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METHOD AND APPARATUS FOR
DISPERSING INCIDENT ROUTING

BACKGROUND

[0001] Incidents, such as an incident with airborne haz-
ards, have significant impacts on driving conditions and
safety. For mstance, a massive fire caused by e.g. a collaps-
ing bridge generates smoke, a chemical cloud, etc. and
paralyzes trailic tlow. The fire, the smoke, the chemical
cloud, etc. can spread naturally. In addition, weather can
disperse these hazards, making some paths towards/away
from the incident site completely undrivable. Not only
emergency vehicles need to respond to incidents without
delay, but also other vehicles want to leave/avoid the 1nci-
dent sites, utilizing routes that are drivable and safe. Traflic
reporting service providers (e.g., governmental providers,
commercial providers, crowd-sourced providers, etc.) dis-
tribute traflic related data to users, optionally including
weather data. The traflic related data comes from various
sources, 1ncluding crowd-souring from vehicles. For
example, modem vehicles are capable of sensing and report-
ing road-related events such as traflic incidents, fire inci-
dents, etc. as they travel throughout a road network. How-
ever, crowd-souring reporting depends on active reporting
by drnivers, passengers, and/or vehicles, which may not be
available 1n some areas, such as forests, private properties,
etc. Accordingly, service providers face significant technical
challenges to route vehicles mto or away from dispersing
incident(s).

SOME EXAMPL.

L1

EMBODIMENTS

[0002] Theretore, there 1s need for an approach for routing
vehicles mto or away from dispersing incident(s) that affect
driving conditions and safety, such as a fire, a smoke cloud,
a chemical cloud, a demonstration, people leaving a concert,
etc.

[0003] According to one embodiment, a computer-imple-
mented method comprises determining an incident location
of an incident. The ncident disperses over a geographic
area. The method also comprises generating a polygon
representing the geographic area. The incident location 1s
represented as one vertex ol the polygon. The method
turther comprises computing a navigation route to or from
the 1incident location, the geographic area, a vicimity of the
geographic area, or a combination thereof based on a routing
engine cost function. The routing engine cost function
weilghs a traversal through the geographic area represented
by the polygon to generate the navigation route.

[0004] According to another embodiment, an apparatus
comprises at least one processor, and at least one memory
including computer program code for one or more programes,
the at least one memory and the computer program code
configured to, with the at least one processor, to cause, at
least 1n part, the apparatus to determine an 1incident location
of an incident. The ncident disperses over a geographic
area. The apparatus 1s also caused to generate a polygon
representing the geographic area. The incident location 1s
represented as one vertex of the polygon. The apparatus 1s
turther caused to compute a navigation route to or from the
incident location, the geographic area, a vicinity of the
geographic area, or a combination thereof based on a routing
engine cost function. The routing engine cost function
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weighs a traversal through the geographic area represented
by the polygon to generate the navigation route.

[0005] According to another embodiment, a computer-
readable storage medium carrying one or more sequences of
one or more 1nstructions which, when executed by one or
more processors, cause, at least mn part, an apparatus to
determine an incident location of an incident. The incident
disperses over a geographic arca. The apparatus 1s also
caused to generate a polygon representing the geographic
area. The incident location 1s represented as one vertex of the
polygon. The apparatus 1s further caused to compute a
navigation route to or from the incident location, the geo-
graphic area, a vicinity of the geographic area, or a combi-
nation thereof based on a routing engine cost function. The
routing engine cost function weighs a traversal through the
geographic area represented by the polygon to generate the
navigation route.

[0006] According to another embodiment, an apparatus
comprises means for determiming an 1ncident location of an
incident. The incident disperses over a geographic area. The
apparatus also comprises means for generating a polygon
representing the geographic area. The incident location 1s
represented as one vertex of the polygon. The apparatus
further comprises means for computing a navigation route to
or from the incident location, the geographic area, a vicinity
of the geographic area, or a combination thereof based on a
routing engine cost function. The routing engine cost func-
tion weighs a traversal through the geographic area repre-
sented by the polygon to generate the navigation route.

[0007] For various example embodiments of the inven-
tion, the following 1s also applicable: a method comprising
facilitating access to at least one interface configured to
allow access to at least one service, the at least one service
configured to perform any one or any combination of
network or service provider methods (or processes) dis-
closed 1n this application.

[0008] For various example embodiments of the inven-
tion, the following is also applicable: a method comprising
facilitating creating and/or facilitating modifying (1) at least
one device user interface element and/or (2) at least one
device user interface functionality, the (1) at least one device
user interface element and/or (2) at least one device user
interface functionality based, at least in part, on data and/or
information resulting from one or any combination of meth-
ods or processes disclosed in this application as relevant to
any embodiment of the imnvention, and/or at least one signal
resulting from one or any combination of methods (or
processes) disclosed 1n this application as relevant to any
embodiment of the invention.

[0009] In various example embodiments, the methods (or
processes) can be accomplished on the service provider side
or on the mobile device side or 1n any shared way between
service provider and mobile device with actions being
performed on both sides.

[0010] For various example embodiments, the following 1s
applicable: An apparatus comprising means for performing
the method of any of the claims.

[0011] Sull other aspects, features, and advantages of the
invention are readily apparent from the following detailed
description, simply by illustrating a number of particular
embodiments and implementations, including the best mode
contemplated for carrying out the invention. The mvention
1s also capable of other and different embodiments, and 1ts
several details can be modified in various obvious respects,
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all without departing from the spirit and scope of the
invention. Accordingly, the drawings and description are to
be regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The embodiments of the invention are illustrated
by way of example, and not by way of limitation, 1n the
figures of the accompanying drawings:

[0013] FIG. 1 1s a diagram of a system capable of dis-
persing incident routing, according to one embodiment;
[0014] FIG. 2A are diagrams illustrating example dispers-
ing incidents, according to various embodiments;

[0015] FIG. 2B 1s a diagram 1llustrating an example dis-
persing incident, according to one embodiment;

[0016] FIG. 2C 1s a diagram of an example machine
learning data matrix, according to one embodiment;
[0017] FIG. 3 1s a diagram of the components of a map-
ping platform that supports dispersing incident routing,
according to one embodiment;

[0018] FIG. 4 1s a flowchart of a process for dispersing
incident routing, according to one embodiment;

[0019] FIGS. 5A-5B are diagrams of example map user
interfaces associated with dispersing 1incident routing,
according to various embodiments;

[0020] FIG. 6 15 a diagram ol a geographic database,
according to one embodiment;

[0021] FIG. 7 1s a diagram of hardware that can be used to
implement an embodiment of the invention, according to
one embodiment:

[0022] FIG. 8 1s a diagram of a chip set that can be used
to implement an embodiment of the invention, according to
one embodiment; and

[0023] FIG. 9 1s a diagram of a mobile terminal (e.g.,
handset or vehicle or part thereof) that can be used to
implement an embodiment.

DESCRIPTION OF SOME EMBODIMENTS

[0024] Examples of a method, apparatus, and computer
program for dispersing incident routing are disclosed. In the
following description, for the purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of the embodiments of the mnven-
tion. It 1s apparent, however, to one skilled in the art that the
embodiments of the invention may be practiced without
these specific details or with an equivalent arrangement. In
other 1instances, well-known structures and devices are
shown 1n block diagram form 1n order to avoid unnecessarily
obscuring the embodiments of the invention.

[0025] FIG. 1 1s a diagram of a system capable of dis-
persing incident routing, according to one embodiment.
Service providers and vehicle manufacturers are increas-
ingly developing compelling navigation and other location-
based services that improve the overall dniving experience
and safety by leveraging vehicle capabilities, such as
autonomous driving, reporting road events using sensor data
collected by connected vehicles as they travel, etc. For
example, the vehicles can use their respective sensors to
detect incidents, slippery road conditions, etc., which 1n turn
can be used for 1ssuing local hazard warning, updating
real-time mapping data, as iputs to a mapping database.
[0026] However, crowd-souring reporting depends on
active reporting by drivers, passengers, and/or vehicles. In
addition, some areas may not have drivers, passengers,
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and/or vehicles available, such as forests, private properties,
etc. Moreover, these real-time incident reports are static on
specific road segments (e.g., fire, chemical cloud, etc.)
without forward looking into the dispersing factors based on
other factors, such as weather conditions. Weather condi-
tions such as precipitation, high winds, extreme tempera-
tures, etc. can aflect the spread of fire, smoke cloud, chemi-
cal cloud, etc. There 1s lack of approaches for estimating
incident dispersions based on different weather conditions,
using parameters such as wind speed/direction, precipitation
intensity/type, etc. There 1s neither a routing mechanism that
considers a dispersing incident, such as a spreading fire.

[0027] To address these problems, the system 100 of FIG.
1 mtroduces a capability to provide for dispersing incident
routing. In one embodiment, the system 100 can estimate
how an 1incident disperses based on weather information
(e.g., wind direction/speed), a location of the incident, etc. to
create a dispersion polygon with one of the vertices of the
polygon corresponding to the incident location and the
dimensions of the polygon depending on the prevailing wind
direction/speed. Once this polygon is created, the system
100 can increase traversal cost for road links on the map that
overlap with the polygon (“penalization™), and route
vehicles accordingly. For instance, the system 100 can route
an emergency vehicle to the incident location considering
the increased traversal cost (e.g., penalties), for example,
using the fastest route so as to better contain the fire as well
as save lives. When calculating the traversal cost, the system
100 can factor 1n the weather, the time of day, lighting, traflic
speed and volume, road configuration, etc. that aflect first
responders (e.g., law enforcement oflicers, paramedics,
emergency medical technicians (EMTs), firefighters, etc.)
safety, travel time, estimated time of arrival, etc. along
different roadways to the incident location. As another
instance, the system 100 can route other vehicles away from
the 1ncident location and/or the polygon considering their
own 1ncreased traversal cost (e.g., safer to stay away from
the fire and the polygon). In one embodiment, the other
vehicles” travel cost can factor 1 the impact on the emer-
gency vehicle (e.g., less traflic for the emergency vehicle to
reach the incident location), etc. For example, a fire truck
and/or fire fighters can be fatally struck or severely 1njured,
by a vehicle that lost visibility 1n a dense smoke. As another
example, a fire truck can be blocked by vehicles fleeing
away from the mcident location and/or the polygon.

[0028] In one embodiment, when routing involves a pri-
vate road network (e.g., 1n a corporation/school campus, an
industrial park, a research center, a gated community, air-
port, etc.), the system 100 can incorporate routes connecting
a private road network with a public road network via
gateways 1nto the private road network based on the above-
described travel cost. A private facility can install sensors to
detect dispersing incidents, such as the sensor networks/
systems required by law 1n certain facilities. In one embodi-
ment, the system 100 can consider public roads and private
roads equally. In another embodiment, the system 100 can
default to public roads and use private roads when the
incident location 1s not reachable otherwise. When calcu-
lating travel cost of the private roads, the system 100 can
factor in the cost of passing via gates, speedbumps, strictly
controlled entrances, etc.

[0029] In addition to vehicles, the system 100 can also
route pedestrians on foot, drone/aircraft routing (e.g., via
city buildings vs forests), efc.
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[0030] As shown FIG. 1, the system 100 comprises one or
more vehicles 101a-1017 (also collectively referred to as
vehicles 101) respectively equipped with sensors 103a-1037
(also collectively referred to as sensors 103) for sensing
vehicle locations and events, and/or other characteristics
(e.g., road conditions, weather conditions, etc.) on a road
segment 102 of a transportation network (e.g., a road net-
work) 1n which the vehicles 101 are traveling. For example,
the system 100 can determine an incident 105 (e.g., a fire
that blows fire smoke 106 toward a Y direction for a Z
distance) on the on the road segment 102 within a time frame
(that overlapped with a weather event 104, e.g., wind) based
on sensor data of a vehicle 101 and/or data from one or more
infrastructure sensors. For instance, vehicle location sensors
can apply various positioning assisted navigation technolo-
gies, e.g., global navigation satellite systems (GINSS), Wiki,
Bluetooth, Bluetooth low energy, 2/3/4/5/6G cellular sig-
nals, ultra-wideband (UWB) signals, etc., and various com-
binations of the technologies to derive vehicle and incident
location data. In another embodiment, the system 100 can
collect incident data from infrastructure sensors that may be
configured to use any sensing technology (e.g., visible light
camera sensors, Bluetooth, infrared sensors, Lidar sensors,
radar sensors, acoustic sensors, and the like) to detect the
incident(s), vehicle status, vehicle event(s), etc. In one
embodiment, the infrastructure sensors may be used 1n
combination with or 1n place of any of the vehicle sensors
discussed with respect to the various embodiments described
herein.

[0031] In yet another embodiment, the system 100 can
query mcident data from incident reporting databases (e.g.,
traflic incident feeds, traflic crash reports, police reports, eftc.
published by public authorities), trathc/weather incident
reporting applications, etc. There are many diflerent trathic
incident definitions/classifications within the transportation
community. By way of example, the Traflic Incident Man-
agement Handbook defines an incident as “any non-recur-
ring event that causes a reduction of roadway capacity or an
abnormal increase 1n demand.” Under this definition, events
such as ftrafhic crashes, disabled vehicles, spilled cargo,
highway maintenance and reconstruction projects, and spe-
cial non-emergency events (e.g., ball games, concerts, or any
other event that significantly aflects roadway operations) are
classified as an incident. The Trafhc Management Data
Dictionary (TMDD), as published by ITE and AASHTO,
defines an incident as “an unplanned randomly occurring
traflic event that adversely eflects normal traflic operations.”
The 2000 Highway Capacity Manual defines an incident as
being “any occurrence on a roadway that impedes normal
traflic flow.” In addition, traflic incident information report-
ing i1nto service providers 1s not always i a machine-
readable format, and much less 1n a standard incident
reporting format, such as Alert C code, Transport Protocol
Experts Group (TPEG) Traflic Event Compact (TEC) code,
etc. Accordingly, the system 100 can consolidate traflic/
weather incident information of different forms and formats
for processing. With the incident location/timing/nature
data, the system 100 can generate polygons for those 1nci-
dents that will spread/disperse considering environmental
(e.g., weather) condition(s). The system 100 may not require
absolute certainty of a trathic/weather incident, but with a
probability passing a threshold.

[0032] FIG. 2A are diagrams illustrating example dispers-
ing incidents, according to various embodiments. FIG. 2A
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shows a street 1mage 201 depicting a fire incident on a
roadway with dispersing smoke during traflic hours. In this
embodiment, the system 100 can generate a diagram 203
showing vehicles 205 and a polygon 207 representing the
dispersing fire/smoke incident. A direction and a size of the
polygon can determined based on weather parameters (e.g.,
wind direction/speed), traflic parameters (e.g., peak hours),
map object parameters (e.g., buildings), etc.

[0033] For instance, the system 100 can consider map
objects (e.g., buildings, overpasses, etc.) nearby the road
segment 102 with mncident shuelding effect(s) to calculate a
delta/difference A contributed by such object(s) under
weather condition(s) during a time frame. For instance, FIG.
2 A shows a street diagram 209 depicting building(s) 211 that
can block a portion 213 of a road segment from fire/smoke
thus reducing the incident effect. The building(s) 211 can
also block/shield the portion 213 from the wind that
increases the fire/smoke effect. The system 100 can deter-
mine the portion 213 using map data (e.g., including three-
dimensional (3D) model data of the building(s)), weather
data (e.g., wind direction, strength, etc.), and 3D projection.
In this embodiment, the system 100 can convert the building
(s) 211 and the portion 213 1n the street diagram 209 into a
2D map diagram 215 using 3D-2D conversion.

[0034] FIG. 2B 1s a diagram 220 illustrating an example
dispersing incident, according to one embodiment. This
example routing taking into account wind dispersion of an
airborne hazard (e.g., a chemical cloud). Without the hazard,
the system 100 can recommend a fastest route 225 (1n a dot
line) from a location 221 of an emergency vehicle to an
incident location 223 in FIG. 2B. However, given the
incident and wind characteristics, the emergency vehicle
would be routed via a gray path 227 that circumvents a
dispersing polygon 229 representing the airborne hazard
incident. For instance, the dispersing polygon 229 can
provide a projected path for the airborne hazard starting
from the incident site and 1n direction of the prevailing wind.
In FIG. 2B, the polygon 229 can be a 2D triangle since 1t 1s
the simplest (e.g., most eflective) shape applying the
method. In another embodiment, the polygon 229 can be a
3D cone (e.g., a 3D cone 231 in FIG. 5B) that depicts the
three-dimensional dispersion of the airborne hazard. For
instance, the system 100 can use the 3D cone to route aerial
vehicles, such as helicopters, drones, etc.

[0035] Inone embodiment, the size of the polygon 229 can
depend on the intensity of the incident and/or the prevailing
wind speed. The wind information, both speed and direction,
can be entered either manually or via a weather service
application programming interface (API). In another
embodiment, the system 100 can use predicted wind patterns
to forecast how winds change while the incident progresses,
which aflects the dimensions and orientation of the polygon
229. For instance, incident and/or airborne hazard intensity
may be provided as a rating (e.g. 1-5), as a more direct
measurement of the incident (e.g. liters per second, cubic
meters per second, etc.), etc. Other polygon shapes than
tringles can be used to cover diflerent dispersion patterns,
such as ovals, logarithmic hom, etc.

[0036] In one embedment, the polygon 229 can include a
gradient component to reflect intensity of the incident and/or
airborne hazard. Typically, the higher intensity would be
concentrated around the incident site with the effect decreas-
ing as a function of a distance therefrom. In another embodi-
ment, the gradient can have the highest intensity uniformly
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along a bisecting line of the polygon, e¢.g., which starts at the
vertex corresponding to the incident site. The intensity fades
from the bisecting line towards the outer edges of the
polygon. In yet another embodiment, the polygon 229 can be
a combination of both of the gradients, e.g., the bisecting
line has the highest intensity at the incident site then fades
towards the end of the bisecting line, and the intensity fades
from the bisecting line towards the outer edges of the

polygon.
[0037] The system 100 can then overlay the polygon 229

on a road network, and apply a penalty value to the traversal
cost of road links within the polygon 229. When the polygon
1s “solid”, 1.e., without a gradient, road link penalties can be
assigned uniformly, while a gradient would indicate decreas-
ing penalties as a function of distance from the incident site.
The penalties can be made available to a routing engine,
which can then generate route(s) using known algorithms
(e.g., Dyjikstra, A*, etc.). The system 100 can thus generate
a sale route for emergency vehicle(s) attending the emer-
gency and/or other vehicle(s) for safe evacuation.

[0038] In addition to wind snow, rain, sun, the system 100
can apply the about-discussed embodiments to other weather
events such as snow, rain, sun, sleet, slush, ice, fog, etc. that
can 1mpact mcident dispersion. The majority of weather-
related crashes happen on wet pavement and during rainfall.
A smaller percentage of weather-related crashes occur dur-
ing winter conditions: during snow or sleet, occur on 1cy
pavement, and on snowy or slushy pavement. Only a small
percentage happen in the presence of fog.

[0039] In one embodiment, the system 100 can quantily
incident dispersion using incident dispersing parameters
such as air temperature and humidity, wind speed, precipi-
tation (type, rate, start/end times), map object dimensions/
materials/surfaces, etc., and calculate a delta/difference A of
one or more of the incident dispersing parameter(s) contrib-
uted by map object(s) (e.g., buildings, hills, etc.) under
weather event(s) during a time {frame.

[0040] For instance, wind speed can increase fire/smoke
spreading, etc. As another instance, precipitation can put off
fire, 1mpact smoke spreading, eK:. }ls; another 1nstance,
buildings can block fire/smoke/winid, etc. Referring back to
the diagram 209 of FIG. 122|A, the system 100 can consider a
fire/smoke dispersing difference AWIND attributed to the
wind speed parameter. (Kom jl,lrrently or alternatively, the
system 100 can calculate :yfire/smoke penetrating difference
ABUILDING between thﬁjlroad segment 102 and the portion
213, such that the adjusted incident dispersion can be refined
to AWIND-ABUILDING. Concurrently or alternatively, the
system 100 can further consider a rain difference ARAIN
attributed to rain interaction with the fire/smoke, such that

the adjusted incident dispersion between the road segment
102 and the portion 213 1s refined to AWIND-
ABUILDING-ARAIN.

[0041] In one embodiment, the system 100 can collect
weather data via sensors 103 of the vehicle 101 and/or other
sources (e.g., weather database(s) of private and/or public
entities), analyze the weather data for incident dispersion
difference data per road link, and store the incident disper-
sion difference data in a database (e.g., a geographic data-
base). In addition, the sensors 103 of the vehicle 101 can
report incident location data to a mapping platform 107 via
a communication network 109. The mapping platiorm 107
can generate an optimal route for a coming vehicle 101 to
mimmize incident eflects) based on incident dispersion
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difference data from the database (e.g., a geographic data-
base 111), and alert/prepare passenger(s), for example, for
potential incident event(s) en route based on the incident
dispersion difference data, etc. By way of example, the
optimal route can be determined by any navigation routing
engine known in the art with respect to incident location(s)

and/or polygon(s) as shown 1n FIGS. 2A-2B.

[0042] In one embodiment, the mapping platiorm 107 can
include a machine learning system 113 for analyzing inci-
dent data, weather data, map object data, etc. and extract
incident dispersion difference data associated with road
links. The extracted data can be stored 1n a database (e.g., the
geographic database 111).

[0043] FIG. 2C 1s a diagram of an example machine
learning data matrix, according to one embodiment. In one
embodiment, the matrix/table 230 can further include 1mput
features such as map feature(s) 231 (e.g., elevation, slopes,
forests, lakes, rivers in the vicinity, road link/segment fea-
tures (e.g., width, pavement materials, marking, numbering,
convex, sloped, flat, etc.), etc.), hazardous substance fea-
tures 233 (e.g., smoke from wood, o1l, chorine, natural gas,
chemicals, etc.), map object feature(s) 235 (e.g., object type
(e.g., vehicles, building, overpasses, etc.), object character-
istics (e.g., dimensions, make, model, etc.), etc.), weather
event features 237 (e.g., event type (e.g., snow, rain, ice,
etc.), road weather parameters (e.g., such as intensity of
wind, buildings, rain, etc.), environment features 239 (e.g.,
events, traflic, traflic light status, construction status, etc.), in
order to generate output features such as incident dispersion
difference(s) for different roads (e.g., weather parameter
difference(s), such as AWIND, ABUILDING, ARAIN, etc.)
241, and routing parameter diflerence(s) (of vehicles, pas-
sengers, etc.) (e.g., capacity reduction, road closures, access
restrictions, etc.) 243. For instance, capacity reductions can
be caused by road closure due to fire/smoke. Road closures
and access restrictions due to hazardous conditions (e.g., a
chemical cloud) also decrease roadway capacity.

[0044] By way of example, the matrix/table 230 can list
relationships among features and training data. For instance,

notation mf 1 Kan indicate the 1th set of map features, hi
"1 can indicate the ith set of hazardous substance features,
of "1can indiiKate the 1th set of map object features, wi

"1 can i_K_diJIate the ith set of weather events, ef "1 can
indicate the ith set of environmental features, etc.

[0045] In one embodiment, the training data can include
ground truth data taken from historical incident dispersion
data and/or historical incident dispersion difference data. For
instance, the ground truth data can be taken via visual
ispection, computer vision, aerial images, field sensors, etc.

[0046] By way of example, weather and incident sensors
can be installed 1n roadways to detect real-time weather
conditions (e.g., wind, dry, wet, 1ce-watch, chemically wet,
ctc.) and incident conditions (e.g., fire/smoke, chemical
cloud, etc.). For instance, rain gauges and precipitation
sensors are widely deployed to detect precipitation types
(e.g., liquid phase: rain and drizzle and dew, solid phase:
snow, 1ce crystals, ice pellets (sleet), hail, and graupel,
transition between liquid/solid phases), amount of precipi-
tation, precipitation intensity, etc. The respective precipita-
tion intensities can be classified by rate of fall, by visibility
restriction, etc.
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[0047] In another embodiment, the vehicles 101 can be
equipped with pavement mnspection unit(s) and/or sensor(s)
to detect road conditions (e.g., slippery/parked road condi-
tions), environmental conditions (e.g., weather, lighting,
etc.), vehicle telemetry data (e.g., speed, heading, accelera-
tion, lateral acceleration, braking force, wheel speed, etc.),
and/or other characteristics, to facilitate above-discussed
embodiments.

[0048] In one embodiment, in a data mining process,
features are mapped to ground truth incident dispersion
difference(s) caused by weather event(s) and the presence of
map object(s) such as buildings, billboards, overpasses, eftc.
to form a traiming instance. A plurality of training instances
can form the training data for a machine learning model for
determine incident dispersion and/or incident dispersion
differences using one or more machine learning algorithms,
such as random forest, decision trees, etc. For instance, the
training data can be split into a training set and a test set, e.g.,
at a ratio of 23%:30%. After evaluating several machine
learning models based on the training set and the test set, the
machine learning model that produces the highest classifi-
cation accuracy in training and testing can be used as the
machine learning model for determining incident disper-
sions and/or incident dispersion differences. In addition,
feature selection techniques, such as chi-squared statistic,
information gain, gini index, etc., can be used to determine
the highest ranked features from the set based on the
teature’s contribution to classification eflectiveness.

[0049] In other embodiments, ground truth incident dis-
persion diflerence data can be more specialized than what 1s
prescribed in the matrix/table 230. In the absence of one or
more sets of the features 231-239, the model can still make
a prediction using the available features.

[0050] In one embodiment, the incident dispersion/ditler-
ence machine learning model can learn from one or more
teedback loops. For example, when an incident dispersion
difference 1s computed/estimated to be very high on a road
link yet no incident i1s dispersed thereto, the incident dis-
persion/diflerence machine learning model can learn from
the feedback data, via analyzing and reflecting how the high
incident dispersion diflerence was generated. The incident
dispersion/diflerence machine learning model can learn the
cause(s), for example, based on the hazardous substance(s),
the building dimensions, etc., and include new features into
the model based on this learning.

[0051] By analogy, a routing machine learning model that
can determine routing parameter diflerences 243 and route
the vehicle 101 and/or the passenger(s) prior to entering the
road segment and/or the polygon, based on the incident
dispersion/difference data, and the routing machine learning
model can be trained 1n a similar way. In one embodiment,
the machine learning system 113 selects respective features
231-241 determine the optimal routing parameter difler-
ences 243 (e.g., capacity reduction, road closures, access
restrictions, etc.), and then determine an optimal action(s)
(e.g., route(s), re-route, etc.) to be taken by the vehicle 101,
the passenger(s), etc. based on the routing parameter difler-
ences 243.

[0052] In other embodiments, the machine learning sys-
tem 113 can train the incident dispersion/diflerence machine
learning model and/or the trajectory machine learming model
to select or assign respective weights, correlations, relation-
ships, etc. among the features 231-243, to determine optimal
action(s) to take for different incident dispersion difference
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scenarios on different road links/lanes. In one instance, the
machine learming system 113 can continuously provide
and/or update the machine learning models (e.g., a support
vector machine (SVM), neural network, decision tree, etc.)
during training using, for instance, supervised deep convo-
lution networks or equivalents. In other words, the machine
learning system 113 trains the machine learning models
using the respective weights of the features to most efli-
ciently select optimal action(s) to take for different incident
dispersion difference scenarios on different road links.

[0053] In another embodiment, the machine learning sys-
tem 113 of the mapping platform 107 includes a neural
network or other machine learning system(s) to update
enhanced features on roads/lanes. In one embodiment, the
neural network of the machine learning system 113 1s a
traditional convolutional neural network which consists of
multiple layers of collections of one or more neurons (which
are configured to process a portion of an input data). In one
embodiment, the machine learning system 113 also has
connectivity or access over the communication network 109
to the geographic database 111 that can each store map data,
weather data, the feature data, the traiming data, etc.

[0054] In one embodiment, the machine learning system
113 can improve the machine learning models using feed-
back loops based on, for example, vehicle behavior data
and/or feedback data (e.g., from passengers). In one embodi-
ment, the machine learning system 113 can improve the
machine learning models using the vehicle behavior data
and/or feedback data as training data. For example, the
machine learning system 113 can analyze correctly identi-
fied mcident dispersion difference data, trajectory data,
and/or action data, missed incident dispersion diflerence
data, trajectory data, and/or action data, etc. to determine the
performance of the machine learming models.

[0055] In another embodiment, the system 100 can build
a machine learning model only one of the road weather
parameters. Alternatively, the system 100 can apply the
incident dispersion/difference machine learning model to
only one of the road weather parameters. By way of
example, when a strong wind 1s reported for the road
segment, the system 100 can use the incident dispersion/
difference machine learning model to determine a route to
expose to less wind thereby minimizing the impact of the
fire/smoke. As another example, when the intensity of rain
1s 1n mm/hr and reported for the road segment, the system
100 can use the incident dispersion/diflerence machine
learning model to determine a route to expose to more rain
thereby minimizing the impact of the fire/smoke.

[0056] The difference/delta parameters (e.g., AWIND,
ABUILDING, ARAIN, etc.) are adjustment {factors to
account for incident impacts. They can be directly deter-
mined based on historical incident dispersion difference
data. Alternatively, the difference/delta parameters (e.g.,
AWIND, ABUILDING, ARAIN, etc.) can be predicted/
estimated using the above-described machine learning mod-
¢ls trained with the historical incident dispersion difference
data per lane/road. As discussed, individual machine learn-
ing models could be used for one road weather parameter, or
a single machine learming model can handle multiple road
weather parameters and produces one or more outputs of
incident dispersion differences contributed by the road
weather parameters. Given the predicted AWIND,
ABUILDING, ARAIN, etc., the system 100 can provide

agoregated incident dispersion(s) for routing vehicle(s).
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[0057] The above-discussed embodiments can be applied
to 1ncrease travel safety in any roads/lanes including motor-
ways, train tracks, airplane runways, etc. to send hazardous
warnings (e.g., fire/smoke, chemical/radioactive cloud, ava-
lanche, tsunami, a stampeding crowd, mud slide, volcano
lava, etc.), and/or recommend actions to mitigate incident
dispersion 1mmpacts of weather events at a lane/road level,
considering map objects with weather eflect, such as build-
ings, billboards, overpasses, hills, mountains, etc.

[0058] Therefore, the system 100 can model the dispersion
of dispersing incident(s), such as an air-born hazard event,
then map to road links for routing by penalizing the links
within the polygon, yet still drivable for emergency cars and
other vehicles, mstead of the prior art blocking.

[0059] FIG. 3 1s a diagram of the components of a map-
ping platform capable of dispersing incident routing, accord-
ing to one embodiment. By way of example, the mapping
platform 107 includes one or more components for provid-
ing a confidence-based road event message according to the
vartous embodiments described herein. It 1s contemplated
that the functions of these components may be combined or
performed by other components of equivalent Tunctionality.
In this embodiment, the mapping platform 107 includes a
data processing module 301, a polygon module 303, a
routing engine 3035, an output module 307, and the machine
learning system 113. The above presented modules and
components of the mapping platform 107 can be imple-
mented 1n hardware, firmware, software, or a combination
thereof. Though depicted as a separate entity in FIG. 1, 1t 1s
contemplated that the mapping platiorm 107 may be imple-
mented as a module of any of the components of the system
100 (e.g., a component of the vehicle 101, services platform
121, services 123, a client terminal, etc.). In another embodi-
ment, one or more of the modules 301-307 and the machine
learning system 113 may be implemented as a cloud based
service, local service, native application, or combination
thereol. The functions of the mapping platform 107, the
modules 301-307, and the machine learning system 113 are
discussed with respect to FIGS. 4-5 below.

[0060] FIG. 4 1s a flowchart of a process for dispersing
incident routing, according to one embodiment. In various
embodiments, the mapping platform 107, the machine leamn-
ing system 113, and/or any of the modules 301-307 may
perform one or more portions of the process 400 and may be
implemented 1n, for 1nstance, a chip set including a proces-
sor and a memory as shown in FIG. 8. As such, the mapping
platform 107, the machine learning system 113, and/or the
modules 301-307 can provide means for accomplishing
various parts ol the process 400, as well as means for
accomplishing embodiments of other processes described
herein 1n conjunction with other components of the system
100. Although the process 400 1s 1llustrated and described as
a sequence of steps, 1ts contemplated that various embodi-
ments of the process 400 may be performed 1n any order or
combination and need not include all the 1llustrated steps.

[0061] In one embodiment, the data processing module
301 can retrieve weather data (e.g., from weather database(s)
of private and/or public entities), incident dispersion data
(c.g., form the geographic database 111), map data (e.g.,
from road database(s) of private and/or public entities, one
Oor more mapping services, map databases, the geographic
database 111, etc.), and/or vehicle sensor data for later
processing.
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[0062] In one embodiment, for example, in step 401, the
data processing module 301 can determine an incident
location of an incident (e.g., the mcident location 223 1n
FIG. 2B). The incident disperses over a geographic area. The
incident can be a hazard with a direction component that can
be overlaid into a mapping system and the overlaid area 1s
where to be penalized for routing using some sort of cost
function. By way of example, the incident 1s an airborne
hazard dispersion incident (e.g., a chemical cloud). As
another example, the incident can be a demonstration where
the demonstrators are moving from one location to another
location dispersing through streets 1n a certain direction that
vehicles/pedestrians want to avoid, or the incident can be
people leaving a concert/theater/ballpark or other event area
that congest roads through a dispersion pattern.

[0063] In one embodiment, an i1ncident location can be
detected using one or more sensors (e.g., vehicle sensors
103). For instance, the vehicle sensor data can also include
weather data and/or incident dispersion data detected by
sensors 103 (e.g., camera sensors, light sensors, LiIDAR
sensors, radar, infrared sensors, thermal sensors, etc.) of the
vehicles 101 when travelling in a road network. In one
embodiment, each vehicle 101 1s configured to report
weather data and/or incident dispersion data as road-link
map attributes, which are individual data records collected at
a point 1n time when the vehicle 101 1s travelling on the road
link. In another embodiment, the data processing module
301 can query data from incident reporting databases for the
road segment 102 during a time period of a weather condi-
tion (e.g., wind).

[0064d] In one embodiment, mm step 403, the polygon
module 303 can generate a polygon (e.g., the polygon 229
in FIG. 2B) representing the geographic area. The incident
location 1s represented as one vertex of the polygon. By way
of example, the polygon can be a triangle, an oval, a
logarithmic horn, or a combination thereof that has vertices.

For shapes without vertices (e.g., circles), the polygon
module 303 can locate the incident site on the circumier-

CIICC.

[0065] A triangle 1s the simplest shape with one of the
vertices as the incident site. As the wind moves around, the
polygon module 303 can shift the triangle longer based on
the wind intensity. In comparison, chemicals are heavier and
do not fly as far as forest fire smoke. The polygon module
303 can apply different shapes for different kinds of hazards
(e.g., forest fire, chemical leak, house fire, etc.) using the
machine leaning system 113 as discussed. The polygon
module 303 can apply multiple polygons representing dii-
terent hazards (e.g., overlapping polygons of smoke and
chemicals) that come out from the same incident cite or
different incident sites that diverge (e.g., smoke goes one
direction and the chemicals go a different direction) with
different hazard levels (e.g., dangerous, very dangerous,
etc.)

[0066] In one embodiment, the polygon 1s a two-dimen-
sional polygon (e.g., the polygon 207 1n FIG. 2A). In another
embodiment, the polygon 1s a three-dimensional polygon
(e.g., the polygon 229 1n FIG. 2B) that represents the
incident as a three-dimensional dispersion incident, and the
navigation route can be a three-dimensional route to or from
the 1incident location, the geographic area, a vicinity of the
geographic area, or a combination thereof. By way of
example, the three-dimensional route can be an aerial route.
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[0067] In one embodiment, in step 405, the routing engine
305 can computing a navigation route (e.g., the lowest cost
route 227 1n FIG. 2B) to or from the incident location, the
geographic area, a vicinity of the geographic area, or a
combination thereof based on a routing engine cost function.
The routing engine cost function can weigh a traversal
through the geographic area represented by the polygon to
generate the navigation route. In one embodiment, such
welghing 1s to avoid an area (e.g., covered by fire/smoke).

[0068] In another embodiment, such weighing 1s to
approach an area, e.g., to route to be within the polygon. In
this case, positive routing values instead of penalties can
increase the routing engine cost function to traverse those
links of the “plus™ (favored/incentivized) area. For example,
when a waterspout 1s jetting 1nto air or rain, and the routing
engine 305 can route vehicles/pedestrians within the zone 1n
which the water/rain disperses to avoid heat or fire. As
another example, the routing engine 305 can route vehicles/
pedestrians to approach a location under covers of a smoke
screen or the like. As another example, the routing engine
305 can route vehicles/pedestrians to chase tornados/storms,
etc.

[0069] In one embodiment, the polygon module 303 can
determine one or more map lfeatures of geographic database
(e.g., any map feature represented in the geographic data-
base such as road links, pedestrian paths, buildings, etc.) that
overlap with the polygon, and the routing engine cost
function can increase or decrease a traversal cost associated
with the one or more map features to weigh the traversal
through the geographic area represented by the polygon.

[0070] In one embodiment, the polygon module 303 can
determine one or more weather parameters (e.g., wind
speed/direction, rain amount, etc.) associated with the inci-
dent location, the geographic area, or a combination thereof,
and determine a direction, a size, or a combination thereof
ol the polygon based on the one or more weather parameters.
By way of example, the one or more weather parameters can
include a wind direction, a wind speed, or a combination
thereof. The polygon module 303 can add airborne events
with a wind component that carries the hazard to at least
estimate the aflected area to overlay onto a map for routing
pPUrposes.

[0071] In another embodiment, the polygon module 303
can determine one or more changes to the one or more
weather parameters over a duration of the incident, and
dynamically update the polygon based on the one or more
changes.

[0072] In one embodiment, the polygon module 303 can
determine a size of the polygon based on an intensity of the
incident. For instance, fire intensity defines the energy
released from the fire or characteristics of the fire behavior
such as flame length and rate of spread. In terms of smoke,
Carbon Dioxide (CO2) and water vapor make up the major-
ity of the mass emitted, while the rest contains problem
compounds such as Carbon Monoxide, Particulate Matter,
Hydrocarbons and other orgamic compounds. The more
intense the fire, the more complete the combustion process
and a bigger percent of the smoke will be carbon dioxide and
water vapor. As such, the smoke intensity can be measured
based on the intensity of CO2 and/or the problem com-
pounds. In terms of a chemical/radioactive cloud, the inci-
dent intensity can be defined by the chemical/radioactive
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material intensity. In terms of demonstration or other events,
the 1incident 1ntensity can be measured based on the people
density in the crowd.

[0073] In one embodiment, the polygon module 303 can
determine a gradient component of the polygon, and the
gradient component can represent an intensity gradient of
the 1incident with respect to proximity to the incident loca-
tion. In this case, the routing engine cost function can further
weight the traversal through the geographic area represented
by the polygon based on the gradient component.

[0074] In one embodiment, the output module 307 can
generate a map user interface depicting a representation of
the polygon, the navigation route, or a combination thereof,
and present the map user interface on a device (e.g., the UE
115). For instance, the map user interface can depict live
image(s), live feed of video, animations, real-time render-
ings of data, etc. of the polygon as the wind moves around
(e.g., depending on weather data update rate), warning of the
incident site and/or the polygon, danger level(s), how close
to the incident site as drive via, etc. for first responders,
wildfire control, urban planner (fire evacuation), etc. The
map user interface can depict how to get to the incident site,
plan designated evacuation routes to avoid hotspots and fires
(e.g., 100% safe to pass area vs 80%), etc. FIGS. 5A-5B are
diagrams of example map user interfaces associated with
dispersing incident routing, according to example embodi-
ment(s).

[0075] In another embodiment, the routing engine 305 can
determine vehicle routing based on the icident dispersion
adjusted based on update sensor data, weather data, etc., and
the output module 307 can update the vehicle routing
accordingly.

[0076] In yet another embodiment, the output module 307
working 1n conjunction with the polygon module 303 can
generate an incident map layer based at least on the incident
location data, update sensor data, weather data, etc., to
support vehicle navigation, first responders, road mainte-
nance, wildfire control, urban planner (fire evacuation), etc.

[0077] Referring to FIG. SA, in one embodiment, the
system 100 can generate a user interface (UI) 501 (e.g., via
the mapping platform 107) for a UE 115 (e.g., a mobile
device, a smartphone, a client terminal, etc.) that can allow
a user (e.g., a mapping service provider stail, a {irst
responder, a road service provider stafl, a city planner, an
end user, etc.) to see dispersing incidents (e.g., the hazardous
event 1n FIG. 2B) currently and/or over time (e.g., a second,
a minute, an hour, a day, a week, a month, a year, etc.) 1n an
area presented over a map 503.

[0078] In one embodiment, the Ul 501 may allow a
vehicle operator or passenger to manually mark/tag a dis-
persing incident on the map 303. In another embodiment, the
UI 501 also allow the vehicle operator/passenger to enter an
incident type (e.g., fire, smoke, chemical cloud, etc.), the
relevant intensity (e.g., on a predefined scale, an absolute
value (such as Liters per second, m® per minute, etc.), etc.
Once recerving information, the system 100 can apply wind
values (e.g., speed, heading, etc.) to derive a size of the
polygon and its orientation.

[0079] In this case, the system 100 presents a notification
505 of “Warning! Dispersing incident as Polygon 229.” The
system 100 can prompt the user to select a “First Responder”
button 507 or a “Other vehicle routing” button 509 in
response to the notification 505. Accordingly, when the user
selects the First Responder” button 507, the system 100 can
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present the lowest cost route 227 based on penalized road
link costs to ensure the first responder will reach the incident
site safely and timely as discussed above.

[0080] The UI 501 may also present a display control
panel 511 and a weather panel 513 1n FIG. SA. The display
control panel 511 allows the user (1) to adjust a to adjust a
zoom level per km, (2) to simulate a wind direction, (3) to
adjust the route routing engine cost function between the
shortest and the fastest, (4) to block uploading road seg-
ments, etc. The weather panel 513 shows the weather
conditions associated with the dispersing incident: tempera-
ture, sky, air, humidity, wind speed/direction, barometer
reading/trend/observation age, etc.

[0081] In one instance, the Ul 501 could also be presented
via a headset, goggle, or eyeglass device used separately or
in connection with a UE 115 (e.g., a mobile device). In one
embodiment, the system 100 can present or surface the
incident/routing information, map data, traflic report data,
ctc. 1in multiple interfaces simultaneously (e.g., presenting a
2D map, a 3D map, an augmented reality view, a virtual
reality display, or a combination thereof). In one embodi-
ment, the system 100 could also present the incident/routing,
information to the user through other media including but
not limited to one or more sounds, haptic feedback, touch,
or other sensory interfaces. For example, the system 100
could present the incident/routing information through the
speakers of a vehicle 101.

[0082] In FIG. 5B, the system 100 may provide interactive
user interfaces (e.g., of UE 113 associated with the vehicle
101) for reporting incident location(s) within navigation
applications (e.g., Waze®). In one scenario, a user interface
(UI) 521 of the vehicle 101 depicts a navigation diagram,
and prompts the user with a popup 3523: “Confirm a dis-
persing incident on a road link?”, after (1) the system 100
receives a dispersing incident report, and/or (2) the vehicle
101 detects a dispersing incident (e.g., based on vehicle
sensor data) An operator and/or a passenger of the vehicle
101 can select a “yes” button 525 or a “no” button 527 based
on the user’s observation of a fire 529 and smoke 531 on a
road segment. Alternatively, a dispersing incident en route
can be manually mput by a vehicle operator and/or passen-
ger as described with respect to FIG. 5A.

[0083] For example, the user interface can present the Ul
521 and/or a physical controller such as but not limited to an
interface that enables voice commands, a pressure sensor on
a screen or window whose tensity retlects the movement
of time, an 1nterface that enables gestures/touch interaction,
a knob, a joystick, a rollerball or trackball-based interface,
or other sensors. As other examples, the sensors can be any
type of sensor that can detect a user’s gaze, heartrate, sweat
rate or perspiration level, eye movement, body movement,
or combination thereot, 1n order to determine a user response
to confirm road events. As such, the system 100 can enable
a user to confirm snow-iree lanes as training data for the
machine learning model to train as discussed.

[0084] In one embodiment, the vehicles 101 are autono-
mous vehicles or highly assisted driving vehicles that can
sense their environments and navigate within a travel net-
work without driver or occupant mput. It 1s contemplated the
vehicle 101 may be any type of transportation wherein a
driver 1s 1 control of the vehicle’s operation (e.g., an
airplane, a drone, a train, a ferry, etc.). In one embodiment,
the vehicle sensors 103 (e.g., camera sensors, light sensors,
L1DAR sensors, radar, infrared sensors, thermal sensors, and
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the like) acquire map data and/or sensor data during opera-
tion of the vehicle 101 within the travel network for routing,
historical trajectory data collection, and/or destination pre-
diction.

[0085] In one embodiment, one or more user equipment
(UE) 115 can be associated with the vehicles 101 (e.g., an
embedded navigation system) a person or thing traveling
within the travel network. By way of example, the UEs 115
can be any type ol mobile terminal, fixed terminal, or
portable terminal including a mobile handset, station, unit,
device, multimedia computer, multimedia tablet, Internet
node, communicator, desktop computer, laptop computer,
notebook computer, netbook computer, tablet computer,
personal communication system (PCS) device, personal
navigation device, personal digital assistants (PDAs), audio/
video player, digital camera/camcorder, positioning device,
fitness device, television receirver, radio broadcast receiver,
clectronic book device, game device, devices associated
with one or more vehicles or any combination thereof,
including the accessories and peripherals of these devices, or
any combination thereof. It 1s also contemplated that the
UEs 115 can support any type of interface to the user (such
as “wearable” circuitry, etc.). In one embodiment, the
vehicles 101 may have cellular or wireless fidelity (Wi-Fi)
connection either through the inbuilt communication equip-
ment or from the UEs 115 associated with the vehicles 101.
Also, the UEs 115 may be configured to access the com-
munication network 109 by way of any known or still
developing communication protocols.

[0086] In one embodiment, the UEs 115 mclude a user
interface element configured to recerve a user mput (e.g., a
knob, a joystick, a rollerball or trackball-based interface, a
touch screen, etc.). In one embodiment, the user interface
clement could also include a pressure sensor on a screen or
a window (e.g., a windshield of a vehicle 101, a heads-up
display, etc.), an interface element that enables gestures/
touch interaction by a user, an intertace element that enables
voice commands by a user, or a combination thereof. In one
embodiment, the UEs 115 may be configured with various
sensors 117 for collecting passenger sensor data and/or
context data during operation of the vehicle 101 along one
or more roads within the travel network. By way of example,
the sensors 117 are any type ol sensor that can detect a
passenger’s gaze, heartrate, sweat rate or perspiration level,
eye movement, body movement, or combination thereot, 1n
order to determine a passenger context or a response to
output data. In one embodiment, the UEs 115 may be
installed with various applications 119 to support the system

100.

[0087] In one embodiment, the mapping platiorm 107 has
connectivity over the communication network 109 to the
services platform 121 that provides the services 123. By way
of example, the services 123 may also be other third-party
services and include mapping services, navigation services,
travel planning services, noftification services, social net-
working services, content (e.g., audio, video, 1images, etc.)
provisioning services, application services, storage services,
contextual information determination services, location-
based services, information-based services (e.g., weather,
news, etc.), etc.

[0088] In one embodiment, the content providers 125 may
provide content or data (e.g., including geographic data,
output data, historical trajectory data, etc.). The content
provided may be any type of content, such as map content,
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output data, audio content, video content, image content, etc.
In one embodiment, the content providers 125 may also
store content associated with the weather event/road link
correlation data, the geographic database 111, mapping
plattorm 107, services platform 121, services 123, and/or
vehicles 101. In another embodiment, the content providers
125 may manage access to a central repository of data, and
offer a consistent, standard interface to data, such as a
repository of weather event/road link correlation data and/or
the geographic database 111.

[0089] By way of example, as previously stated the
vehicle sensors 103 may be any type of sensor. In certain
embodiments, the vehicle sensors 103 may include, for
example, a global positioning sensor for gathering location
data, a network detection sensor for detecting wireless
signals or receivers for diflerent short-range communica-
tions (e.g., Bluetooth, Wi-Fi, Li-Fi, near field communica-
tion (NFC) etc.), temporal information sensors, a camera/
imaging sensor for gathering image data (e.g., for detecting
objects proximate to the vehicle 101), an audio recorder for
gathering audio data (e.g., detecting nearby humans or
amimals via acoustic signatures such as voices or animal
noises), velocity sensors, and the like. In another embodi-
ment, the vehicle sensors 103 may include sensors (such as
L1DAR, Radar, Ultrasonic, Infrared, cameras (e.g., for visual
ranging), etc. mounted along a perimeter of the vehicle 101)
to detect the relative distance of the vehicle 101 from lanes
or roadways, the presence of other vehicles, pedestrians,
ammals, trathc lights, road features (e.g., curves) and any
other objects, or a combination thereod. In one scenario, the
vehicle sensors 103 may detect weather data, traflic infor-
mation, or a combination thereof. In one example embodi-
ment, the vehicles 101 may include GPS receivers to obtain
geographic coordinates from satellites 127 for determining
current location and time. Further, the location can be
determined by a triangulation system such as A-GPS, Cell of
Origin, or other location extrapolation technologies when
cellular or network signals are available. In another example

embodiment, the one or more vehicle sensors 103 may
provide mn-vehicle navigation services.

[0090] The communication network 109 of system 100
includes one or more networks such as a data network, a
wireless network, a telephony network, or any combination
thereof. It 1s contemplated that the data network may be any
local area network (LAN), metropolitan area network
(MAN), wide area network (WAN), a public data network
(c.g., the Internet), short range wireless network, or any
other suitable packet-switched network, such as a commer-
cially owned, proprietary packet-switched network, e.g., a
proprietary cable or fiber-optic network, and the like, or any
combination thereof. In addition, the wireless network may
be, for example, a cellular network and may employ various
technologies including enhanced data rates for global evo-
lution (EDGE), general packet radio service (GPRS), global
system for mobile communications (GSM), Internet proto-
col multimedia subsystem (IMS), universal mobile telecom-
munications system (UMTS), etc., as well as any other
suitable wireless medium, e.g., worldwide interoperability
for microwave access (WiIMAX), Long Term Evolution
(LTE) networks, 5G networks, code division multiple access
(CDMA), wideband code division multiple access

(WCDMA), wireless fidelity (Wi-F1), wireless LAN
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(WLAN), Bluetooth®, Internet Protocol (IP) data casting,
satellite, mobile ad-hoc network (MANET), and the like, or

any combination thereof.

[0091] Inone embodiment, the mapping platform 107 may
be a platform with multiple interconnected components. By
way ol example, the mapping platform 107 may include
multiple servers, intelligent networking devices, computing
devices, components, and corresponding soiftware for deter-
mining upcoming vehicle events for one or more locations
based, at least 1n part, on signage information. In addition,
it 1s noted that the mapping platform 107 may be a separate
entity of the system 100, a part of the services platform 121,
the one or more services 123, or the content providers 125.

[0092] By way of example, the vehicles 101, the UEs 115,
the mapping platiorm 107, the services platform 121, and
the content providers 125 communicate with each other and
other components of the communication network 109 using
well known, new or still developing protocols. In this
context, a protocol includes a set of rules defining how the
network nodes within the communication network 109 inter-
act with each other based on information sent over the
communication links. The protocols are effective at difierent
layers of operation within each node, from generating and
receiving physical signals of various types, to selecting a
link for transferring those signals, to the format of informa-
tion 1ndicated by those signals, to 1dentifying which soft-
ware application executing on a computer system sends or
receives the mformation. The conceptually different layers
of protocols for exchanging information over a network are
described 1n the Open Systems Interconnection (OSI) Ret-
erence Model.

[0093] Communications between the network nodes are
typically eflected by exchanging discrete packets of data.
Each packet typically comprises (1) header information
associated with a particular protocol, and (2) payload infor-
mation that follows the header information and contains
information that may be processed independently of that
particular protocol. In some protocols, the packet includes
(3) trailer information following the payload and indicating
the end of the payload information. The header includes
information such as the source of the packet, 1ts destination,
the length of the payload, and other properties used by the
protocol. Often, the data 1n the payload for the particular
protocol includes a header and payload for a different
protocol associated with a diflerent, higher layer of the OSI
Reference Model. The header for a particular protocol
typically indicates a type for the next protocol contained in
its payload. The higher layer protocol 1s said to be encap-
sulated 1n the lower layer protocol. The headers included 1n
a packet traversing multiple heterogeneous networks, such
as the Internet, typically include a physical (layer 1) header,
a data-link (layer 2) header, an internetwork (layer 3) header
and a transport (layer 4) header, and various application
(layer 5, layer 6 and layer 7) headers as defined by the OSI
Retference Model.

[0094] FIG. 6 1s a diagram of a geographic database (such
as the database 111), according to one embodiment. In one
embodiment, the geographic database 111 includes geo-
graphic data 601 used for (or configured to be compiled to
be used for) mapping and/or navigation-related services,
such as for video odometry based on the parametric repre-
sentation of lanes include, e.g., encoding and/or decoding
parametric representations nto lane lines. In one embodi-
ment, the geographic database 111 include high resolution or
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high defimition (HD) mapping data that provide centimeter-
level or better accuracy of map features. For example, the
geographic database 111 can be based on Light Detection
and Ranging (L1DAR) or equivalent technology to collect
very large numbers of 3D points depending on the context
(e.g., a single street/scene, a country, etc.) and model road
surfaces and other map features down to the number lanes
and their widths. In one embodiment, the mapping data (e.g.,
mapping data records 611) capture and store details such as
the slope and curvature of the road, lane markings, roadside
objects such as signposts, including what the signage
denotes. By way of example, the mapping data enable highly
automated vehicles to precisely localize themselves on the
road.

[0095] In one embodiment, geographic features (e.g., two-
dimensional or three-dimensional features) are represented
using polygons (e.g., two-dimensional features) or polygon
extrusions (e.g., three-dimensional features). For example,
the edges of the polygons correspond to the boundaries or
edges of the respective geographic feature. In the case of a
building, a two-dimensional polygon can be used to repre-
sent a footprint of the building, and a three-dimensional
polygon extrusion can be used to represent the three-dimen-
sional surfaces of the bwlding. It 1s contemplated that
although various embodiments are discussed with respect to
two-dimensional polygons, 1t 1s contemplated that the
embodiments are also applicable to three-dimensional poly-
gon extrusions. Accordingly, the terms polygons and poly-
gon extrusions as used herein can be used interchangeably.
[0096] In one embodiment, the following terminology
applies to the representation of geographic features in the
geographic database 111.

[0097] “Node”—A point that terminates a link.

[0098] “Line segment”™ —A straight line connecting two
points.

[0099] “Link™ (or “edge”)—A contiguous, non-branching

string ol one or more line segments terminating in a node at
cach end.

[0100] “‘Shape point”™—A point along a link between two
nodes (e.g., used to alter a shape of the link without defiming
new nodes).

[0101] ““Onented link”™—A link that has a starting node
(referred to as the “reference node”) and an ending node
(referred to as the “non reference node”).

[0102] “‘Simple polygon™—An interior area of an outer
boundary formed by a string of oriented links that begins and

ends 1n one node. In one embodiment, a simple polygon does
not cross 1tself.

[0103] “Polygon”™—An area bounded by an outer bound-
ary and none or at least one interior boundary (e.g., a hole
or 1sland). In one embodiment, a polygon i1s constructed
from one outer simple polygon and none or at least one 1nner
simple polygon. A polygon 1s simple 11 1t just consists of one
simple polygon, or complex 11 1t has at least one inner simple

polygon.
[0104] In one embodiment, the geographic database 111

follows certain conventions. For example, links do not cross
themselves and do not cross each other except at a node.
Also, there are no duplicated shape points, nodes, or links.
Two links that connect each other have a common node. In
the geographic database 111, overlapping geographic fea-
tures are represented by overlapping polygons. When poly-
gons overlap, the boundary of one polygon crosses the
boundary of the other polygon. In the geographic database
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111, the location at which the boundary of one polygon
intersects they boundary of another polygon 1s represented
by a node. In one embodiment, a node may be used to
represent other locations along the boundary of a polygon
than a location at which the boundary of the polygon
intersects the boundary of another polygon. In one embodi-
ment, a shape point 1s not used to represent a point at which
the boundary of a polygon intersects the boundary of another

polygon.

[0105] As shown, the geographic database 111 includes
node data records 603, road segment or link data records
605, POI data records 607, dispersing incident data records
609, mapping data records 611, and indexes 613, for
example. More, fewer or diflerent data records can be
provided. In one embodiment, additional data records (not
shown) can include cartographic (“carto™) data records,
routing data, and maneuver data. In one embodiment, the
indexes 613 may improve the speed of data retrieval opera-
tions in the geographic database 111. In one embodiment,
the indexes 613 may be used to quickly locate data without
having to search every row in the geographic database 111
every time 1t 1s accessed. For example, 1n one embodiment,
the indexes 613 can be a spatial index of the polygon points
associated with stored feature polygons.

[0106] In exemplary embodiments, the road segment data
records 605 are links or segments representing roads, streets,
or paths, as can be used in the calculated route or recorded
route information for determination of one or more person-
alized routes. The node data records 603 are end points (such
as 1ntersections) corresponding to the respective links or
segments of the road segment data records 605. The road
link data records 603 and the node data records 603 repre-
sent a road network, such as used by vehicles, cars, and/or
other entities. Alternatively, the geographic database 111 can
contain path segment and node data records or other data
that represent pedestrian paths or areas in addition to or
instead of the vehicle road record data, for example.

[0107] The road/link segments and nodes can be associ-
ated with attributes, such as geographic coordinates, street
names, address ranges, speed limits, turn restrictions at
intersections, and other navigation related attributes, as well
as POIs, such as gasoline stations, hotels, restaurants, muse-
ums, stadiums, oflices, automobile dealerships, auto repair
shops, buildings, stores, parks, etc. The geographic database
111 can include data about the POIs and their respective
locations i the POI data records 607. The geographic
database 111 can also include data about places, such as
cities, towns, or other communities, and other geographic
teatures, such as bodies of water, mountain ranges, etc. Such
place or feature data can be part of the POI data records 607
or can be associated with POIs or POI data records 607 (such
as a data point used for displaying or representing a position
of a city). In one embodiment, certain attributes, such as lane
marking data records, mapping data records and/or other
attributes can be features or layers associated with the
link-node structure of the database.

[0108] In one embodiment, the geographic database 111
can also include dispersing incident data records 609 for
storing dispersing incident location data, incident dispersion
difference data, machine learning models on incident dis-
persion (e.g., icluding the matrix/table 230 1n FIG. 2C),
training data, prediction models, annotated observations,
computed featured distributions, sampling probabilities,
and/or any other data generated or used by the system 100




US 2023/0078911 Al

according to the various embodiments described herein. By
way of example, the dispersing incident data records 609 can
be associated with one or more of the node records 603, road
segment records 6035, and/or POI data records 607 to support
localization or visual odometry based on the features stored
therein and the corresponding estimated quality of the
teatures. In this way, the records 609 can also be associated
with or used to classity the characteristics or metadata of the
corresponding records 603, 605, and/or 607.

[0109] In one embodiment, as discussed above, the map-
ping data records 611 model road surfaces and other map
teatures to centimeter-level or better accuracy. The mapping
data records 611 also include lane models that provide the
precise lane geometry with lane boundaries, as well as rich
attributes of the lane models. These rich attributes include,
but are not limited to, lane traversal information, lane types,
lane marking types, lane level speed limit information,
and/or the like. In one embodiment, the mapping data
records 611 are divided into spatial partitions of varying
s1zes to provide mapping data to vehicles 101 and other end
user devices with near real-time speed without overloading
the available resources of the vehicles 101 and/or devices
(e.g., computational, memory, bandwidth, etc. resources).

[0110] In one embodiment, the mapping data records 611
are created from high-resolution 3D mesh or point-cloud
data generated, {for instance, from LiDAR-equipped
vehicles. The 3D mesh or point-cloud data are processed to
create 3D representations of a street or geographic environ-
ment at centimeter-level accuracy for storage in the mapping
data records 611.

[0111] In one embodiment, the mapping data records 611
also include real-time sensor data collected from probe
vehicles 1n the field. The real-time sensor data, for instance,
integrates real-time traflic information, weather, and road
conditions (e.g., potholes, road friction, road wear, etc.) with
highly detailed 3D representations of street and geographic
features to provide precise real-time also at centimeter-level
accuracy. Other sensor data can include vehicle telemetry or
operational data such as windshield wiper activation state,
braking state, steering angle, accelerator position, and/or the

like.

[0112] In one embodiment, the geographic database 111
can be maintained by the content provider 121 1n association
with the services platform 121 (e.g., a map developer). The
map developer can collect geographic data to generate and
enhance the geographic database 111. There can be different
ways used by the map developer to collect data. These ways
can include obtaining data from other sources, such as
municipalities or respective geographic authorities. In addi-
tion, the map developer can employ field personnel to travel
by vehicle (e.g., vehicles 101 and/or UEs 115) along roads
throughout the geographic region to observe features and/or
record mformation about them, for example. Also, remote
sensing, such as aerial or satellite photography, can be used.

[0113] The geographic database 111 can be a master
geographic database stored 1n a format that facilitates updat-
ing, maintenance, and development. For example, the master
geographic database or data 1n the master geographic data-
base can be 1 an Oracle spatial format or other spatial
format, such as for development or production purposes.
The Oracle spatial format or development/production data-
base can be compiled mto a delivery format, such as a
geographic data files (GDF) format. The data 1n the produc-
tion and/or delivery formats can be compiled or further
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compiled to form geographic database products or data-
bases, which can be used 1n end user navigation devices or
systems.

[0114] For example, geographic data 1s compiled (such as
into a platform specification format (PSF) format) to orga-
nize and/or configure the data for performing navigation-
related functions and/or services, such as route calculation,
route guidance, map display, speed calculation, distance and
travel time functions, and other functions, by a navigation
device, such as by a vehicle 101 or a UE 115, for example.
The navigation-related functions can correspond to vehicle
navigation, pedestrian navigation, or other types of naviga-
tion. The compilation to produce the end user databases can
be performed by a party or entity separate from the map
developer. For example, a customer of the map developer,
such as a navigation device developer or other end user
device developer, can perform compilation on a received
geographic database 1n a delivery format to produce one or
more compiled navigation databases.

[0115] The processes described herein for dispersing inci-
dent routing may be advantageously implemented via sofit-
ware, hardware (e.g., general processor, Digital Signal Pro-
cessing (DSP) chip, an Application Specific Integrated
Circuit (ASIC), Field Programmable Gate Arrays (FPGAs),
etc.), firmware or a combination thereof. Such exemplary
hardware for performing the described functions i1s detailed
below.

[0116] FIG. 7 illustrates a computer system 700 upon
which an embodiment of the invention may be implemented.
Computer system 700 1s programmed (e.g., via computer
program code or instructions) to disperse incident routing as
described herein and includes a communication mechanism
such as a bus 710 for passing mnformation between other
internal and external components of the computer system
700. Information (also called data) 1s represented as a
physical expression of a measurable phenomenon, typically
clectric voltages, but including, in other embodiments, such
phenomena as magnetic, electromagnetic, pressure, chemi-
cal, biological, molecular, atomic, sub-atomic and quantum
interactions. For example, north and south magnetic fields,
or a zero and non-zero electric voltage, represent two states
(0, 1) of a binary digit (bit). Other phenomena can represent
digits of a higher base. A superposition of multiple simul-
taneous quantum states before measurement represents a
quantum bit (qubit). A sequence of one or more digits
constitutes digital data that 1s used to represent a number or
code for a character. In some embodiments, information
called analog data 1s represented by a near continuum of
measurable values within a particular range.

[0117] A bus 710 includes one or more parallel conductors
of information so that information 1s transterred quickly
among devices coupled to the bus 710. One or more pro-
cessors 702 for processing information are coupled with the

bus 710.

[0118] A processor 702 performs a set ol operations on
information as specified by computer program code related
to dispersing incident routing. The computer program code
1s a set of 1nstructions or statements providing instructions
for the operation of the processor and/or the computer
system to perform specified functions. The code, for
example, may be written in a computer programming lan-
guage that 1s compiled 1nto a native instruction set of the
processor. The code may also be written directly using the
native instruction set (e.g., machine language). The set of
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operations include bringing information in from the bus 710
and placing information on the bus 710. The set of opera-
tions also typically include comparing two or more units of
information, shifting positions of units of information, and
combining two or more units of information, such as by
addition or multiplication or logical operations like OR,
exclusive OR (XOR), and AND. Each operation of the set of
operations that can be performed by the processor 1s repre-
sented to the processor by information called instructions,
such as an operation code of one or more digits. A sequence
of operations to be executed by the processor 702, such as
a sequence ol operation codes, constitute processor istruc-
tions, also called computer system instructions or, simply,
computer instructions. Processors may be implemented as
mechanical, electrical, magnetic, optical, chemical or quan-
tum components, among others, alone or in combination.

[0119] Computer system 700 also includes a memory 704
coupled to bus 710. The memory 704, such as a random
access memory (RAM) or other dynamic storage device,
stores information including processor instructions for dis-
persing incident routing. Dynamic memory allows informa-
tion stored therein to be changed by the computer system
700. RAM allows a unit of information stored at a location
called a memory address to be stored and retrieved 1nde-
pendently of information at neighboring addresses. The
memory 704 1s also used by the processor 702 to store
temporary values during execution of processor instructions.
The computer system 700 also includes a read only memory
(ROM) 706 or other static storage device coupled to the bus
710 for storing static information, including instructions,
that 1s not changed by the computer system 700. Some
memory 1s composed of volatile storage that loses the
information stored thereon when power 1s lost. Also coupled
to bus 710 1s a non-volatile (persistent) storage device 708,
such as a magnetic disk, optical disk or flash card, for storing
information, including instructions, that persists even when
the computer system 700 1s turned ofl or otherwise loses
power.

[0120] Information, including instructions for dispersing
incident routing, 1s provided to the bus 710 for use by the
processor from an external mmput device 712, such as a
keyboard containing alphanumeric keys operated by a
human user, or a sensor. A sensor detects conditions 1n 1ts
vicinity and transforms those detections into physical
expression compatible with the measurable phenomenon
used to represent information 1n computer system 700. Other
external devices coupled to bus 710, used primarily for
interacting with humans, include a display device 714, such
as a cathode ray tube (CRT) or a liquid crystal display
(LCD), or plasma screen or printer for presenting text or
images, and a pointing device 716, such as a mouse or a
trackball or cursor direction keys, or motion sensor, for
controlling a position of a small cursor image presented on
the display 714 and issuing commands associated with
graphical elements presented on the display 714. In some
embodiments, for example, in embodiments 1n which the
computer system 700 performs all functions automatically
without human input, one or more of external input device
712, display device 714 and pointing device 716 1s omitted.

[0121] In the illustrated embodiment, special purpose
hardware, such as an application specific integrated circuit
(ASIC) 720, 1s coupled to bus 710. The special purpose
hardware 1s configured to perform operations not performed
by processor 702 quickly enough for special purposes.
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Examples of application specific ICs include graphics accel-
erator cards for generating images for display 714, crypto-
graphic boards for encrypting and decrypting messages sent
over a network, speech recognition, and 1nterfaces to special
external devices, such as robotic arms and medical scanning
equipment that repeatedly perform some complex sequence
of operations that are more efliciently implemented in hard-
ware.

[0122] Computer system 700 also includes one or more
instances ol a communications interface 770 coupled to bus
710. Communication interface 770 provides a one-way or
two-way communication coupling to a variety of external
devices that operate with their own processors, such as
printers, scanners and external disks. In general the coupling
1s with a network link 778 that 1s connected to a local
network 780 to which a variety of external devices with their
own processors are connected. For example, communication
interface 770 may be a parallel port or a serial port or a
umversal serial bus (USB) port on a personal computer. In
some embodiments, communications interface 770 1s an
integrated services digital network (ISDN) card or a digital
subscriber line (DSL) card or a telephone modem that
provides an information communication connection to a
corresponding type of telephone line. In some embodiments,
a communication interface 770 1s a cable modem that
converts signals on bus 710 into signals for a communica-
tion connection over a coaxial cable or into optical signals
for a communication connection over a fiber optic cable. As
another example, communications interface 770 may be a
local area network (LAN) card to provide a data communi-
cation connection to a compatible LAN, such as Ethernet.
Wireless links may also be implemented. For wireless links,
the communications intertace 770 sends or receives or both
sends and recerves electrical, acoustic or electromagnetic
signals, including infrared and optical signals, that carry
information streams, such as digital data. For example, 1n
wireless handheld devices, such as mobile telephones like
cell phones, the communications interface 770 includes a
radio band electromagnetic transmitter and recerver called a
radio transceiver. In certain embodiments, the communica-
tions 1nterface 770 enables connection to the communication
network 109 for dispersing incident routing.

[0123] The term computer-readable medium 1s used herein
to refer to any medium that participates 1n providing infor-
mation to processor 702, including instructions for execu-
tion. Such a medium may take many forms, including, but
not limited to, non-volatile media, volatile media and trans-
mission media. Non-volatile media include, for example,
optical or magnetic disks, such as storage device 708.
Volatile media include, for example, dynamic memory 704.
Transmission media include, for example, coaxial cables,
copper wire, fiber optic cables, and carrier waves that travel
through space without wires or cables, such as acoustic
waves and electromagnetic waves, including radio, optical
and infrared waves. Signals include man-made transient
variations in amplitude, frequency, phase, polarization or
other physical properties transmitted through the transmis-
sion media. Common forms of computer-readable media
include, for example, a tloppy disk, a tlexible disk, hard disk,
magnetic tape, any other magnetic medium, a CD-ROM,
CDRW, DVD, any other optical medium, punch cards, paper
tape, optical mark sheets, any other physical medium with
patterns of holes or other optically recognizable indicia, a

RAM, a PROM, an EPROM, a FLASH-EPROM, any other
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memory chip or cartridge, a carrier wave, or any other
medium from which a computer can read.

[0124] Network link 778 typically provides information
communication using transmission media through one or
more networks to other devices that use or process the
information. For example, network link 778 may provide a
connection through local network 780 to a host computer
782 or to equipment 784 operated by an Internet Service
Provider (ISP). ISP equipment 784 in turn provides data
communication services through the public, world-wide
packet-switching communication network of networks now
commonly referred to as the Internet 790.

[0125] A computer called a server host 792 connected to
the Internet hosts a process that provides a service in
response to information received over the Internet. For
example, server host 792 hosts a process that provides
information representing video data for presentation at dis-
play 714. It 1s contemplated that the components of system
can be deployed in various configurations within other
computer systems, €.g., host 782 and server 792.

[0126] FIG. 8 illustrates a chip set 800 upon which an
embodiment of the invention may be implemented. Chip set
800 1s programmed to disperse incident routing as described
herein and includes, for instance, the processor and memory
components described with respect to FIG. 7 incorporated 1n
one or more physical packages (e.g., chips). By way of
example, a physical package includes an arrangement of one
or more materials, components, and/or wires on a structural
assembly (e.g., a baseboard) to provide one or more char-
acteristics such as physical strength, conservation of size,
and/or limitation of electrical interaction. It 1s contemplated
that 1n certain embodiments the chip set can be implemented
in a single chip.

[0127] In one embodiment, the chip set 800 includes a
communication mechanism such as a bus 801 for passing
information among the components of the chip set 800. A
processor 803 has connectivity to the bus 801 to execute
instructions and process information stored in, for example,
a memory 803. The processor 803 may include one or more
processing cores with each core configured to perform
independently. A multi-core processor enables multiprocess-
ing within a single physical package. Examples of a multi-
core processor include two, four, eight, or greater numbers
ol processing cores. Alternatively or in addition, the pro-
cessor 803 may include one or more microprocessors con-
figured 1n tandem via the bus 801 to enable independent
execution of instructions, pipelining, and multithreading.
The processor 803 may also be accompanied with one or
more specialized components to perform certain processing,
functions and tasks such as one or more digital signal
processors (DSP) 807, or one or more application-specific
integrated circuits (ASIC) 809. A DSP 807 typically 1s
configured to process real-world signals (e.g., sound) 1n real
time independently of the processor 803. Similarly, an ASIC
809 can be configured to performed specialized functions
not easily performed by a general purposed processor. Other
specialized components to aid in performing the mventive
functions described herein include one or more field pro-
grammable gate arrays (FPGA) (not shown), one or more
controllers (not shown), or one or more other special-
purpose computer chips.

[0128] The processor 803 and accompanying components
have connectivity to the memory 805 via the bus 801. The

memory 805 includes both dynamic memory (e.g., RAM,
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magnetic disk, writable optical disk, etc.) and static memory
(e.g., ROM, CD-ROM, etc.) for storing executable instruc-
tions that when executed perform the inventive steps
described herein to disperse incident routing. The memory
803 also stores the data associated with or generated by the
execution of the mventive steps.

[0129] FIG. 9 1s a diagram of exemplary components of a
mobile terminal 901 (e.g., handset or vehicle or part thereot)
capable of operating in the system of FIG. 1, according to
one embodiment. Generally, a radio recerver 1s often defined
in terms of front-end and back-end characteristics. The
front-end of the receiver encompasses all of the Radio
Frequency (RF) circuitry whereas the back-end encom-
passes all of the base-band processing circuitry. Pertinent
internal components of the telephone include a Main Control
Unit (MCU) 903, a Digital Signal Processor (DSP) 905, and
a recerver/transmitter unit including a microphone gain
control unit and a speaker gain control unit. A main display
unit 907 provides a display to the user 1n support of various
applications and mobile station functions that offer auto-
matic contact matching. An audio function circuitry 909
includes a microphone 911 and microphone amplifier that
amplifies the speech signal output from the microphone 911.

The amplified speech signal output from the microphone 911
1s fed to a coder/decoder (CODEC) 913.

[0130] A radio section 915 amplifies power and converts
frequency in order to communicate with a base station,
which 1s included in a mobile communication system, via
antenna 917. The power amplifier (PA) 919 and the trans-
mitter/modulation circuitry are operationally responsive to
the MCU 903, with an output from the PA 919 coupled to the
duplexer 921 or circulator or antenna switch, as known 1n
the art. The PA 919 also couples to a battery interface and
power control unit 920.

[0131] In use, a user of mobile station 901 speaks 1nto the
microphone 911 and his or her voice along with any detected
background noise 1s converted into an analog voltage. The
analog voltage 1s then converted 1nto a digital signal through
the Analog to Digital Converter (ADC) 923. The control unit
903 routes the digital signal into the DSP 905 for processing
thereimn, such as speech encoding, channel encoding,
encrypting, and interleaving. In one embodiment, the pro-
cessed voice signals are encoded, by units not separately
shown, using a cellular transmission protocol such as global
evolution (EDGE), general packet radio service (GPRS),
global system for mobile communications (GSM), Internet
protocol multimedia subsystem (IMS), umversal mobile
telecommunications system (UMTS), etc., as well as any
other suitable wireless medium, e.g., microwave access
(WiIMAX), Long Term Evolution (LTE) networks, code
division multiple access (CDMA), wireless fidelity (WiF1),
satellite, and the like.

[0132] The encoded signals are then routed to an equalizer
925 for compensation of any frequency-dependent impair-
ments that occur during transmission though the air such as
phase and amplitude distortion. After equalizing the bit
stream, the modulator 927 combines the signal with a RF
signal generated 1n the RF interface 929. The modulator 927
generates a sine wave by way of frequency or phase modu-
lation. In order to prepare the signal for transmission, an
up-converter 931 combines the sine wave output from the
modulator 927 with another sine wave generated by a
synthesizer 933 to achieve the desired frequency of trans-
mission. The signal 1s then sent through a PA 919 to increase
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the signal to an appropriate power level. In practical sys-
tems, the PA 919 acts as a variable gain amplifier whose gain
1s controlled by the DSP 905 from information received
from a network base station. The signal 1s then filtered
within the duplexer 921 and optionally sent to an antenna
coupler 935 to match impedances to provide maximum
power transier. Finally, the signal 1s transmitted via antenna
917 to a local base station. An automatic gain control (AGC)
can be supplied to control the gain of the final stages of the
receiver. The signals may be forwarded from there to a
remote telephone which may be another cellular telephone,
other mobile phone or a land-line connected to a Public
Switched Telephone Network (PSTN), or other telephony
networks.

[0133] Voice signals transmitted to the mobile station 901
are recerved via antenna 917 and immediately amplified by
a low noise amplifier (LNA) 937. A down-converter 939
lowers the carrier frequency while the demodulator 941
strips away the RF leaving only a digital bit stream. The
signal then goes through the equalizer 925 and 1s processed
by the DSP 905. A Digital to Analog Converter (DAC) 943
converts the signal and the resulting output 1s transmitted to
the user through the speaker 945, all under control of a Main
Control Unit (MCU) 903—which can be implemented as a
Central Processing Unit (CPU) (not shown).

[0134] The MCU 903 receives various signals including
input signals from the keyboard 947. The keyboard 947
and/or the MCU 903 1n combination with other user mput
components (e.g., the microphone 911) comprise a user
interface circuitry for managing user mput. The MCU 903
runs a user interface software to facilitate user control of at
least some functions of the mobile station 901 to disperse
incident routing. The MCU 903 also delivers a display
command and a switch command to the display 907 and to
the speech output switching controller, respectively. Further,
the MCU 903 exchanges information with the DSP 905 and
can access an optionally incorporated SIM card 949 and a
memory 951. In addition, the MCU 903 executes various
control functions required of the station. The DSP 905 may,
depending upon the mmplementation, perform any of a
variety ol conventional digital processing functions on the
voice signals. Additionally, DSP 905 determines the back-
ground noise level of the local environment from the signals
detected by microphone 911 and sets the gain of microphone
911 to a level selected to compensate for the natural ten-
dency of the user of the mobile station 901.

[0135] The CODEC 913 includes the ADC 923 and DAC
943. The memory 9351 stores various data including call
incoming tone data and 1s capable of storing other data
including music data received via, e.g., the global Internet.
The software module could reside in RAM memory, flash
memory, registers, or any other form of writable computer-
readable storage medium known 1n the art including non-
transitory computer-readable storage medium. For example,
the memory device 951 may be, but not limited to, a single
memory, CD, DVD, ROM, RAM, EEPROM, optical stor-
age, or any other non-volatile or non-transitory storage
medium capable of storing digital data.

[0136] An optionally mcorporated SIM card 949 carries,
for instance, important information, such as the cellular
phone number, the carrier supplying service, subscription
details, and security information. The SIM card 949 serves
primarily to identity the mobile station 901 on a radio
network. The card 949 also contains a memory for storing a
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personal telephone number registry, text messages, and user
specific mobile station settings.

[0137] While the mnvention has been described 1n connec-
tion with a number of embodiments and 1mplementations,
the mvention 1s not so limited but covers various obvious
modifications and equivalent arrangements, which {fall
within the purview of the appended claims. Although fea-
tures of the invention are expressed in certain combinations
among the claims, 1t 1s contemplated that these features can

be arranged in any combination and order.
What 1s claimed 1s:
1. A method comprising:
determiming an incident location of an incident, wherein
the incident disperses over a geographic area;

generating a polygon representing the geographic area,
wherein the incident location 1s represented as one
vertex of the polygon; and

computing a navigation route to or from the incident

location, the geographic area, a vicinity of the geo-
graphic area, or a combination thereof based on a
routing engine cost function,

wherein the routing engine cost function weighs a tra-

versal through the geographic area represented by the
polygon to generate the navigation route.

2. The method of claim 1, further comprising:

determining one or more map features of a geographic

database that overlap with the polygon,

wherein the routing engine cost function increases or

decreases a traversal cost associated with the one or
more map features to weigh the traversal through the
geographic area represented by the polygon.

3. The method of claim 1, wherein the incident i1s an
airborne hazard dispersion incident.

4. The method of claim 3, further comprising:

determining one or more weather parameters associated

with the incident location, the geographic area, or a
combination thereof,

wherein a direction, a size, or a combination thereot of the

polygon 1s determined based on the one or more
weather parameters.

5. The method of claim 4, wherein the one or more
weather parameters include a wind direction, a wind speed,
or a combination thereof.

6. The method of claim 3, further comprising;:

determining one or more changes to the one or more

weather parameters over a duration of the incident; and
dynamically updating the polygon based on the one or
more changes.

7. The method of claim 1, further comprising:

determining a size of the polygon based on an intensity of

the incident.

8. The method of claim 1, further comprising:

determiming a gradient component of the polygon,

wherein the gradient component represents an intensity
gradient of the incident with respect to proximity to the
incident location.

9. The method of claim 8, wherein the routing engine cost
function turther weights the traversal through the geographic
areca represented by the polygon based on the gradient
component.

10. The method of claim 1, further comprising:

generating a map user interface depicting a representation

of the polygon, the navigation route, or a combination
thereof; and

presenting the map user interface on a device.
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11. The method of claim 1, wherein the polygon 1s a
triangle, an oval, a logarithmic horn, or a combination
thereof.

12. An apparatus comprising:
at least one processor; and

at least one memory including computer program code for
One or more programs,

the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus to perform at least the following,

determine an incident location of an incident, wherein
the icident disperses over a geographic area;

generate a polygon representing the geographic area,
wherein the incident location 1s represented as one

vertex of the polygon; and

compute a navigation route to or from the incident
location, the geographic area, a vicinity of the geo-
graphic area, or a combination thereof based on a
routing engine cost function,

wherein the routing engine cost function weighs a
traversal through the geographic area represented by
the polygon to generate the navigation route.

13. The apparatus of claim 12, wherein the apparatus 1s
turther caused to:

determine one or more map features of a geographic
database that overlap with the polygon,

wherein the routing engine cost function increases or
decreases a traversal cost associated with the one or
more map features to weigh the traversal through the
geographic area represented by the polygon.

14. The apparatus of claim 12, wherein the incident 1s an
airborne hazard dispersion incident.

15. The apparatus of claim 14, wherein the apparatus 1s
turther caused to:

determine one or more weather parameters associated
with the incident location, the geographic area, or a
combination thereof,

wherein a direction, a size, or a combination thereotf of the

polygon 1s determined based on the one or more
weather parameters.
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16. The apparatus of claim 15, wherein the one or more
weather parameters include a wind direction, a wind speed,
or a combination thereof.
17. A non-transitory computer-readable storage medium
carrying one or more sequences of one or more instructions
which, when executed by one or more processors, cause an
apparatus to perform:
determining an incident location of an incident, wherein
the incident disperses over a geographic area;

generating a polygon representing the geographic area,
wherein the incident location 1s represented as one
vertex of the polygon; and

computing a navigation route to or from the incident

location, the geographic area, a vicimty of the geo-
graphic area, or a combination therecof based on a
routing engine cost function,

wherein the routing engine cost function weighs a tra-

versal through the geographic area represented by the
polygon to generate the navigation route.

18. The non-transitory computer-readable storage
medium of claim 17, wherein the apparatus 1s further caused
to perform:

determining one or more map features of a geographic

database that overlap with the polygon,

wherein the routing engine cost function increases or

decreases a traversal cost associated with the one or
more map features to weigh the traversal through the
geographic area represented by the polygon.

19. The non-transitory computer-readable storage
medium of claim 17, wherein the incident 1s an airborne
hazard dispersion incident.

20. The non-transitory computer-readable storage
medium of claim 19, wherein the apparatus 1s further caused
to perform:

determining one or more weather parameters associated

with the incident location, the geographic area, or a
combination thereof,

wherein a direction, a size, or a combination thereot of the

polygon 1s determined based on the one or more
weather parameters, and

wherein the one or more weather parameters include a

wind direction, a wind speed, or a combination thereof.
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