed data for determining an average speed of
vehicles traversing a roadway section of interest. In this
example, the roadway section of interest is in the form of a
portion of a road (i.e., a road portion.) Firstly, the location
of'the road portion is determined. For instance, geographical
coordinates of boundaries of the road portion are extracted,
for example, from a shape file (.shp) or a GeoJSON file
(.geojson).

[0196] As described in the foregoing, historical vehicle
data comprises raw vehicle data instances corresponding to
a plurality of vehicles which may be indicative of device ID,
vehicle position, speed, and date & time the vehicle position
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and speed were logged. A subset of raw vehicle data
instances corresponding to a location within the boundaries
of the road portion are selected from historical vehicle data
and a cumulative speed of all vehicles that have traversed the
road portion are divided by the number thereof to provide an
average speed traffic metric. This is only one method of
obtaining traffic data and/or traffic metrics from historical
vehicle data and is not intended to limit embodiments to this
example.

[0197] In practise, locations and/or boundaries of roadway
sections of interest are not readily available. For instance,
some geographic information systems (GISs), (e.g., geo-
graphical information systems available from ESRI® of
Redlands, Calif., USA), and web mapping services (e.g.,
Google Maps, developed by Google® of Mountain View,
Calif., USA), among others, have compiled geospatial infor-
mation describing locations, (e.g., boundary information) of
roadway systems. However, such systems and services have
invested significant resources to do so. For instance, high
volumes of different data types are collected via a variety of
data collection techniques. This data is then processed to
provide geospatial information. Some exemplary data col-
lection techniques include aerial and satellite image capture,
video recording, Light Detection and Ranging (LiDAR),
road surveying, and crowdsourcing.

[0198] In general, implementing similar techniques for
obtaining roadway section locations would be time consum-
ing, complex, computationally intensive, and costly. Some
web mapping services, (e.g., Google Maps) may provide
geospatial roadway-related information, such as Lat/Long
coordinates of road boundaries, via interactive maps. How-
ever, such functionality is not designed to enable easy
extraction of boundary information in large quantities and/or
in a suitable machine-readable data format. Alternatively,
roadway boundary information may be available in a suit-
able machine-readable data format, GIS, for example, how-
ever, at a cost.

[0199] Described herein are alternative techniques for
defining locations of roadway sections that may avoid some
issues of known techniques described in the foregoing.
Upon definition of a location of a roadway section of
interest, related traffic data and/or traffic metrics related
thereto may be determined by processing raw vehicle data
instances corresponding to positions within a roadway sec-
tion of interest, as described above.

[0200] In general, techniques described herein may be
used to determine a location of any area frequently used by
vehicles. Such areas are discussed in further detail below in
reference to FIGS. 6Ai-6Avi and FIGS. 6Bi-6Bvi.

[0201] Described herein are various embodiments of sys-
tems and methods for defining an area frequently used by
vehicles, (i.e., an area on the Earth’s surface repeatedly
employed by vehicles), hereinafter referred to as a “vehicle
way’. A vehicle way may include an area used by vehicles
for movement and/or parking. Specific and non-limiting
examples of vehicle ways include traffic-designated areas,
such as by road agencies, for channeling traffic flow (e.g.,
roads, traffic junctions), and for parking (e.g., street parking
spaces, commercial parking lots). Vehicle ways may also
include areas that are not traffic-designated areas. For
instance, areas that have not been created and/or maintained
by a road agency or commercial entity for vehicle use,
nonetheless are repeatedly used thereby. For example, a
vehicle way includes an ad hoc vehicle way. An example of

Nov. 11, 2021

an ad hoc vehicle way includes a beaten path created by
frequent flow of vehicles for accessing a natural attraction,
such as a lake, river, or forested area, for which no access
road was available. Another example of an ad hoc vehicle
way includes a portion of a field frequently used to accom-
modate overflow vehicles of a nearby parking lot.

[0202] Illustrated in FIGS. 6Ai-6Avi are simplified dia-
grams of various exemplary types of vehicle ways, includ-
ing: circular traffic junction 602, (i.e., roundabout) having
circular road segment 604 and road segments 606, 607, 608
and 609 for channeling vehicles therethrough; three way
traffic junction 612 (i.e., intersection) having road segments
614, 616, and 617 for channeling vehicles therethrough;
traffic junction 618 (i.e., highway off-ramp) having road
segment 619, main road portion 620, and 622 for channeling
vehicles therethrough; parking lot 624, having parking area
626 and entry/exit 629 for channelling vehicles in and out
thereof; road portion 650 having opposing lanes 643a and
643bH; and on-street parking space 644. The exemplary
vehicle ways of FIGS. 6Ai-6Avi are provided for example
purposes only and embodiments are not intended to be
limited to the examples described herein.

[0203] A defined vehicle way may be described by any
data format provided the data indicates the location (e.g., the
unique location of the vehicle way on the Earth’s surface)
occupied thereby. For example, a vehicle way may be
defined by a plurality of points defining the boundaries of the
vehicle way. The geographic coordinates of the plurality of
points may be, for example, stored in a text file, such as a
comma-separated values (.csv) file. In another example,
boundaries may be described in a geospatial file, for instance
a shape file (.shp) or a GeoJSON file (.geojson), from which
geographic coordinates of vehicle way boundaries may be
obtained. In yet another example, the location occupied by
a vehicle way may be described in accordance with a
geospatial indexing system, such as Geohash. Geohash is a
known public domain hierarchical geospatial indexing sys-
tem which uses a Z-order curve to hierarchically subdivide
the latitude/longitude grid into progressively smaller cells of
grid shape. For instance, a Geohash string indicates a unique
geographical area (e.g., cell). A vehicle way may be
described by data indicative of a plurality of Geohash strings
indicating the Geohash cells occupied by the vehicle way. A
vehicle way may be described in numerous data formats and
embodiments are not intended to be limited to examples
described herein.

[0204] Some embodiments described herein relate to tech-
niques for defining a vehicle way comprising processing
data indicative of vehicle operation conditions of a plurality
of vehicles that have travelled within a known area, that is,
an area of which the location thereof is defined. Processing
such data may provide an indication as to whether the known
area is a portion of the vehicle way. In other words,
processing such data may provide an indication as to
whether the vehicle way occupies the known area.

[0205] Processing data may also include processing other
data indicative of vehicle operation conditions of another
plurality of vehicles that have travelled within other known
areas proximate the known area. Furthermore, processing
data may also include processing spatial relationship data of
the known area to other known areas proximate thereto.
[0206] Some embodiments described herein relate to
defining a vehicle way by defining a relationship between
vehicle operating conditions of vehicles that have operated
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proximate known areas and the likelihood the known areas
are portions of a vehicle way.

[0207] Some embodiments described herein relate to tech-
niques for defining a vehicle way using machine learning
techniques using historical vehicle data, (e.g., raw vehicle
data), and/or data derived therefrom to define the location of
the vehicle way.

[0208] In example implementations, a traffic analytics
system may be configured to access historical vehicle data
associated with known areas and define one or more clas-
sification models that are related to operating conditions of
corresponding vehicles, and then operate in accordance with
the one or more models. In general, each such classification
model may receive as input, data (i.e., features), derived
from historical vehicle data related to vehicles that have
operated within a known area, within a plurality of known
areas, and a spatial relationship of the known area to the
other known areas, and output an indication the known area
is a portion of a vehicle way.

[0209] As described in the foregoing, a vehicle way
includes areas frequently used and/or employed by vehicles.
The phrases ‘frequently used’ and ‘repeatedly employed’ are
relative to the time period of logging of the historical vehicle
data. For example, data (i.e., features), derived from histori-
cal vehicle data related to vehicles that have travelled within
a known area are input to a classification model for use
thereof. However, if there is little raw vehicle data corre-
sponding to a vehicle way of interest within the historical
vehicle data, the output of the classifier may not provide
meaningful data when applied for defining the vehicle way
of interest.

[0210] Illustrated in FIG. 1A is a simplified diagram of an
exemplary network configuration 100 with which some
embodiments may operate. Network configuration 100
includes telematics system 102, traffic analytics system 104,
remote system 106, and communication network 110. Com-
munication network 110 may be communicatively coupled
to telematics system 102, traffic analytics system 104, and
remote system 106, enabling communication therebetween.

[0211] For example, traffic analytics system 104 may
communicate with telematics system 102, and remote sys-
tem 106 for receiving historical vehicle data or a portion
thereof via communication network 110. FIG. 1B is a
simplified diagram of network configuration 100 illustrating
communication path 112 between traffic analytics system
104 and telematics system 102 and communication path 113
between traffic analytics system 104 and remote system 106.

[0212] FIG. 1C is a simplified diagram of another exem-
plary network configuration 101 with which some embodi-
ments may operate. Network configuration 101 includes
telematics system 102, traffic analytics system 104, remote
system 106, data management system 108 and communica-
tion network 110. Communication network 110 may be
communicatively coupled to telematics system 102, traffic
analytics system 104, remote system 106, and data manage-
ment system 108, enabling communication therebetween.

[0213] For example, telematics system 102 may transmit
raw vehicle data and/or historical vehicle data to data
management system 108 for the storage thereof, as illus-
trated by communication path 114. Traffic analytics system
104 may be configured for communicating with data man-
agement system 108, for receiving historical vehicle data or
a portion thereof via communication network 110, as illus-
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trated by communication path 116. Traffic analytics system
104 may also be configured for communicating with remote
system 106.

[0214] Remote system 106 may be another telematics
system from which traffic analytics system 104 receives
historical vehicle data. Alternatively, remote system 106
may store historical vehicle data collected by one or more
telematics systems and/or similar vehicle monitoring sys-
tems.

[0215] Alternatively, remote system 106 may provide
external data to traffic analytics system 104. For example,
remote system 106 is a map service provider that provides
geospatial information regarding roadway systems, traffic
control equipment, and/or jurisdictional boundary informa-
tion, among other geospatial information to traffic analytics
system 104.

[0216] Inyet another example, remote system 106 may be
a customer system to which traffic analytics system 104
transmits output data in the form of raw data, a web page, or
in another data format.

[0217] Communication network 110 may include one or
more computing systems and may be any suitable combi-
nation of networks or portions thereof to facilitate commu-
nication between network components. Some examples of
networks include, Wide Area Networks (WANSs), Local Area
Networks (LANs), Wireless Wide Area Networks
(WWANSs), data networks, cellular networks, voice net-
works, among other networks, which may be wired and/or
wireless. Communication network 110 may operate accord-
ing to one or more communication protocols, such as,
General Packet Radio Service (GPRS), Universal Mobile
Telecommunications Service (UMTS), Global System for
Mobile (GSM), Enhanced Data Rates for GSM Evolution
(EDGE), Long Term Evolution (LTE), CDMA (Code-divi-
sion Multiple Access) (CDMA), WCDMA (Wide Code-
division Multiple Access), (High Speed Packet Access
(HSPA), Evolved HSPA (HSPA+), Low-power WAN (LP-
WAN), Wi-Fi, Bluetooth, Ethernet, Hypertext Transter Pro-
tocol Secure (HTTP/S), Transmission Control Protocol/
Internet Protocol (TCP/IP), and Constrained Application
Protocol/Datagram Transport Layer Security (CoAP/
DTLS), or other suitable protocol. Communication network
110 may take other forms as well.

[0218] Illustrated in FIG. 2 is a simplified block diagram
of an exemplary telematics system for gathering and storing
vehicle operation information. Telematics system 102 com-
prises telematics subsystem 210 (e.g., server) having a first
network interface 206 and onboard monitoring devices 202,
203, and 204 communicatively coupled therewith via com-
munication network 207.

[0219] Communication network 207 may include one or
more computing systems and may be any suitable combi-
nation of networks or portions thereof to facilitate commu-
nication between network components. Some examples of
networks include, Wide Area Networks (WANSs), Local Area
Networks (LANs), Wireless Wide Area Networks
(WWANSs), data networks, cellular networks, voice net-
works, among other networks, which may be wired and/or
wireless. Communication network 207 may operate accord-
ing to one or more communication protocols, such as,
General Packet Radio Service (GPRS), Universal Mobile
Telecommunications Service (UMTS), Global System for
Mobile (GSM), Enhanced Data Rates for GSM Evolution
(EDGE), Long Term Evolution (LTE), CDMA (Code-divi-
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sion Multiple Access) (CDMA), WCDMA (Wide Code-
division Multiple Access), (High Speed Packet Access
(HSPA), Evolved HSPA (HSPA+), Low-power WAN (LP-
WAN), Wi-Fi, Bluetooth, Ethernet, Hypertext Transtfer Pro-
tocol Secure (HTTP/S), Transmission Control Protocol/
Internet Protocol (TCP/IP), and Constrained Application
Protocol/Datagram Transport Layer Security (CoAP/
DTLS), or other suitable protocol. Communication network
110 may take other forms as well.

[0220] Telematics system 102 may comprise another net-
work interface 208 for communicatively coupling to another
communication network, such as communication network
110. Telematics subsystem 210 may comprise a plurality of
servers, datastores, and other devices, configured in a cen-
tralized, distributed or other arrangement.

[0221] Also shown in FIG. 2 are vehicles 212, 213 and
214, each thereof having aboard the monitoring devices 202,
203, and 204, respectively. A vehicle may include a car,
truck, recreational vehicle, heavy equipment, tractor, snow-
mobile, or other transportation asset. Onboard monitoring
devices 202-204 may transmit raw vehicle data associated
with vehicles 212-214. Raw vehicle data transmitted and
collected over a period of time forms historical vehicle data
which may be stored by remote telematics subsystem 210.
[0222] In practise, a monitoring device is associated with
a particular vehicle. For example, during configuration of
monitoring devices 202-204, each thereof may be assigned
a unique device ID that is uniquely associated with a vehicle
information number (VIN) of vehicles 212-214, respec-
tively. This enables an instance of received raw vehicle data
to be associated with a particular vehicle. As such, vehicle-
specific raw vehicle data may be discernable among other
raw vehicle data in the historical vehicle data.

[0223] Three monitoring devices are described in this
example for explanation purposes only and embodiments are
not intended to be limited to the examples described herein.
In practise, a telematics system may comprise many
vehicles, such as hundreds, thousands and tens of thousands
or more. Thus, huge volumes of raw vehicle data may be
received and stored by telematics subsystem 210.

[0224] In general, monitoring devices comprise sensing
modules configured for sensing and/or measuring a physical
property that may indicate an operating condition of a
vehicle. For example, sensing modules may sense and/or
measure a vehicle’s position, (e.g., GPS coordinates), speed,
direction, rates of acceleration or deceleration, for instance,
along the x-axis, y-axis, and/or z-axis, altitude, orientation,
movement in the X, y, and/or z direction, ignition state,
transmission and engine performance, among others. One of
ordinary skill in the art will appreciate that these are but a
few types of vehicle operating conditions that may be
detected.

[0225] Monitoring device 202 may comprise a sensing
module for determining vehicle position. For instance, the
sensing module may utilize Global Positioning System
(GPS) technology (e.g., GPS receiver) for determining the
geographic position (Lat/Long coordinates) of vehicle 212.
Alternatively, the sensing module utilizes another global
navigation satellite system (GNSS) technology, such as,
GLONASS or BeiDou. Alternatively, the sensing module
may further utilize another kind of technology for determin-
ing geographic position. In addition, the sensing module
may provide other vehicle operating information, such as
speed.
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[0226] Alternatively, vehicle position information may be
provided according to another geographic coordinate sys-
tem, such as, Universal Transverse Mercator, Military Grid
Reference System, or United States National Grid.

[0227] In general, a vehicle may include various control,
monitoring and/or sensor modules for detecting vehicle
operating conditions. Some specific and non-limiting
examples include, an engine control unit (ECU), a suspen-
sion and stability control module, a headlamp control mod-
ule, a windscreen wiper control module, an anti-lock braking
system module, a transmission control module, and a brak-
ing module. A vehicle may have any combination of control,
monitoring and/or sensor modules. A vehicle may include a
data/communication bus accessible for monitoring vehicle
operating information, provided by one or more vehicle
control, monitoring and/or sensor modules. A vehicle data/
communication bus may operate according to an established
data bus protocol, such as the Controller Area Network bus
(CAN-bus) protocol that is widely used in the automotive
industry for implementing a distributed communications
network. Specific and non-limiting examples of vehicle
operation information provided by vehicle monitoring and/
or sensor modules include, ignition state, fuel tank level,
intake air temp, and engine RPM among others.

[0228] Monitoring device 202 may comprise a monitoring
module operable to communicate with a data/communica-
tion bus of vehicle 212. A monitoring module may commu-
nicate via a direct connection, such as, electrically coupling,
with a data/communication bus of vehicle 212 via a vehicle
communication port, (e.g., diagnostic port/communication
bus, OBDII port). Alternatively, a monitoring module may
comprise a wireless communication interface for communi-
cating with a wireless interface of the data/communication
bus of vehicle 212. Optionally, a monitoring module may
communicate with other external devices/systems that detect
operating conditions of the vehicle.

[0229] Monitoring device 202 may be configured to wire-
lessly communicate with telematics subsystem 210 via a
wireless communication module. In some embodiments,
monitoring device 202 may directly communicate with one
or more networks outside vehicle 212 to transmit data to
telematics subsystem 210. A person of ordinary skill will
recognize that functionality of some modules may be imple-
mented in one or more devices and/or that functionality of
some modules may be integrated into the same device.
[0230] Monitoring devices 202-204 may transmit raw
vehicle data, indicative of vehicle operation information
collected thereby, to telematics subsystem 210. The raw
vehicle data may be transmitted at predetermined time
intervals, (e.g. heartbeat), intermittently, and/or according to
other predefined conditions. Raw vehicle data transmitted
from monitoring devices 202-204 may include information
indicative of device ID, position, speed, ignition state, and
date and time operating conditions are logged, for instance,
in an onboard datastore. One of ordinary skill in the art will
appreciate that raw vehicle data may comprise data indica-
tive of numerous other vehicle operating conditions. Raw
vehicle data may be transmitted from a monitoring device
when a vehicle is moving, stationary, and during both ON
and OFF ignition states.

[0231] In an exemplary implementation, raw vehicle data
received and stored by a subsystem over a period of time
forms historical vehicle data. In an exemplary implementa-
tion, historical vehicle data may be stored by telematics
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subsystem 210 in a database, such as database 209, as
shown. A period of time may include, for example, 3
months, 6 months, 12 months, or another duration of time.

Traffic Analytics System

[0232] Illustrated in FIG. 3A and FIG. 3B there are two
exemplary traffic analytics systems 104 including traffic
analytics system 104¢ and traffic analytics system 1045, as
shown respectively.

[0233] FIG. 3Ais a simplified block diagram of exemplary
traffic analytics system 104a comprising a processing
resource 302, datastore 304, and network interface 306. For
example, processing resource 302 and datastore 304 may be
communicatively coupled by a system communication bus,
a wired network, a wireless network, or other connection
mechanism and arranged to carry out various operations
described herein. Optionally, two or more of these compo-
nents may be integrated together in whole or in part.
[0234] Network interface 306 may be interoperable with
communication network 110 and may be configured to
receive data from various network components of the net-
work configuration 100, 101 such as telematics system 102,
remote system 106, data management system 108, and
possibly other network components. Traffic analytics system
104a, 1045 may communicate with one or more of these
network components for obtaining historical vehicle data, or
portions thereof. For instance, once received, datastore 304
may store subsets of raw vehicle data in a database, such as
database 309.

[0235] In an exemplary implementation, traffic analytics
system 104a is configured to interoperate with data man-
agement system 108 for obtaining historical vehicle data
and/or a portion thereof. For example, data management
system 108 may manage and store large volumes (e.g., big
data) and multiple types of data. Data management system
108 may comprise a relational database, for storing histori-
cal vehicle data, or a portion thereof, collected by one or
more telematics or vehicle monitoring systems. Data man-
agement system 108 may include a web service that enables
interactive analysis of large datasets stored in a remote
datastore. Traffic analytics system 104a may be configured
to interoperate with such a data management system for
obtaining raw vehicle data from historical vehicle data
stored therein and managed thereby. An example of such a
data management system is a managed cloud data ware-
house for performing analytics on data stored therein, such
as BigQuery™, available from Google® of Mountain View,
Calif., USA.

[0236] FIG. 3B is a simplified block diagram of second
exemplary traffic analytics system 1045 comprising process-
ing resource 302, datastore 304, data management system
305 and network interface 306. For example, processing
resource 302, datastore 304, and data management system
305 may be communicatively coupled by a system commu-
nication bus, a wired network, a wireless network, or other
connection mechanism and arranged to carry out various
operations described herein. Optionally, two or more of
these components may be integrated together in whole or in
part. Data management system 305 may comprise a data-
store including database for storing historical vehicle data or
a portion thereof. Optionally data management system 305
stores and manages large volumes (e.g., big data) and
multiple types of data. For example, data management
system 305 may comprise a relational database, for storing
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historical vehicle data collected by one or more telematics or
vehicle monitoring systems, or a portion thereof. In another
example, database 309 of data management system 305
stores subsets of raw vehicle data from historical vehicle
data for processing by traffic analytics system 1045. Alter-
natively, data management system 305 may include and/or
access a web service that enables interactive analysis of
large datasets stored in a remote datastore. An example of
such a data management system is a managed cloud data
warehouse for performing analytics on data stored therein,
such as BigQuery™.

[0237] According to an embodiment, exemplary traffic
analytics system 1045 receives and stores historical vehicle
data in data management system 305 and operates on subsets
of historical vehicle data in accordance with operations
described herein.

[0238] Processing resource 302 may include one or more
processors and/or controllers, which may take the form of a
general or a special purpose processor or controller. In
exemplary implementations, processing resource 302 may
be, or include, microprocessors, microcontrollers, applica-
tion specific integrated circuits, digital signal processors,
and/or other data processing devices. Processing resource
302 may be a single device or distributed over a network.
[0239] Datastore 304 may be or include one or more
non-transitory computer-readable storage media, such as
optical, magnetic, organic, or flash memory, among other
data storage devices and may take any form of computer
readable storage media. Datastore 304 may be a single
device or may be distributed over a network.

[0240] Processing resource 302 may be configured to
store, access, and execute computer-readable program
instructions stored in datastore 304, to perform the opera-
tions of traffic analytics system 104qa, 1045 described herein.
For instance, processing resource 302 may be configured to
receive historical vehicle data and may execute a classifi-
cation model for defining a vehicle way. Other functions are
described below.

[0241] Traffic analytics system 104a, 1045 may be con-
figured to access, receive, store, analyze and process raw
vehicle data for defining a classification model and/or
executing a classification model. For example, traffic ana-
Iytics system 104a, 1045 may select and process raw vehicle
data of a plurality of vehicles corresponding to a known
area, for determining whether the known area is likely to be
a portion of a vehicle way. Other examples and correspond-
ing operations are also possible.

[0242] Insome example implementations, traffic analytics
system 104q, 1045 may include and/or communicate with a
user interface. The user interface may be located remote
from traffic analytics system 104qa, 1045. For instance, traffic
analytics system 104q, 1045 may communicate with a user
interface via network interface 306. Other examples are also
possible.

[0243] For the ease of description, traffic analytics system
104a, 10456 is shown as a single system, however, it may
include multiple computing systems, such as servers, storage
devices, and other distributed resources, configured to per-
form operations/processes described herein. Operations and
processes performed by traffic analytics system 104a, 1045
described herein may be performed by another similarly
configured and arranged system.

[0244] In an exemplary implementation, traffic analytics
system 104a, 1045 is configured to obtain, store and process
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historical vehicle data. For example, traffic analytics system
104a, 1045 obtains historical vehicle data 404 from telem-
atics system 102 and stores it in database 309. FIG. 4A is a
conceptual diagram of database 309. In this example, traffic
analytics system 104a, 1045 organizes historical vehicle
data 404 by vehicle, via associated device ID. For instance,
vehicle-specific datasets 412-414 of database 309 comprise
raw vehicle data indicative of vehicle operation information
of vehicles 212-214, respectively.

[0245] Shown in FIG. 4B is a conceptual diagram of
dataset 412. In this example, each row thereof represents a
raw vehicle data instance 406 indicative of vehicle operation
information collected by monitoring device 202 at different
points in time. Raw vehicle data instances 406 of dataset 412
are organized sequentially in time, from DTO to DTS5. In this
example, a raw vehicle data instance 406 includes device ID
data, speed data, position data, (e.g., LAT/LONG), ignition
state data, and date and time data, (e.g., timestamp), as
shown.

[0246] Now referring to FIG. 4C, shown is a conceptual
diagram of vehicle 212’s path 416 within geographic area
415 corresponding to vehicle position data 418 of dataset
412. Vehicle-position data points 420 represents a position
of vehicle 212 at different points in time, DTO-DTS5. As
shown, the position of vehicle 212 changes position at each
temporally subsequent point in time.

[0247] For ease of description, database 309 comprising
historical vehicle data 404 is described as organized into
vehicle-specific datasets 412-414. One of ordinary skill
appreciates that historical vehicle data may be organized in
numerous manners.

Intelligent Telematics System

[0248] An intelligent telematics system includes aspects
of'a telematics system and a traffic analytics system, such as,
telematics system 102 and traffic analytics system 104a,
1045.

[0249] FIG. 5A is a simplified diagram of an alternative
embodiment with which some embodiments may operate.
Shown in FIG. 5A is intelligent telematics system 500a
comprising monitoring devices 202, 203, and 204, telemat-
ics subsystem 210 (e.g., server), traffic analytics system
104a, communicatively coupled via communication net-
work 207. Intelligent telematics system 500a may also
include network interface 506 compatible for interfacing
with a communication network for communicating with
other network components. For example, network interface
506 may be interoperable with communication network 110
and may be configured to receive data from various network
components of the network configuration 100, 101 such as
remote system 106.

[0250] In this example monitoring devices 202-204 may
be configured to wirelessly communicate with telematics
subsystem 210 via a wireless communication module. In
some embodiments, monitoring devices 202-204 may
directly communicate with one or more networks outside
respective vehicles to transmit data to telematics subsystem
210. A person of ordinary skill will recognize that function-
ality of some modules may be implemented in one or more
devices and/or that functionality of some modules may be
integrated into the same device.

[0251] Monitoring devices 202-204 may transmit raw
vehicle data, indicative of vehicle operation information
collected thereby, to telematics subsystem 210, as repre-
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sented by communication path 510. In an exemplary imple-
mentation, raw vehicle data received and stored by telem-
atics subsystem 210 over a period of time forms historical
vehicle data. For instance, historical vehicle data may be
stored by telematics subsystem 210 in database 209. A
period of time may include, for example, 3 months, 6
months, 12 months, or another duration of time. In an
exemplary embodiment, subsets of raw vehicle data selected
from historical vehicle data stored in database 209 may be
stored in another database, for instance, database 309 for
processing by traffic analytics system 104a. In this example
raw vehicle data is transmitted by telematics subsystem 210
and received by traffic analytics system 104a¢ via commu-
nication path 512, as shown.

[0252] FIG. 5B is a simplified diagram of another alter-
native embodiment with which some embodiments may
operate. Shown in FIG. 5B is intelligent telematics system
5005 comprising monitoring devices 202, 203, and 204 and
traffic analytics system 1045, communicatively coupled
therewith via communication network 207.

[0253] Intelligent telematics system 50056 may also
include network interface 506 compatible for interfacing
with a communication network for communicating with
other network components. For example, network interface
506 may be interoperable with communication network 110
and may be configured to receive data from various network
components of the network configuration 100, 101, such as
remote system 106.

[0254] In this example monitoring devices 202-204 may
be configured to wirelessly communicate with traffic ana-
Iytics system 1045 via a wireless communication module. In
some embodiments, monitoring devices 202-204 may
directly communicate with one or more networks outside
respective vehicles to transmit data to traffic analytics sys-
tem 104b. A person of ordinary skill will recognize that
functionality of some modules may be implemented in one
or more devices and/or that functionality of some modules
may be integrated into the same device.

[0255] Monitoring devices 202-204 may transmit raw
vehicle data, indicative of vehicle operation information
collected thereby, to traffic analytics system 1045 via com-
munication path 514, as shown. In an exemplary implemen-
tation, raw vehicle data received and stored by traffic ana-
Iytics system 1045 over a period of time forms historical
vehicle data. For instance, historical vehicle data may be
stored by traffic analytics system 1045 in database 209 in
data management system 305. A period of time may include,
for example, 3 months, 6 months, 12 months, or another
duration of time. In an exemplary embodiment, subsets of
raw vehicle data selected from historical vehicle data stored
in database 209 may be stored in another database, for
instance, database 309 for processing by traffic analytics
system 1045. In this example raw vehicle data is transmitted
by telematics subsystem 210 and received by traffic analyt-
ics system 104q. Traffic analytics system 1045 may be
configured to perform operations of telematics system 201
as described herein.

[0256] In some example implementations, intelligent
telematics system 500a, 5005 may be configured to include
and/or communicate with a user interface. The user interface
may be located remote therefrom. For instance, intelligent
telematics system 500q, 5005 may communicate with a user
interface via network interface 506. Other examples are also
possible.
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Classification Model

[0257] According to an embodiment, a classifier defining
a relationship between operation of a plurality of vehicles
having operated in a known area and a probability the known
area is a portion of a vehicle way may be defined by
processing corresponding historical vehicle data. For
example, such processing may provide features (e.g., data
indicative of variables/attributes, or measurements of prop-
erties) of the known area. A machine learning algorithm may
be trained with training data comprising features to recog-
nize patterns therein and generalize a relationship between
the features and an outcome that the known area is occupied
by the vehicle way.

[0258] Shown in FIG. 7 is a flow diagram of a process 700
for defining a classifier for use in defining a vehicle way
according to some embodiments. In particular, a classifier is
for providing an indication that a known area is, or is not, a
portion of a vehicle way. A classifier may provide as output
a likelihood (e.g., probability) a known area is a portion of
a vehicle way. Alternatively, a classifier may output an
indication (e.g., binary value) that a known area is, or is not,
a portion of a vehicle way.

[0259] Process 700 is described below as being carried out
by traffic analytics system 104a. Alternatively, process 700
may be carried out by traffic analytics system 10454, intel-
ligent telematics system 500a, 5005, another system, a
combination of other systems, subsystems, devices or other
suitable means provided the operations described herein are
performed. Process 700 may be automated, semi-automated
and some blocks thereof may be manually performed.

Block 701

[0260] Process 700 begins at block 701, wherein a plural-
ity of sample vehicle ways is identified. According to an
embodiment, a classifier may be defined according to a type
and/or subtype of vehicle way that is to be defined using the
classifier. Specific and non-limiting examples of types of
vehicle ways include, traffic junctions, road segments, park-
ing lots, and ad hoc vehicle ways. Specific and non-limiting
examples of subtypes of vehicle ways include: subtypes of
traffic junctions, including roundabouts, intersections, on-
ramps, and off-ramps; subtypes of parking lots including
single entry and single exit parking lots, single entry and
multiple exit parking lots, and multiple entry and single exit
parking lots; and subtypes of road segments including one
way, two way, multi-lane, and divided highways. A subtype
may be considered another type of vehicle way. A subtype
may be considered another type of vehicle way. Block 701
will be further described below in reference to FIG. 8.
[0261] In an exemplary implementation, a plurality of
sample vehicle ways of only parking lot type is identified for
defining a classifier for use in defining parking lots. In
another exemplary implementation, a plurality of sample
vehicle ways for defining a classifier for use in defining a
vehicle way in the form of a traffic junction comprises traffic
junctions only. For example, the plurality of sample vehicle
ways may include one or more of the following traffic
junctions, 3-way intersections, 4-way intersections, n-way
intersections, roundabouts, and any other portion of a road
system where multiple roads intersect allowing vehicular
traffic to change from one road to another.

[0262] Alternatively, a plurality of sample vehicle ways
for defining a classifier for use in defining a subtype of a
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traffic junction in the form of an intersection only comprises
intersections (e.g., 3-way intersections, 4-way intersec-
tions). Defining a classifier for use for defining a particular
type or subtype of vehicle way may provide a more accurate
classifier.

[0263] Furthermore, a classifier defined with sample
vehicle ways of only one type and/or one subtype of vehicle
way may be suitable for use in defining vehicle ways of a
different type and/or subtype of vehicle way.

[0264] Alternatively, a classifier may be defined for defin-
ing all types of vehicle ways.

[0265] In an exemplary implementation, a classifier for
use in defining a vehicle way in the form of an intersection
is defined according to process 700. In FIG. 8, shown is a
simplified diagram of areca 800 comprising a roadway sys-
tem including a plurality of sample vehicle ways in the form
of sample intersections 802a-802f. Area 800 also comprises
parking lots 805, roadway sections 806, and non-traffic
designated areas 807 (e.g., greenspace, sidewalks). For ease
of description, only six sample intersections are described in
this example. In practise, however, the number of sample
vehicle ways may include other than six sample vehicle
ways.

[0266] Inthis example, sample intersections 802a-802f are
also shown to be part of the same roadway network. How-
ever, sample vehicle ways may be selected from different
roadway systems located in different cities, countries and/or
continents. One of ordinary skill in the art appreciates that
selection of an appropriate number and type(s) of sample
vehicle ways will become apparent during definition (e.g.,
training and verification) of the classifier.

Block 702

[0267] Once a plurality of sample vehicle ways has been
identified, a plurality of associated zones for each of the
plurality of sample vehicle ways, is defined in block 702.
Block 702 will be further described below in reference to
FIGS. 6Ai-6Avi, 6Bi-6Bvi, 6C, FIG. 8, FIG. 9, FIGS.
10A-10B, FIGS. 11A-11F, FIGS. 12A-12D, and FIGS. 13A-
13B.

[0268] A zone includes an area encompassing an associ-
ated vehicle way. For example, shown in FIG. 6C is a
conceptual diagram of elements of a vehicle way, including
a bridge element 670 coupled to an employed element 671.
For instance, bridge element 670 comprises an area for
traversal of a vehicle for transitioning therefrom to
employed element 671. Employed element 671 comprises
an area in which the vehicle manoeuvres, such as for moving
and/or parking. A vehicle way may have one or more of each
of bridge elements and employed elements.

[0269] Shown in FIG. 6Bi-6Bvi are conceptual diagrams
of'some specific and non-limiting examples of zones encom-
passing the vehicle ways of FIG. 6Ai-6Avi.

[0270] For example, zone 611 encompasses circular traffic
junction 602. Elements of circular traffic junction 602
include bridge elements 628 of road segments 606-609 and
employed element 630 of circular road segment 604. A
vehicle traverses one of bridge elements 628 to enter (i.e.,
transition into) employed element 630. Once inside
employed element 630, the vehicle moves therethrough (i.e.,
maneuvers) and exits (i.e., transitions through) employed
element 630 via a bridge element 628. In this example,
circular traffic junction 602 comprises four bridge elements
628 and one employed element 630.
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[0271] Zone 613 encompasses intersection 612. Elements
of intersection 612 includes three bridge elements 632 for
instance, road segments 614, 616, and 617 and one
employed element 634 where road segments 614, 616 and
617 intersect.

[0272] Zone 615 encompasses traffic junction 618. Ele-
ments of traffic junction 618 includes two bridge elements
638 including off-ramp portion 622 and main road portion
620 and one employed element such as off-ramp portion
648.

[0273] Zone 640 encompasses parking lot 624. Elements
of parking lot 624 includes a bridge element 642 of entry/
exit 629 and an employed element 668 including parking
area 626.

[0274] Zone 652 encompasses road portion 650. Elements
of road portion 650 includes two bridge elements 654 of
road portions 650 and an employed element 656 of road
portion 650.

[0275] Zone 660 encompasses a bridge element 662 of
on-street parking space 644 and an employed element 664 of
on-street parking space 644.

[0276] In some instances, elements may include physical
boundaries of a road surface such as a sidewalk, road
shoulder, and lane divider, among others. In other instances,
a vehicle way may not have any physical boundaries, such
as a beaten path created by frequent flow of vehicles for
accessing a natural attraction as described above.

[0277] One of ordinary skill in the art appreciates that the
dimensions of a zone is selected to encompass and include
elements of a vehicle way. A dimension that is too small and
does not include the elements, or includes partial elements,
of a vehicle way should be avoided. For example, referring
to FIG. 6Bii, shown is zone 666 encompassing partial
elements of intersection 612—only portions of bridge ele-
ments 632 and employed element 634. In this instance, as
zone 666 encompasses an insufficient portion of intersection
612, only a portion of historical vehicle data associated
therewith will be processed for defining a classifier. As such,
the performance of the defined classifier may be poor.

[0278] Alternatively, a dimension that is too large should
also be avoided. For instance, a zone should be large enough
to encompass a vehicle way, however, not too large such that
it includes extraneous areas. For example, a zone that is too
large may result in unnecessary processing of extraneous
historical vehicle data. Furthermore, dimensions of a zone
may affect computing resources and processing time for
defining and/or using a classification model. One of ordinary
skill will appreciate that optimal zone dimensions will
become apparent during definition of the classifier.

[0279] Continuing at block 702, each zone encompassing
a vehicle way comprises a plurality of contiguous known
areas, also referred to herein as subzones. Each subzone may
have boundaries defined in accordance with a geographic
coordinate system representing a unique two-dimensional
space on the Earth’s surface. For example, a zone may be
partitioned by subdividing the zone into a grid of contiguous
subzones bound by pairs of latitude and longitude lines. As
such, the unique location of each subzone is known. Each
subzone in the plurality of contiguous subzones within a
zone shares a boundary with at least one other subzone. The
plurality of contiguous subzones serves to facilitate organi-
zation of all points therein as each subzone comprises an
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aggregate of a portion of points within a zone. A point
located within boundaries of a subzone may be uniquely
associated therewith.

[0280] Optionally, a subzone may include a portion of a
vehicle way overlapping another portion of a vehicle way.
For instance, the subzone may represent a portion of an
overpass that overlaps a portion of a roadway thereunder.
Optionally, a subzone may include a portion of a vehicle
way overlapped by another portion of a vehicle way. For
instance, the subzone may represent a portion of a roadway
that is overlapped by a portion of an overpass.

[0281] In some exemplary implementations, zone dimen-
sions may be determined according to the shape and size of
an associated vehicle way. FIG. 9 is a simplified diagram of
a plurality of exemplary zones 9084-908f defined for sample
intersections 802a-802f, respectively. In this example, the
dimensions of each zone are such that the elements of each
associated vehicle way are encompassed thereby. As sample
vehicle ways, e.g., sample intersections 802a-802f vary
relatively in shape and size, so may respective zones 908a-
908f.

[0282] Each of the plurality of zones 908a-908f is parti-
tioned into a plurality of contiguous subzones 910a-910f.
For instance, each of zones 9084-908f may be subdivided
into a grid of contiguous subzones bound by pairs of latitude
and longitude lines. As each of zones 908a-908f may be
different in dimension, each thereof may comprise a differ-
ent number of subzones 910a-910f; as shown. For example,
zone 9085 is smaller than zone 908f and accordingly, has
fewer subzones 9105 than the number of subzones 910/ in
zone 908f.

[0283] In some embodiments geographic coordinate data
of a location (e.g., LAT/LONG) of a reference point proxi-
mate each of the sample vehicle ways is obtained by traffic
analytics system 104a. A reference point indicates a general
area in which a vehicle way may be located.

[0284] In an exemplary implementation, a user may view
a georeferenced map of area 800 on a display and manually
identify a reference point proximate sample intersection
802a. For instance, the georeferenced map may be accessed
via a web page of an online map service, such as Google
Maps. The user may choose reference point 803a on or near
sample intersection 8024, as shown in FIG. 8. The location
of reference point 803¢ may be obtained, by the user
selecting reference point 803a on the georeferenced map
with a pointer, causing text indicating geographic coordi-
nates (e.g., LAT/LONG) thereof to appear on the display.
Alternatively, a location of a reference point proximate a
vehicle way may be obtained through use of a GPS enabled
device or another geographic coordinate sensing device.
One of ordinary skill in the art appreciates that there are
various ways to obtain a location of a point. Point data
indicative of the location of reference point 803a may be
provided to traffic analytics system 104a, for example, via a
user interface or data file accessed by traffic analytics system
104a. The reference point may be at or near the centre point
of a zone.

[0285] In an exemplary implementation, a zone may be
defined by subdividing a reference area into a grid of
contiguous subzones according to a hierarchical geospatial
indexing system, such as Geohash. Geohash is a known
public domain hierarchical geospatial indexing system
which uses a Z-order curve to hierarchically subdivide the
latitude/longitude grid into progressively smaller cells of
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grid shape. Each cell is rectangular and represents an area
bound by a unique pair of latitude and longitude lines
corresponding to an alphanumeric string, known as a Geo-
hash string and/or Geohash code.

[0286] In a Geohash system the size of a cell depends on
a user defined length of a string. The hierarchical structure
of Geohash grids progressively refines spatial granularity as
the length of string increases. For example, shown in FIG.
11A is table 1102 defining the relationship between string
length and approximate cell dimensions. As string length
increases, cell dimensions decrease, as shown. Cell size is
also influenced by a cell’s longitudinal location. Cell width
reduces moving away from the equator (to O at the poles)
due to the nature of longitudinal lines converging as they
extend away therefrom. Table 1102 provides an approxima-
tion of Geohash cell dimensions located along the equator.

[0287] Some exemplary Geohash system functions will
now be described below in reference to FIGS. 11B-11G.
FIG. 11F is a simplified conceptual diagram of cell 1132,
defined by latitude and longitude lines 1134 and 1136,
respectively. Shown in FIG. 11B is a simplified functional
block diagram of an exemplary Geohash encode function
1108, for mapping a point to a cell. For example, LAT/
LONG coordinates, ‘42.620578, -5.620343, of point 1130
of FIG. 11F and a user defined length=5 are input to encode
function 1108 which maps point 1130 to cell 1132. Encode
function 1108 outputs string ‘ers42’ corresponding to cell
1132 having dimensions 4.89 kmx4.89 km. One of ordinary
skill appreciates that encode function 1108 will map any
point within cell 1132 to the same string, ‘ers42.’

[0288] FIG. 11C is a simplified functional block diagram
of an exemplary Geohash decode function 1110 for resolv-
ing a string to the centre point of the corresponding cell. For
example, string ‘ers42’ is input to decode function 1110 and
decoded to cell 1132 centre point 1135 at LAT/LONG
coordinates ‘42.60498047, -5.60302734.” In contrast to
encode function 1108, decode function 1110 resolves an
input string to LAT/LONG coordinates of one point only,
specifically, the centre point of the corresponding cell.

[0289] FIG. 11D is a simplified functional block diagram
of an exemplary Geohash bounds function 1112 for resolv-
ing a string into °N/°S, °W/°E line pairs that bound the
corresponding cell. For example, string ‘ers42’ is input to
bounds function 1112 which outputs (42.626953125° N,
42.5830078125° N), (-5.5810546875° E, -5.625° E) line
pairs bounding cell 1132, as shown in FIG. 11F.

[0290] FIG. 11E is a simplified functional block diagram
of an exemplary Geohash neighbours function 1114 for
determining the closest 8 neighbouring (e.g., adjacent) cells
to a given cell. For example, string ‘ers42’ is input into
neighbours function 1114 which outputs strings of the clos-
est 8 neighbouring cells at relative positions NW, W, NE, W,
E, SW, S, and SE to cell 1132. FIG. 11G is a simplified
conceptual of cell 1132 and its 8 closest neighbouring cells
1140.

[0291] In an exemplary implementation, each of the plu-
rality of zones 908a-908f of FIG. 9 is partitioned into a
plurality of contiguous subzones 910a-910f, respectively, in
the form of Geohash cells. As mentioned above, sample
vehicle ways may be selected from various locations and
thus may be located at different longitudes. As such, dimen-
sions of Geohash cells across a plurality of zones may differ
at different longitudes.
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[0292] In some exemplary implementations, zone dimen-
sions may be dependent on dimensions that are likely to
encompass most vehicle ways to be defined using a classi-
fier. For example, shown in FIG. 10A, is a simplified
diagram of a plurality of reference areas 10084-1008f of a
same dimension defined for sample intersections 802a-802f,
respectively. Dimensions of reference areas 1008a-1008f are
approximated to encompass most intersections within an
intersection population that may be defined by a classifier. In
this example, reference areas 1008a-1008f are circular in
shape having a radius R. In some instances, a reference area
may be defined relative to the location of the reference point
of the vehicle way. For instance, reference areas 1008a-
10087 are centred about reference points 803a-803f of
sample intersections 802a-802f. Accordingly, reference
areas 1008a-1008f are defined by radius R extending from
the reference points 803a-803f respectively.

[0293] In an exemplary implementation, the inventor
determined a reference area defined radially 25 m from the
reference point encompasses most intersections within an
intersection population of interest whilst avoiding extrane-
ous areas.

[0294] As noted above, for a plurality of different types
and/or subtypes of vehicle ways a plurality of classifiers may
be defined. As such, optimal zone dimensions may vary
according to the classifier. One of ordinary skill will appre-
ciate that an optimal zone dimensions will become apparent
during definition of the classifier.

[0295] FIG. 10B is a simplified conceptual diagram of a
plurality of exemplary zones 10104-1010f imposed on
sample intersections 802a-802f, each comprising a plurality
of contiguous subzones 1011¢-1011f. In this example, ref-
erence areas 1008a-10081 of FIG. 10A are partitioned into a
plurality of contiguous subzones in the form of Geohash
cells. FIG. 12A is a flow diagram of one exemplary process
1200 for subdividing a reference area into a grid of Geohash
cells.

[0296] Subdividing a reference area into a grid of Geohash
cells, process 1200 begins at block 1202 wherein a reference
point of a sample vehicle way is mapped to a Geohash cell.
For example, LAT/LONG coordinates of reference point
8034 is input into encode function 1108 and the correspond-
ing Geohash string is output thereby. Shown in FIG. 12B is
a simplified diagram of reference area 1008a, including
reference point 803a and cell 1240, the Geohash cell to
which reference point 803a was mapped. Geohash cell 1240
serves as a centre cell from which a grid of contiguous
Geohash cells for subdividing reference area 1008a is
formed.

[0297] Next at block 1204, a plurality of Geohash neigh-
bours of the centre cell is determined. For instance, the
Geohash string of the Geohash cell 1240 is input to Geohash
neighbours function 1114, and corresponding strings of
neighbour cells 1242 of Geohash cell 1240 are output. FIG.
12C is a simplified conceptual diagram of Geohash cell 1240
and its 8 closest neighbour cells 1242. Block 1204 repeats a
similar step of determining neighbouring cells of neighbour-
ing cells until reference area 1008a is completely subdivided
into a grid of contiguous Geohash cells, as shown in FIG.
12D. Block 1204 may utilize Geohash bounds function 1112
to determine when to stop process 1200. For example,
coordinates for the boundary of reference area 1008 may be
input into bounds function 1112 to determine which Geo-
hash cells in the grid include the boundary. Once the entire
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boundary is within a Geohash, process 1200 may stop. One
of ordinary skill appreciates that there are other methods to
manipulate or divide space using a Geohash system.
[0298] Once reference areas are partitioned into a plurality
of contiguous subzones, the associated zone may be defined
by peripheral edges of the plurality of contiguous subzones.
For instance, once reference areas 10084-1008f are defined,
they are partitioned into a plurality of contiguous subzones
1011¢-1011f and the peripheral edges 1248 of each thereof
define zones 1010a-1010f

[0299] In general, subzones are not limited to a particular
dimension, size or shape. However, these attributes may
affect processing time and resources for defining and/or
using a classification model. For instance, higher precision
subzones will increase the number of subzones for process-
ing in comparison to lower precision subzones for a given
zone.

[0300] Embodiments described herein are not limited to
partitioning a zone with Geohashes. For example, a zone
may be partitioned according to another hierarchical geo-
spatial indexing system, e.g., H3—Uber’s Hexagonal Hier-
archical Spatial Index, S2—Google’s S2 geographic spatial
indexing system, or other system. Alternatively, a zone may
be partitioned according to another method for subdividing
geographical space.

[0301] One of ordinary skill in the art will appreciate that
a zone may be defined in multiple ways. For instance, a
plurality of contiguous subzones may be defined by creating
a zone of a shape unique to a corresponding sample vehicle
way, as shown in FIG. 9. In another instance, a reference
area may be partitioned into a plurality of contiguous
subzones to create a zone, as shown in FIG. 10B. The
methods for defining a zone described herein are examples
only and are not intended to limit embodiments.

[0302] According to some embodiments, for each of the
plurality of zones, first subzone data may be formed. For
each subzone, first subzone data may comprise information
indicating a unique identifier and location (e.g., geographic
coordinates of boundaries) of the subzone. First subzone
data may also comprise information indicating the closest
neighbours of the subzone and/or other subzone related
information.

[0303] FIG. 13A is a simplified conceptual diagram of
exemplary first subzone data 1302 formed for zone 1010a.
In this example, first subzone data 1302 comprises Geohash
string data which serves as a unique identifier of each
subzone. As described above, the location of a Geohash cell
(i.e. subzone) may be determined from a Geohash string,
such as by inputting a Geohash string into Geohash system
function 1112.

[0304] Alternatively, first subzone data may comprise
unique 1D data which serves as a unique identifier of each
subzone and boundary coordinates of boundaries thereof,
such as LAT/LONG pairs. For example, FIG. 13B is a
simplified conceptual diagram of first subzone data 1304
formed for zone 1010a comprising Geohash string data
which serves as a unique identifier of each subzone and
LAT/LONG pairs defining boundaries of each Geohash.
[0305] Optionally, first subzone data may include infor-
mation indicative of a Geohash cell’s 8 closest neighbours.
[0306] In some instances, two or more of a plurality of
zones may overlap, for example, zones 10104 and 10107 of
FIG. 10B. However, in such instances, a subzone within
more than one zone may skew training and/or output of a
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classification model. For example, vehicle data associated
with subzones within multiple zones may be overrepre-
sented in training and result in a biased classifier.

Block 704

[0307] Next, at block 704, a subzone common to multiple
zones may be associated with a unique zone and then each
of the multiple zones is redefined to include a new unique
plurality of subzones. For example, first subzone data of the
multiple zones are modified in accordance with the redefi-
nition thereof. Block 704 will be described in further detail
below with reference to FIGS. 14A-14C, FIGS. 15A-15B,
and FIGS. 16A-16B.

[0308] In an exemplary implementation, the distance
between the common subzone and each of the centre sub-
zones of the multiple zones is calculated. The common
subzone is uniquely associated with the zone having a centre
subzone that is the shortest distance thereto.

[0309] For example, shown in FIG. 14A, is a simplified
conceptual diagram of zones 10104 and 1010/ comprising
centre subzones 1404 and 1406 respectively, and a plurality
of common subzones located within overlapping portion
1402 thereof. FIG. 14B is an enlarged view of a portion of
zones 10104 and 1010/ comprising overlapping portion
1402 that includes common subzone 1408. Distance D1
between common subzone 1408 and centre subzone 1404 of
zone 10104 is shorter than distance D2 between common
subzone 1408 and centre subzone 1406 of zone 1010, as
shown. As such, common subzone 1408 is uniquely asso-
ciated with zone 10104 and zone 1010f is redefined to not
include common subzone 1408. Each subzone within por-
tion 1402 is analyzed and then uniquely associated with one
of zones 10104 and 1010f followed by the redefinition
thereof. FIG. 14C is a simplified conceptual diagram of
redefined zones 10104 and 1010f

[0310] FIG. 15A is a simplified conceptual diagram of
zone 1010a comprising vehicle-position data points 1502
representing positions of vehicles indicated by raw vehicle
data. Now referring to FIG. 15B, shown is an enlarged view
of portion 1012 of area 800 imposed on the diagram of FIG.
15A. Vehicle-position data points 1502 are present within
sample intersection 802q, areas 1504 in parking lots 805,
portion 1508 of side street 1506, as well as in portions 1510
of non-traffic designated areas 807 (e.g., greenspace, side-
walks, as shown. Vehicle-position data points found in
portions 1510 may be due to GPS error or other position
sensing technology error. As described above, a classifier for
identifying subzones as portions of a vehicle way will be
defined based on raw vehicle data associated with the
subzones and corresponding zone. FIG. 15B illustrates how
vehicle traffic may be dispersed in a zone in practise.
However, a classifier may be used to identify only those
subzones that are occupied by the vehicle way based on raw
vehicle data associated with the entire zone.

[0311] FIG. 16A shows an enlarged view of portion 1012
of area 800 comprising sample intersection 802a¢ and paths
1602, 1604 and 1606 of one or more vehicles that have
traversed therethrough. A same vehicle may have traversed
sample intersection 802a at three different time intervals.
Alternatively, three unique vehicles may have traversed
sample intersection 802a. Paths 1602, 1604 and 1606 may
have been traversed by any combination of one or more
vehicles.
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[0312] Now referring to FIG. 16B, shown is a conceptual
diagram of zone 1010a and vehicle position-data points
1608 representing position data of raw vehicle data instances
that correspond to a position along paths 1602, 1604 and
1606. As shown in FIG. 16B, no vehicle-position data points
correspond to path 1606. Data collected by a monitoring
device when inside a zone may depend on various factors,
such as, the frequency a monitoring device collects opera-
tion information, the size of the zone, or other predefined
criteria for collecting data, among others. As a result, there
may be instances when a monitoring device collects little-
to-no data when traversing a zone. Accordingly, there may
be occasions when selecting raw vehicle data based on
vehicle position data indicating a position within a zone may
not provide enough meaningful information that relates to
all vehicles that have entered the zone. It would be advan-
tageous to maximize information available in historical
vehicle data related to vehicles that have entered a zone.

Block 706

[0313] Next, at block 706, a subset of raw vehicle data
associated with each of the plurality of zones is selected
from historical vehicle data. In an exemplary implementa-
tion, traffic analytics system 104a may access historical
vehicle data, such as historical vehicle data in database 209,
for selecting the subset stored by traffic analytics system
1044 via communication network 110.

[0314] According to an embodiment, the subset of raw
vehicle data may be selected based on positions inside a
zone. Optionally, the subset of raw vehicle data may be
selected based on positions inside and outside the zone. FIG.
16C illustrates vehicle position-data points corresponding to
positions within portion 1012 of area 800. Including raw
vehicle data corresponding to positions both inside and
outside zone 10104 in the subset enables inclusion of raw
vehicle data corresponding to the positions on path 1604,
represented by vehicle-position data points 1616. This also
enables inclusion of more raw vehicle instances correspond-
ing to paths 1602 and 1606, represented by vehicle-position
data points 1618.

Block 708

[0315] Next, in block 708 interpolating data instances
from the subset of raw vehicle data may be performed. For
example, FIG. 16D illustrates vehicle-position data points
1621 corresponding to interpolated data instances. Selecting
raw vehicle data corresponding to locations inside and
outside a zone, at block 706, and then interpolating data
therefrom at block 708, may provide more meaningful data
for the purpose of training a machine learning algorithm in
comparison to training based on raw vehicle data instances
corresponding to locations inside a zone only. Block 708 is
described further below with reference to FIGS. 16E-16F,
FIG. 17, and FIGS. 18A-18B.

[0316] Optionally, data instances are interpolated in
dependence on the dimensions of subzones of a zone. For
example, interpolating data such that there is one of an
interpolated instance or raw vehicle data instance corre-
sponding to a position in each subzone along a given path of
a vehicle. Referring to FIG. 16E, shown is a conceptual
diagram of zone 1010a comprising plurality of subzones
1011a of less than or equal to 4.77 mx4.77 m. In this
example, data instances are interpolated such that there is at
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least one of an interpolated instance or raw vehicle data
instance corresponding to a location in each subzone.
[0317] Alternatively, data may be interpolated from raw
vehicle data corresponding to positions only inside a zone.
Such as interpolated data instances corresponding to
vehicle-position data points 1614, along portions 1610 and
1612 of paths 1602 and 1606, as shown in FIG. 16F.
[0318] Alternatively, there may be a sufficient amount of
meaningful raw vehicle data corresponding to locations
inside a zone that selecting raw vehicle data corresponding
to locations outside a zone is unnecessary. Alternatively,
there may be a sufficient amount of meaningful raw vehicle
data in historical vehicle data that interpolation is unneces-
sary.

[0319] According to some embodiments, the subset of raw
vehicle data associated with a zone comprises raw vehicle
data corresponding to positions within a traffic zone. In some
instances, a traffic zone may encompass a unique zone. In
other instances, a traffic zone may encompass more than one
zone. FIG. 17 is a simplified diagram of an exemplary
implementation of traffic zone 1700 encompassing zones
10104-1010f° For instance, geographic coordinates of
boundaries 1702 of traffic zone 1700 are provided to traffic
analytics system 104a for defining traffic zone 1700.
[0320] FIG. 18A is a simplified block diagram of process
18004 for obtaining data, hereinafter referred to as vehicle
data, for generating features. Vehicle data may be indicative
of'vehicle operating conditions for a plurality of correspond-
ing vehicles. As mentioned above, such data may be a subset
of raw vehicle data selected from historical vehicle data 404
that corresponds to a location within a zone and/or traffic
zone. For example, boundary data 1802 comprises zone
boundary data and/or traffic zone data indicative of locations
of' boundaries of a zone and/or a traffic zone, respectively. In
block 1804, raw vehicle data is selected from historical
vehicle data 404 based on boundary data 1802 to form first
vehicle data 1810.

[0321] FIG. 18B is a simplified block diagram of an
alternative process 18005 for obtaining vehicle data for
generating features. Such data may be a subset of raw
vehicle data selected from historical vehicle data 404 that
corresponds to a location within a zone and/or traffic zone.
For example, boundary data 1802 comprises zone boundary
data and/or traffic zone data indicative of locations of
boundaries of a zone and traffic zone, respectively. In block
1804, raw vehicle data is selected from historical vehicle
data 404 based on boundary data 1802. Next, in block 1806,
data is interpolated from the raw vehicle data selected in
block 1804 and first vehicle data 1810 comprising the raw
vehicle data and the data interpolated therefrom is formed.
[0322] Optionally, raw vehicle data selected from histori-
cal vehicle data 404 may be selected based on date and time
operating conditions are logged. For instance, raw vehicle
data corresponding to a particular date and/or time range is
selected. For example, only raw vehicle data collected over
the last 3 months may be selected.

[0323] Optionally, at block 1804, the selected data is
pre-processed, the selected data is pre-processed, such as, by
removing outliers (e.g., unlikely speed values), duplicate
values, and the like.

Block 710

[0324] Next, in block 710, features for each of the plural-
ity of subzones of each of the plurality of zones are extracted
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from vehicle data. Features of the types described herein
may include features that are present in a vehicle data
instance or a subset of vehicle data instances and/or features
derived therefrom. Features present in an instance or a
subset of instances may include numeric values that are
explicitly set out therein. Specific and non-limiting
examples of such features include a minimum or maximum
numeric value in the subset (where a minimum/maximum
may be absolute and/or relative). The minimum or maxi-
mum data value may require some analysis, such as a
comparison of values, but the minimum/maximum value
itself will be a value found within the subset. For instance,
a plurality of vehicle data instances in a vehicle data subset
may be analyzed to determine a maximum speed of the
subset. Block 710 is further described below with reference
to FIGS. 19A-19B, FIGS. 20A-20E, FIG. 21, FIGS. 22A-
22B, FIG. 23, and FIGS. 24A-24B.

[0325] Derived features may describe an instance or sub-
set of vehicle data instances, but include a value not found
therein. Instead, a value of a derived feature may be derived
from the instance or subset, such as obtained through
performing one or more computations on the instance or
subset. Specific and non-limiting examples of derived fea-
tures include average speed, total number of vehicle visits
and ignition ratio. Optionally, a derived feature may describe
a first derived feature forming a second derivative of the first
derived feature. Additional derivatives of features may also
be possible.

[0326] The features may additionally or alternatively be
derived from the performance of one or more statistical
computations on a vehicle data subset. For instance, a
derived feature that may be employed may include standard
deviation, mean, and median of values found in a vehicle
data subset. For example, standard deviation, mean, and/or
median of speed values of vehicles that have traversed a
subzone. Features will be described in greater detail below.

[0327] The features may be prepared for use in training the
model, for instance, by traffic analytics system 104a. Pre-
paring the data may include various functions such as
removing outliers (e.g., unlikely speed values), duplicate
values, and the like.

[0328] FIG.19A1s a conceptual block diagram of a feature
extraction function for generating features from vehicle
data. In block 1904, a subset of vehicle data for each of the
plurality of subzones of the plurality of zones may be
selected from vehicle data based on first subzone data. Once
selected, the subset of vehicle data is analyzed and/or
computations are performed thereon to extract/generate sub-
zone features 1906. For each subzone in each zone, a
plurality of features is generated. These features may be
used to identify patterns in the features by a machine
learning algorithm during training for defining a classifier.

[0329] For example, a subset of vehicle data is selected
from first vehicle data 1810 based on first subzone data 1902
for each of the plurality of subzones of zones 1010a-1010f.
Once selected, the subset of vehicle data instances is ana-
lyzed and/or computations are performed thereon to extract/
generate subzone features 1906. For instance, for each
Geohash in zones 1010a-1010f; a plurality of features, (e.g.,
F1-Fn) are generated. FIG. 19B is an exemplary table 1908
representing data comprising a plurality of features for each
Geohash.
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Subzone-Related Features

[0330] According to an embodiment, a plurality of sub-
zone-related features is based on and/or derived from a
subset of vehicle data associated with each subzone.
[0331] Ina first exemplary implementation, the subset is a
first subset of vehicle data corresponding to a position within
a subzone. Subzone-related features indicate measurements/
attributes of vehicle operating conditions of at least one
vehicle that has operated in the subzone.

[0332] For example, FIG. 20A is a conceptual diagram of
portion 2002 of zone 1010a as demarcated by line 1250 A-
1250A of FIG. 12D. Portion 2002 comprises subzone 2004,
as shown. An enlarged view of subzone 2004 is depicted in
FIG. 20B comprising vehicle-position data points 2006 each
thereof indicative of a position of one or more vehicles that
have entered subzone 2004 at one point in time.

[0333] Illustrated in FIG. 20C is a simplified functional
block diagram of a function that may be implemented at
block 1904. First vehicle data 1810 and subzone 2004 first
subzone data 2007 is provided in block 2008 and a first
subset of vehicle data corresponding to a position within
subzone 2004 may be selected. The first subset of vehicle
data is represented by the vehicle-position data points 2006
shown in FIG. 20B. Once selected, the first subset of vehicle
data is processed at block 2010. For instance, the first subset
of vehicle data instances may be analyzed and/or have
computations performed thereon at block 2010 to form at
least one feature 2012.

[0334] FIG. 20D is a table 2014 representing an example
of a first subset of vehicle data corresponding to a position
within subzone 2004. Position data 2018 of each instance
2016 is represented by vehicle-position data points 2006 as
shown in FIG. 20B. Subzone-related features formed from
processing the first subset of vehicle data are indicative of
attributes/measurements of vehicle operating data of
vehicles with corresponding device IDs ID1, ID2, ID3, ID4,
when operating in subzone 2004. These subzone-related
features may be used by the ML algorithm to identify
patterns. For descriptive purposes, only 4 vehicles are shown
to have entered subzone 2004, in this example. In practice
however, the number of vehicles that may enter a subzone
may be more or less than four.

[0335] Some specific and non-limiting examples of the
subzone-related features are provided in Table 1 below.

TABLE 1

Subzone-related Features

Minimum vehicle speed
Maximum vehicle speed
Average vehicle speed
Median vehicle speed
Standard deviation of vehicle speed
Minimum ignition
Maximum ignition
Total number of ignitions on
Total number of ignitions off
Average number of ignitions
Ignition ratio
Total number of vehicle visits
Average number of visits/vehicle
Minimum number of vehicle visits/day
Maximum number of vehicle visits/day
Average number of vehicle visits/day
Median number of vehicle visits/day
Standard deviation of number of vehicle visits/day
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TABLE 1-continued

Subzone-related Features

Minimum unique number of vehicle visits/day
Maximum unique number of vehicle visits/day
Median unique number of vehicle visits/day
Standard deviation of unique number of vehicle visits/day
Average unique number of visits/day
Total number of unique vehicle visits

[0336] Other subzone-related features may be based on
and/or are derived from the first subset of vehicle data
instances. Embodiments are not intended to be limited to the
example features described herein. FIG. 20E is a table of
exemplary subzone-related features and feature values based
on the subset of vehicle data instances. Other features may
be based on and/or be derived from the first subset of vehicle
data.

[0337] Ignition state indicates whether a vehicle is in a
driveable state or not. For example, an internal combustion
engine (ICE) vehicle has an ignition state of on when the
engine is on. An ICE vehicle has an ignition state of off when
the engine is off, even if electrical power is provided to
vehicle circuitry by the battery. In another example, an
electric vehicle (EV) has an ignition state of on when
electricity is provided to the EV’s electric motor, whereas
the ignition state is off when no electricity is provided to the
EV’s electric motor.

[0338] The minimum ignition feature of a subzone has a
value of 1 only when all vehicles that have entered a subzone
have an ignition state of 1. This may indicate that the vehicle
way is not employed as a parking area.

[0339] The maximum ignition feature has a value of 0
only when all vehicles in a subzone have an ignition state of
off. This may indicate that the subzone is a portion of vehicle
way employed as a parking area.

[0340] The ignition ratio feature is defined as,

. . Total number of ignitions off
[gnition ratio =

(Total number of ignitions off) +

(Total number of ignitions on)

[0341] In a second exemplary implementation, subzone-
related features may be based on and/or derived from the
first subset of vehicle data and a second subset of vehicle
data including vehicle data temporally preceding and/or
subsequent thereto for a same vehicle.

[0342] For instance, the first and second subsets of vehicle
data may be processed for providing subzone-related fea-
tures indicative of dwell time of a vehicle within a given
subzone. Shown in FIG. 21 is a simplified diagram of
subzone 2004 and vehicle-position data point 2006 repre-
senting a vehicle position at T1 according to vehicle data. A
dwell time of a vehicle within subzone 2004 may be
determined by obtaining vehicle data corresponding to the
same vehicle at a preceding point in time, TO, and a
subsequent point in time, T2, represented by vehicle-posi-
tion data points 2106 and 2108 respectively. As geographic
coordinates of boundaries of subzone 2004 are known, the
time TA (2110) between the time a vehicle enters subzone
2004 and arrives at vehicle—position data point 2006, and
the time TB (2112) between the time the vehicle leaves
vehicle—position data point 2006 and exits subzone 2004
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may be determined. The dwell time, (e.g., how long the
vehicle is in a subzone) may be calculated by, T 5, , =TA+
TB. For each vehicle that enters subzone 2004 a dwell time
is calculated and features, average dwell time, minimum
dwell time, maximum dwell time, median dwell time and
standard deviation of dwell time are based thereon or
derived therefrom.

[0343] In a third exemplary implementation, subzone-
related features may be based on and/or derived from the
first subset of vehicle data and a third subset of vehicle data
including vehicle data corresponding to vehicle data tem-
porally subsequent thereto for a same vehicle. In this
example subzone-related features relates to the travel time of
a vehicle between a location within a subzone and the first
location the vehicle ignition state is off. In other words, the
travel time between a position within a subzone and position
the vehicle parks, i.e., time to park.

[0344] FIG. 22A is a simplified diagram of a path of a
vehicle that has traversed subzone 2004 having a related
vehicle data instance corresponding to vehicle-position data
point 2006 at time T1, as shown. Each temporally subse-
quent vehicle data instance is represented by a vehicle-
position data points 2204 at times T1-T14 each representing
a new location of a same vehicle at consecutive points in
time as the vehicle travels along path 2200. Vehicle-position
data point 2206 at T14 represents the first location the
vehicle ignition is turned off, indicating that the car has
parked. The time to park from vehicle—position data point
2006 to 2206 may be calculated as Ty /zropirr=114-T1.
For each vehicle that enters subzone 2004 the time to park
is calculated to provide subzone-related features such as,
average time to park, minimum time to park, maximum time
to park, median time to park, and standard deviation of time
to park.

[0345] Table 2210 of FIG. 22B represents a third subset of
vehicle data corresponding to vehicle-position data points
2204 at times T1-T14.

[0346] In some cases, a vehicle ignition is ON and the
speed is 0 km/hr, such as at T9. For example, when a vehicle
is not moving yet the ignition is on. For instance, at red
lights, stop signs, heavy traffic (stop-and-go), picking up
passengers, going through a drive through, among others.

Zone-Related Features

[0347] According to an embodiment, zone-related features
may be based on and/or derived from a fourth subset of
vehicle data instances associated with the zone and/or sub-
zone-related features. Table 2 lists specific and non-limiting
examples of such zone-related features. These zone-related
features may be determined for each subzone of the plurality
of subzones for each zone of the plurality of zones.

TABLE 2

Zone-Related Features

Zone Minimum Ignition OFF
Zone Maximum Ignition OFF
Zone Average Vehicle Speed
Zone Maximum Vehicle Speed
Zone Minimum Vehicle Speed
Zone Average Number of Unique Visits/Day
Zone Minimum Number of Unique Visits/Day
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TABLE 2-continued

Zone-Related Features

Zone Maximum Number of Unique Visits/Day
Zone Average Median Number of Unique Visits/Day
Zone Total Average Number of Unique Visits/Day

[0348] In a first exemplary implementation, zone average
speed may be determined by selecting a subset of vehicle
data instances corresponding to a position within a zone and
calculating the average speed therefrom.

[0349] In a second exemplary implementation, Zone aver-
age speed may be determined by calculating an average of
the average speed subzone-related features of all subzones in
a zone.

[0350] According to an embodiment, other zone-related
features may be based on and/or derived from a fifth subset
of vehicle data instances associated with the zone. Table 3
lists specific and non-limiting examples of such zone-related
features. These zone-related features may be determined for
each subzone of the plurality of subzones for each zone of
the plurality of zones.

TABLE 3

Zone-Related Features

Zone Total Number of Visits
Zone Total Number of Unique Visits

[0351] In an exemplary implementation, zone total num-
ber of visits may be determined by selecting a subset of
vehicle data instances corresponding to a position within a
zone and calculating the total number of vehicles that
correspond to the zone.

[0352] According to an embodiment, other zone-related
features may be based on and/or derived from another
portion of subzone-related features. Table 4 lists specific and
non-limiting examples of such zone-related features. These
zone-related features may be determined for each subzone of
the plurality of subzones for each zone of the plurality of
zones.

TABLE 4

Zone-Related Features

Zone Average Time to Park
Zone Maximum Time to Park
Zone Minimum Time to Park
Zone Maximum Dwell Time
Zone Minimum Dwell Time
Zone Median Dwell Time
Zone Average Dwell Time
Zone Minimum Number of Unique Visits
Zone Average Number of Unique Visits
Zone Maximum Number of Unique Visits
Zone Average Total Number of Visits
Zone Maximum Total Number of Visits
Zone Minimum Total Number of Visits

[0353] For example, zone average dwell time may be
determined by calculating an average of the average dwell
time subzone-related features of all subzones in a zone.

Subzone-Zone-Related Features

[0354] According to an embodiment, subzone-zone-re-
lated features may be based on and/or derived from a portion
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of subzone-related features in relationship to a portion of
zone-related features. Subzone-zone-related features are
determined for each subzone of the plurality of subzones for
each zone of the plurality of zones.

[0355] Specific and non-limiting examples of relationship-
based features are listed in Table 5 below.

TABLE 5

Subzone-Zone-Related Features

Minimum Vehicle Speed Ratio
Average Vehicle Speed Ratio
Maximum Vehicle Speed Ratio
Minimum Ignition Off Ratio
Maximum Ignition Off Ratio
Maximum Dwell Time Ratio
Minimum Dwell Time Ratio
Average Median Dwell Time Ratio
Average Dwell Time Ratio
Minimum Time to Park Ratio
Average Time to Park Ratio
Maximum Time to Park Ratio
Minimum Number of Unique Vehicle Visits Ratio
Maximum Number of Unique Vehicle Visits Ratio
Average Number of Unique Vehicle Visits Ratio
Minimum Unique Number of Vehicle Visits/Day Ratio
Maximum Unique Number of Vehicle Visits/Day Ratio
Average Unique Number of Vehicle Visits/Day Ratio
Total Unique Number of Vehicle Visits/Day Ratio
Average Median Unique Number of Vehicle Visits/
Day Ratio
Minimum Total Number of Vehicle Visits Ratio
Maximum Total Number of Vehicle Visits Ratio
Average Total Number of Vehicle Visits Ratio
Total Number of Vehicle Unique Visits Ratio
Total Number of Vehicle Visits Ratio

[0356] In an exemplary implementation, subzone-zone-
related feature average speed ratio may be determined by
calculating the ratio of subzone-related feature average
speed to zone-related feature, zone average speed.

[0357] As described above, raw vehicle data may be
selected from historical vehicle data based on a particular
date and/or time period. As such, values of features
described herein may vary accordingly.

Spatial-Related Features

[0358] According to an embodiment, spatial-related fea-
tures may be based on and/or derived from spatial relation-
ship data of a subzone to the zone. According to an embodi-
ment, spatial-related features may be based on and/or
derived from a spatial relationship data of a subzone to the
plurality of subzones, or a portion thereof, of a zone.
[0359] In a first exemplary implementation, for each sub-
zone, a spatial-related feature may be based on and/or
derived from the distance of the subzone to the centre point
of a zone. For instance, one method for determining the
distance between a subzone and the centre point of a zone
comprises, determining a location of a centre point of the
subzone and the location of the centre point of the centre
subzone of a zone. Next, the distance therebetween is
calculated. For example, shown in FIG. 23 is a simplified
diagram of portion 2002 including vehicle—position data
point 2006 of subzone 2004, and reference point 803a,
which may be a centre point, of zone 1010a. The distance
2304 between vehicle—position data point 2006 (i.e., centre
point) and reference point 803« is determined, for instance,
by using the Haversine formula.
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[0360] In a second exemplary implementation, for each
subzone, a feature may be based on and/or derived from the
number of subzones adjacent the subzone (e.g., number of
Geohash neighbours). FIG. 24A is a simplified conceptual
diagram of portion 2002 including subzone 2004 having 8
adjacent subzones 2402. FIG. 24B is also a simplified
conceptual diagram of portion 2002 including subzone 2404
having 4 adjacent subzones 2406. In these examples, the
features for subzones 2004 and 2404 may have values 8 and
4 respectively. Alternatively, features for subzones 2004 and
2404 may have values be derived therefrom.

[0361] In a third exemplary implementation, for each
subzone, a feature may be based on and/or derived from the
number of subzones adjacent the subzone (e.g., number of
Geohash neighbours) having vehicle data corresponding to
a location therein. FIG. 24A shows subzone 2004 having 8
adjacent subzones 2402. If no vehicle data corresponds to 3
of those adjacent subzones the value of the feature is 5. In
other words, if vehicles did not enter 3 of the 8 subzones, the
number of adjacent subzones having vehicle data corre-
sponding to a location therein is 5.

[0362] Spatial-related features are determined for each
subzone of the plurality of subzones for each zone of the
plurality of zones.

[0363] Example features are not intended to limit embodi-
ments to the features described herein.

Block 712

[0364] In block 712 training data is formed. For instance,
for each subzone, above described features are determined to
create training data. Training data further includes an indi-
cation of the class of each subzone.

[0365] Shown in FIG. 25A is a conceptual diagram of a
portion of sample vehicle way in the form of sample
intersection 802a and zone 1010a imposed thereon. Shaded
subzones 2502 of zone 1010q indicate that they are portions
of sample intersection 802, whereas the unshaded subzones
2504 are not portions of sample intersection. Table 2510 of
FIG. 25B represents training data including subzone ID, a
plurality of features generated for each associated subzone,
and a class label, indicating a subzone is one of a “vehicle
way’ class, (e.g., a portion of sample vehicle way, such as
sample intersection 802a) or a ‘not-vehicle way’ class (e.g.,
not a portion of a sample vehicle way).

Block 714

[0366] Finally, in block 714, a machine learning tech-
nique, such as random forest technique, is implemented
using training data to define a classifier for classifying a
subzone as one of a vehicle way class or not-vehicle way
class. The training data used may include all or a portion of
the features described herein. Optionally, other features may
be included in the training data.

[0367] For example, FIG. 25C is a high-level flow dia-
gram of an exemplary process 2520 for using a machine
learning technique to define a classifier for classifying
subzones. Process 2520 begins at block 2522 where training
data, such as training data represented by table 2510, is input
to a machine learning algorithm. Next, at block 2524, a
classifier that is generated by training the ML algorithm is
verified, and at block 2526 the performance of the classifier
is evaluated. If the classifier meets performance criteria,
(e.g., passes verification) process 2520 ends at block 2530.
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However, if the performance criteria are not met, (e.g., fails
verification), the process 2520 continues to block 2528
where modifications to training data or machine learning
algorithm parameters may be performed and process 2520
continues until the defined classifier meets the required
performance criteria.

[0368] Optionally, modifications to other parameters may
also be performed should performance criteria not be met.
Such as, the relative position of the reference areas from the
reference points and/or subzone dimensions (e.g., Geohash
precision). When performance criteria are met, classifier
data associated with the classifier may be generated. Such
classifier data may be indicative of the relative position of
the reference areas from the reference points that were used
for defining the classifier. The classifier data may also be
indicative of subzone dimensions (e.g., Geohash precision)
of subzones used for defining the classifier. This classifier
data may be useful when using the classifier for defining a
vehicle way. Each classifier may have unique classifier data
associated therewith.

[0369] According to some embodiments, a road network
may be defined by partitioning an area into subzones and
classifying each thereof as a portion of the road network
(i.e., portion of a vehicle way) or not a portion of the road
network (i.e., not a portion of a vehicle way) using at least
a machine learning technique. Some embodiments include
generating unlabelled data including features representing
each of the subzones for classification thereof by a classifier.
In some instances, features may be based on and/or derived
from vehicle operation information of vehicles correspond-
ing to one or more subzones. Aggregating subzones classi-
fied as a portion of a road network may provide an indication
of a geographical location thereof from which a road net-
work may be defined.

Subprocess 2600

[0370] Shown in FIG. 246A is a flow diagram of subpro-
cess 2600 for defining a road network using a machine
learning technique according to an embodiment. Subprocess
2600 is described below as being carried out by traffic
analytics system 104a. Alternatively, subprocess 2600 may
be carried out by telematics system 102, traffic analytics
system 1044, intelligent telematics system 500a, 5005,
another system, a combination of other systems, subsystems,
devices or other suitable means provided the operations
described herein are performed. Subprocess 2600 may be
automated, semi-automated and some blocks thereof may be
manually performed.

[0371] In an exemplary implementation, traffic analytics
system 104a is configured to obtain, store and process
second historical vehicle data. For example, traffic analytics
system 104a obtains second historical vehicle data, for
instance, second historical vehicle data 2620, from telem-
atics system 102 and stores it in datastore 304 in database
2629. FIG. 26B shows a conceptual diagram of database
2629. In this example, traffic analytics system 104a orga-
nizes second historical vehicle data 2620 by vehicle based
on associated device ID. For instance, datasets 2622-2624 of
database 2629 comprise raw vehicle data indicative of
vehicle operation information of vehicles 212-214, respec-
tively.

[0372] Shown in FIG. 26C is a conceptual diagram of
dataset 2622. In this example, each row thereof represents a
raw vehicle data instance 2626 indicative of vehicle opera-



US 2021/0350698 Al

tion information collected by monitoring device 202 at
different points in time. Raw vehicle data instances 2626 of
dataset 2622 are organized sequentially in time, from DT10
to DT15. In this example, a raw vehicle data instance 2626
includes device ID data, speed data, position data, (e.g.,
LAT/LONG), ignition state data, and date and time data,
(e.g., timestamp), as shown.

Block 2602

[0373] Subprocess 2600 begins at block 2602 wherein
subprocess 2600 includes defining a road network area
comprising a road network of interest. A road network area
may be defined in a geospatial file (e.g., shape file (.shp),
GeoJSON (.geojson)). Alternatively, a road network area
may be defined in another data format indicative of, for
example, a polygon, latitude-longitude pairs, GPS coordi-
nates indicating a location of four corners bounding the road
network area, among others. One of ordinary skill in the art
will appreciate that there are multiple data formats for
defining geographical coordinates of boundaries of an area.
[0374] For instance, data indicating latitude-longitude
pairs defining boundaries of a road network area may be
provided to traffic analytics system 104a, for example, by a
user. Alternatively, traffic analytics system 104a may obtain
such data from a governmental agency that stores data
describing geographic coordinates of boundaries of munici-
palities, communities or other areas of interest, on a publicly
accessible server, such as a server accessible via the Internet.
Shown in FIG. 27 is a simplified diagram of an exemplary
road network area 2700 defined by latitude-longitude pairs,
including latitude pair, (2702, 2704) and longitude pair,
(2706, 2708). In this example, road network area 2700 is
square-shaped, however, a road network area may be any
shape and/or size.

Block 2604

[0375] Next, at block 2604, subprocess 2600 includes
partitioning the road network area into a plurality of con-
tiguous second subzones, to define a road network zone. At
this block, subprocess 2600 may generate second subzone
data, indicative of a second subzone ID of each second
subzone in the road network zone. Optionally, second sub-
zone data may include an indication of the boundaries of
each second subzone.

[0376] In an exemplary implementation, a road network
zone may be defined by partitioning a road network area into
a grid of contiguous second subzones according to a hier-
archical geospatial indexing system. Specific and non-lim-
iting examples of hierarchical geospatial indexing systems
include Geohash, Uber’s Hexagonal Hierarchical Spatial
Index, i.e., H3, and Google’s S2 Geographic Spatial Index,
i.e., S2. In another exemplary implementation, a road net-
work area may be subdivided into a grid of contiguous
second subzones bound by latitude-longitude pairs. Alter-
natively, a road network area may be partitioned according
to another method for subdividing geographical space. One
of ordinary skill appreciates that there are various methods
for subdividing a geographical space into a plurality of
contiguous second subzones.

[0377] Described further below are steps at block 2614
wherein subprocess 2600 includes utilizing a classifier for
classifying each of the plurality of contiguous second sub-
zones in the road network zone. In some instances, classifier
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data uniquely associated with a classifier utilized at block
2614 may indicate a method for partitioning a road network
area, e.g., a hierarchical geospatial system, second subzone
dimensions and/or other parameters associated with the
classifier.

[0378] For example, classifier data associated with a clas-
sifier utilized at block 2614 indicates road network area
2700 is to be partitioned into a plurality of contiguous
second subzones according to a Geohash hierarchical geo-
spatial indexing system with a Geohash precision of 9. A
precision of 9 corresponds to dimensions of Geohashes less
than or equal to 4.77 mx4.77 m.

[0379] In the present example, traffic analytics system
104a partitions road network area 2700 into a plurality of
Geohashes 2802 of precision 9 forming road network zone
2800 as shown in FIG. 28A. Traffic analytics system 104a
also generates second subzone data indicating a second
subzone 1D for each Geohash 2802 in road network zone
2800. F1G. 28B shows exemplary second subzone data 2804
including a second subzone ID for each Geohash 2802. In
this example, a second subzone 1D corresponds to a Geohash
string of that particular Geohash. For instance, second
subzone data 2804a for Geohash 2802¢ includes second
subzone ID ‘GeohasStringl,” second subzone data 28045 for
Geohash 28026 includes second subzone ID
‘GeohashString2’; and so on.

[0380] Alternatively, traffic analytics system 104a gener-
ates second subzone data indicating a second subzone ID for
each Geohash 2802 in road network zone 2800 and a
boundary thereof. FIG. 28C shows exemplary second sub-
zone data 2806 including a second subzone ID for each
Geohash 2802 in road network zone 2800. In this example
second subzone data 2806 includes a second subzone ID
corresponding to a Geohash string of that Geohash, and
boundaries thereof. Boundaries of each Geohash 2802 is
indicated by a latitude-longitude pair. For instance, second
subzone data 2806a for Geohash 2802¢a includes a second
subzone ID ‘GeohashStringl” and boundary corresponding
to (LAT1, LAT2), (LONG1, LONG2) PAIR1. Second sub-
zone data 28065 for Geohash 28025 a second subzone 1D
‘GeohashString2’ and boundary corresponding to (LATI,
LAT2), (LONGI1, LONG2) PAIR2.

[0381] Boundaries of a Geohash may be determined by
use of a Geohash bounds function as described above in
reference to FIG. 11D. For example, traffic analytics system
104a may determine a boundary for each Geohash 2802 by
implementing a Geohash system bounds function on an
associated Geohash string, i.e., second subzone ID.

[0382] Next, subprocess 2600 proceeds to one of block
2605 or block 2606.

Block 2606

[0383] At block 2606, subprocess 2600 includes selecting
a second subset of raw vehicle data from second historical
vehicle data corresponding to the road network zone.

[0384] Forexample, traffic analytics system 104a selects a
second subset of a raw vehicle data from second historical
vehicle data 2620 corresponding to road network zone 2800.
IL.e., a second subset of raw vehicle data having position data
indicating a position within boundaries of road network zone
2800 is selected from second historical vehicle data 2620.
[0385] Now referring to FIG. 29, shown is a simplified
diagram of road network zone 2800 and exemplary paths
2902, 2904 and 2906, taken by three vehicles that have
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traversed therethrough. For instance, a same vehicle may
have traversed road network zone 2800 at three different
time intervals. Alternatively, a combination of one or more
vehicles may have traversed road network zone 2800.
[0386] Also shown in FIG. 29 are vehicle position-data
points 2908 representing position data of raw vehicle data
corresponding to paths 2902, 2904 and 2906 within road
network zone 2800. Monitoring devices may transmit raw
vehicle data intermittently, as illustrated by lack of vehicle
position-data points 2908 on portions 2910 of paths 2902,
2904 and 2906.

[0387] Transmission of raw vehicle data by a monitoring
device may depend on various factors, such as, the fre-
quency a monitoring device collects vehicle operation infor-
mation, changes in direction of travel of a vehicle, or lack
thereof, among others. As such, there may be instances when
a monitoring device transmits little raw vehicle data while
traversing a road network zone.

Block 2610

[0388] A method for increasing an amount of data indica-
tive of vehicle operation within a road network zone may
include interpolating data. For instance, after block 2606,
subprocess 2600 may proceed to block 2610 wherein sub-
process 2600 includes interpolating data instances from the
second subset of raw vehicle data selected in block 2606.
[0389] In the present example, traffic analytics system
104a interpolated data instances from the second subset of
raw vehicle data instances selected from second historical
vehicle data. For example, shown in FIG. 30 is another
simplified diagram of road network zone 2800, exemplary
paths 2902, 2904 and 2906, vehicle position-data points
2908, as well as interpolated vehicle position-data points
3002 interpolated by traffic analytics system 104a. FIG. 30
illustrates that interpolating data instances may increase the
amount of data indicative of vehicle operation information
of vehicles corresponding to road network zone 2800. In
some instances, there may still be portions of paths 2902,
2904 and 2906, such as portions 3004, for which no vehicle
operation information is available.

[0390] Optionally, at block 2606 and/or at block 2610, the
second subset of raw vehicle data and/or the second subset
of raw vehicle data and interpolated data, interpolated there-
from, is pre-processed. For example, by removing outliers
(e.g., unlikely speed values), duplicate values, and the like.
[0391] Another method for increasing an amount of
vehicle operation information related to vehicles traversing
a road network zone includes selecting a second subset of
raw vehicle data within and beyond boundaries of the road
network zone.

Block 2605

[0392] For instance, instead of proceeding to block 2606
after block 2604, subprocess 2600 proceeds to block 2605.
At block 2605, subprocess 2600 includes defining a second
traffic zone larger than, and encompassing, the road network
zone for selecting a second subset of raw vehicle data from
second historical vehicle data. In some instances, a second
traffic zone boundary may be based on a predefined distance
from boundaries of the road network zone.

[0393] In the present example, traffic analytics system
104a defines a second traffic zone 3100 based on a pre-
defined parameter, such as 500 m, from the boundary of road
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network zone 2800, as shown in FIG. 31. Second traffic zone
3100 encompasses and extends beyond the boundaries of
road network zone 2800, as shown.

[0394] According to an embodiment, a second traffic zone
may be defined based on a user configurable parameter. For
example, a user provides input to traffic analytics system
104a, via a user interface thereof, indicating a distance from
the boundary of the road network zone 2800 defining the
second traffic zone 3100. Alternatively, a user provides a
data file comprising data indicative of the boundary of the
second traffic zone.

[0395] According to another embodiment, a second traffic
zone may be user definable. For example, a data file com-
prising data indicative of the boundary of a second traffic
zone 3100 is input to traffic analytics system 104q, via a user
interface thereof. Alternatively, a data file is transmitted to
traffic analytics system 104q, for example, via network
interface 306. An exemplary data file includes a geospatial
file (e.g., shape file (.shp), GeoJSON (.geojson)).

[0396] According to yet another embodiment, a second
traffic zone may be defined based on data retrieved from a
remote source. For example, traffic analytics system 104a
may obtain data from a governmental agency that stores data
describing boundaries of the road network area, e.g., geo-
graphic coordinates of boundaries of municipalities, com-
munities, on a publicly accessible server, such as a server
accessible via the Internet. Traffic analytics system 104a
may then add a predefined buffer extending beyond the
boundary of road network zone 2800 to determine the
boundary of second traffic zone 3100. For example, a
predefined buffer may be 2 km. In this example, traffic
analytics system 104 determines the boundaries of second
traffic zone 3100 to be located 2 km from the boundaries of
road network zone 2800.

Block 2607

[0397] Next at block 2607, subprocess 2600 includes
selecting a second subset of raw vehicle data from second
historical vehicle data corresponding to the second traffic
zone.

[0398] Forexample, traffic analytics system 104a selects a
second subset of raw vehicle data from second historical
vehicle data 2620 corresponding to positions within second
traffic zone 3100. Referring again to FIG. 31, illustrated are
vehicle position-data points 3102 representing position data
of the second subset of raw vehicle data selected in block
2607 corresponding to paths 2902, 2904 and 2906 within
second traffic zone 3100.

Block 2609

[0399] Next, at block 2609, subprocess 2600 includes
interpolating data instances from the second subset of raw
vehicle data selected in block 2607.

[0400] In the present example, traffic analytics system
104a interpolates data instances from the second subset of
raw vehicle data selected from second historical vehicle data
2620 corresponding to second traffic zone 3100. FIG. 32
illustrates interpolated vehicle position-data points 3202
corresponding to data instances interpolated by traffic ana-
Iytics system 104a as well as vehicle position-data points
3102 representing position data of the second subset of raw
vehicle data corresponding to paths 2902, 2904 and 2908
within second traffic zone 3100.
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[0401] Selecting a second subset of raw vehicle data
corresponding to locations within and beyond a road net-
work zone and interpolating data therefrom may provide
more vehicle operation information in comparison to a
second subset of raw vehicle data corresponding solely to a
road network zone.

[0402] In some instances, data instances may be interpo-
lated in dependence on the dimensions of second subzones
of a road network zone. For example, data instances may be
interpolated such that there is approximately one of an
interpolated instance or raw vehicle data instance corre-
sponding to a position in each second subzone along a path
of a vehicle. Alternatively, data instances may be interpo-
lated in dependence on classifier data. For example, classi-
fier data associated with a classifier utilized in block 2614
may indicate data instances are to be interpolated such that
there is approximately one of an interpolated instance or raw
vehicle data instance every 10 m along a path of a vehicle.
[0403] Optionally, at block 2607 and/or block 2609, the
second subset of raw vehicle data and/or the second subset
of raw data and interpolated data is pre-processed. For
example, by removing outliers (e.g., unlikely speed values),
duplicate values, and the like.

[0404] Optionally, a second subset of raw vehicle data
selected from second historical vehicle data may be selected
based on date and time vehicle operating conditions are
logged. For instance, the second subset of raw vehicle data
corresponds to a particular date and/or time range. For
example, only raw vehicle data collected over the last 3
months is selected.

Block 2611

[0405] Next, at block 2611, subprocess 2600 includes
processing second vehicle data for generating features for
each of the plurality of contiguous second subzones in the
road network zone. Second vehicle data includes one of, the
second subset of raw vehicle data provided at block 2606,
the second subset of raw vehicle data and interpolated data
provided at block 2610, and the second subset of raw vehicle
data and interpolated data provided at block 2609. Second
vehicle data includes one or more second vehicle data
instances corresponding to a second subzone (i.e., includes
position data indicative of a position within a subzone.)
Second vehicle data may be preprocessed by removing
outliers (e.g., unlikely speed values), duplicate values, and
the like.

[0406] Features for each of the plurality of second sub-
zones of the road network zone are extracted from second
vehicle data including at least one second vehicle data
instance. Features of the types described herein may include
features that are present in a second vehicle data instance or
a subset of second vehicle data instances and/or features
derived therefrom. Features present in an instance or a
subset of instances may include numeric values that are
explicitly set out therein. Specific and non-limiting
examples of such features include a minimum or maximum
numeric value in the subset (where a minimum/maximum
may be absolute and/or relative). The minimum or maxi-
mum data value may require some analysis, such as a
comparison of values, but the minimum/maximum value
itself will be a value found within the subset. For instance,
a plurality of second vehicle data instances in a subset of
second vehicle data may be analyzed to determine a maxi-
mum speed of the subset.
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[0407] Derived features may describe an instance or sub-
set of second vehicle data instances, but include a value not
found therein. Instead, a value of a derived feature may be
derived from the instance or subset, such as obtained
through performing one or more computations on the
instance or subset. Specific and non-limiting examples of
derived features include average speed, total number of
vehicle visits and ignition ratio. Optionally, a derived feature
may describe a first derived feature forming a second
derivative of the first derived feature. Additional derivatives
of features may also be possible.

[0408] The features may additionally or alternatively be
derived from the performance of one or more statistical
computations on a second vehicle data subset. For instance,
a derived feature that may be employed may include stan-
dard deviation, mean, and median of values found in a
second vehicle data subset. For example, standard deviation,
mean, and/or median of speed values of vehicles that have
traversed a second subzone. Features will be described in
greater detail below.

[0409] Processing second vehicle data for generating fea-
tures for each of the second subzones in road network zone
at block 2611 may include generating second subzone-
related features, road network zone-related features, second
subzone-road network zone-related features, spatial-related
features, and/or other features. Generation of features at
block 2611 is described below with reference to FIG. 33 to
FIG. 38A

Second Subzone-Related Features

[0410] According to an embodiment, a plurality of second
subzone-related features is based on and/or derived from a
subset of second vehicle data associated with each second
subzone.

[0411] In a first exemplary implementation, a plurality of
second subzone-related features is based on and/or derived
from a first subset of second vehicle data corresponding to
a position within a second subzone. In this example, second
subzone-related features indicate measurements/attributes
of vehicle operating conditions of at least one vehicle that
has operated in the second subzone.

[0412] For example, FIG. 33 is a conceptual diagram of
second subzone 28025 of FIG. 28A. Second subzone 28025
is shown comprising vehicle-position data points 3302 each
thereof indicative of a position of one or more vehicles that
have entered second subzone 28025 at one point in time.
[0413] Illustrated in FIG. 34A is a simplified functional
block diagram of an exemplary process 3400 that may be
implemented at block 2611 for generating second subzone-
related features for a second subzone.

[0414] At block 3404, process 3400 includes processing
second vehicle data and second subzone data corresponding
to a second subzone for selecting a first subset of second
vehicle data.

[0415] Forexample, traffic analytics system 104a provides
second vehicle data, 3401, including a second subset of raw
vehicle data selected from second historical vehicle data
2620 corresponding to second traffic zone 3100 and data
interpolated therefrom. Next, traffic analytics system 104a
processes second vehicle data 3401 and second subzone data
28065 corresponding to second subzone 28025. Processing
includes selecting a first subset of second vehicle data
corresponding to second subzone 28025. Vehicle-position
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data points 3302 are a conceptual representation of the first
subset of second vehicle data.

[0416] At block 3406, process 3400 includes analyzing
and/or performing computations on the first subset of second
vehicle data to form at least one feature. For example, traffic
analytics system 104a processes the first subset of second
vehicle data instances to form, for example, feature 3408.

[0417] FIG. 34B shows exemplary first subset of second
vehicle data 3414 corresponding to a position within second
subzone 28025. Position data 3418 of each second vehicle
data instance 3416 is represented by a vehicle-position data
point 3302 as shown in FIG. 33. In this example second
subzone-related features formed by processing the first
subset of second vehicle data are indicative of attributes/
measurements of vehicle operating data of vehicles while
operating in second subzone 28025. For example, vehicles
having corresponding device 1Ds ID1, ID2, ID3, and ID4,
For descriptive purposes only 4 vehicles are shown to have
entered second subzone 28024. In practice however, the
number of vehicles that may enter a second subzone may be
greater or less than four.

[0418] Some specific and non-limiting examples of the
second subzone-related features are provided in Table 6
below.

TABLE 6

Second Subzone-related Features

Minimum vehicle speed
Maximum vehicle speed
Average vehicle speed
Median vehicle speed
Standard deviation of vehicle speed
Minimum ignition
Maximum ignition
Total number of ignitions on
Total number of ignitions off
Average number of ignitions
Ignition ratio
Total number of vehicle visits
Average number of visits/vehicle
Minimum number of vehicle visits/day
Maximum number of vehicle visits/day
Average number of vehicle visits/day
Median number of vehicle visits/day
Standard deviation of number of vehicle visits/day
Minimum unique number of vehicle visits/day
Maximum unique number of vehicle visits/day
Median unique number of vehicle visits/day
Standard deviation of unique number of vehicle visits/day
Average unique number of visits/day
Total number of unique vehicle visits

[0419] Ignition state, for example ignition state 3419 in
second vehicle data 3414, indicates whether a vehicle is in
a driveable state or not. For example, an internal combustion
engine (ICE) vehicle has an ignition state of on when the
engine is on. An ICE vehicle has an ignition state of off when
the engine is off, even if electrical power is provided to
vehicle circuitry by the battery. In another example, an
electric vehicle (EV) has an ignition state of on when
electricity is provided to the EV’s electric motor, whereas
the ignition state is off when no electricity is provided to the
EV’s electric motor.

[0420] A minimum ignition feature of a second subzone
has a value of 1 only when all vehicles that have entered a
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second subzone have an ignition state of 1. A minimum
ignition feature of 1 may indicate that the vehicle way is not
employed as a parking area.

[0421] A maximum ignition feature has a value of 0 only
when all vehicles in a second subzone have an ignition state
of off. A maximum ignition feature of 0 may indicate that the
second subzone is a portion of vehicle way employed as a
parking area.

[0422] The ignition ratio feature is defined as,

Total number of ignitions off

Igniti tio =
gruon rauo (Total number of ignitions off) +

(Total number of ignitions on)

[0423] Referring now to FIG. 34C, shown is table 3420 of
exemplary second subzone-related features and feature val-
ues based on the first subset of second vehicle data instances.
Other second subzone-related features may be based on
and/or are derived from the first subset of second vehicle
data instances. Embodiments are not intended to be limited
to the example features described herein.

[0424] In a second exemplary implementation, second
subzone-related features may be based on and/or derived
from a first subset of second vehicle data and a second subset
of second vehicle data corresponding to second vehicle data
temporally preceding and/or subsequent thereto for a same
vehicle.

[0425] For example, traffic analytics system 104a selects a
first subset of second vehicle data corresponding to second
subzone 2802a. Next, traffic analytics system 104q selects a
second subset of second vehicle data including second
vehicle data instances temporally preceding and following
second vehicle data instances corresponding to vehicles in
the first subset of second vehicle data

[0426] For instance, shown in FIG. 35 is a simplified
diagram of second subzone 2802a and vehicle-position data
point 3507 representing a vehicle position at T1 according to
the first subset of second vehicle data. A dwell time of a
vehicle within second subzone 28024 may be determined by
obtaining a second subset of second vehicle data corre-
sponding to the same vehicle at a preceding point in time,
TO, and a subsequent point in time, T2, represented by
vehicle-position data points 3506 and 3508 respectively. As
geographic coordinates of boundaries of second subzone
2802H are known, the time TA (3510) between the time a
vehicle enters second subzone 2802a and arrives at point
3507, and the time TB (3512) between the time the vehicle
leaves point 3507 and exits second subzone 28025 may be
determined. The dwell time, TDWELL, e.g., how long the
vehicle is in a second subzone, may be calculated according
to TDWELL=TA+TB. For each vehicle that enters second
subzone 2802a, traffic analytics system 104a calculates a
dwell time and processes the dwell time of each of the
vehicles to generate features. For example, average dwell
time, minimum dwell time, maximum dwell time, median
dwell time and standard deviation of dwell time are based
thereon or derived therefrom.

[0427] In a third exemplary implementation, second sub-
zone-related features may be based on and/or derived from
a first subset of second vehicle data and a third subset of
second vehicle data corresponding to second vehicle data
temporally subsequent thereto for a same vehicle. For
example, second subzone-related features relate to travel
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time of a vehicle between a location within a second subzone
and the first location at which the vehicle ignition state is off.
In other words, the travel time between a position within a
second subzone and a position the vehicle parks, i.e., time to
park.

[0428] For example, traffic analytics system 104a selects a
first subset of second vehicle data corresponding to second
subzone 2802a. Next, traffic analytics system 104a selects a
second subset of second vehicle data including second
vehicle data instances temporally preceding second vehicle
data instances corresponding to vehicles in the first subset of
second vehicle data. Next, traffic analytics system 104a
selects a second subset of second vehicle data corresponding
to the same vehicles in the first subset on the same path
travelled thereby at a later point in time.

[0429] For instance, FIG. 36 A shows a simplified diagram
of path 3600 of a vehicle that has traversed second subzone
28025 corresponding to the first subset of second vehicle
data. Vehicle-position data point 3602 represents a position
of the vehicle at T11 within second subzone 28025. The
second subset of second vehicle data includes a plurality of
temporally subsequent second vehicle data instances repre-
sented by vehicle-position data points 3604 at times T11-
T24 corresponding to the same vehicle. Each thereof rep-
resenting a new location of the same vehicle at consecutive
points in time as the vehicle travels along path 3600.
Vehicle-position data point 3606 at T14 represents the first
location the vehicle ignition is turned off, indicating that the
car has parked.

[0430] The time to park from position 3602 to 3606 may
be calculated as TIMETOPARK=T24-T11. For each vehicle
that enters second subzone 28025, traffic analytics system
104a calculates the time to park and generates second
subzone-related features such as, average time to park,
minimum time to park, maximum time to park, median time
to park, and standard deviation of time to park.

[0431] FIG. 36B shows an exemplary third subset of
second vehicle data 3610 corresponding to vehicle-position
data points 3604 at times T11-T24. In some instances, a
vehicle ignition is ON and the speed is 0 km/hr, such as at
T19, corresponding to third subset data instance 3612. For
example, a vehicle may not be moving yet the ignition is on,
e.g., at red lights, stop signs, heavy traffic (stop-and-go),
picking up passengers, going through a drive through,
among others.

Road Network Zone-Related Features

[0432] According to an embodiment, road network zone-
related features may be based on and/or derived from a
fourth subset of second vehicle data instances associated
with the road network zone and/or second subzone-related
features. Table 7 below lists specific and non-limiting
examples of such road network zone-related features. These
road network zone-related features may be determined for
each second subzone of a road network zone.

TABLE 7

Road Network Zone-Related Features

Road Network Zone Minimum Ignition OFF

Road Network Zone Maximum Ignition OFF
Road Network Zone Average Vehicle Speed

Road Network Zone Maximum Vehicle Speed
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TABLE 7-continued

Road Network Zone-Related Features

Road Network Zone Minimum Vehicle Speed
Road Network Zone Average Number of Unique Visits/Day
Road Network Zone Minimum Number of Unique Visits/Day
Road Network Zone Maximum Number of Unique Visits/Day
Road Network Zone Average Median Number of Unique Visits/Day
Road Network Zone Total Average Number of Unique Visits/Day

[0433] Inafirst instance, road network zone average speed
may be determined by selecting a fourth subset of second
vehicle data instances corresponding to a road network zone
and calculating an average speed therefrom.

[0434] For example, traffic analytics system 104a selects a
fourth set of second vehicle data corresponding to road
network zone 2800 and processes speed data thereof for
determining the average speed of a vehicle traversing road
network zone 2800.

[0435] In a second instance, road network zone average
speed may be determined by calculating an average of the
average speed second subzone-related features of all second
subzones in a road network zone.

[0436] For example, traffic analytics system 104a pro-
cesses an average speed second subzone-related feature
associated with each second subzone 2802 of road network
zone 2800 for determining an average speed thereof.

[0437] According to an embodiment, other road network
zone-related features may be based on and/or derived from
a fifth subset of second vehicle data instances associated
with the road network zone. Table 8 lists specific and
non-limiting examples of such road network zone-related
features. These road network zone-related features may be
determined for each second subzone of the road network
zone.

TABLE 8

Road Network Zone-Related Features

Road Network Zone Total Number of Visits
Road Network Zone Total Number of Unique Visits

[0438] In an exemplary implementation, ‘road network
zone total number of visits” feature may be determined by
selecting a fifth subset of second vehicle data instances
corresponding to a road network zone and calculating the
total number of vehicles that correspond to the road network
zone.

[0439] For example, traffic analytics system 104a selects a
fifth subset of second vehicle data instances corresponding
to road network zone 2800 and processes the fitth subset for
determining the total number of vehicles that have traversed
therethrough.

[0440] According to an embodiment, other road network
zone-related features may be based on and/or derived from
another portion of second subzone-related features. Table 9
lists specific and non-limiting examples of such road net-
work zone-related features. These road network zone-related
features may be determined for each second subzone of the
road network zone.
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TABLE 9

Road Network Zone-Related Features

Road Network Zone Average Time to Park
Road Network Zone Maximum Time to Park
Road Network Zone Minimum Time to Park
Road Network Zone Maximum Dwell Time
Road Network Zone Minimum Dwell Time
Road Network Zone Median Dwell Time
Road Network Zone Average Dwell Time
Road Network Zone Minimum Number of Unique Visits
Road Network Zone Average Number of Unique Visits
Road Network Zone Maximum Number of Unique Visits
Road Network Zone Average Total Number of Visits
Road Network Zone Maximum Total Number of Visits
Road Network Zone Minimum Total Number of Visits

[0441] For instance, ‘road network zone average dwell
time’ feature may be determined by calculating an average
of'the average dwell time second subzone-related features of
all second subzones in a road network zone.

[0442] For example, traffic analytics system 104a pro-
cesses an average dwell time second subzone-related feature
associated with each second subzone 2802 of road network
zone 2800 for determining an average dwell time for road
network zone 2800.

Second Subzone-Road Network Zone-Related Features

[0443] According to an embodiment, second subzone-
road network zone-related features may be based on and/or
derived from a portion of second subzone-related features in
relationship to a portion of road network zone-related fea-
tures. Such relationship-based second subzone-road network
zone-related features are determined for each second sub-
zone of the road network zone.

[0444] Specific and non-limiting examples of relationship-
based features are listed in Table 10 below.

TABLE 10

Second Subzone-Road Network Zone-Related Features
(SSRNZR)

SSRNZR Minimum Vehicle Speed Ratio
SSRNZR Average Vehicle Speed Ratio
SSRNZR Maximum Vehicle Speed Ratio
SSRNZR Minimum Ignition Off Ratio
SSRNZR Maximum Ignition Off Ratio
SSRNZR Maximum Dwell Time Ratio
SSRNZR Minimum Dwell Time Ratio
SSRNZR Average Median Dwell Time Ratio
SSRNZR Average Dwell Time Ratio
SSRNZR Minimum Time to Park Ratio
SSRNZR Average Time to Park Ratio
SSRNZR Maximum Time to Park Ratio
SSRNZR Minimum Number of Unique Vehicle Visits Ratio
SSRNZR Maximum Number of Unique Vehicle Visits Ratio
SSRNZR Average Number of Unique Vehicle Visits Ratio
SSRNZR Minimum Unique Number of Vehicle Visits/Day Ratio
SSRNZR Maximum Unique Number of Vehicle Visits/Day Ratio
SSRNZR Average Unique Number of Vehicle Visits/Day Ratio
SSRNZR Total Unique Number of Vehicle Visits/Day Ratio
SSRNZR Average Median Unique Number of Vehicle Visits/
Day Ratio
SSRNZR Minimum Total Number of Vehicle Visits Ratio
SSRNZR Maximum Total Number of Vehicle Visits Ratio
SSRNZR Average Total Number of Vehicle Visits Ratio
SSRNZR Total Number of Vehicle Unique Visits Ratio
SSRNZR Total Number of Vehicle Visits Ratio
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[0445] For instance, second subzone-road network zone-
related feature average speed ratio may be determined by
calculating the ratio of second subzone-related feature aver-
age speed to road network zone-related feature, road net-
work zone average speed.

[0446] For example, traffic analytics system 104a pro-
cesses second subzone-related feature average speed for
road network zone 2800 and road network zone-related
feature average speed road network zone 2800 for deter-
mining a ratio thereof for generating a road network zone
average speed for road network zone 2800.

Spatial-Related Features

[0447] According to an embodiment, spatial-related fea-
tures may be based on and/or derived from spatial relation-
ship data of a second subzone to the road network zone.
According to an embodiment, spatial-related features may
be based on and/or derived from a spatial relationship data
of a second subzone to the plurality of second subzones, or
a portion thereof, of a road network zone.

[0448] For instance, for each second subzone, a feature
may be based on and/or derived from a number of adjacent
second subzones adjacent thereto (e.g., the number of neigh-
bours thereof).

[0449] Shown in FIG. 37A is a conceptual diagram of a
portion 3700 of road network zone 2800 indicated by A-A
in FIG. 28A. Portion 3700 includes second subzone 3702
having 8 neighbours, second subzones 3704. FIG. 37B is
also a conceptual diagram of the same portion 3700 of road
network zone 2800 including second subzone 2802a having
4 neighbours, second subzone 28025 and second subzones
3708.

[0450] For example, traffic analytics system 104a pro-
cesses second subzone data 2806 and implements a Geohash
neighbours function, such as function 1114, for determining
the number of neighbours of each second subzone 2802 of
road network zone 2800 that are present therein. For
instance, traffic analytics system 104a determines the value
of the number of neighbours feature of second subzone 3702
is 8 and second subzone 28024 is 4. Alternatively, spatial-
related features for second subzones 3702 and 2802a¢ may
have values derived from a number of neighbours feature.
[0451] In another instance, for each second subzone, a
spatial-related feature may be based on and/or derived from
the number of neighbours of the second subzone (e.g.,
number of Geohash neighbours) having second vehicle data
corresponding to a location therein.

[0452] FIG. 37A shows second subzone 3702 having 8
neighbours, second subzones 3702. If no second vehicle data
corresponds to 3 of those neighbours, the value of the feature
is 5. In other words, if vehicles did not enter 3 of the 8
second subzones, the number of neighbours having second
vehicle data corresponding to a location therein is 5.
[0453] For example, traffic analytics system 104a pro-
cesses second subzone data 2806 and implements a Geohash
neighbours function, such as function 1114, for determining
neighbours of second subzone 3702 of road network zone
2800. Next, traffic analytics system 104a processes second
vehicle data corresponding to each of the neighbours of
second subzone 3702 for determining how many thereof
have vehicles traversed.

[0454] Spatial-related features are determined for each
second subzone of the plurality of second subzones for a
road network zone. Specific and non-limiting examples of
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other spatial-related features include features derived from
proximity of a second subzone from a traffic light, particular
business, and pedestrian area. Example features are not
intended to limit embodiments to the features described
herein.

[0455] FIG. 38A shows a conceptual diagram of exem-
plary features 3800 generated for a second subzone 2802,
such as second subzone 28025.

[0456] According to some embodiments, features gener-
ated at block 2611 are generated based on classifier data. For
instance, classifier data may define features needed to ensure
accurate classification of second subzones by a classifier.

Block 2612

[0457] Next, at block 2612, subprocess 2600 includes
generating unlabelled data including features generated for
each of the plurality of second subzones of the road network
zone.

[0458] For example, shown in FIG. 38B is a conceptual
diagram of exemplary unlabelled data 3802 generated by
traffic analytics system 104a. Each instance thereof includes
features corresponding to one of each of the plurality of
second subzones 2802 in road network zone 2800. For
example, unlabelled data instance 3802a includes features
corresponding to second subzone 2802a, unlabelled data
instance 38024 includes to features corresponding to second
subzone 28025, and so on.

Block 2614

[0459] Next, at block 2614, subprocess 2600 includes
processing the unlabelled data by a classifier including
providing unlabelled data to the classifier for classifying
each of the plurality of second subzones of the road network
zone as one of a portion of a vehicle way and not a portion
of'a vehicle way and generating classification data indicative
thereof.

[0460] For example, traffic analytics system 104a imple-
ments a classifier 3902 shown in FIG. 39A and provides
unlabelled data 3802 thereto. Classifier 3902 classifies each
subzone 2802 and provides classification data 3904 indicat-
ing the classification of each second subzone 2802 of road
network zone 2800. FIG. 39B is a conceptual diagram of
exemplary classification data 3904 illustrating each second
subzone 2802 has been assigned a label 3908, ie., 1 or 0,
indicating whether the area corresponding to a second
subzone 2802 is a portion of a vehicle way, or not a portion
of a vehicle way, respectively. Conceptual diagrams of
unlabelled data 3802 and classification data 3904 are pro-
vided for example purposes only and embodiments are not
intended to be limited to the examples described herein.

[0461] Now referring to FIG. 40A, shown is another
diagram of road network zone 2800 illustrating second
subzones 2802 labelled as a portion of a vehicle way shaded
grey. For instance, second subzone 28025 is labelled as not
a portion of a vehicle way and appears white, whereas
second subzone 2802/ is labelled as a vehicle way and is
shaded grey. Parts of a road network are visually identifiable
in FIG. 40A, such as, cross streets 4002 and 4004, and
crescent 4012, among others. An aggregation of the plurality
of'second subzones 2802 labelled as a portion of vehicle way
indicates a location of road network 4020.
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Block 2616

[0462] Finally, at block 2616, subprocess 2600 includes
defining the road network.

[0463] According to one embodiment, defining the road
network includes processing classification data for deter-
mining each of the plurality of second subzones of a road
network zone labelled as a portion of a vehicle way, and
providing data indicative thereof.

[0464] For example, traffic analytics system 104a pro-
cesses classification data 3904 and generates data indicative
of each Geohash labelled as a portion of a vehicle way. Such
data indicates the plurality of Geohashes that defines road
network 4020 representing the geographic location of road
network 4020.

[0465] According to another embodiment, defining the
road network includes processing classification data for
determining geographic boundaries of the road network and
generating data representative thereof. A road network may
be defined by a geospatial file (e.g., shape file (.shp),
GeoJSON (.geojson)), or other file format, indicating geo-
graphical coordinates of boundaries delineating roads form-
ing the road network. Alternatively, a road network may be
defined in another data format.

[0466] For example, traffic analytics system 104a pro-
cesses classification data 3904 by converting each of the
plurality of Geohashes that defines road network 4020 (i.e.,
Geohashes classified as a portion of a vehicle way) into a
plurality of polygons. For instance, traffic analytics system
104a converts each Geohash having a label ‘1” into a first
GeolJSON file, each representing a polygon, for forming a
plurality of first GeoJSON files. Alternatively, traffic ana-
Iytics system 104a converts each Geohash having a label ‘1°
into a single first GeoJSON file representing a plurality of
polygons. Geohashes may be converted, for example, into
one or more first GeoJSON files via a Geohash to GeoJSON
converter.

[0467] Next, traffic analytics system 104a aggregates the
plurality of polygons represented by each of the first Geol-
SON files to form a second GeoJSON file. For example,
traffic analytics system 104a may process the plurality of
first GeoJSON files with a postGIS ST_UNION function
that provides the geometry of the union of each of the
plurality of polygons to form a second GeoJSON file 4006,
shown in FIG. 40B. Alternatively, a single GeoSJON file
representing a plurality of polygons is processed with a
postGIS ST_UNION function for forming a second Geol-
SON file. Second GeoJSON file 4006 indicates geographical
boundaries of road network 4020. An exemplary conceptual
diagram of road network 4020 indicated by second Geol-
SON file 4006 is shown in FIG. 40C.

[0468] One of ordinary skill in the art will appreciate that
there are various techniques for defining data indicative of
geographical coordinates of boundaries of a road network.
[0469] Classification of second subzones as either a por-
tion of a vehicle way, e.g., 1, or not a portion of a vehicle
way, e.g., 0, may result in some second subzones to be
classified as a false positive or false negative. For instance,
referring again to road network zone 2800 in FIG. 40A,
shown are incorrectly classified second subzones 4008, i.e.,
false positives, and second subzones 4010, i.e., false nega-
tives. Mislabelling/incorrect classification of second sub-
zones may be attributed to inaccuracy of the classifier used
for classifying second subzones. Another factor that may
contribute to mislabelling of a second subzone is that the
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second subzone is on the borderline of the decision bound-
ary of the classifier. Furthermore, inaccurate position data
due to GPS error may also cause incorrect classification of
second subzones. One of ordinary skill in the art will
appreciate that mislabelling of a second subzone may be
caused by other factors.

Process 4100

[0470] Shown in FIG. 41 is a flow diagram of a process
4100 for relabelling second subzones of a road network zone
that have been incorrectly classified by a classifier. Process
4100 is described in greater detail below with reference to
FIGS. 42A-42].

[0471] FIGS. 42A, 42D, 42F, 42G, and 42 include con-
ceptual diagrams of a simplified road network zone 4202
comprising second subzones 4203 associated with an exem-
plary road network. In this example second subzones 4203
are in the form of Geohashes. A road network zone com-
prising 20 second subzones is described in this example for
explanation purposes only and embodiments are not
intended to be limited to the examples described herein. In
practise, a road network zone may comprise any number of
second subzones, e.g., hundreds, thousands, millions, and
billions.

[0472] FIG. 42B shows exemplary classification data 4212
indicating a second subzone ID 4213 for each geohash 4203
in road network zone 4202 and a label/classification 4214
thereof. Each second subzone ID 4213 corresponds to a
Geohash string of that particular Geohash. For instance,
second subzone ID 4213a corresponds to Geohash string
‘GeohashString_a’ for Geohash 42034, second subzone 1D
42135 corresponds to Geohash string ‘GeohashString_b’ for
Geohash 280254, and so on. A label/classification 4214 of
each second subzone 4203 of road network zone 4202 is
indicated by the shade thereof, as shown in FIG. 42A. For
example, second subzone 420356 is shaded grey indicating a
classification of a portion of a vehicle way, e.g., 1, whereas
second subzone 4203a is not shaded grey (i.e., white)
indicating a classification of not a portion of a vehicle way,
e.g., 0.

Block 4102

[0473] Beginning at block 4102, process 4100 includes
determining the number of second subzone neighbours
labelled as a portion of a vehicle way for each second
subzone in a road network zone, to form a first neighbour
count.

[0474] For instance, traffic analytics system 104a first
determines the neighbours of each second subzone 4203 in
road network zone 4202, for example, by inputting a Geo-
hash string associated with each second subzone 4203 of
road network zone 4202 into a Geohash neighbours func-
tion. An exemplary Geohash neighbours function is function
1114 described with respect to FIG. 11E. For example,
neighbours of second subzone 4203a, having a second
subzone ID corresponding to Geohash string ‘Geohash-
String_a’, include second subzones 4203¢, 4203f'and 42035
having second subzone IDs corresponding to ‘Geohash-
String_e’, ‘GeohashString_{’, and ‘GeohashString_b’. Traf-
fic analytics system 104a generates neighbour data 4215
indicating neighbours of each Geohash 4203 in road net-
work zone 4202, as shown in FIG. 42C.
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[0475] Next, traffic analytics system 104a processes clas-
sification data 4212 and neighbours data 4215 associated
with each second subzone 4203 labelled as a portion of a
vehicle way for generating first neighbour count data. For
example, second subzone 42036 has 1 second subzone
neighbour, second subzone 4203g, labelled as a portion of a
vehicle way, and thus has a first neighbour count of 1. A first
neighbour count indicative of first neighbour count data for
each second subzone 4203 of road network zone 4202 is
indicated in FIG. 42D within the respective second subzone.
For instance, second subzone 42035 has a first neighbour
count of 1 and second subzone 4203g has a first neighbour
count of 3, as shown.

Block 4103

[0476] Next, at block 4103, process 4100 includes sum-
ming first neighbour counts of second subzone neighbours
labelled as a portion of a vehicle way, for each second
subzone labelled as a portion of a vehicle way of a road
network zone, to form a neighbour sum.

[0477] For example, traffic analytics system 104a pro-
cesses first neighbour count data for each of second sub-
zones 4203 to form neighbour sum data for each thereof. For
example, second subzone 42035 has one second subzone
neighbour labelled as a portion of a vehicle way, second
subzone 4204g, having a first neighbour count of 3. The sum
of first neighbour counts of second subzone 42035 is 3.
Traffic analytics system 104a forms neighbour sum data
indicative of a neighbour sum, 3, for second subzone 42035.
In another example, second subzone 4203g has 3 second
subzone neighbours labelled as a portion of a vehicle way,
second subzone 42045, second subzone 4204/, and second
subzone 42041, each having a first neighbour count of 1, 3
and 3 respectively. The sum of first neighbour counts of
second subzone 4203g is a neighbour sum of 7 (i.e., 143+3).
Traffic analytics system 104a forms neighbour sum data
indicative of a neighbour sum 7 for second subzone 4203g.
A neighbour sum indicative of neighbour sum data for each
second subzone 4203 is indicated in FIG. 42E within a
respective second subzone.

Block 4106

[0478] At block 4106, process 4100 includes, for each
second subzone labelled as a portion of a vehicle way in a
road network zone having one of a corresponding first
neighbour count less than 3 or a neighbour sum less than 9,
relabelling the second subzone as not a portion of a vehicle
way.

[0479] Forexample, for each second subzone 4203 in road
network zone 4202 labelled as a portion of a vehicle way,
traffic analytics system 104a processes associated first
neighbour count data and associated neighbour sum data to
determine whether the first neighbour count is less than 3
and/or the neighbour sum is less than 9. If an associated first
neighbour count is less than 3 and/or associated neighbour
sum data is less than 9, traffic analytics system 104a
modifies the label corresponding thereto indicating that the
second subzone 4203 is not a portion of a vehicle way.
[0480] For instance, first neighbour count for second sub-
zone 42035 is 1, as indicated in FIG. 42D, which is less than
3. As such, traffic analytics system 104a changes the label
associated with second subzone 42035 from 1 to 0. Alter-
natively, neighbour sum for second subzone 42035 is 3, as
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indicated in FIG. 42E, which is less than 9. As such, traffic
analytics system 104a would also change the label associ-
ated with second subzone 42035, from 1 to 0.

[0481] In another instance, first neighbour count for sec-
ond subzone 4203g is 3, as indicated in FIG. 42D, which is
not less than 3. As such, traffic analytics system 104a does
not change the label associated with second subzone 4203¢
from 1 to 0. However, neighbour sum for second subzone
4204g is 7, as indicated in FIG. 42E, which is less than 9. As
such, traffic analytics system 104a changes the label asso-
ciated with second subzone 4203g, from 1 to 0.

[0482] Traffic analytics system 104a modifies classifica-
tion data 4212 to form classification data 4212' shown in
FIG. 42F. Classification data 4212' is indicative of a present
label of each second subzone 4203 of road network zone
4202. Classification of each second subzone 4203 of road
network zone 4202 based on classification data 4212' is
indicated in FIG. 42G. For example, in FIG. 42G second
subzones 43026 and 4203g are white whereas in FIG. 42E
second subzones 43026 and 4203g are shaded grey.

Block 408

[0483] Next at block 4108, process 4100 includes deter-
mining a number of second subzone neighbours labelled as
a portion of a vehicle way for each second subzone labelled
not a portion of a vehicle way, for forming a second
neighbour count for each thereof.

[0484] For instance, traffic analytics system 104a pro-
cesses classification data 4212' and neighbours data 4215
associated with each second subzone 4203 labelled as not
portion of a vehicle way for generating second neighbour
count data. For example, referring again to FIG. 42G, traffic
analytics system 104a determines second subzone 4203g has
2 second subzone neighbours labelled as a portion of a
vehicle way, second subzones 4203/ and 42031 and forms
second neighbour count data indicative of a second neigh-
bour count of 2. In another example, traffic analytics system
1044 determines second subzone 4203% has 5 second sub-
zone neighbours, labelled as a portion of a vehicle way,
second subzones 4203/, 42031, 42037, 42030 and 4203p,
and forms second neighbour count data indicative of a
second neighbour count of 5. Traffic analytics system 104a
forms second neighbour count data indicative of second
neighbour counts for each second subzone 4203. A second
neighbour count for each second subzone 4203 of road
network zone 4202 is indicated in FIG. 42G within a
respective second subzone, as shown.

Block 4110

[0485] Next, at block 4110, process 4100 includes rela-
belling each second subzone classified as not a portion of a
vehicle way having a second neighbour count greater than 4
as a portion of a vehicle way.

[0486] For example, traffic analytics system 104a pro-
cesses second neighbour count data for each second subzone
4203 of road network zone 4202 to determine whether a
second neighbour count is greater than 4. In this example,
second subzone 4203% has a second neighbour count of 5,
which is greater than 4. As such traffic analytics system 104a
modifies classification data 4212' by changing the label of
second subzone 4203k from O to 1. All other second sub-
zones 4203 in road network zone 4202 have a second
neighbour count which is not greater than 4.
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[0487] Next, traffic analytics system 104a modifies clas-
sification data 4212' to form classification data 4212" shown
in FIG. 42H indicative of a present label of each second
subzone 4203 of road network zone 4202. Classification of
second subzones 4203 of road network zone 4202 based on
classification data 4212" is indicated in FIG. 42I. For
example, second subzone 4303% is no longer white and is
shaded grey.

Block 4112

[0488] At block 4112, process 4100 includes counting the
number of second subzone neighbours labelled as a portion
of a vehicle way for each second subzone labelled as a
portion of a vehicle way to form a third neighbour count for
each thereof.

[0489] For example, traffic analytics system 104a pro-
cesses classification data 4212" of each second subzone
4203 of road network zone 4202 and neighbour data 4215.
Processing includes, for each second subzone 4203 labelled
as a portion of a vehicle way, determining the number of
second subzone neighbours thereof also labelled as a portion
of a vehicle way, to form third neighbour count data. For
instance, second subzone 4203; has 3 second subzone neigh-
bours labelled as a portion of a vehicle way, second sub-
zones 4203m, 42030, 4203k, and thus has a third neighbour
count of 3. Traffic analytics system 104a forms third neigh-
bour count data indicative of a third neighbour count for
each second subzone 4203 in road network zone 4202. A
third neighbour count for each second subzone 4203 is
indicated in FIG. 421 within a respective second subzone.

Block 4114

[0490] Finally, at block 4114, process 4100 includes, for
each second subzone labelled as a portion of a vehicle way
having a third neighbour count less than 3, relabelling the
second subzone as not a portion of a vehicle way for
modifying the classification data.

[0491] For example, traffic analytics system 104a pro-
cesses third neighbour count data for each second subzone
4203 of road network zone 4202 labelled as a portion of a
vehicle way for determining whether a second subzone 4203
has a third neighbour count less than 3. In this example, each
of second subzones 4203 of road network zone 4202 has a
third neighbour count 3 or greater. As such traffic analytics
system 104a does not relabel any second subzone 4203 as
not a portion of a vehicle way.

[0492] In the present example, none of the second sub-
zones 4203 labelled as a portion of a vehicle way have a
third neighbour count less than 3, as shown in FIG. 421. As
such, traffic analytics system 104a does not relabel any of
the second subzones as not a portion of a vehicle way.
However, if a second subzone currently labelled as a portion
of a vehicle way has a third neighbour count of less than 3,
that second subzone would be relabelled as not a portion of
a vehicle way.

[0493] Next, traffic analytics system 104a modifies clas-
sification data 4212" to form classification data 4212
shown in FIG. 42] indicative of a present label of each
second subzone 4203 of road network zone 4202. In this
example, classification data 4212" is the same as classifi-
cation data 4212" as no second subzone labels were modi-
fied by traffic analytics system 104a at block 4114.
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[0494] According to an embodiment, subprocess 2600
may proceed to block 2615 prior to block 2616 wherein
subprocess 2600 includes relabelling/reclassifying second
subzones that were incorrectly classified at block 2614 and
modifying the classification data to indicate the present
classification thereof. For instance, process 4100 may be
implemented at block 2615 for relabelling second subzones
of a road network zone that have been incorrectly classified
at block 2614.

[0495] For example, traffic analytics system 104a imple-
ments process 4100 at block 2615 including processing
classification data 3904 at block 4102 and modifying clas-
sification data 4212" to form classified data 4300 at block
4144, as shown in FIG. 43.

[0496] Once second subzones have been relabelled at
block 2615, subprocess 2600 proceeds to block 2616 includ-
ing defining the road network based on the classification
data.

[0497] For example, referring to FIG. 44A, shown is a
conceptual diagram of road network zone 2800 illustrating
road network 4020' including second subzones 2802 shaded
according to classification data 4300. For instance, second
subzones 2802 labelled as a portion of a vehicle way are
shaded grey and second subzones labelled as not a portion
of a vehicle way not are shaded in grey (i.e., white.)
[0498] Referring again to FIG. 40A, shown are second
subzones 4008 that have been incorrectly classified (i.e.,
mislabelled) as a portion of a vehicle way, (i.e., false
positives). FIG. 40A also shows second subzones 4010 that
have been incorrectly classified as not a portion of a vehicle
way (i.e., false negatives).

[0499] Reclassification of subzones at block 2615 may
provide more accurate classification data that may result in
refined boundaries of the defined road network.

[0500] Once second subzones 2802 have been reclassified
at block 2615, subprocess 2600 proceeds to block 2616 for
defining the road network.

[0501] According to one embodiment, defining the road
network includes processing classification data for deter-
mining each second subzone of a road network zone labelled
as a portion of a vehicle way, and providing data indicative
thereof.

[0502] For example, traffic analytics system 104a pro-
cesses classification data 4300 and generates data indicative
of each Geohash labelled as a portion of a vehicle way. Such
data indicates a plurality of Geohashes that define road
network 4020' representing the geographic location of road
network 4020'".

[0503] According to another embodiment, defining the
road network includes processing classification data for
determining geographic boundaries of the road network and
generating data representative thereof. A road network may
be defined by a geospatial file (e.g., shape file (.shp),
GeoJSON (.geojson)), or other file format, indicating geo-
graphical coordinates of boundaries delineating roads form-
ing the road network. Alternatively, a road network may be
defined in another data format.

[0504] For example, traffic analytics system 104a pro-
cesses classification data 4300 by converting each of the
plurality of Geohashes that defines road network 4020' (i.e.,
Geohashes classified as a portion of a vehicle way) into a
plurality of polygons. For instance, traffic analytics system
104a converts each Geohash having a label ‘1” into a first
GeolJSON file, each representing a polygon, for forming a
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plurality of first GeoJSON files. Alternatively, traffic ana-
Iytics system 104a converts each Geohash having a label ‘1°
into a single first GeoJSON file representing a plurality of
polygons. Geohashes may be converted, for example, into
one or more first GeoJSON files via a Geohash to GeoJSON
converter.

[0505] Next, traffic analytics system 104a aggregates the
plurality of polygons represented by each of the first Geol-
SON files to form a second GeoJSON file. For example,
traffic analytics system 104a may process the plurality of
first GeoJSON files with a postGIS ST_UNION function
that provides the geometry of the union of each of the
plurality of polygons to form the second GeoJSON file 4406,
shown in FIG. 44B. Alternatively, a single GeoSJON file
representing a plurality of polygons is processed with a
postGIS ST_UNION function for forming a second Geol-
SON file. Second GeoJSON file 4406 indicates geographical
boundaries of road network 4020'. An exemplary conceptual
diagram of road network 4020' indicated by second Geol-
SON file 4006 is shown in FIG. 44C.

[0506] According to an embodiment, a road network is
defined by road network data indicative of a first plurality of
road network subzones corresponding to a geographical area
occupied by the road network. Each road network subzone
thereof corresponds to a portion of the road network. Spe-
cific and non-limiting examples of a road network subzone
includes Geohash—a public domain hierarchical geospatial
indexing system, H3—Uber’s Hexagonal Hierarchical Spa-
tial Index, S2—Google’s S2 geographic spatial indexing
system, or other spatial indexing system. Alternatively, a
road network subzone zone may be defined by another
system or method for subdividing geographical space.
[0507] According to an embodiment, generating road net-
work data defining a road network includes processing
classification data.

[0508] For example, traffic analytics system 104a pro-
cesses classification data 4300 for forming road network
data defining road network 4020'. Processing classification
data includes selecting a plurality of second subzone data
2804 having a label ‘1’ for identifying a subset of the
plurality of second subzones that define road network 4020'.
Traffic analytics system 104a generates road network data
indicative of the subset of the plurality of second subzones
defining road network 4020'.

[0509] A subzone representing a geographical area occu-
pied by a portion of a road network is referred to hereinafter
as a road network subzone. In the present example, the
subset of the plurality of second subzones that define road
network 4020' corresponds to a first plurality of road net-
work subzones.

[0510] FIG. 44D is a conceptual diagram of exemplary
road network data 4408 created by traffic analytics system
1044. Road network data 4408 includes road network sub-
zone location data 4410 indicating a location of each of the
first plurality of road network subzones. Road network data
4408 also includes road network subzone ID data 4412
indicating a unique identifier assigned to each second sub-
zone 2802 labelled as a portion of a vehicle way.

[0511] In this example, the first plurality of road network
subzones are in the form of Geohashes. Referring again to
FIG. 44D, road network data 4408 includes road network
subzone location data 4410 indicating a geohash string
corresponding to a Geohash. For instance, road network data
instance 4408-1 includes road network subzone location
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data 4410 indicating a geohash string, ‘GeohashString_aaa’,
corresponding to a Geohash and road network subzone ID
4412 indicating the Geohash has a unique identifier, having
a value 001.

[0512] According to another embodiment, generating road
network data defining a road network includes partitioning
an area occupied by the road network into a first plurality of
road network subzones. For example, road network 4020' is
defined in a geospatial file (e.g., shape file (.shp), GeoJSON
(.geojson)) provided to traffic analytics system 104a, for
instance, by the user via a user interface. The geographic
area occupied by the road network may be partitioned
according to the Geohash hierarchical geospatial indexing
system, Uber’s Hexagonal Hierarchical Spatial Index (e.g.,
H3), Google’s S2 geographic spatial indexing system, or
other spatial indexing system. Alternatively, a road network
subzone may be defined by another system or method for
subdividing geographical space. One of ordinary skill in the
art will appreciate that there are multiple data formats for
defining geographical coordinates of boundaries of an area.

[0513] Alternatively, traffic analytics system 104a may
obtain a geospatial file from a governmental agency that
stores data describing coordinates of boundaries of public
roads of municipalities, counties, states, etc. on a publicly
accessible server, such as, a server accessible via the Inter-
net.

[0514] According to an embodiment, there is a process for
providing traffic metrics of an intersection of a road network
including processing road network data and third vehicle
data corresponding to the intersection. Traffic metrics may
include measurements of traffic properties and other mea-
surement data relating to vehicles that have traversed an
intersection.

Process 4600

[0515] Shown in FIG. 46 is a flow diagram of process
4600 for providing traffic metrics of an intersection.

[0516] Process 4600 is described below as being carried
out by traffic analytics system 104a. Alternatively, process
4600 may be carried out by telematics analytic system 1045,
intelligent telematics system 500qa, 5005, another system, a
combination of other systems, subsystems, devices or other
suitable means provided the operations described herein are
performed. Process 4600 may be automated, semi-auto-
mated and some blocks thereof may be manually performed.

Block 4602

[0517] Starting at block 4602, process 4600 includes pro-
viding first road network data including a first plurality of
road network subzones defining a road network, i.e., a
geographical area occupied by a road network.

[0518] Forexample, traffic analytics system 104a provides
first road network data that defines exemplary road network
4500 shown in FIG. 45A. For instance, a road agency may
store geographic data describing road network 4500 on a
publicly accessible server, such as a server accessible via the
Internet. The geographic data may be in the form of a
geospatial file (e.g., shape file (.shp), GeoJSON (.geojson)),
or other file format, from which geographical coordinates of
boundaries delineating roads forming the roadway system
may be extracted. In this example, a geospatial file including
boundary coordinates of the road network way is accessed,
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and latitude, longitude (Lat/Long) coordinates of a plurality
of points defining the boundaries thereof are extracted from
the geospatial file.

[0519] In this example, a geospatial file including bound-
ary coordinates of the road network 4500 is received by
traffic analytics system 104q, for instance, via network
interface 306. Traffic analytics system 104a processes the
geospatial file and, based thereon, determines a first plurality
of road network subzones 4501, comprising a plurality of
road network subzones 4502, corresponding to the geo-
graphical area occupied by road network 4500, as shown in
FIG. 45B. For instance, traffic analytics system 104a parti-
tions the geographic area delineated by boundary coordi-
nates of the geospatial file into a plurality of road network
subzones 4502 to form the first plurality of road network
subzones 4501. In this example, traffic analytics system
104a partitions the geographic area in accordance with the
Geohash hierarchical geospatial indexing system. For
instance, each road network subzone 4502 of the first
plurality of road network subzones 4501 is in the form of a
Geohash.

[0520] Alternatively, the geographic area occupied by the
road network may be partitioned according to Uber’s Hex-
agonal Hierarchical Spatial Index (e.g., H3), Google’s S2
geographic spatial indexing system, or other spatial indexing
system. Alternatively, a road network subzone may be
defined by another system or method for subdividing geo-
graphical space. One of ordinary skill in the art will appre-
ciate that there are multiple methods for subdividing geo-
graphical space and multiple data formats for defining
geographical coordinates of boundaries of a geographical
area.

[0521] Next, traffic analytics system 104a generates first
road network data. Shown in FIG. 45C is exemplary first
road network data 4510 defining road network 4500. For
each road network subzone 4502 of the first plurality of road
network subzones 4501, first road network data 4510
includes road network subzone location data 4512 indicating
the location of the road network subzone and road network
subzone 1D data indicating a unique identifier for identifying
the road network subzone. In this example, road network
subzone location data 4512 indicates a Geohash string
indicative of a Geohash.

[0522] Alternatively, traffic analytics system 104a pro-
cesses classification data for forming first road network data
4510 defining road network 4500. For example, classifica-
tion data for road network 4500 may be formed by traffic
analytics system 104a using similar techniques described
hereinabove.

[0523] According to an embodiment, a road network
includes a plurality of road network elements. A first specific
and non-limiting example of a road network element
includes an intersection formed by two or more roads
intersecting. A second specific and non-limiting example of
a road network element includes a road section including a
portion of a road that does not intersect another road.
[0524] For instance, road network 4500 includes nine
intersections 4508A to 45081, and sixteen road sections
4504, as shown in FIG. 45A. Road sections 4504 channel
vehicles to and from intersections 4508.

[0525] According to an embodiment, an intersection core,
also referred to herein as a core, indicates a geographic area
corresponding to an intersection. For instance, position data
of a third vehicle data instance corresponding to a location
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within boundaries of an intersection core indicates that a
vehicle is ‘in’, ‘within’, or ‘at’ an intersection. In contrast,
position data of a third vehicle data instance corresponding
to a location outside boundaries of an intersection core
indicates that a vehicle is not ‘in’, ‘within’, or ‘at’ an
intersection core.

[0526] Intersection cores corresponding to intersections of
a road network may be defined by a subset of road network
subzones. Techniques for identifying a subset of road net-
work subzones forming intersection cores of a road network
are described below.

Block 4604

[0527] Next, at block 4604, process 4600 includes select-
ing from the first plurality of road network subzones a first
subset thereof for forming a first plurality of core subzones
and uniquely associating each thereof with an intersection of
the road network. The first plurality of core subzones define
a plurality of intersection cores of the road network. The first
plurality of core subzones may include one or more subsets
thereof defining one or more intersection cores.

[0528] Process 4600 further includes selecting from the
first plurality of road network subzones a second subset
thereof for forming a first plurality of non-core subzones.
The first plurality of non-core subzones define road sections
of the road network, i.e., geographical area occupied by the
road sections.

[0529] According to a first embodiment, process 4600
includes steps described in process 4700. A flow diagram for
process 4700 is shown in FIG. 47A.

Process 4700

Block 4702

[0530] Process 4700 begins at block 4702 wherein process
4700 includes obtaining intersection marker data indicating
geographic coordinates of a plurality of intersection markers
associated with intersections of the road network.

[0531] A specific and non-limiting example of an inter-
section marker includes traffic control equipment (e.g., traf-
fic light, traffic lamp, signal light, stop light) for managing
traffic of the road network.

[0532] In the present example, traffic analytics system
104a receives intersection marker data indicating geo-
graphic coordinates of traffic control equipment located
proximate road network 4500 from a map server via network
interface 306. An exemplary map server includes an Open-
StreetMaps© (OSM) server. For instance, traffic analytics
system 104a queries an OSM database stored in an OSM
server for geographic coordinates of traffic control equip-
ment within a geographic area comprising road network
4500.

[0533] In this example, traffic analytics system 104a pro-
vides data to the OSM server indicating geographic coordi-
nates, such as, LAT/LONG coordinates, of vertices 4511 of
a polygon indicating boundaries of geographic area 4509
comprising road network 4500, as shown in FIG. 45A.
Geographic coordinates of vertices 4511, may be provided
to traffic analytics system 104a by a user. For instance, a user
may measure locations using a GPS device, hover over
points on a map, such as a map of Google maps, on the
perimeter of road network 4500 for obtaining the geographic
coordinates.
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[0534] Alternatively, boundaries of a geographic area
including the road network may be extracted from a geo-
spatial file (e.g., shape file (.shp), GeoJSON (.geojson)).
Such a file may be provided to traffic analytics system 104aq,
for instance, by the user via a user interface. Traffic analytics
system 104a may send the geospatial file to the OSM server.

[0535] Alternatively, a user provides names of a munici-
pality, community, town, etc., comprising road network
4500 to traffic analytics system 104a. Traffic analytics
system 104a. specifies the name of a municipality, commu-
nity, town, etc., in a query to an OSM database.

[0536] Intersection marker data indicating LAT/LONG
coordinates of traffic control equipment within geographic
area 4509 is transmitted by the OSM server and received by
traffic analytics system 104a via communication network
110 and stored thereby in a datastore, for example, datastore
304. Referring now to FIG. 47B, shown is a conceptual
diagram 4701 of geographic area 4509 including traffic
control equipment-position data points 4714 representing
locations of traffic control equipment within geographic area
4509. Alternatively, intersection marker data indicates GPS
coordinates of traffic control equipment.

[0537] Alternatively, traffic analytics system 104a queries
the OSM database for geographic coordinates of all traffic
control equipment stored thereby and extracts traffic control
equipment data corresponding to locations within geo-
graphic area 4509.

[0538] Alternatively, traffic analytics system 104a obtains
traffic control equipment data from a governmental agency
that stores data describing geographic coordinates of traffic
control equipment of municipalities, communities, or other
areas of interest, on a publicly accessible server, such as a
server accessible via the Internet.

Block 4704—Cluster Intersection Marker Locations

[0539] Next, at block 4704, process 4700 includes pro-
cessing intersection marker data for clustering intersection
markers into groups based on geography thereof. A group of
intersection markers may indicate a location of an intersec-
tion. In some embodiments, processing includes processing
intersection marker data using a spatial clustering algorithm.

[0540] For example, traffic analytics system 104a pro-
cesses traffic control equipment data using a spatial cluster-
ing algorithm, such as, density-based spatial clustering of
applications with noise (DBSCAN). Traffic analytics system
104a sets DBSCAN parameters &, epsilon, specifying a
distance measure for locating points in the neighborhood of
any point, and minPts, minimum points, specifying a mini-
mum number of points clustered together for a region to be
considered dense. For example, if there are at least ‘minPts’
points within a radius of ‘&’ to a point then all of these points
are to be considered part of a same group. In an exemplary
implementation, the inventor determined DBSCAN param-
eter ¢ is defined as 30 m and parameter minPts as 1 provided
accurate grouping of traffic control equipment of most road
networks of interest. In some instances, traffic at an inter-
section may be controlled by only one traffic light.

[0541] In this example traffic analytics system 104a cal-
culates distance between LAT/LONG coordinates of inter-
section markers when processing intersection marker data
using DBSCAN. For instance, distance may be calculated
using haversine or another using another formula. A person
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of skill will appreciate that there are various methods of
calculating sufficiently accurate distance between LAT/
LONG coordinates.

[0542] Shown in FIG. 47C is a conceptual diagram 4701 A
of groups of traffic control equipment 4716A, 47168,
4716C, 4716D, 4716E, 4716F, 4716G, 4716H, and 47161,
grouped by traffic analytics system 104q. Traffic control
equipment clustered in a same group may indicate the traffic
control equipment manages traffic of a same intersection of
the road network.

[0543] Accordingly, LAT/LONG coordinates of traffic
control equipment in a cluster 4716 represented by traffic
control equipment-position data points 4714 may provide an
indication of a location of an intersection. For example,
traffic control equipment-position data points 4714-1, 4714-
2, 4714-3, and 4714-4, in cluster 4716 A may indicate
corresponding traffic control equipment manages traffic of a
same intersection.

Block 4706

[0544] Next at block 4706, process 4700 includes process-
ing intersection marker data for determining an intersection
reference point associated with each group. An intersection
reference point indicates a general area an intersection of the
road network may be located. In some instances, an inter-
section reference point is a central location between clus-
tered traffic control equipment.

[0545] For example, traffic analytics system 104a pro-
cesses traffic control equipment data indicating LAT/LONG
coordinates of corresponding traffic control equipment rep-
resented by traffic control equipment-position data points
4714-1, 4714-2, 4714-3, and 4714-4 in group 4716A, for
determining a centroid thereof. Shown in FIG. 47D is
another conceptual diagram 4701B of groups of traffic
control equipment illustrating centroid-position data point
4718 A representing the centroid of traffic control equipment
in cluster 4716A as determined by traffic analytics system
104a. A person of skill will appreciate there are various ways
to calculate a geographic centre between coordinates.
[0546] Traffic analytics system 104a processes remaining
traffic control equipment data to determine centroids 4718B,
4718C, 4718D, 4718E, 4718F, 4718G, 4718H, and 47181, of
groups 4716B, 4716C, 4716D, 4716E, 4716F, 4716G,
4716H, and 47161, respectively, as shown in FIG. 47D.

Block 4708

[0547] Next at block 4708, process 4700 includes defining
intersection reference area(s) based on locations of intersec-
tion reference points.

[0548] Shown in FIG. 47E is a conceptual diagram of the
first plurality of road network subzones 4502 and intersec-
tion reference areas 4722 and intersection reference points
4718 superposed thereon;

[0549] In this example, traffic analytics system 104a
defines intersection reference areas 4722 having a boundary
at a radius, R1 4720, from intersection reference points
4718.

[0550] Dimensions of an intersection reference area may
be approximated to encompass most intersection cores
within an intersection population. In an exemplary imple-
mentation, the inventor determined an intersection reference
area defined radially 25 m from the intersection reference
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point encompasses most intersection cores within an inter-
section population of interest whilst avoiding extraneous
areas.

[0551] In the present example, traffic analytics system
104a creates intersection reference area data according to a
geospatial data model for indicating a geographic location of
intersection reference areas 4722. For instance, intersection
reference area data indicating boundaries of a plurality of
circles representing the location intersection reference area
(s). Alternatively, intersection reference area data represents
a plurality of polygons.

[0552] Alternatively, intersection reference area data may
represent geographic location of the intersection reference
areas in another data format. For example, a polygon in
proprietary format, shape file (.shp), GeoJSON (.geojson)
format, and the like.

Block 4710

[0553] Finally, at block 4710, process 4700 includes pro-
cessing first road network data and intersection reference
area data for identifying a first subset of road network
subzones located within each intersection reference area
corresponding to a first plurality of core subzones and
mapping each thereof to an intersection. Process 4700
further includes defining an intersection core of each inter-
section of the road network representing a geographical area
occupied thereby. Defining an intersection core includes
uniquely mapping each core subzone of the first plurality of
core subzones overlapping an intersection reference area to
a corresponding intersection. A subset of the first plurality of
core subzones uniquely mapped to an intersection defines
the intersection core.

[0554] Finally, process 4700 also includes identifying a
second subset of road network subzones not located within
intersection reference areas that correspond to a first plural-
ity of non-core subzones.

[0555] According to an embodiment, identifying a road
network subzone as one of a core and non-core subzone
includes determining whether the road network subzones
overlaps an intersection reference area.

Process 4740

[0556] Shown in FIG. 47F is a flow diagram of an exem-
plary process 4740 for determining whether a road network
subzones overlaps an intersection reference area for label-
ling the road network subzone as one of a core and non-core
subzone.

[0557] For example, traffic analytics system 104a pro-
cesses first road network data 4510 and intersection refer-
ence area data for determining whether each road network
subzone 4802 of the first plurality of road network subzones
4801 overlaps an intersection reference area 4722, labels
each road network subzone 4802 as a core or non-core
subzone and maps each core subzones of the first plurality
of core subzones to an intersection.

[0558] At block 4742 of process 4740, determines geo-
graphic coordinates of a centre point of each road network
subzone.

[0559] For example, traffic analytics system 104a deter-
mines geographic coordinates of a centre of each road
network subzone 4502 of the first plurality of road network
subzones 4501, by using, for example, a Geohash decode
function. For example, shown in FIG. 47G is a simple block
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diagram of exemplary Geohash decode function 4760 for
resolving a Geohash string to a centre location of the
corresponding Geohash. For each road network subzone ID
4514 of first road network data 4510, traffic analytics system
104a inputs road network subzone location data 4512
indicative of a Geohash string into decode function 4760
which outputs LAT/LONG coordinates of a centre of a
corresponding Geohash. Alternatively, decode function
4760 which outputs GPS coordinates of a centre of a
corresponding Geohash.

[0560] For instance, road network subzone location data
4512-2 indicating ‘GeohashString-002’ is input into the
decode function 4760. Decode function 4760 outputs LAT/
LONG coordinates of centre point 4732 (i.e., centroid) of
Geohash 4502-002, as shown in FIG. 47E.

[0561] Next, at block 4744 for each road network subzone
4502 (i.e., Geohash) of the first plurality of road network
subzones 4501, traffic analytics system 104a evaluates
whether a centre point of the road network subzone 4502 is
within an intersection reference area 4722.

[0562] If a centre point of a road network subzone 4502 is
outside all intersection reference areas 4722, the road net-
work subzone 4502 is identified as a non-core subzone. If all
the centre point of a road network subzone 4502 is found
within an intersection reference area 4722, the road network
subzone 4502 is identified as a core subzone.

[0563] For example, centre point 4732 of Geohash 4502-
002 is outside all intersection reference areas 4722, thus
Geohash 4502-002 is identified as a non-core subzone.
[0564] In another example, centre point 4737 of Geohash
4502-700 is within the boundaries of intersection reference
area 47221, thus Geohash 4502-700 is labelled as a core
subzone. Next, as Geohash 4502-700 overlaps with inter-
section reference arca 47221 traffic analytics system maps
Geohash 4502-700 to intersection 47221, or intersection 1.
[0565] For each road network subzone 4502, traffic ana-
Iytics system 104a determines whether the road network
subzone is or is not located within intersection reference
areas 4722, using the process described above.

[0566] Alternatively, other points of a road network sub-
zone are evaluated for determining whether it overlaps an
intersection reference point includes: any point of a road
network subzone overlaps, all vertices overap, a predefined
portion of vertices overlap, for example, at least 2 vertices
must overlap, a minimum predefined portion of a road
network subzone area of a road network overlaps, a mini-
mum of 50% of a road network subzone’s area overlaps with
an intersection reference are for example, or any combina-
tion thereof.

[0567] Shown in FIG. 48 is another conceptual diagram of
the first plurality of road network subzones 4501 including
a first plurality of core subzones 4801 and the first plurality
of non-core subzones 4803 identified by traffic analytics
system 104a. Also shown in FIG. 48 are intersection cores
4804, each including a subset of the first plurality of core
subzones 4801 and uniquely associated with a correspond-
ing intersection.

[0568] For example, core subzones 4801A of intersection
core 4804A are uniquely associated with intersection
4802A. Similarly, each core subzone 4801 of intersection
cores 4804B, 4804C, 4804D, 4804D, 4804E, 4804F, 4804G,
4804H, and 4802] is uniquely associated with intersection
4802B, 4802C, 4802D, 4802D, 4802E, 4802F, 4802G,
4802H, and 48021, respectively. For ease of description,
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intersections 4802A, 48028, 4802C, 4802D, 4802D, 4802E,
4802F, 4802G, 4802H, and 48021, are also referred to herein
as intersections A, B, C, D, E, F, G, H, and 1. For clarity, the
letters, A, B, C, D, E, F, G, H and 1, are superposed on
intersection cores 4804A, 48048, 4804C, 4804D, 4804D,
4804E, 4804F, 4804G, 4804H, and 48021 respectively.

[0569] FIG. 48 also illustrates a plurality of road sections
4806-1 to 4806-15 and the first plurality of non-core sub-
zones 4803. The first plurality of non-core subzones 4803
represents a geographic location(s) of the plurality of road
sections 4806 of road network 4500.

Block 4606—Modify First Road Network Data

[0570] Returning now to process 4600, at block 4606
process 4600 includes modifying first road network data to
include road network subzone label data and intersection
mapping data indicating a road network subzone is a core
subzone or a non-core subzone, and an intersection to which
the road network subzone is mapped, respectively.

[0571] Traffic analytics system 104a generates modified
first road network data by adding road network subzone
label data and intersection mapping data to road network
data 4510. Exemplary first road network data 4900 modified
by traffic analytics system 104a is shown in FIGS. 49A, 49B
and 49C. First road network data 4900 includes road net-
work subzone ID data 4514, road network subzone location
data 4512, road network subzone label data 4902 indicating
the subzone is a core subzone or non-core subzone, and
intersection mapping data 4904 indicating an intersection(s)
to which a road network subzone is mapped, if any.

[0572] For example, modified first road network data
instance 4900-2 includes road network subzone location
data 4512 indicating a Geohash string, GeohashString-002,
which identifies a location of road network subzone 4502-
002 shown in FIG. 48. First road network data instance
4900-2 also includes road network subzone label data 4902
indicating road network subzone 4502-002 is a non-core
subzone. Road network instance 4900-2 also includes inter-
section mapping data 4904 indicating that road network
subzone 4502-002 is not presently associated with an inter-
section, and road network subzone 1D data indicating road
network identifier of 002. Road network subzone 4502-002
is a non-core subzone of road section 4806-1, as shown in
FIG. 48 and FIG. 49A.

[0573] In a second example, road network instance 4900-
144 includes road network subzone location data 4512
indicating a Geohash string, GeohashString-144, identifying
a location of road network subzone 4502-144, as shown in
FIG. 48. First road network data instance 4900-144 also
includes road network subzone label data 4902 indicating
road network subzone 4502-144 is a core subzone. Road
network instance 4900-144 also includes intersection map-
ping data 4904 indicating that road network subzone 4502-
144 is mapped to intersection 4802B.

Block 4608

[0574] Next, at block 4608, process 4600 includes map-
ping each non-core subzone of the first plurality of non-core
subzones with at least an intersection of the road network.
Firstly, process 4600 includes forming representative point
data for each road network subzone of the first plurality of
road network subzones of the road network. Representative
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point data indicates a location (e.g., LAT/LONG coordi-
nates, GPS coordinates) representing a location of a road
network subzone.

[0575] Next, process 4600 includes, for each intersection
core of the road network, processing representative point
data for a subset of core subzones corresponding to an
thereto and processing representative point data of the first
plurality of non-core subzones, for clustering representative
points into groups based on geography thereof. In some
embodiments, processing includes processing representative
point data using a spatial clustering algorithm.

[0576] Finally, process 4600 includes mapping each non-
core subzone of the first plurality of non-core subzones with
one or more intersections dependent on clustering of a
corresponding representative point in a same group with a
subset of core subzones corresponding to an intersection
core. In some instances, a non-core subzone is associated
with more than one intersection.

[0577] For example, traffic analytics system 104a deter-
mines a representative point representing a location of each
road network subzone 4502 of the first plurality of road
network subzones 4501 of road network 4500. For instance,
traffic analytics system 104a processes road network sub-
zone location data 4512 of first road network data 4900
representing a Geohash string with a Geohash decode func-
tion, such as decode function 1110 of FIG. 11C. Function
1110 resolves Geohash strings 4512 to a centre point of a
corresponding Geohash 4502. In this example, function
1110 defines a location, e.g., LAT/LONG coordinates, of a
centre point of a Geohash. In this example, the location of
the centre point of the Geohash represents the Geohash’s
location.

[0578] FIG. 50A is a conceptual diagram of exemplary
representative points 5001 determined by traffic analytics
system 104a superposed on respective road network sub-
zones 4502 of the first plurality of road network subzones.
FIG. 50A also shows the first plurality of non-core subzones
4803 and the first plurality of core subzones 4801.

[0579] Next, traffic analytics system 104a processes rep-
resentative point data for representative points 5001 of the
first plurality of non-core subzones 4803 and a subset of the
first plurality of core subzones 4801 of intersection core
4804 A with a spatial-clustering algorithm, such as, density-
based spatial clustering of applications with noise (DB-
SCAN). Traffic analytics system 104a sets DBSCAN param-
eters £, epsilon, specifying a distance measure for locating
points in the neighborhood of any point, and minPts, mini-
mum points, specifying a minimum number of points clus-
tered together for a region to be considered dense. For
example, if there are at least ‘minPts’ points within a radius
of ‘£” to a point then all of these points are to be considered
part of a same group. In this example, Geohashes 4802 have
precision 9 and are 4.77 mx4.77 m in size. Traffic analytics
system 104a sets DB SCAN parameter ¢, as 5 an exemplary
implementation, the inventor determined DBSCAN param-
eter ¢ is defined as 5 m to evaluate any adjacent geohashes
and parameter minPts as 1. In this example traffic analytics
system 104a calculates distance between representing points
when implementing DBSCAN, by implementing, for
instance, haversine. Alternatively, other formulas are used. A
POS will appreciate that there are various methods of
calculating accurate distance between lat/lon coordinates.
[0580] Alternatively, traffic analytics system 104a pro-
cesses representative point data for representative points
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5001 of the first plurality of non-core subzones 4803 and a
subset of the first plurality of core subzones 4801 of inter-
section core 4804A for clustering road network subzones
4502 into groups, such as, performing recursive adjacency
checks.

[0581] Representative points 5001 indicate locations of
road network subzones 4502, as such, DBSCAN evaluates
relative distance therebetween for clustering representative
points 5001 into groups.

[0582] FIG. 50A illustrates a conceptual diagram of rep-
resentative points 5001 superposed on corresponding road
network subzones 4502 of the first plurality of road network
subzones 4501. FIG. 50A also shows the first plurality of
non-core subzones 4803 and the first plurality of core
subzones 4801, including core subzones 4801A, 4801B,
4801C, 4801D, 4801E, 4801F, 4801G, 4801H, and 48011
corresponding to cores 4804A, 48048, 4804C, 4804D,
4804E, 4804F, 4804G, 4804H, and 48041, respectively.
[0583] Next, traffic analytics system 104a clusters repre-
sentative points 5001 corresponding to the first plurality of
non-core subzones 4803 and core subzones 4801 A of core
4804 A including processing corresponding representative
point data using DB SCAN. In this instance, representative
points 5001 corresponding to core subzones of cores 48048,
4804C, 4804D, 4804E, 4804F, 4804G, 4804H, and 4804I
are not processed by traffic analytics system 104a.

[0584] FIG. 50B shows exemplary groups 5002 of repre-
sentative points 5001 as grouped by traffic analytics system
104a. Representative points 5001 for non-core subzones
4803 of road sections 4806-1, 4806-2, 4806-14 and 4806-16
are clustered in the same group 5002-1, with representative
points 5001 of core subzones 4801A of core 4804A, as
shown. As such, traffic analytics system 104a maps each
non-core subzone 4803 of road sections 4806-1, 4806-2,
4806-14 and 4806-16 with intersection 4802A.

[0585] Next, traffic analytics system 104a clusters repre-
sentative points 5001 corresponding to the first plurality of
non-core subzones 4803 and core subzones 4801B of core
4804B in a similar manner as described above.

[0586] FIG. 50C illustrates a conceptual diagram of rep-
resentative points 5001 corresponding to the first plurality of
non-core subzones 4803 and core subzones 4801B of core
48048 superposed on corresponding road network subzones
4502. In this instance, representative points 5001 corre-
sponding to core subzones of cores 4804 A, 4804C, 4804D,
4804E, 4804F, 4804G, 4804H, and 48041 are not processed
by traffic analytics system 104a.

[0587] FIG. 50C further shows group 5004 as determined
by traffic analytics system 104a. Representative points 5001
for non-core subzones 4803 of road sections 4806-2, 4806-3
and 4806-4 are clustered in the same group 5004 with
representative points 5001 of core subzones 4801B of core
48048, as shown. As such, traffic analytics system 104a
associates each non-core subzone 4803 of road sections
4806-2, 4806-3 and 4806-4 with intersection 4802B.
[0588] In the present example, representative points 5001
corresponding to non-core subzones 4803 of road sections
4806-2 are clustered with representative points 5001 corre-
sponding to core subzones 4801 of core 4804A in group
5002 A and with representative points 5001 corresponding to
core subzones 4801 of core 48048 in cluster 5004. As such,
non-core subzones 4803 of road sections 4806-2 are asso-
ciated with two intersections, namely with intersections
4802A and 4802B.
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[0589] Next, traffic analytics system 104a clusters repre-
sentative points 5001 corresponding to the first plurality of
non-core subzones 4803 and core subzones 4801 of cores
4804C, 4804D, 4804E, 4804F, 4804G, 4804H, and 48041,
respectively, in a same manner as described above.

[0590] FIGS. 50D and 50E are exemplary conceptual
diagrams of representative points 5001 corresponding to the
first plurality of non-core subzones 4803 and core subzones
of cores 4804C and 4804G, respectively, superimposed on
corresponding road network subzones 4502.

[0591] FIG. 50D also shows group 5006 as determined by
traffic analytics system 104a. Representative points 5001 for
non-core subzones 4803 of road sections 4806-3, 4806-4,
and 4806-5 are clustered in the same group 5006 with
representative points 5001 of core subzones 4801 of core
4804C, as shown.

[0592] FIG. 50E also shows group 5008 as determined by
traffic analytics system 104a. Representative points 5001 for
non-core subzones 4803 of road sections 4806-3, 4806-4,
and 4806-5 are clustered in the same group 5008 with
representative points 5001 of core subzones 4801 of core
4804G, as shown.

[0593] Finally, traffic analytics system 104a maps non-
core subzones 4803 with intersections based on representa-
tive points 5001 of the non-core subzones 4803 being
grouped in a same cluster as representative points 5001 of
core subzones 4803 of one or more of cores 4804C, 4804D,
4804E, 4804F, 4804G, 4804H, and 48041.

[0594] Table 12 below provides a list of road sections
4806 and intersection(s) to which non-core subzones 4803
are mapped by traffic analytics system 104a.

TABLE 12
ROAD SECTION INTERSECTIONC(S)
4806-1 4802A
4806-2 4802A, 4802B
4806-3 48028, 4802C
4806-4 48028, 4802C
4806-5 4802C, 4802D
4806-6 4802D
4806-7 4802D, 4802E
4806-8 4802E
4806-9 4802E, 4802F
4806-10 4802G, 4802F
4806-11 4802F
4806-12 4802G, 4802F
4806-13 4802H, 48021
4806-14 4802A, 4802B
4806-15 48021
4806-16 4802A

[0595] Referring now to FIG. 51, shown is another con-
ceptual diagram of the first plurality of road network sub-
zones 4501 indicating mapping of non-core subzones 4803
of road sections 4806-1 to 4806-16 to intersections 4802A to
48021. For example, non-core subzones 4803 of road section
4806-7 are mapped to intersections 4802D and 4802E, as
shown. In another example, non-core subzones 4803 of road
section 4806-13 are mapped to intersections 4802H and
48021, as shown.

Block 4610

[0596] Next, at block 4610, process 4600 includes creating
second road network data for each road network subzone of
the first plurality of road network subzones.
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[0597] Exemplary second road network data 5200 created
by traffic analytics system 104a is shown in FIGS. 52A,
52B, and 52C. Second road network data 5200 includes road
network subzone ID data 4514, road network location sub-
zone data 4512, road network subzone label data 4902, and
intersection mapping data 5202. Traffic analytics system
104a modifies intersection mapping data 4904 of first road
network data 4500 to include intersection mapping infor-
mation for road network subzones having a label as non-
core, as shown.

Block 4612

[0598] At block 4612, process 4600 includes creating
journey data for a plurality of vehicles wherein journey data
is indicative of a vehicle journey. Creating journey data
includes selecting at least a first subset of temporally con-
secutive vehicle data instances from third vehicle data.
[0599] Third vehicle data may include raw vehicle data
collected over a period of time (i.e, historical vehicle data),
for example, historical vehicle data 404, and/or raw vehicle
data collected over a period of time and vehicle data
interpolated therefrom, such as, secondary historical vehicle
data 2620. Third vehicle data includes temporally consecu-
tive vehicle data instances indicative of vehicle operation
over a period of time.

[0600] Specific and non-limiting examples of third vehicle
data include, device ID data, position data indicating a
location (e.g., LAT LONG coordinates), Ignition state data
indicating whether the ignition is ON or OFF, DateTime data
indicating the date and time vehicle data was logged by a
monitoring device, speed data indicating speed of vehicle,
VIN data indicating a Vehicle Identification Number, turn
indicator state data indicating whether the turn indicator is
ON or OFF, and the direction indicated is left or right. One
of ordinary skill in the art will appreciate that raw vehicle
data may comprise data indicative of numerous other vehicle
operating conditions.

[0601] In some instances journey data may include all
third vehicle data. For example, a first third vehicle data
includes, device ID data, position data, Ignition state data,
DateTime data speed data VIN data, turn indicator state data.
A third vehicle data instance is selected from third vehicle
data for forming a journey data instance. The journey
instance includes device ID data, position data, Ignition state
data, DateTime data speed data VIN data, turn indicator state
data. Alternatively, the journey data instance includes a
subset of device 1D data, position data, Ignition state data,
DateTime data speed data VIN data, turn indicator state data.
[0602] Referring now to FIG. 53A, shown is another
simplified block diagram of traffic analytics system 104a
including processing resource 302, datastore 304, and net-
work interface 306.

[0603] In a first example, traffic analytics system 104
receives historical vehicle data 5302 from remote system
106 via communication network 110 and stores historical
vehicle data 5302 in a database 5300 in datastore 304. In this
example, third vehicle data includes historical vehicle data
5302.

[0604] In a second example, traffic analytics system 104
processes historical vehicle data 5302 for forming interpo-
lated data therefrom. Traffic analytics system 104 forms
third vehicle data 5306 including historical vehicle data
5302 and interpolated data, and stores third vehicle data
5306 in database 5304 in datastore 304.
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[0605] In some instances, third vehicle data instances may
be interpolated in dependence on the dimensions of road
network subzones defining a road network. For example,
third vehicle data instances may be interpolated such that
there is approximately one of an interpolated instance or raw
vehicle data instance corresponding to a location in each
road network subzone.

[0606] For example, road network subzones 4802 of the
first plurality of road network subzones are in the form of
Geohashes having approximate dimension 4.77 mx4.77 m.
In this example, third vehicle data instances are interpolated
such that there is at least one of an interpolated instance or
raw vehicle data instance corresponding to a location in each
road network subzone along a vehicle’s path.

[0607] Alternatively, vehicle data instances may be inter-
polated based on a minimum distance between vehicle
positions indicated by consecutive third vehicle data
instances. A specific and non-limiting example of a mini-
mum distance includes 10 m. For example, third vehicle data
instances are interpolated such that a distance of no more
than 10 m is exceeded between vehicle positions indicated
by consecutive third vehicle data instances.

[0608] In some instances, traffic analytics system 104
receives raw vehicle data from monitoring devices of one or
more vehicle fleets and collects the raw vehicle data to form
historical data. Third vehicle data includes this historical
data and/or historical data and vehicle data interpolated
therefrom.

[0609] Now referring to FIG. 53B, shown is a conceptual
diagram of third vehicle data 5306 organized by device ID.
For instance, vehicle-specific datasets 5311, 5312 and 5313
include third vehicle data instances of third vehicle data
5306 corresponding to device ID111, device ID112, and
device ID113, respectively. Third vehicle data may be orga-
nized in numerous manners.

[0610] FIG. 53B also illustrates journey data 5334, 5335
and 5536 selected from third vehicle data 5306 by traffic
analytics network 104q. For instance, journey data 5334,
5335 and 5536 are selected from vehicle-specific datasets
5311, 5312 and 5313, respectively.

[0611] For ease of description only three vehicle-specific
datasets, 5311, 5312 and 5313, corresponding to three
unique monitoring devices selected from third vehicle data
5306 are described in this example. In practise, however,
third vehicle data may include vehicle data from any number
of monitoring devices and thus include any number of
vehicle-specific datasets. In one example, raw vehicle data is
received by traffic analytics network 104a from hundreds
devices, resulting in third vehicle data 5306 including thou-
sands, tens of thousands or millions of wvehicle data
instances.

[0612] Referring now to FIG. 53C, shown is a conceptual
diagram of vehicle paths 5314, 5315, and 5316 of vehicles
corresponding to device ID111, device ID112, and device
1D113, respectively. Vehicle paths 5314, 5315, and 5316
correspond to vehicle-specific datasets 5311, 5312 and 5313,
respectively. Each vehicle path includes a plurality of
vehicle-position points 5308 representing a position of a
vehicle at a different point in time. Vehicles travel in the
direction of arrows 5323, 5326 and 5329, on vehicle paths
5314, 5315, and 5316, as shown.

[0613] According to an embodiment, a vehicle journey
begins when a vehicle transitions from an undriveable state,
i.e., ignition status is OFF, to a driving state, i.e., ignition
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state is ON, and has a speed greater than 0 km/hr, and a
vehicle journey ends when the vehicle transitions from a
driving state to an undriveable state.

[0614] For instance, a beginning of a journey may be
detected when a third vehicle data instance indicates the
vehicle ignition state is OFF followed by a third vehicle data
instance indicating the vehicle ignition state of the vehicle is
ON and that the vehicle speed is greater than 0 km/h.
[0615] Alternatively, a vehicle journey begins in another
way. For example, a vehicle may not start increasing in
speed immediately after transitioning from an ignition OFF
to ON state. In some instances a vehicle may idle for a
period of time. A beginning of a journey may be detected
when a third vehicle data instance indicates the vehicle
ignition state is OFF followed by one or more third vehicle
data instances indicating the vehicle ignition state of the
vehicle is ON and has a vehicle speed 0 km/h, immediately
followed by a third vehicle data instance indicating the
vehicle ignition state of the vehicle is ON and has a vehicle
speed is greater than 0 km/h. Alternatively, after a predefined
period of idling, a journey may end and a new journey may
begin when a speed greater than 0 km/h is detected. Further
alternatively, a beginning vehicle journey may be detected
(i.e, defined) in another way.

[0616] Forming journey data is described below with
reference to FIGS. 53D and 53E. FIG. 53E is a conceptual
diagram of vehicle journeys 5330, 5331, 5332A and 5332B
corresponding to journey data 5334, 5335, and, 5336A and
53368 respectively. For clarity, some vehicle-position
points 5308 on vehicle paths 5314, 5315, and 5316 are not
shown in FIG. 53E.

[0617] In a first example, traffic analytics system 104a
processes vehicle-specific dataset 5311 for forming journey
data 5334 corresponding to a vehicle having device ID111.
Traffic analytics system 104a may process third vehicle data
instances in time consecutive order, beginning with a first
third vehicle data instance of vehicle-specific dataset 5311
corresponding to a first vehicle-position point 5320 of
vehicle path 5314. Alternatively, third vehicle data instances
are processed in a non time consecutive order.

[0618] Traffic analytics system 104a processes vehicle-
specific dataset 5313 in a time sequential manner searching
for a beginning sequence of third vehicle data instances
indicating the ignition status of the vehicle is OFF, imme-
diately followed by a second instance that indicates the
ignition status of the vehicle is ON and the vehicle has a
speed greater than 0 km/h.

[0619] Additionally and/or optionally, a beginning
sequence of third vehicle data instances indicates the igni-
tion status of the vehicle is OFF, immediately followed by
one or more a instances indicating the ignition status of the
vehicle is ON and has a speed that is 0 km/h, and then is
immediately followed by an instance indicating the ignition
status of the vehicle is ON and the vehicle has a speed
greater than 0 km/h.

[0620] Now referring to FIG. 53D, shown is exemplary
journey data 5341 including journey data 5334, 5335,
5336A and 53368 formed by traffic analytics system 104a.
For clarity, vehicle-position point data 5308 corresponding
to the journey data are shown in FIG. 53D.

[0621] Third vehicle data instances are selected from
vehicle-specific dataset 5311 by traffic analytics system
104a for forming journey data 5334. Traffic analytics system
104a identifies a beginning sequence of third vehicle data
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instances indicating a vehicle transitioning from an undrive-
able state to a driving state corresponding to vehicle-position
points 5333A and 5333B, respectively, as shown in FIG.
54D. This beginning sequence of third vehicle data instances
indicates the beginning of a vehicle journey and is selected
from vehicle-specific dataset 5311 for forming journey data
instances 5334 A and 5334B of journey data 5334, as shown.
[0622] Traffic analytics system 104a continues processing
vehicle-specific dataset 5311 in time consecutive order
searching for a next third vehicle data instance indicating an
end of the journey. A next consecutive third vehicle data
instance indicating an ignition status OFF corresponds to
vehicle-position point 5333E. This third vehicle data
instance is selected by traffic analytics system 104a from
vehicle-specific dataset 5311 for forming journey data
instance 5334E.

[0623] Traffic analytics system 104a selects third vehicle
data instances from vehicle-specific dataset 5311 corre-
sponding to vehicle-position points 5333 A and 5333E and
all vehicle-position points 5308 therebetween, for forming
journey data 5334 associated with journey 5330 shown in
FIG. 53E.

[0624] Traffic analytics system 104a continues processing
third vehicle data instances from vehicle-specific dataset
5311 to identify a beginning of another journey, however,
none is found.

[0625] In a second example, traffic analytics system 104a
processes vehicle-specific dataset 5312 for forming journey
data 5335 corresponding to a vehicle having device ID112 in
a same manner as described above. Third vehicle data
instances are selected from vehicle-specific dataset 5312 by
traffic analytics system 104a for forming journey data 5335.
Traffic analytics system 104a identifies a beginning
sequence of third vehicle data instances indicating a vehicle
transitioning from an undriveable state to a driving state
corresponding to vehicle-position points 5338 and 5350,
respectively, as shown in FIG. 54D. This beginning
sequence of third vehicle data instances indicates the begin-
ning of a vehicle journey and is selected from vehicle-
specific dataset 5312 for forming journey data instances
5335A and 5335B of journey data 5335, as shown.

[0626] Traffic analytics system 104a continues processing
vehicle-specific dataset 5312 in time consecutive order
searching for a next third vehicle data instance indicating an
end of the journey. A next consecutive third vehicle data
instance indicating an ignition status OFF corresponds to
vehicle-position point 5337. This third vehicle data instance
is selected by traffic analytics system 104a from vehicle-
specific dataset 5312 for forming journey data instance
5335E.

[0627] Traffic analytics system 104a selects third vehicle
data instances from vehicle-specific dataset 5312 corre-
sponding to vehicle-position points 5338 and 5337 and all
vehicle-position points 5308 therebetween, for forming jour-
ney data 5335 associated with journey 5331 shown in FIG.
53E.

[0628] Traffic analytics system 104a continues processing
third vehicle data instances from vehicle-specific dataset
5312 to identify a beginning of another journey, however,
none is found.

[0629] In a third example, traffic analytics system 104a
processes vehicle-specific dataset 5313 for forming journey
data 5336 A corresponding to a vehicle having device ID113
in a same manner as described above. Third vehicle data
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instances are selected from vehicle-specific dataset 5313 by
traffic analytics system 104a for forming journey data
5336A. Traffic analytics system 104 identifies a beginning
sequence of third vehicle data instances indicating a vehicle
transitioning from an undriveable state to a driving state
corresponding to vehicle-position points 5342 A and 5342B,
respectively, as shown in FIG. 54D. This beginning
sequence of third vehicle data instances indicates the begin-
ning of a vehicle journey and is selected from vehicle-
specific dataset 5313 for forming journey data instances
5336A and 5335B of journey data 5336, as shown.

[0630] Traffic analytics system 104a continues processing
vehicle-specific dataset 5313 in time consecutive order
searching for a next third vehicle data instance indicating an
end of the journey. A next consecutive third vehicle data
instance indicating an ignition status OFF corresponds to
vehicle-position point 5342D. This third vehicle data
instance is selected by traffic analytics system 104a from
vehicle-specific dataset 5313 for forming journey data
instance 5376D.

[0631] Traffic analytics system 104a selects third vehicle
data instances from vehicle-specific dataset 5313 corre-
sponding to vehicle-position points 5342A and 5342D and
all vehicle-position points 5308 therebetween, for forming
journey data 5336 A associated with journey 5332A, shown
in FIG. 53E.

[0632] Traffic analytics system 104a continues processing
third vehicle data instances from vehicle-specific dataset
5313 to identify a beginning of another journey.

[0633] Third vehicle data instances are selected from
vehicle-specific dataset 5313 by traffic analytics system
104a for forming journey data 5336B. Traffic analytics
system 104q identifies a beginning sequence of third vehicle
data instances indicating a vehicle transitioning from an
undriveable state to a driving state corresponding to vehicle-
position points 5342D and 5342E, respectively, as shown in
FIG. 54D. This beginning sequence of third vehicle data
instances indicates the beginning of a vehicle journey.
Traffic analytics system 104a selects 5376D corresponding
to vehicle-position point 5342D and third vehicle data
instance from vehicle-specific dataset 5313 for forming
journey data instances 5336F and 5335G of journey data
53368, as shown.

[0634] Traffic analytics system 104a continues processing
vehicle-specific dataset 5313 in time consecutive order
searching for a next third vehicle data instance indicating an
end of the journey. A next consecutive third vehicle data
instance indicating an ignition status OFF corresponds to
vehicle-position point 5342G. This third vehicle data
instance is selected by traffic analytics system 104a from
vehicle-specific dataset 5313 for forming journey data
instance 5336G.

[0635] Traffic analytics system 104a selects third vehicle
data instances from vehicle-specific dataset 5313 corre-
sponding to vehicle-position points 5342D and 5342G and
all vehicle-position points 5308 therebetween, for forming
journey data 53368 associated with journey 5332B. Traffic
analytics system 104a continues processing third vehicle
data instances from vehicle-specific dataset 5313 to identify
a beginning of another journey, however, none is found.

[0636] In this example, journey data 5341 includes device
ID data 5341A, position data 5341B, (e.g., LAT/LONG
coordinates), ignition state data 5341C, date and time data
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5341C (e.g., timestamp), and speed data 5341D, as shown.
For ease of description not all third data is shown in journey
data 5403.

[0637] FIG. 53F is a conceptual diagram of exemplary
vehicle journeys 5330, 5331, 5332A and 5332B superposed
on the first plurality of road network subzones 4501. For
ease of description, only 4 journeys are described in this
example. In practise, however, the number of journeys may
include hundreds, thousands, or more.

Block 4614

[0638] At block 4614, process 4600 includes processing
second road network data and journey data for mapping each
journey data instance thereof to a road network subzone and
forming new journey data to include an indication of that
mapping.

[0639] Shown in FIG. 54A is a conceptual diagram of
portion 5400 of the first plurality of road network subzones
4501 defined by line A-A in FIG. 53F. FIG. 54A also shows
vehicle-position points 5308 corresponding to vehicle jour-
ney 5331 superposed on portion 5400. FIG. 54B is an
enlarged view of a portion 5401 of portion 5400 defined in
FIG. 54A.

[0640] For example, traffic analytics system 104a pro-
cesses second road network data 5200 and journey data 5335
corresponding to journey 5331 for mapping each journey
data instance thereof to a road network subzone 4502 of the
first plurality of road network subzones 4501.

[0641] In a first example, traffic analytics system 104a
determines whether journey data instance 5335A associated
with vehicle-position point 5338 corresponds to a road
network subzone 4502 of the first plurality of road network
subzones 4501. In the present example, road network sub-
zones are defined according to the Geohash spatial hierarchy
system. Traffic analytics system 104a implements Geohash
encode function 1108 of FIG. 11B for mapping the location
represented by vehicle-position point 5338 to a Geohash
string indicative of the Geohash within which it is located.
In this instance, function 1108 returns a first Geohash string,
GeohashString-5402, corresponding to Geohash 5402,
shown in FIG. 54A.

[0642] Next, traffic analytics system 104a processes sec-
ond road network data 5200 for determining whether Geo-
hash 5402 is included in the first plurality of road network
subzones 4501. In particular, traffic analytics system 104a
processes road network subzone location data 4512 search-
ing for a Geohash string that indicates Geohash 5402. In this
instance, a match is not found indicating journey data
instance 5335A does not correspond to any road network
subzone 4502.

[0643] FIG. 54C and FIG. 54D are conceptual diagrams of
exemplary modified journey data 5403 formed by traffic
analytics system 104a. For clarity, vehicle-position point
data 5308 corresponding to the journey data are shown in
FIG. 53D. For clarity, vehicle-position point data 5380
corresponding to the journey data are shown in FIG. 54C
and FIG. 54D. For descriptive purposes only, a subset of
data of each journey data instance is shown.

[0644] Next traffic analytics system 104a forms new jour-
ney data 5403 including journey data 5341 and an indication
of a corresponding road network subzone 1D, road network
subzone location, road network subzone label, and intersec-
tion mapping associated with each instance thereof.
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[0645] In the present example, traffic analytics system
104a forms journey data instance 5410 of journey data 5403
including journey data from journey data 5341 correspond-
ing to road network subzone 5402. Journey data instance
5410 also includes road network subzone location data
5404B indicating a Geohash string, GeohashString-5402. As
journey data instance 5334A does not correspond to any
road network subzone 4502 road network subzone ID data
5404 A, road network subzone label data 54048 and inter-
section mapping data 5404D of journey data instance 5335A
have null values.

[0646] In a second example, traffic analytics system 104a
determines, in a similar manner as described above, whether
a journey data instance associated with vehicle-position
point 5352 maps to a road network subzone 4502 of the first
plurality of road network subzones 4501. In this example,
the journey data instance of journey data 5341 associated
with vehicle-position point 5352 maps to Geohash 5492, as
shown in FIG. 54B.

[0647] Next, traffic analytics system 104a adds journey
data instance 5411 to journey data 5403. Journey data
instance 5411 includes the journey data instance from jour-
ney data 5341 corresponding to road network subzone 5492,
road network subzone 1D data 5404 A, indicating 1D 5492,
road network subzone location data 5406, indicating Geo-
hashString-5492, road network subzone label data 5408
indicating a non-core subzone label, and intersection map-
ping data 5404D indicating intersection mapping 4802F,
shown in FIG. 54C.

[0648] Traffic analytics system 104a processes second
road network data 5200 and the remainder of journey data
5335, journey data 5334 and journey data 5336, and forms
journey data 5403 in a similar manner as described above.
FIGS. 54C and 54D show examples of other journey data
instances of journey data 5335.

Block 4616

[0649] Next, at block 4616, process 4600 includes select-
ing at least a first sequence of journey data instances from
journey data for forming trip data. According to some
embodiments, the first sequence of journey data instances
includes at least one journey data instance corresponding to
a core subzone and is mapped to a first intersection, and is
immediately followed by a journey data instance mapped to
a second intersection, wherein the second intersection and
the first intersection are not the same intersection.

[0650] According to another embodiment, at block 4616,
process 4600 includes identifying a first sequence of journey
data instances and a second sequence of journey data
instances for forming trip data based on the first sequence of
journey data and the second sequence of journey data. A
second sequence of journey data instances includes at least
a journey data instance corresponding to a non-core subzone
mapped to the first intersection immediately preceding the
first sequence of journey data instances.

[0651] Forming trip data also includes mapping each trip
data instance to the first intersection and storing an indica-
tion of the mapping therein.

[0652] In a first example, traffic analytics system 104a
processes journey data 5403 for identifying a first sequence
of journey data instances. Referring again to FIG. 54C,
journey data instances 5413, 5415, 5417, 5419, 5421, 5429
and 5439 correspond to core subzones and are mapped to a
first intersection, intersection 4802F. Journey data instances
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5413, 5415, 5417, 5419, 5421, 5429 and 5439 also imme-
diately precede journey data instance 5339 which corre-
sponds to a non-core subzone mapped to a second intersec-
tion, intersection 4802G. As such, traffic analytics system
104a identifies a first sequence of journey data instances
5490 including journey data instances 5413, 5415, 5417,
5419, 5421, 5429 and 5439, each thereof corresponding to
a core subzone mapped to a first intersection, (i.e., intersec-
tion 4802F) and is immediately followed by a journey data
instance (i.e., instance 5339) mapped to a second intersec-
tion, intersection 4802G.

[0653] In this example, traffic analytics system 104a also
identifies a second sequence of journey data instances 5491
shown in FIG. 54C. Journey data instance 5411 corresponds
to a non-core subzone mapped to the first intersection,
intersection 4802F, and immediately precedes the first
sequence of journey data instances 5490. As such, traffic
analytics system 104a identifies a second sequence of data
journey instances 5491. In this example, the second
sequence of journey data instance(s) 5491 includes a
sequence of one journey data instance. In other instances,
the second sequence of journey data instance(s) may include
a plurality of journey data instances.

[0654] Next, traffic analytics system 104a forms trip data
dependent on the first sequence of journey data instances
5490 and the second sequence of journey data instance(s)
5491. Exemplary trip data 5500 is shown in FIG. 55A,
including position data 5502, date and time data 5504, speed
data 5506, road network subzone ID data 5508, road net-
work subzone location data 5510, and road network subzone
label data 5512. Trip data 5500 further includes intersection
mapping data 5514 corresponding to the first intersection,
intersection 4802F. Alternatively, trip data is formed based
on the first sequence of journey data instances. For clarity,
vehicle-position point data 5516 corresponding to the trip
data is shown in FIG. 55A.

[0655] A conceptual diagram of trip 5551 corresponding
to trip data 5500 is shown in FIG. 55B. As described herein
above, arrow 5326 indicates the direction of travel of the
corresponding vehicle. In this example, trip 5551 begins in
road section 4806-11, as indicated by vehicle-position point
5352, traverses intersection 4802F, as indicated by vehicle-
position points 5353, 5354, 5355, 5356A, 5356B, 5356C,
and ends just before entering road section 4806-12, as
indicated by vehicle-position point 5357.

[0656] In a second example, traffic analytics system 104a
processes journey data 5403 for identifying another first
sequence of journey data instances. Referring now to FIG.
54D, each of journey data instances 5432, 5434, 5436, 5438,
and 5440 corresponds to a core subzone mapped to a first
intersection 4802G and immediately precedes journey data
instance 5442 which corresponds to a non-core subzone
mapped to a second intersection, intersection 4802F. As
such, traffic analytics system 104« identifies a first sequence
of journey data instances 5493 including journey data
instances 5432, 5434, 5436, 5438, and 5440.

[0657] Traffic analytics system 104a also identifies a sec-
ond sequence of journey data instances 5494 shown in FIG.
54D. Consecutive journey data instances 5339, 5428, and
5431, correspond to a non-core subzones mapped to the first
intersection, intersection 4802G. Journey data instances
5439, 5428, and 5431, immediately precede the first
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sequence of journey data instances 5493, as shown. As such,
traffic analytics system 104q identifies a second sequence of
data journey instances 5494.

[0658] Next, traffic analytics system 104a forms trip data
dependent on the first sequence of journey data instances
5493 and the second sequence of journey data instances
5494. Exemplary trip data 5570 is shown in FIG. 55C,
including position data 5502, date and time data 5504, speed
data 5506, road network subzonelD data 5508, road network
subzone location data 5510, and road network subzone label
data 5514. Trip data 5570 further includes intersection
mapping data 5514 corresponding to the first intersection,
intersection 4802G. As such, traffic analytics system 104a
remaps journey data instances 5439, 5428 and 5431 to
intersection 4802G only, as shown in FIG. 55C. For clarity,
vehicle-position point data 5516 corresponding to the trip
data is shown in FIG. 55C.

[0659] A conceptual diagram of a trip 5552 corresponding
to trip data 5570 is shown in FIG. 55B. As described herein
above, arrow 5326 indicates the direction of travel of the
corresponding vehicle. In this example, trip 5552 begins in
road section 4806-12, as indicated by vehicle-position point
5358, traverses road section 4806-12, as indicated by
vehicle-position points 5359 and 5360, then traverses inter-
section 4802, as indicated by vehicle-position points 5361,
5362, 5363, 5364, and ends just before entering intersection
4802H, as indicated by vehicle-position point 5365.

[0660] Traffic analytics system 102a continues to process
journey data 5570 for identifying other first sequences of
journey data instances, and optionally, other second
sequences of journey data instances for forming trip data as
described hereinabove, and stores trip data, for example, in
datastore 304.

[0661] FIG. 55D is a conceptual diagram of exemplary
vehicle trips 5551, 5552, 5554, and 5556, indicative of trip
data created by traffic analytics system 102 based on journey
data 5403. Trip 5554 begins when the vehicle enters inter-
section core 4802H, as indicated by vehicle-position point
5366 and ends just before entering road section 4806-13, as
indicated by vehicle-position point 5368.

[0662] Still referring to FIG. 55D, journey 5301 exits road
network 4500 as indicated by vehicle-position point 5370
and returns thereto as indicated by vehicle-position point
5372. Trip 5556 begins where journey 5330 returns to road
network 4500 at road section 4806-13 as indicated by
vehicle-position point 5372, and ends just before entering
road section 4806-15, as indicated by vehicle-position point
5375. Traffic analytics system 104a associates trips 5554,
and 5556 with intersections H and I, respectively.

[0663] Traffic analytics system 102a processes remaining
journey data, i.e., modified journey data 5334 and 5536, for
identifying other first sequences of journey data instances,
and optionally, other second sequences of journey data
instances for forming trip data as described hereinabove, and
stores trip data, for example, in datastore 304. FIG. 55E
shows conceptual diagrams of exemplary vehicle trips 5560,
5561, 5562, 5563, 5564 and 5565, indicative of trip data
created by traffic analytics system 104a after processing
remaining journey data, i.e., modified journey data 5334 and
5536.

[0664] For ease of description, only ten trips are described
in this example. In practise, however, the number of trips
may include hundreds, thousands, or more.
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[0665] In some embodiments, a vehicle may depart from
the road network during a trip and should the vehicle remain
outside the road network for a period exceeding a predefined
length time corresponding journey data instances are
ignored. A specific and non-limiting example of a predefined
length time includes 10 s. In this example, should a vehicle
exit the road network for more than 10 s, journey data
instances associated with the vehicle while outside the road
network will be ignored when journey data is processed for
creating trip data therefrom.

[0666] Referring now to FIG. 56A, shown is a conceptual
diagram of exemplary trip data 5600 created by traffic
analytics system 102a and stored thereby, for example, in a
datastore 304. For clarity, trip data 5600 is shown organized
according to the intersection to which the trip data is
mapped. For instance, trip data 5600 includes trip data
5600A, 5600B, 5600C, 5600D, 5600E, 5600F, 5600G,
5600H, and 56001, including trip data mapped to intersec-
tions A, B, C, D, E, F, H and [, respectively. For example,
trip data 5600F includes trip data 5500 corresponding to trip
5551 and trip data 5600G includes trip data 5570 corre-
sponding to trip 5552. One of ordinary skill appreciates that
trip data may be organized in numerous manners.

Block 4618—Trip Metadata

[0667] Next, at block 4618, process 4600 includes pro-
cessing trip data for creating trip metadata. Specific and
non-limiting examples of trip data are provided in Table 13
below.

TABLE 13

Trip Metadata

Trip Metadata Description

Hardwareld indicates a deviceID

Vin indicates a Vehicle Identification Number
Make indicates a make of the vehicle

Model indicates a model of the vehicle
VehicleYear indicates a year of the vehicle

WeightClass indicates a maximum loaded rate of vehicle,
for example,

Class A (3000 lbs and under)

Class B (3001-4000 lbs)

Class C (4001-5000 lbs)

Class D (5001-6000 lbs)

Class E(6001-7000 lbs)

Class F (7001-8000 lbs)

Class G(8001-9000 lbs)

Class H (9001-10,000 lbs)

Class 3 (10,001-14,000 lbs)

Class 4 (14,001-16,000 lbs)

Class 5 (16,001-19,500 lbs)

Class 6 (19,501-26,000 lbs)

Class 7 (26,001-33,000 lbs)

Class 8 (33,001 and over)

indicates a type of vehicle, for example,
passenger car

minivan

truck

bus

limo

other

indicates a vocation of the vehicle routed delivery,
hub-and-spoke, patroller, etc.

indicates a unique trip ID assigned to each trip
indicates a unique intersection ID

indicates a timezone in which intersection resides,
e.g., AST, EST, CST, PST, etc.

VehicleType

Vocation

TripID
Intersectionld
TimezoneName
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TABLE 13-continued

Trip Metadata

Trip Metadata Description

EventStartTimeUTC  indicates time a trip begins in coordinated
universal time (UTC)

EventEnd TimeUTC indicates time a trip ends in coordinated
universal time (UTC)

EventStartTimeLocal  indicates time a trip begins in time zone in which
intersection resides

EventEndTimeLocal  indicates time a trip ends in time zone in which
intersection resides

Startingl.ocation indicates a location trip starts, examples include,
LAT/LONG coordinates, GPS coordinates

EntryCardinal indicates a direction vehicle is heading when it
enters an intersection, e.g., N, NE, E, SE, SW,
W, NW

ExitCardinal indicates a direction vehicle is heading when it
exits an intersection, e.g., N, NE, E, SE, SW,
W, NW

TravelTime indicates a total travel time of the trip
(EventEndTimeUTC-EventStartTimeUTC)

TravelDistance indicates a total travel distance travelled by the

vehicle during the trip
indicates a travel speed of the trip
(TravelDistance/Travel Time)

Travel Speed

RunningTime indicates a total amount of time vehicle is moving
during the trip

RunningSpeed indicates TravelDistance/RunningTime

StopTimeTotal indicates a total amount of time vehicle was
stopped i.e., speed was 0 km/h during trip,

NumberOfStops indicates a total number of stops during the trip

TimeFromFirstStop indicates a time elapsed from the first stop to the

end of the trip
DistanceFromFirstStop indicates a distance from a center of the
intersection to a first stop location

[0668] According to an embodiment a portion of trip
metadata is available in pre-compiled VIN look up tables.
For example, traffic analytics system 104a accesses pre-
compiled VIN look up table(s) including manufacturer data,
and vocation data associated with a vehicle’s VIN. Traffic
analytics system 104a system may store VIN look up tables,
for example in datastore 304. Alternatively, and/or addition-
ally, a VIN look up table(s) is available on a remote server(s)
accessible by traffic analytics system 104a via communica-
tion network 110. Alternatively, and/or additionally trip
metadata is accessible by traffic analytics system 104 in
another manner.

[0669] Forexample, traffic analytics system 104a accesses
a VIN look up table stored in datastore 302 for obtaining
manufacturer data, and vocation data and of a vehicle
corresponding to VIN 19ABA65576A061968, as indicated
by a trip data instance. Exemplary manufacturer data
obtained by traffic analytics system 104a includes vehicle
type data, make data, model data, year data, weight class
data. Manufacturer data may include other vehicle specifi-
cation and/or related data.

[0670] Vocation data indicates a vocation of a vehicle.
Vocation of a vehicle can be automatically determined, for
example as described in U.S. Pat. No. 10,928,277 issued to
Geotab Inc., the contents of which are incorporated herein in
their entirety.

[0671] In a first example, traffic analytics system 104a
processes trip data 5600F for creating trip metadata relating
to trips mapped to intersection 4802F. For instance, traffic
analytics system 104a processes trip data 5500 associated
with trip 5551 for forming trip metadata corresponding
thereto.
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[0672] Shown in FIG. 56C is exemplary trip metadata
5610F formed by traffic analytics system 104a, including
tripID data 5610E-1 indicating a trip ID of 5551, Hardwa-
reld data 5610E-2 indicating device ID112, Vin data
5610E-4 indicating the corresponding vehicle VIN is
12345678910123456, make data 5610E-5 indicating the
vehicle make is Mercedes-Benz, model data 5610E-6 indi-
cating the vehicle model is Powertrain, VehicleYear data
5610E-7 indicating the vehicle year is 2020, WeightClass
data 5610E-8 indicating the corresponding vehicle is cat-
egorized as a class 4 vehicle, VehicleType data 5610E-9
indicating the vehicle is a truck, Vocation data 5610E-10
indicating the vehicle’s vocation is ‘delivery’, Intersectionld
data 5610E-13 indicating the trip is mapped to intersection
4802F. In this example, traffic analytics system 104a
accesses a pre-compiled VIN look up table(s) stored in
datastore 304 for obtaining make data, model data, year data,
WeightClass data, VehicleType data and Vocation data.
[0673] In some instances, traffic analytics system 104a
receives a timezone shapefile, from, for example, a publicly
accessible server of a government geoscientific agency. For
instance, the shapefile indicates boundaries of world tim-
ezones with attributes giving the identity of each timezone
and UTC offset. Traffic analytics system 104a reverse geo-
codes all geohashes in each timezone and determines the
name of the time zone the intersection is located and UTC
offset by mapping at least a core subzone (i.e., geohash)
from each intersection core to a timezone subzone. In the
present example, traffic analytics system has mapped inter-
section 4802F to the Eastern Standard Timezone.

[0674] Trip metadata 5610F for trip 5551 also includes
EventStartTimeUTC data 5610E-26 indicating the trip
began 23/01/18-14:35:44 in UTC, EventEndTimeUTC data
5610E-27 indicating the trip ended 23/01/18-14:37:08 UTC.
EventStartTimel.ocal data 5610E-28 indicating the trip
started 23/01/18-10:35:44 EST, EventEndTimeLocal data
5610E-29 indicating trip 5500 ended 23/01/18-10:37:08
EST. To generate EventStartTimel.ocal data 5610E-28 and
EventEndTimel.ocal data 5610E-29, traffic analytics con-
verts EventStartTimeLocal data 5610E-28 and EventEnd-
TimeLocal data 5610E-29 from UTC to EST.

[0675] Trip metadata 5610F also includes Startingl.oca-
tion data 5610E-30 indicating trip 5500 started at the loca-
tion 43012'37.05" N 79046'58.879" W.

[0676] Trip metadata 5610F also includes Travel Time data
5610E-37 indicating the total travel time of the vehicle
during the trip was 34 s, TravelDistance data 5610E-38
indicating the vehicle travelled 89 m during the trip, Trav-
elSpeed data 5610E-38 indicating the average speed of the
vehicle during the trip was 2.7 km/h, RunningTime data
5610E-40 indicating the total amount of time the vehicle
was moving during the trip was 34 s, RunningSpeed data
5610E-41 indicating DistanceTravelled/RunningTime was
2.7 km/h, StopTimeTotal data 5610E-44 indicating the total
amount of time the vehicle was stopped during the trip was
0 s, NumberOfStops data 5610E-45 indicating the total
number of stops during the trip was 0, TimeFromFirstStop
data 5610E-56 indicating the elapsed time between the first
stop to the end of the trip is null since the vehicle never
stopped, and DistanceFromFirstStop data 5610E-47 indicat-
ing the distance from the centre of the intersection to the first
stop location was null since the vehicle never stopped. A
center of the intersection may be determined by using the
corresponding intersection reference point 4718G.
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[0677] Trip metadata 5610F also includes EntryCardinal
data 5610E-31 indicating the direction the vehicle was
heading when it entered the intersection was N, and Exit-
Cardinal data 5610E-32 indicating the direction the vehicle
was heading when it exited the intersection was W.

[0678] A description of A method for determining Entry-
Cardinal and ExitCardinal is described below with reference
to FIG. 56B.

[0679] According to an embodiment, there is a process for
determining an entry cardinal of a vehicle entering an
intersection including processing position data of the first
instance of trip data located in the core and processing
position data of an immediately preceding instance of jour-
ney data. In particular, processing includes determining the
bearing, i.e., heading angle, between position data corre-
sponding to the first instance of trip data located in the core
and the immediately preceding instance of journey data.

[0680] For example, traffic analytics system 104a calcu-
lates the bearing, 3, with formula:

p=atan 2(X.Y),
[0681] X is defined as, X=cos Ob*sin AL
[0682] Y is defined as, Y=cos Ba*sin 6b-sin Ba*cos
Bb*cos AL

[0683] ‘L’ is defined as longitude in decimal format form,
[0684]

[0685] Bearing, (3 is measured from the North direction. In
this example, 0° bearing means N, 45° bearing means NE,
90° bearing is E, 135° bearing is SE, 180° bearing is S, 225°
bearing is SW, 270° bearing is W, and 315° bearing is NW.
Referring now to FIG. 56B, is a table 5601 showing assigned
cardinal direction based on the bearing. For example, a
bearing of 346.5° is assigned cardinal direction N.

[0686] In a first example, traffic analytics system 104a
calculates the entry bearing trip 5552. Referring again to
FIG. 55B, the first instance of trip data located in the core of
trip 5552 is associated with vehicle-position point 5361 and
the immediately preceding instance of journey data is asso-
ciated with vehicle-position point 5360, as shown. In this
example, the immediately preceding instance of journey
data associated with vehicle-position point 5360 corre-
sponds to trip data instance 5431.

[0687] Position data 5502 corresponding to trip data
instance 5342 is 430 12'39"N, 790 47 31"W and position
data 5502 corresponding to trip data instance 5341 is 430 12'
38"N, 790 47' 20"W. Traffic analytics system 104a deter-
mines the heading angle, between the points indicated by
430 12'39"N, 790 47 31"W and 430 12' 38"N, 790 4720"W.

[0688] Firstly, traffic analytics system 104a converts point
a,43012'38"N, 790 47' 20"W and point b 430 12' 39"N, 7%
47 31"W into decimal degree format. For instance, point a,
430 12'38"N, 790 47' 20"W converted to decimal format is
43.210556, 79.791667. Point b, 430 12' 39"N, 790 47 31"W
converted to decimal format is 43.210833, 79.784167.

[0689]
wherein

‘0’ is defined as latitude in decimal format form.

Next, traffic analytics system 104a determines X

X=cos 0b*sin AL
AL=79.791667-79.784167=0.0075

X=cos(43 0.210833)*sin(0.0075)
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Y=cos Oa*sin 0b-sin Ba*cos 0b*cos AL

P=atan 2((cos(43 0.210833)*sin(0.0075)),(cos(43
0.210556)*sin(43 0.210833)-sin(43.210556)
*c0s(43.210833)*cos(0.0075)))

p=272.9°

[0690] Referring again to table 5601 in FIG. 55B, a
bearing of 272 .90 corresponds to a cardinal direction of table
5601, traffic analytics system assigns a cardinal entry of W.
As such, traffic analytics system 104a creates EntryCardinal
data for trip metadata to indicate an EntryCardinal of West.
For instance, the vehicle corresponding to trip ID 5552
enters the intersection heading west, as shown in FIG. 55B.

[0691] According to an embodiment, there is a process for
determining an exit cardinal of a vehicle exiting an inter-
section including processing position data of the last
instance of trip data located in the core and processing
position data of an immediately following instance of jour-
ney data. In particular, processing includes determining the
bearing, i.e., heading angle, between position data corre-
sponding to the last instance of trip data located in the core
and the immediately following instance of journey data.

[0692] For example, traffic analytics system 104a calcu-
lates the exit bearing metadata for trip 5552. Referring again
to FIG. 55C, the last instance of trip data located in the core
of trip 5552 is associated with vehicle-position point 5365
and the immediately following instance of journey data is
associated with vehicle-position point 5366, as shown.

[0693] Traffic analytics system 104a processes the posi-
tion data of the trip data instance associated with trip data
5440, trip data instance 5440, and position data of journey
data instance corresponding to vehicle-position point 5366
in a same manner as described above.

[0694] Traffic analytics system 104a calculates a bearing,
p=2710. Referring again to table 5601 in FIG. 55B, a
bearing of 2710 corresponds to a cardinal direction W. As
such, traffic analytics system 104a creates ExitCardinal data
for trip metadata to indicate an ExitCardinal of West. For
instance, the vehicle corresponding to trip ID 5552 exits the
intersection heading west.

[0695] Traffic analytics system 104a processes remaining
trip data for forming trip metadata. Shown in FIG. 57A is
exemplary trip metadata 5700 generated by traffic analytics
system 104 and stored, for example, in datastore 304. Trip
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metadata 5700 is shown organized according to an intersec-
tion to which it is mapped, however, trip metadata may be
organized in any manner.

[0696] Additionally/optionally, other trip metadata is
formed, such as,

MaxAcceleration indicating a maximum acceleration of vehicle
during trip

MinAcceleration indicating a minimum acceleration of vehicle
during trip

MaxSpeed indicating a maximum speed of vehicle during trip

MinSpeed indicating a minimum speed of vehicle during trip

SignalUsed indicating whether a turn signal was used (true) or
not used (false) during the trip

TurnSignals indicating the direction of the turn signal (left or
right) and a timestamp

StreetNameEntry indicating a street name from which the vehicle
entered the intersection

StreetNameExit indicating a street name onto which the vehicle
exited the intersection

[0697] Additionally, and/or optionally, traffic analytics

system 104a maps core subzones to a street name of a street
that is determined to be the nearest street thereto. For
example, traffic analytics system 104a forms a shape file
based on the area occupied by core subzones of an inter-
section core. Using data from the shape file obtains road data
from an OSM server relating to roads overlapping the shape
in the shape file. Next, traffic analytics system 104a maps
each core subzone of an intersection core to the nearest road
within boundaries of the shape of the shapefile and stores an
indication of the second road network data. During trip
metadata generation, in block 4618, traffic analytics system
104a generates StreetNameEntry data indicating the name of
the road associated with the first core subzone of the trip.
Next, traffic analytics system 104a generates StreetNam-
eExit data indicating the name of the road associated with
the last core subzone of the trip.

Block 4620

[0698] Finally, at block 4620, process 4600 includes pro-
cessing trip metadata for forming intersection metrics data.
In some embodiments, processing trip metadata includes
processing trip metadata and filter data. In some embodi-
ments, processing trip metadata includes processing trip
metadata, trip data and filter data.

[0699] Specific and non-limiting examples of intersection
metrics are provided in Table 14 below.

TABLE 14

Intersection Metrics

Percentage Stopping data

AvgTravel Speed data
AvgRunningSpeed data

AvgTotalTimeStopped data
AvgTotalTimeStoppedNoZero data

AvgTravelTime data
AvgTimeFromFirstStop data

AvgNumberOfStops data

Percentage of vehicles which came to at least one
complete stop before passing through the
intersection

Average travel speed through the intersection (total
distance over total time)

Average running speed through the intersection
(total distance over moving time)

Average total time spent at zero speed

Average total time spent at zero speed (excluding
vehicles which did not stop)

Average total travel time through the intersection
Average time from the first stop to travelling
through the intersection

Average number of stops made before passing
through the intersection
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TABLE 14-continued

Nov. 11, 2021

Intersection Metrics

AvgNumberOfStopsNoZero data

Average number of stops made before passing

through the intersection (excluding vehicles which

did not stop)
AvgDistanceFromIntersection-
ToFirstStop data
PercentOfVolumeByVehicleClass

through the intersection

broken down by class of vehicle
NumberOfTrips data

Average distance from the first stop to travelling
data Percent of the total volume through the intersection,

Total number of trips through the intersection

[0700] Filter data indicates which trip metadata is to be
processed for generating intersection metrics. Exemplary
filter data 5702 is shown in FIG. 57B. In this example, filter
data is provided by a user via a user interface. Alternatively,
filter data is provided in file format and received, for
example, via network interface 306.

[0701] Filter data 5702 includes intersectionID data
5702A, EntryCardinal data 5702B, ExitCardinal data
5702C, EventStartTimel.ocal data 5702D and EventStop-
TimelLocal data 5702E. Intersection ID data 5702 A indicates
intersection metrics for intersection 4802G are to be calcu-
lated. EntryCardinal data 5702B and ExitCardinal data
5702C indicate only trip metadata associated with a trip
having a North entry bearing and an East exit bearing should
be processed.

[0702] Finally, EventStartTimel.ocal data 5702D and
EventStopTimeLocal data 5702E indicate that only trip
metadata corresponding to trips having a start time between
Jan. 1, 2020 at 1 AM and Jan. 1, 2021 at 1 AM are to be
processed for generating metrics.

[0703] Alternatively, filter data includes cross-streets data
indicating the streets forming the intersection for indicating
the intersection for which metrics are to be calculated. For
instance, cross street data includes StreetNameEntry data
and StreetNameEXxit data.

[0704] Alternatively, filter data includes one or more trip
metadata. Some specific and non-limiting examples include
vocation, direction of travel, make, model, vehicle year,
weightclass and vehicle type.

[0705] Alternatively, filter data includes one or more days
of the week.
[0706] Traffic analytics system 104a selects a subset of

trip metadata based on filter data 5702 for forming filtered
trip metadata 5703 shown in FIG. 57C. Next, traffic analyt-
ics system 104a processes filtered trip metadata 5703 for
calculating intersection metrics data for intersection 4802G.
[0707] Exemplary intersection metrics data 5704 is shown
in FIG. 57D including,

[0708] NumberOfTrips data 5704A indicating the total
number of filtered trip metadata instances included in fil-
tered trip metadata is 10,000 i.e., the total number of trips
represented by filtered trip metadata is 10,000 trips,

[0709] AvgTravelSpeed data 5704B indicating the average
travel speed through the intersection is 60 km/h. For
example, traffic analytics system 104a calculates AvgTravel
Speed data by dividing the sum of TravelDistance indicated
by each filtered trip data instance by the sum of TravelTime
indicated by each filtered trip data instance,

[0710] AvgRunningSpeed data 5704C indicating the aver-
age running speed through the intersection is 100 km/h. For
example, traffic analytics system 104a calculates the Avg-
RunningSpeed by dividing the sum of TravelDistance indi-

cated by each filtered trip data instance by the sum of
TravelTime from each filtered trip data instance,

[0711] AvgTravelTime data 5704D indicating the average
trip time is 156 s. For example, traffic analytics system 104a
calculates AvgTravelTime by dividing the sum of Trav-
elTime indicated by each filtered trip data instance by the
total number of trips, i.e., 10,000,

[0712] PercentOfVolumeByVehicleClass data 5704E indi-
cating the percentage volume of trips associated with each
each vehicle class is: ClassA—5%, Class B—5%, Class
C—7%, Class D—10%, Class E—3%, Class F—10%, Class
G—5%, Class H—5%, Class 3—30%, Class 4—2%, Class
5—4%, Class 6—4%, Class 7—5%, Class 8 —5%. For
example, traffic analytics system 104a calculates Per-
centOfVolumeByVehicleClass by, for each vehicle class,
dividing the sum of trips associated with each vehicle class
by the total number of trips, i.e., 10,000,

[0713] PercentageStopping data 5704F indicating the per-
centage of trips wherein the corresponding vehicle stopped
at least once during the trip is 70%. For example, traffic
analytics system 104a calculates PercentageStopping by
dividing the sum of each filtered trip metadata instance
indicating NumberofStops data is greater than zero the total
number of trips, i.e., 10,000,

[0714] AvgNumberOfStops data 5704G indicating the
average number of times vehicles stopped during a trip is 2.
For example, traffic analytics system 104a calculates
AvgNumberOfStops by dividing the sum of NumberofStops
Data indicated by each filtered trip metadata instance by the
total number of trips, i.e., 10,000.

[0715] AvgDistanceFromlIntersectionToFirstStop data
5704H indicating the average distance from the first location
a vehicle stops from the intersection core to the time the
vehicle enters the intersection core during a trip is 6 m. For
example, traffic analytics system 104a calculates AvgDis-
tanceFromIntersectionToFirstStop by dividing the sum of
DistanceFromFirstSTop indicated by each filtered trip meta-
data instance by the total number of trips, i.e., 10,000.
Alternatively, another center location is determined to be a
centre location of the intersection core,

[0716] AvgTotalTimeStopped data 57041 indicating aver-
age total time a vehicle was stopped, i.e., speed was 0 km/h,
is 50 s. For example, traffic analytics system 104a calculates
AvgTotalTimeStopped by dividing the sum of StopTimeTo-
tal indicated by each filtered trip metadata instance by the
total number of trips, i.e., 10,000,

[0717] AvgTimeFromFirstStop data 5704] indicating
average time between a vehicle stoopin a first time to the
time the vehicle exits the intersection core is 75 s. For
example, traffic analytics system 104a calculates AvgTime-
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FromFirstStop by dividing the sum of TimeFromFirstStop
indicated by each filtered trip metadata instance by the total
number of trips, i.e., 10,000,

[0718] AvgTotalTimeStoppedNoZero data 5704K indicat-
ing average total time a vehicle was stopped, i.e., speed was
0 km/h, (excluding vehicles which did not stop) during a trip
is 40 s. For example, traffic analytics system 104a deter-
mines the total number of trips having NumberofStops
greater than zero, for instance, 7,000 out of 10,000 filtered
metadata instances indicated NumberofStops greater than
zero. Next, traffic analytics system 104a calculates AvgTo-
talTimeStoppedNoZero by dividing the sum of TimeFrom-
FirstStop indicated by each filtered trip metadata instance by
the total number of trips having NumberofStops greater than
zero, i.e., 7,000,

[0719] AvgNumberOfStopsNoZero data 5704L. indicating
the average number of stops made during a trip before
passing through the intersection (excluding vehicles which
did not stop) is 3. For example, traffic analytics system 104a
determines the total number of trips having NumberofStops
greater than zero, for instance, 7,000 out of 10,000 filtered
metadata instances indicated NumberofStops greater than
zero. Next traffic analytics system 104a calculates AvgNum-
berOfStopsNoZero by dividing the sum of NumberofStops
Data indicated by each filtered trip metadata instance by the
total number of trips having NumberofStops greater than
zero, i.e., 7,000.

[0720] Additionally and/or optionally, other intersection
metrics are calculated based on trip metadata and corre-
sponding intersection metrics data is formed.

[0721] Next, traffic analytics system 104a provides inter-
section metrics data, for example, to a user via a user
interface. Alternatively, intersection metrics data is stored in
a data file, for instance, in datastore 304, for future use.

Corridor Metrics

Process 5800

[0722] According to an embodiment there is a process for
determining corridor metrics for a road network corridor. A
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network corridor includes a plurality of contiguously con-
nected intersections. FIG. 58A shows a flow diagram of a
process 5800 for determining corridor metrics for a road
network corridor.

[0723] Process 5800 includes blocks 4602 to block 4620
of process 4600.

[0724] Once intersection metrics data has been formed,
process 5800 proceeds at block 5802. At block 5802, inter-
section metrics data and corridor data are processed for
forming corridor metrics data. Corridor data indicates the
intersections that form a corridor for which metrics are to be
calculated.

[0725] For example, corridor data is provided to traffic
analytics system 104a by a user, for example, via a user
interface. Alternatively, traffic analytics system 104a
receives corridor data in a data file, for example, via network
interface 306. In this example, a user specifies in corridor
data that the corridor includes intersections 4802A, 48028,
4802C, 4802D, 4802G and 4802F, i.e., intersections A, B, C,
D, G, and F of road network 4501. Shown in FIG. 58B is a
conceptual diagram of an exemplary corridor 5804 including
intersections 4802A, 48028, 4802C, 4802D, 4802G and
4802F, i.e., intersections A, B, C, D, G, and F. In this
example, a corridor includes 6 intersections, however, a
corridor may include 2 intersections or more.

[0726] Next, traffic analytics system 104a processes trip
metadata 5700 for forming intersection metrics data 5806
including, 5806A, 5806B, 5806C, 5806D, 5806G, and
5806F, for each intersection A, B, C, D, G, and F, respec-
tively, of corridor 5804, as shown in FIG. 58C. In this
example, Exemplary intersection metrics 5806 A for inter-
section A are shown in FIG. 58D.

[0727] Next, traffic analytics system 104a processes inter-
section metrics data 5806A, 58068, 5806C, 5806D, 5806G,
and 5806F, for generating corridor metrics for corridor 5804.

[0728] Specific and non-limiting examples of corridor
metrics are provided in Table 15 below.

TABLE 15

Corridor Metrics

Corridor

Percentage Stopping data

Corridor

AvgTravel Speed data

Corridor

AvgRunningSpeed data

Corridor

Percentage of vehicles which came to at least one
complete stop before passing through the corridor
Average travel speed through the corridor(total
distance over total time)

Average running speed through the corridor(total
distance over moving time)

Average total time spent at zero speed

AvgTotalTimeStopped data

Corridor

AvgTotalTimeStoppedNoZero data

Corridor

Average total time spent at zero speed (excluding
vehicles which did not stop)
Average total travel time through the corridor

AvgTravelTime data

Corridor

AvgTimeFromFirstStop data

Corridor

AvgNumberOfStopsNoZero data

Corridor

AvgDistanceFromIntersection-
ToFirstStop data

Corridor

PercentOfVolumeByVehicleClass data

Corridor

Average time from the first stop to travelling
through the corridor

Average number of stops made before passing
through the corridor (excluding vehicles which did
not stop)

Average distance from the first stop to travelling
through the corridor

Percent of the total volume through the corridor,
broken down by class of vehicle
Total number of trips through the corridor

NumberOfTrips data
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[0729] For example, traffic analytics system 104a divides
the sum of an intersection metric of all intersections A, B, C,
D, G, and F, by the number of intersections, i.e., 6, for
determining a corresponding corridor metric. For instance,
traffic analytics system 104a sums PercentageStopping met-
rics from intersections A, B, C, D, G, and F and divides that
sum by 6 to calculate a Corridor PercentageStopping metric
and forms corresponding corridor PercentageStopping met-
ric data.

[0730] Traffic analytics system 104a processes the remain-
der of intersection metrics data 5806 for forming corridor
metrics for corridor ABCDGF. Exemplary corridor metrics
5808 for corridor ABCDGF is shown in FIG. 58D.

[0731] Additionally, and/or optionally, traffic metrics
between one or more pairs of contiguous intersections of a
corridor is determined. A contiguous pair of intersections
includes two intersections connected in a road network via
a road section. In other words, there is no other intersection
between the path of a vehicle from a first intersection of the
pair to the second intersection of the pair. Examples of
contiguous pairs include AB, BC, CD, DG and GF.

[0732] For example, traffic analytics system 104a divides
the sum of an intersection metric of intersections A and B,
by the number of intersections, i.e., 2, for determining a
corresponding traffic metric therebetween. For instance,
traffic analytics system 104a sums PercentageStopping met-
rics from intersections A and B, and divides that sum by 2
to calculate AB PercentageStopping metric and forms cor-
responding AB PercentageStopping metric data.

[0733] Traffic analytics system 104a processes intersec-
tion metrics data 5806A and 58068 for forming AB traffic
metrics data 5810AB, intersection metrics data 58068 and
5806C for forming BC traffic metrics data 5810BC, inter-
section metrics data 5806C and 5806D for forming CD
traffic metrics data 5810CD, intersection metrics data 5806D
and 5806G for forming DG traffic metrics data 5810DG, and
intersection metrics data 5806G and 5806F for forming GF
traffic metrics data 5810GF, shown in FIG. 58E.

[0734] Additionally, and/or optionally, cumulative corri-
dor metrics including corridor metrics for sequences of
contiguous intersections of a corridor. Examples of
sequences of contiguous intersections of corridor 5804
include intersections ABC, ABCD, and ABCDG.

[0735] For example, traffic analytics system 104a divides
the sum of an intersection metric of intersections A, B and
C, by the number of intersections, i.e., 3, for determining a
cumulative metric. For instance, traffic analytics system
104a sums PercentageStopping metrics from intersections
A, B and C, and divides that sum by 3 to calculate ABC
cumulative metric PercentageStopping and forms corre-
sponding ABC PercentageStopping metric data. Exemplary
ABC cumulative metric data 5814ABC for sequence ABC is
shown in FIG. 58F.

[0736] Traffic analytics system 104a processes intersec-
tion metrics data 5806A, 58068 and 5806C for forming
ABC cumulative metric data 5814ABC, intersection metrics
data 5806A, 58068, 5806C and 5806D for forming ABCD
cumulative metric data 5814ABCD, intersection metrics
data 5806 A, 58068, 5806C, 5806D and 5606G for forming
ABCDG cumulative metric data 5814ABCDG, shown in
FIG. 58G.

[0737] For ease of description in the discussion above,
monitoring device is described as a physical device, how-
ever, it may be a component of a larger system, such as a
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vehicle communication system. Alternatively, the monitor-
ing device is not a physical device and is integrated into a
component of a larger system configured to perform opera-
tions/processes described herein. Further alternatively, the
monitoring device may operate as a virtual device of a
system.

[0738] One of ordinary skill in the art will appreciate that
there are various techniques for defining data indicative of
geographical coordinates of boundaries of a road network.
[0739] Included in the discussion above are a series of
flow charts showing the steps and acts of various processes.
The processing and decision blocks of the flow charts above
represent steps and acts that may be included in algorithms
that carry out these various processes. Algorithms derived
from these processes may be implemented as software
integrated with and directing the operation of one or more
processors, may be implemented as functionally-equivalent
circuits such as a Digital Signal Processing (DSP) circuit, a
Field Programmable Gate Array (FPGA), an Application-
Specific Integrated Circuit (ASIC), or may be implemented
in any other suitable manner. It should be appreciated that
the flow charts included herein do not depict the syntax or
operation of any circuit or of any programming language or
type of programming language. Rather, the flow charts
illustrate the functional information one skilled in the art
may use to fabricate circuits or to implement computer
software algorithms to perform the processing of an appa-
ratus carrying out the types of techniques described herein.
It should also be appreciated that, unless otherwise indicated
herein, the sequence of steps and/or acts described in each
flow chart is merely illustrative of the algorithms that may
be implemented and can be varied in implementations and
embodiments of the principles described herein.

[0740] Accordingly, in some embodiments, the techniques
described herein may be embodied in computer-executable
instructions implemented as software, including as applica-
tion software, system software, firmware, middleware,
embedded code, or any other suitable type of computer code.
Such computer-executable instructions may be written using
any of several suitable programming languages and/or pro-
gramming or scripting tools and may be compiled as execut-
able machine language code or intermediate code that is
executed on a framework or virtual machine.

[0741] Computer-executable instructions implementing
the techniques described herein may, in some embodiments,
be encoded on one or more computer-readable media to
provide functionality to the media. Computer-readable
media include magnetic media such as a hard disk drive,
optical media such as a Compact Disk (CD) or a Digital
Versatile Disk (DVD), Blu-Ray disk, a persistent or non-
persistent solid-state memory (e.g., Flash memory, Magnetic
RAM, etc.), or any other suitable storage media. As used
herein, “computer-readable media” (also called “computer-
readable storage media”) refers to tangible storage media.
Tangible storage media are non-transitory and have at least
one physical, structural component. In a “computer-readable
medium,” as used herein, at least one physical, structural
component has at least one physical property that may be
altered in some way during a process of creating the medium
with embedded information, a process of recording infor-
mation thereon, or any other process of encoding the
medium with information. For example, a magnetization
state of a portion of a physical structure of a computer-
readable medium may be altered during a recording process.
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[0742] While not illustrated in FIGS. 3A, 3B, 5A, and 5B,
traffic analytics system 104a, 1045 and intelligent telematics
system 500q, 5005 may additionally have one or more
components and peripherals, including input and output
devices. These devices can be used, among other things, to
present a user interface. Examples of output devices that can
be used to provide a user interface include printers or display
screens for visual presentation of output and speakers or
other sound generating devices for audible presentation of
output. Examples of input devices that can be used for a user
interface include keyboards, and pointing devices, such as
mice, touch pads, and digitizing tablets. As another example,
traffic analytics system 104a, 1045 and intelligent telematics
system 500a, 5005 may receive input information through
speech recognition or in other audible format.

[0743] Embodiments have been described where the tech-
niques are implemented in circuitry and/or computer-execut-
able instructions. It should be appreciated that some embodi-
ments may be in the form of a method or process, of which
at least one example has been provided. The acts performed
as part of the method or process may be ordered in any
suitable way. Accordingly, embodiments may be constructed
in which acts are performed in an order different than
illustrated, which may include performing some acts simul-
taneously, even though shown as sequential acts in illustra-
tive embodiments. Various aspects of the embodiments
described above may be used alone, in combination, or in a
variety of arrangements not specifically discussed in the
embodiments described in the foregoing and is therefore not
limited in its application to the details and arrangement of
components set forth in the foregoing description or illus-
trated in the drawings. For example, aspects described in one
embodiment may be combined in any manner with aspects
described in other embodiments.

[0744] Embodiments of the present invention provide one
or more technical effects. In particular, the ability to repur-
pose raw vehicle data indicative of vehicle operating con-
ditions originally intended for fleet management for use by
a traffic analytics system and/or an intelligent telematics
system for defining road networks. Using speed data and
ignition state data of raw vehicle data for defining geo-
graphical boundaries of road networks. Implementing
machine learning techniques using raw vehicle data to define
the location of road networks. Provides alternative tech-
niques compared to prior art for locating road networks.
Such as, image and video capture and processing, GIS
measurement techniques, gathering position data from tar-
geted GPS devices, and gathering data uploaded data by the
public. Ability to define locations of road networks without
obtaining location data from 3rd party, performing complex
imagine processing or extracting road network location data
from a 3rd party website. Once locations of vehicle ways are
determined, the ability to obtain traffic data and/or traffic
metrics related to the vehicle way.

Nomenclature

[0745] Vehicle: a transportation asset, some examples
include: a car, truck, recreational vehicle, heavy equipment,
tractor, and snowmobile.

[0746] Vehicle way: an area frequently used by vehicles,
i.e., an area on the Earth’s surface repeatedly employed by
vehicles. A vehicle way may include an area employed by
vehicles for movement and/or parking.
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[0747] Location: a unique geographic location of an object
on the Earth’s surface.

[0748] Point location/Location of a point: defines a unique
two-dimensional location of a point on the Earth’s surface,
for example, geographic coordinate pair, latitude/longitude.
[0749] Area location/Location of an area: a unique two-
dimensional space on the Earth’s surface.

[0750] Known area: an area of which the location thereof
is defined.
[0751] Monitoring device: a device onboard a vehicle for

detecting environmental operating conditions associated
with a vehicle and transmitting raw vehicle data indicative
thereof.

[0752] Raw vehicle data: data including vehicle operation
information indicative of vehicle operating conditions and
the date and time vehicle operating conditions were logged.
Raw vehicle data may include information for identifying an
onboard monitoring device and/or a vehicle the monitoring
device is aboard.

[0753] Second historical vehicle data/Historical vehicle
data: raw vehicle data collected over a period of time.
[0754] Second vehicle data/Vehicle data: raw vehicle data
and data interpolated therefrom or raw vehicle data.

[0755] Zone: an area encompassing an associated vehicle
way.

[0756] Road Network Zone: an area encompassing a road
network.

[0757] Subzone/Second subzone: portion of a zone/por-

tion of a road network zone.

[0758] Classifier: a classification model defined by using a
machine learning technique for classifying an object. In
context of this application, a classifier classifies a subzone
(e.g., a known area) as a vehicle way class or not-vehicle
way class.

[0759] Feature: data indicative of variables/attributes, or
measurements of properties of a phenomenon being
observed and/or data derived therefrom. In context of this
application, a feature is a numerical representation of a
subzone.

What is claimed is:

1. A traffic analytics system comprising a first datastore
and a processing resource, the traffic analytics system con-
figured for:

providing first road network data indicating a first plural-

ity of road network subzones defining a geographic
area occupied by a road network, the road network
including a plurality of intersections;
processing first road network data for labelling each road
network subzone as one of a core subzone and non-core
subzone for forming a first plurality of core subzones
and a first plurality of non-core subzones and storing an
indication thereof in the first road network data;

mapping each of the first plurality of core subzones to an
intersection of the plurality of intersections of the road
network and storing an indication thereof in the first
road network data;
forming a plurality of subsets of core subzones of the first
plurality of core subzones, each thereof defining a
geographic area occupied by an intersection core of an
intersection of the plurality of intersections;

processing first road network data for mapping each
non-core subzone of the first plurality of non-core
subzones to at least an intersection of the plurality of
intersections;
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forming second road network data including the first road
network data and an indication of the at least an
intersection of the plurality of intersections of the road
network to which each non-core subzone of the first
plurality of non-core subzones is mapped;

forming trip metadata dependent on second road network

data and third vehicle data corresponding to the first
plurality of road network subzones; and

processing trip metadata associated with a first intersec-

tion of the intersection of the plurality of intersections
for forming traffic metrics data indicative of intersec-
tion metrics for the first intersection.

2. The traffic analytics system of claim 1 wherein pro-
cessing first road network data for mapping each non-core
subzone of the first plurality of non-core subzones to at least
an intersection of the plurality of intersections of the road
network includes,

for each road network subzone of the first plurality of road

network subzones, processing road network data for
forming point data indicating a point representing a
location of the road network subzone,

for each intersection of the plurality of intersections,

processing point data of a corresponding intersection
core and point data of the first plurality of non-core
subzones for clustering corresponding points into
groups, and

for each point of a non-core subzone of the first plurality

of non-core subzones grouped in a same group as
points of an intersection core, mapping the non-core
subzone to a corresponding intersection of the inter-
section core.

3. The traffic analytics system of claim 2 wherein pro-
cessing point data of a corresponding intersection core and
point data of the first plurality of non-core subzones for
clustering corresponding points into groups includes, for at
least a road network subzone, processing road network data
for determining a centre point of the road network subzone.

4. The traffic analytics system of claim 2 wherein pro-
cessing point data of a corresponding intersection core and
point data of the first plurality of non-core subzones for
clustering corresponding points into groups includes clus-
tering the corresponding points into groups using a spatial
clustering algorithm.

5. The traffic analytics system of claim 4 wherein the
spatial clustering algorithm includes a density-based spatial
clustering of applications with noise spatial clustering algo-
rithm.

6. The traffic analytics system of claim 1 wherein forming
trip metadata dependent on second road network data and
third vehicle data corresponding to the first plurality of road
network subzones includes,

for each of a plurality of vehicles corresponding to the

third vehicle data, selecting at least a first subset of
temporally consecutive third vehicle data instances
indicating the vehicle transitions from a first undrivable
state to a second drivable state to a third undrivable
state for forming journey data;

processing journey data and road network data for map-

ping each instance of journey data to a road network
subzone of the first plurality of road network subzones
based on a journey data instance corresponding to a
road network subzone of the first plurality of road
network subzones and storing an indication of a loca-
tion of the road network subzone, a label of the road
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network subzone, and intersection mapping of the road
network subzone in the journey data;

selecting subsets of journey data instances for forming

trip data indicative of vehicle trips and mapping the trip
data to an intersection of the plurality of intersections
of the road network; and

processing each trip data instance of the trip data for

forming trip metadata.

7. The traffic analytics system of claim 6 wherein for a
plurality of vehicles corresponding to the third vehicle data,
selecting at least a first subset of temporally consecutive
third vehicle data instances indicating the vehicle transitions
from a first undrivable state to a second drivable state to a
third undrivable state for forming journey data, includes, for
at least a vehicle, selecting at least a sequence of third
vehicle data instances including a third vehicle data instance
indicating ignition status of the vehicle is OFF, immediately
followed by a third vehicle data instance indicating an
ignition status of the vehicle is ON and the vehicle has a
speed greater than 0 km/h, immediately followed by one or
more third vehicle data instances indicating the vehicle is
ON, immediately followed by a third vehicle data instance
indicating ignition status of the vehicle is OFF.

8. The traffic analytics system of claim 6 wherein select-
ing subsets of journey data instances for forming trip data
indicative of vehicle trips includes,

selecting at least a first sequence of journey data instances

from journey data for forming trip data, the at least a
first sequence of journey data instances including at
least one journey data instance corresponding to a core
subzone that is mapped to a first intersection immedi-
ately followed by a journey data instance mapped to a
second intersection, wherein the second intersection
and the first intersection are not the same intersection;
and

mapping each trip data instance to the first intersection

and storing an indication of the mapping therein.

9. The traffic analytics system of claim 6 wherein select-
ing subsets of journey data instances for forming trip data
indicative of vehicle trips includes,

selecting at least a first sequence of journey data instances

from journey data including at least one journey data
instance corresponding to a core subzone that is
mapped to a first intersection immediately followed by
a journey data instance mapped to a second intersec-
tion, wherein the second intersection and the first
intersection are not the same intersection;

selecting a second sequence of journey data instances

including at least a journey data instance corresponding
to a non-core subzone mapped to the first intersection
immediately preceding the at least a first sequence of
journey data instances;

forming trip data based on the first sequence of journey

data instances and the second sequence of journey data
instances; and

mapping each trip data instance to the first intersection

and storing an indication of the mapping therein.

10. The traffic analytics system of claim 6 wherein form-
ing trip metadata includes forming trip metadata selected
from a group of: Hardwareld data, VIN data, Make data,
Model data, VehicleYear data, WeightClass data, Vehicle-
Type data, Vocation data, TripID data, Intersectionld data,
TimezoneName data, EventStartTimeUTC data, EventEnd-
TimeUTC data, EventStartTimeLocal data, EventEndTime-
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Local data, Startingl.ocation data, EntryCardinal data, Exit-
Cardinal data, StreetNameEntry data, StreetNameExit data,
SignalUsed data, TurnSignals data, TravelTime data,
TravelDistance data, TravelSpeed data, RunningTime data,
RunningSpeed data, MaxSpeed data, MinSpeed data, Stop-
TimeTotal data, NumberOfStops data, TimeFromFirstStop
data, DistanceFromFirstStop data, CoreDistance data, Max-
Acceleration data, and MinAcceleration data.

11. The traffic analytics system of claim 10 wherein
forming EntryCardinal data comprises determining a bear-
ing between position data corresponding to a first instance of
corresponding trip data located in an intersection core and an
immediately preceding instance of corresponding journey
data and creating EntryCardinal data indicative of the bear-
ing.

12. The traffic analytics system of claim 10 wherein
forming ExitCardinal data includes,

determining a bearing between position data correspond-

ing to a last instance of corresponding trip data located
in an intersection core and an immediately following
instance of corresponding journey data; and

creating ExitCardinal data indicative of the bearing.

13. The traffic analytics system according to claim 1
wherein processing trip metadata associated with the first
intersection for providing traffic metrics data indicative of
intersection metrics for the first intersection further includes,

selecting a subset of trip metadata associated with the first

intersection for forming filtered trip metadata; and
processing filtered trip metadata for providing traffic
metrics for the first intersection.

14. The traffic analytics system of claim 13 wherein
selecting a subset of trip metadata for forming filtered trip
metadata includes selecting a subset of trip metadata depen-
dent on filter data.

15. The traffic analytics system of claim 14 wherein filter
data is selected from a group of: Hardwareld data, VIN data,
Make data, Model data, VehicleYear data, WeightClass data,
VehicleType data, Vocation data, Intersectionld data, Tim-
ezoneName data, EventStartTimeUTC data, EventEnd-
TimeUTC data, EventStartTimelLocal data, EventEndTime-
Local data, Startingl.ocation data, EntryCardinal data,
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ExitCardinal data, StreetNameEntry data, StreetNameExit
data, SignalUsed data, TurnSignals data, TravelTime data,
TravelDistance data, Travel Speed data, RunningTime data,
RunningSpeed data, MaxSpeed data, MinSpeed data, Stop-
TimeTotal data, NumberOfStops data, TimeFromFirstStop
data, DistanceFromFirstStop data, CoreDistance data, Max-
Acceleration data, and MinAcceleration data.

16. The traffic analytics system of claim 12 wherein filter
data indicates one or more days of a week.

17. The traffic analytics system of claim 14 wherein filter
data includes filter data provided by a user.

18. The traffic analytics system of claim 1 wherein form-
ing intersection metrics data includes forming intersection
metrics data selected from a group of: PercentageStopping,
AvgTravelSpeed, AvgRunningSpeed, AvgTotal-
TimeStopped, AvgTotalTimeStoppedNoZero, Avglrav-
elTime, AvgTimeFromFirstStop, AvgNumberOfStops,
AvgNumberOfStopsNoZero,  AvgDistanceFromIntersec-
tionToFirstStop, PercentOfVolumeByVehicleClass, and
NumberOfTrips.

19. The traffic analytics system of claim 10 wherein
forming trip metadata StreetNameEntry data, for at least an
intersection of the plurality of intersections, includes,

receiving data indicative of roads and location thereof

within the area occupied by core subzones of a corre-
sponding intersection core;

mapping each core subzone of the intersection core to a

nearest road; and

generating StreetNameEntry data indicating a name of a

road associated with a first core subzone of a trip.

20. The traffic analytics system of claim 10 wherein
forming trip metadata StreetNameEntry data, for at least an
intersection of the plurality of intersections, includes,

receiving data indicative of roads and location thereof

within the area occupied by core subzones of a corre-
sponding intersection core;

mapping each core subzone of the intersection core to a

nearest road; and

generating StreetNameEntry data indicating a name of a

road associated with a last core subzone of a trip.
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