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(57) ABSTRACT

A vehicle-based complex event processing (CEP) engine
executes on a hardware computer processor in a vehicle. The
CEP engine receives a first input stream onto which vehicle
information related to the vehicle is published, and applies at
least one query to the first input stream. The CEP engine then
assesses, based on application of the query/queries, if a
vehicle-related event has occurred and, if so, the CEP engine
publishes an indication of occurrence of the vehicle-related
event on at least one output stream of the CEP engine. In one
example, the CEP engine may receive a second input stream
onto which image information is published, wherein the
image information is based at least in part on data provided by
at least one on-board vehicle camera.
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SYSTEMS AND METHODS FOR COMPLEX
EVENT PROCESSING OF VEHICLE
INFORMATION AND IMAGE INFORMATION
RELATING TO A VEHICLE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims a priority benefit, under 35
U.S.C. §119(a), to Canadian application serial no. (not yet
assigned), entitled “Systems and Methods for Complex Event
Processing of Vehicle-related Information,” filed on Aug. 9,
2010, under attorney docket no. PAT 71726-1 CA.

[0002] This application claims a priority benefit, under 35
U.S.C. §119(e), to U.S. Provisional Patent Application No.
61/232,902, entitled “Systems And Methods For Complex
Event Processing,” filed on Aug. 11, 2009 under attorney
docket no. D0687.70029US00.

[0003] This application claims a priority benefit, under 35
U.S.C. §119(e), to U.S. Provisional Patent Application No.
61/238,530, entitled “Systems And Methods For Complex
Event Processing,” filed on Aug. 31, 2009 under attorney
docket no. D0687.70029US01.

[0004] Each of the above-identified applications is incor-
porated by reference herein in its entirety.

BACKGROUND

[0005] Complex event processing (CEP) relates to identi-
fying patterns of events or relationships between such events.
A CEP “engine” (e.g., one or more processors, memory,
software and/or other associated devices to perform CEP)
may receive one or more input streams of data from any of a
variety of information sources, monitor the input stream(s)
for the presence of certain information, and then publish data
onto one or more output streams relating to some type of
processing/analysis of the input stream(s) (e.g., if/when it is
determined that one or more events have occurred based on
certain information in the input stream(s)). Various types of
data may be published onto input streams having a variety of
formats for inputting to the CEP engine; for example, data
may include text strings, integer values, floating point digital
values (or other types of digital values), and/or Boolean (e.g.,
true/false) values. Likewise, data published onto output
streams may have a variety of formats (e.g., Boolean values
may be employed particularly to indicate an occurrence or
non-occurrence of an event based on monitoring of the input
stream(s)).

[0006] In CEP, a set of queries may be defined (e.g., by a
user, developer, or administrator of the CEP engine) that the
CEP engine uses to process/analyze the input stream(s) so as
to determine if one or more events have occurred. That is, a
CEP engine may receive incoming data (e.g., from external
sensors or other data sources) on one or more input streams
and apply the queries to the incoming data to determine if
events have occurred. As examples, some queries may be
thought of as IF-THEN conditional statements or SQL-type
pattern-match queries that define if/when one or both of
simple events (sometimes called primitive events) and com-
plex events have occurred. The distinction between simple
and complex events in some instances may be defined by the
creator of the queries. In one illustrative example, a simple
event may be considered as the existence of a particular
condition or state at a particular instant of time or for some
duration of time, whereas a complex event may be considered
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as relating to the combined occurrence of two or more simple
events with a particular timing relationship between/among
the simple events. In any event, again occurrences that con-
stitute simple events are defined by the creator of the queries,
and likewise the queries may define complex events, which
typically are events that are composed of or derived from
other events.

[0007] For example, a CEP engine may receive input data
from a thermometer and a hygrometer. One query in a query
set may define a simple event, called a “temperature event” to
have occurred if the temperature data from the thermometer
indicates that the temperature is above ninety degrees Fahr-
enheit. Another query in the query set may define a simple
event, called a “humidity event” to have occurred if the rela-
tive humidity data from the hygrometer is above ninety per-
cent. A third query in the query set may define a complex
event, called a “sweltering event” to have occurred if a “tem-
perature event” occurs within thirty minutes of a “humidity
event.”

[0008] As another example, a CEP engine may receive
respective input streams including data indicating the appear-
ance of a man in a tuxedo, a woman in a white dress, and rice
flying through the air, each of which may be defined as a
simple event. Based on a particular query set, the CEP engine
may infer from these simple events occurring within a certain
amount of time of each other that a wedding has occurred and
may output an indication that a wedding has occurred. The
wedding can be thought of as a complex event that was
inferred by the CEP engine from a pattern of simple events
(e.g., the man in the tuxedo, the woman in the white dress, and
rice flying through the air).

[0009] FIG. 1is an example of a conventional CEP engine
101. CEP engine 101 includes a set or network of queries 103
that may be used to determine whether an event has occurred.
Stream analysis logic 105 may receive a plurality of incoming
data streams (also referred to as “input streams™) 109a, 1095,
..., 1097 generated from a plurality of data sources 107a,
1075, 107, and may apply queries 103 to the incoming data
streams 109 to determine whether one or more events have
occurred. Stream analysis logic 105 may output one or more
indications of event occurrences via output streams 111a,
11154, . . ., 111m. One or more of the data sources may be a
sensor (e.g., as discussed above in the temperature/hygrom-
eter example). The input and output streams may be formatted
in any of a variety of manners; for example, in one implemen-
tation, a given input stream may include a succession of data
fields including various types of data (e.g., string/text,
numerical, Boolean), and the data fields may be particularly
organized is some order and include some type of identifica-
tion field to identify the stream (e.g., a stream name, header,
or other identifier) and one or more other data or “payload”
fields including data.

[0010] CEP engines differ from conventional rules-based
processing systems in various respects. First, conventional
rules-based processing systems typically employ a batch pro-
cessing approach in which incoming data is processed by the
system periodically in batches. That is, incoming data is
collected over a period of time, and at the end of each period
the data is processed in a batch. By contrast, CEP engines are
event driven, such that data streams input to the engine are
continuously monitored and analyzed, and processing is
driven by the occurrence of events. This allows a CEP engine
to detect an event as soon as the data indicating the occurrence
of that event is received by the CEP engine. By contrast, in a
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batch rules-based processing system, the detection of an
event would not occur until the next periodic batch processing
is executed.

[0011] In addition, unlike conventional rules-based pro-
cessing systems, CEP engines employ “windows” for com-
plex event detection. A window is a segment of memory that
stores a value (e.g., an input value, from an incoming data
stream, for example, or a computed result) for a configurable
period of time. There are a number of different types of
windows, including sliding windows, jumping windows,
multi-policy windows, and other types of windows. With
sliding windows, the designer of a network of queries to be
applied or executed by a CEP engine may specify how long a
value remains in one or more of the windows. For example, a
query set may specify that only n values can be stored in a
particular window at any given time, such that if there are n
values stored in the window and a new value is received, the
oldest value stored in the window is removed from the win-
dow to make room for the new value. Alternatively, a query
set may specify a time period (e.g., in seconds, minutes,
hours, days, months, years, and/or any other time period
accepted by the CEP engine) for which a value is retained in
the window. For example, a query set may specify that when
a new value is received, it is stored in the window for four
seconds, after which it is removed from the window.

[0012] The use of windows enables CEP engines to detect
occurrences of complex events based on the times at which
particular events occurred. For example, a CEP query may
specify that a complex event of “wedding” is determined (and
indicated in one or more output data streams) if a first event
indicating the appearance of a man in a tuxedo (“tuxedo
event”) occurs within ten minutes of a second event indicating
the appearance of a woman in a white dress (“white dress
event”) and within fifteen minutes of an event indicating rice
flying through the air (“flying rice event”). The use of win-
dows allows any “white dress event” to be stored in a first
window for ten minutes before it is discarded, and any “flying
rice event” to be stored in a second window for fifteen minutes
before itis discarded. Thus, the CEP engine may, upon detect-
ing a “tuxedo event,” monitor the first and second windows to
determine whether they store respective indications of a
“white dress event” and a “flying rice event,” and if both are
present in their respective windows, detect a complex “wed-
ding event.”

[0013] In addition, the use of windows enables the system
to preserve data that is pertinent to the defined events and
discard data that is not pertinent to the defined events. This
allows the system to efficiently use its storage/memory
resources. For example, if a particular query indicates that a
event is determined to have occurred if a value of “5” appears
on a first input stream three times in a ten minute period, data
that was received more than ten minutes since the last value of
“5” was received is no longer pertinent and may be discarded.
[0014] Examples of commercially available CEP engines
that operate in this way include the StreamBase Server, avail-
able from StreamBase Systems, Inc. of Lexington, Mass.,
Sybase CEP and the Sybase Aleri Streaming Platform, avail-
able from Sybase, Inc. of Dublin, Calif., and BusinessEvents
3.0 available from TIBCO Software Inc. of Palo Alto, Calif.

SUMMARY

[0015] The inventors have appreciated that in some com-
mercial applications it may be desirable to have multiple CEP
engines, in some instances situated at different geographic
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locations, that are able to communicate with each other. In
this manner, complex event processing of geographically dis-
persed information and events that relate in some manner to a
same or similar commercial application may be shared
amongst multiple CEP engines.

[0016] For example, in a system of communicatively
coupled CEP engines, one CEP engine may perform event
processing using information from sensors that are not local
to it, but wherein the information is passed to it and/or pre-
liminarily processed by another CEP engine at a different
geographic location. More specifically, communication
amongst multiple CEP engines enables a first CEP engine to
receive information from a local sensor, process that infor-
mation to determine if a first event has occurred, take some
“local action” triggered by the occurrence of the event (e.g.,
provide some perceivable indication of the first event, such as
an audible or visible alert), and send an indication of the
occurrence of the first event to a second CEP engine (which
may be in a geographically remote location). The second CEP
engine may process the indication of the occurrence of the
first event with other information that it receives to determine
if any other events have occurred, based on the first event, and
in some cases may send an indication of the occurrence of
such events back to the first CEP engine. This arrangement
enables the first CEP engine to take a “reflexive” (i.e., essen-
tially real-time or instantaneous) action in response to the
occurrence of the first event without having to wait for any
additional processing or response from the second CEP
engine, but still allows for the second CEP engine to perform
event processing based on the occurrence of the first event and
send indications of other events detected by the second CEP
engine back to the first CEP engine.

[0017] The inventors also have appreciated that allowing
multiple CEP engines to communicate amongst each other
may be useful in fields such as field service operations (e.g.,
scheduled installation, repair and/or maintenance; excavation
and construction activities; activities relating to deployment
and location of above-ground and underground utilities; etc.)
and fleet management (e.g., where an organization is respon-
sible for managing and/or operating a fleet of vehicles for
various purposes). For purposes of the present disclosure, the
term “fleet management operations™ refers to any activity
relating to the maintenance, dispatch (e.g., scheduling),
operation, monitoring (e.g., tracking) and oversight of mul-
tiple vehicles and/or vehicle operators employed to conduct
business. Given the wide variety of information and function-
ality germane to fleet management operations in general, the
inventors have recognized and appreciated a number of
advantages provided by innovative CEP architectures applied
to such an environment.

[0018] In view of the foregoing, various embodiments of
the present invention relate generally to apparatus, systems
and methods for complex event processing, wherein exem-
plary implementations are directed to complex event process-
ing of vehicle-related information, and/or innovative archi-
tectures for a system of communicatively coupled CEP
engines (that may be employed, for example, to facilitate fleet
management operations).

[0019] In particular, as discussed below in greater detail,
the techniques discussed herein for enabling communication
amongst different CEP engines in different geographic loca-
tions may provide benefits when used in connection with
dispatching and managing field service technicians and gen-
erally managing a fleet of vehicles. For example, a CEP
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engine may be situated in multiple vehicles in a fleet, and
respective vehicle-based CEP engines may in some instances
communicate with each other. Furthermore, a given vehicle-
based CEP engine may communicate with one or more
mobile devices carried by a supervisor or dispatcher (e.g., a
smart phone, tablet computer, or laptop computer, which
itself may be executing a CEP engine), and/or may commu-
nicate with one or more office-based CEP engines (e.g., a
main office or “central” CEP engine) to provide indications of
“vehicle-related events” detected at the vehicle. A vehicle-
based CEP engine also may receive indications of events from
other vehicles, from a CEP engine executing on a mobile
device of a supervisor and/or dispatcher CEP, and/or a central
CEP engine. In another aspect, a CEP engine in such a system
receiving input streams from multiple different vehicles
(which input streams themselves may include vehicle-related
events) may apply queries to the multiple input streams to
determine various “fleet-related events” (e.g., relating to two
or more of the vehicles of the fleet).

[0020] Invarious embodiments discussed in detail herein, it
should be appreciated that a wide variety of information may
be published to one or more input streams and monitored by
a given CEP engine to assess if simple or complex events have
occurred.

[0021] For example, in one aspect, information generally
relating to a particular vehicle and/or its operating environ-
ment (“vehicle information”) may be published onto one or
more input streams of a CEP engine, and one or more queries
may be applied by the CEP engine to the input stream(s) to
assess if a vehicle-related simple or complex event has
occurred. One example of vehicle information includes infor-
mation provided by an Electronic Control Unit (ECU) of a
vehicle (e.g., which may provide values corresponding to
parameter identifiers defined by the On Board Diagnostic
OBD-II standard SAE J1979, or other custom protocols, for
various vehicle sensor readings or vehicle status informa-
tion). Other examples of vehicle information include, but are
not limited to, information provided by a variety of environ-
mental and/or operational sensors associated with the vehicle
(e.g., one or more GPS receivers, temperature sensors,
humidity sensors, accelerometers, light sensors, cellular or
WiFi transceivers and associated diagnostics, etc.). Vehicle
information also may include resource or scheduling infor-
mation relating the a driver of the vehicle at any given time
and a pattern of usage of the vehicle over some period of time
(e.g., to what driver is a vehicle assigned, when and/or by
whom the vehicle was taken out or returned to a company lot,
when the vehicle was started-up at the beginning of a day/
shift and shut-down/parked at the end of a day/shift, vehicle
maintenance schedules and/or maintenance history, etc.). In
some exemplary implementations, resource and scheduling
information may be made available to/accessed by one or
more CEP engines via one or more electronic records in a
database maintained by a company overseeing fleet manage-
ment operations.

[0022] Inanother aspect, “image information” relating to a
given vehicle and/or its operating environment may be pub-
lished onto one or more dedicated input streams and/or may
be provided as part of the vehicle information to which a CEP
engine applies one or more queries. Examples of image infor-
mation include, but are not limited to, “raw” or unprocessed
information obtained from an output of one or more on-board
vehicle cameras, status information regarding operation of
one or more on-board vehicle cameras, and processed infor-
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mation (e.g., color detection information, luminance infor-
mation, edge detection information, motion detection infor-
mation, pattern/object recognition information, etc.) derived
from data provided by one or more on-board vehicle cameras.
In exemplary implementations, one or more on-board vehicle
cameras may be placed inside and/or outside of a vehicle in
various locations, and may monitor an internal view (includ-
ing a driver) and/or an external view. Examples of on-board
vehicle cameras from which various image information may
be obtained include, but are not limited to, a 360 degree
camera system, one or more in-cab cameras (e.g., mounted on
or near a rear view minor) facing the rear and/or front of the
vehicle, and a video event recorder configured to record video
events based at least in part on one or more exceptional forces
acting on the vehicle (e.g., hard braking, swerving, collision,
etc.). In some embodiments, image information may be help-
ful in determining complex events relating to the state of the
driver and/or the presence of particular objects, colors and/or
patterns in the driver’s field of view; examples of such com-
plex events include, but are not limited to, a “driver distracted
event,” a “driver sleeping event,” a “disobeyed stop traffic
signal event,” an “excessive speed event,” a “lane change
event,” a “proximate forward collision event,” and/or a “reck-
less driving event,” for example.

[0023] In yet another aspect, “non-vehicle specific infor-
mation” that may be helpful in determining vehicle-related
events and/or fleet-related events may be published onto one
or more input streams to which a CEP engine applies one or
more queries. Examples of such information include, but are
not limited to, weather information, traffic information, street
map information, and credit card or fuel card transaction
information. One or more of these exemplary information
types may be obtained from a variety of sources in any of a
variety of manners (e.g., issuing a web service call to retrieve
weather, traffic and/or street map information from the Inter-
net, in some instances based on a vehicle’s current location).
Non-vehicle specific information may be assessed by a CEP
engine alone or together with vehicle information, image
information, and/or one or more other complex events to
determine a variety of vehicle-related and/or fleet-related
events (e.g., fuel card transaction information may be queried
together with vehicle fuel gauge readings information from
an ECU of the vehicle within a certain time period of the
transaction to assess if an amount of purchased fuel suffi-
ciently matches the fuel gauge reading; weather and/or traffic
information queried together with vehicle speed readings
information from an ECU of the vehicle may be used to
determine a traffic jam event, an excessive speed event or
reckless driving event; GPS readings from multiple vehicles
queried together with street map information may be used to
determine a “driver congregation event™).

[0024] More specifically, in various embodiments dis-
closed herein it should be appreciated that one or more simple
or complex events themselves may be published onto one or
more input streams to which a CEP engine applies one or
more queries. For example, multiple input streams of vehicle-
related events from respective vehicles of a fleet may be
processed by a CEP engine, alone or together with other
vehicle information and/or non-vehicle specific information,
to determine a variety of fleet-related events. Some examples
of fleet-related events were already noted above and may
include, but are not limited to, a “traffic jam event,” a “driver
congregation event,” a “frequent fueling event,” a “favorite
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fueling location event,” a “frequented location event,” a
“rough road event,” a “high speed areas event,” and a “dead
communication area event.”

[0025] With respect to simple or complex event detection,
in various embodiments discussed herein a CEP engine may
publish an indication of occurrence of an event on one or more
output streams (which may in turn serve as one or more input
streams to one or more other CEP engines). In addition, the
detection of a simple or complex event may trigger one or
more local alerts; for example, in connection with a vehicle-
based CEP engine, detection of a vehicle-related event may
cause generation of an audible or visual alert in the vehicle,
and/or may cause some altered operation of the vehicle (e.g.,
ignition disabled, throttle disabled, application of brakes,
etc.). An indication of event occurrence (e.g., either as a
discrete signal or as part of an output stream) also may be
transmitted (e.g., to another vehicle, to a supervisor/dis-
patcher in the field or at a central office) so as to generate a
remote alert.

[0026] Insum, one embodiment of the invention is directed
to a method of complex event processing in a system com-
prising a first complex event processing engine that receives
at least one first input stream as input and generates at least
one first output stream by applying at least one first query set
to the at least one first input stream and a second complex
event processing engine that receives at least one second input
stream as input and generates at least one second output
stream by applying at least one second query set to the at least
one second input stream. The method comprises acts of:
receiving input data at the first complex event processing
engine via the at least one first input stream; determining,
using the input data, whether a complex event has occurred by
applying the at least one first query set; and when it is deter-
mined by the first complex event processing engine that a
complex event has occurred, sending an indication of the
occurrence of the complex event to second complex event
processing engine via the at least one first output stream.
[0027] Another embodiment is directed to a method for
complex event processing in a vehicle having a plurality of
hardware sensors that provide information about at least one
aspect of the vehicle. The method comprises acts of: (A)
receiving, at a first complex event processing engine in the
vehicle, information from at least one of the hardware sen-
sors; (B) determining, in response to receiving the informa-
tion, whether an event has occurred; and (C) when it is deter-
mined that an event has occurred: (C1) triggering a response
to the event in the vehicle; and (C2) sending an indication of
the event to at least one second complex event processing
engine external to the vehicle.

[0028] Another embodiment is directed to a method for use
in a system comprising a plurality of complex event process-
ing engines including first complex event processing engine
that is configured to send data to and receive data from a
second complex event processing engine in the plurality of
complex event processing engines and is configured to not
send data to or receive data from a third complex event pro-
cessing engine in the plurality of event processing engines.
The method comprises: configuring the first complex event
processing engine to not send data to or receive data from the
second complex event processing engine; and configuring the
first complex event processing engine to send data to and
receive data from the third complex event processing engine.
[0029] Another embodiment is directed to a method per-
formed by a complex event processing (CEP) engine that
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executes on at least one hardware computer processor in a
vehicle. The method comprises: A) receiving at least two
input streams comprising: at least one first input stream onto
which vehicle information related to the vehicle is published;
and at least one second input stream onto which image infor-
mation is published, wherein the image information is based
at least in part on data provided by at least one on-board
vehicle camera; B) applying at least one query to the at least
one first input stream and the at least one second input stream;
C) assessing, based on B), if a vehicle-related complex event
has occurred; and D) if it is determined in C) that the vehicle-
related complex event has occurred, publishing an indication
of'occurrence of the vehicle-related complex event on at least
one output stream of the CEP engine.

[0030] Another embodimentis directed to at least one com-
puter-readable medium encoded with a processor-executable
instructions that, when executed by at least one hardware
computer processor, implement a complex event processing
(CEP) engine that performs a method comprising: A) receiv-
ing at least two input streams comprising: at least one first
input stream onto which vehicle information related to a
vehicleis published; and at least one second input stream onto
which image information is published, wherein the image
information is based at least in part on data provided by at
least one on-board vehicle camera; B) applying at least one
query to the at least one first input stream and the at least one
second input stream; C) assessing, based on B), if a vehicle-
related complex event has occurred; and D) if it is determined
in C) that the vehicle-related complex event has occurred,
publishing an indication of occurrence of the vehicle-related
complex event on at least one output stream of the CEP
engine.

[0031] Another embodiment is directed to a complex event
processing (CEP) engine to assess occurrences of vehicle-
related complex events, the CEP engine comprising: at least
one hardware computer processor; at least one input/output
(I/0) interface; and at least one tangible memory to store
processor-executable instructions, wherein, upon execution
of the processor-executable instructions by the at least one
hardware computer processor, the CEP engine: A) receives,
via the at least one I/O interface, at least two input streams
comprising: at least one first input stream onto which vehicle
information related to a vehicle is published; and at least one
second input stream onto which image information is pub-
lished, wherein the image information is based at least in part
on data provided by at least one on-board vehicle camera; B)
applies at least one query to the at least one first input stream
and the at least one second input stream; C) assesses, based on
B), if a vehicle-related complex event has occurred; and D) if
it is determined in C) that the vehicle-related complex event
has occurred, publishes, via the at least one 1/O interface, an
indication of occurrence of the vehicle-related complex event
on at least one output stream of the CEP engine. In yet another
embodiment, a system comprises the foregoing CEP engine
in combination with the at least one on-board vehicle camera
and the vehicle, wherein the CEP engine is disposed on the
vehicle.

[0032] Another embodiment is directed to a method per-
formed by a first vehicle-based complex event processing
(CEP) engine that executes on at least one hardware computer
processor in a first vehicle, the method comprising: A) receiv-
ing at least one first input stream onto which vehicle infor-
mation related to the first vehicle is published; B) applying at
least one query to the at least one first input stream; C)
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assessing, based on B), if a vehicle-related event has
occurred; D) if it is determined in C) that the vehicle-related
event has occurred, publishing an indication of occurrence of
the vehicle-related event on at least one output stream of the
first vehicle-based CEP engine; and E) transmitting the indi-
cation of occurrence of the vehicle-related event from the first
vehicle.

[0033] Another embodiment is directed to at least one com-
puter-readable medium encoded with a processor-executable
instructions that, when executed by at least one hardware
computer processor, implement a complex event processing
(CEP) engine that performs a method comprising: A) receiv-
ing at least one first input stream onto which vehicle infor-
mation related to a first vehicle is published; B) applying at
least one query to the at least one first input stream; C)
assessing, based on B), if a vehicle-related event has
occurred; and D) if it is determined in C) that the vehicle-
related event has occurred, publishing an indication of occur-
rence of the vehicle-related event on at least one output stream
of the CEP engine.

[0034] Another embodiment is directed to a complex event
processing (CEP) engine to assess occurrences of vehicle-
related events, the CEP engine comprising: at least one hard-
ware computer processor; at least one input/output (I/O)
interface; and at least one tangible memory to store processor-
executable instructions, wherein, upon execution of the pro-
cessor-executable instructions by the at least one hardware
computer processor, the CEP engine: A) receives at least one
first input stream onto which vehicle information related to a
first vehicle is published; B) applies at least one query to the
at least one first input stream; C) assesses, based on B), if a
vehicle-related event has occurred; and D) if it is determined
in C) that the vehicle-related event has occurred, publishes an
indication of occurrence of the vehicle-related event on at
least one output stream of the CEP engine. Another embodi-
ment is directed to a system, comprising the foregoing CEP
engine and the first vehicle, wherein the CEP engine is dis-
posed on the first vehicle, and wherein the CEP engine further
E) transmits the indication of occurrence of the vehicle-re-
lated event from the first vehicle.

[0035] Another embodiment is directed to a method per-
formed by a fleet management complex event processing
(CEP) engine that executes on at least one hardware computer
processor, the method comprising: A) receiving at least two
input streams comprising: at least one first input stream onto
which first vehicle information related to a first vehicle is
published; and at least one second input stream onto which
second vehicle information related to a second vehicle is
published; B) applying at least one query to the at least one
first input stream and the at least one second input stream; C)
assessing, based on B), if a fleet-related complex event has
occurred; and D) if it is determined in C) that the fleet-related
complex event has occurred, publishing an indication of
occurrence of the fleet-related complex event on at least one
output stream of the fleet management CEP engine.

[0036] Another embodiment is directed to at least one com-
puter-readable medium encoded with a processor-executable
instructions that, when executed by at least one hardware
computer processor, implement a fleet-management complex
event processing (CEP) engine that performs a method com-
prising: A) receiving at least two input streams comprising: at
least one first input stream onto which first vehicle informa-
tion related to a first vehicle is published; and at least one
second input stream onto which second vehicle information
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related to a second vehicle is published; B) applying at least
one query to the at least one first input stream and the at least
one second input stream; C) assessing, based on B), if a
fleet-related complex event has occurred; and D) if it is deter-
mined in C) that the fleet-related complex event has occurred,
publishing an indication of occurrence of the fleet-related
complex event on at least one output stream of the fleet
management CEP engine.

[0037] Another embodiment is directed to a fleet manage-
ment complex event processing (CEP) engine to assess occur-
rences of fleet-related complex events, the fleet management
CEP engine comprising: at least one hardware computer pro-
cessor; at least one input/output (I/O) interface; and at least
one tangible memory to store processor-executable instruc-
tions, wherein, upon execution of the processor-executable
instructions by the at least one hardware computer processor,
the fleet management CEP engine: A) receives at least two
input streams comprising: at least one first input stream onto
which first vehicle information related to a first vehicle is
published; and at least one second input stream onto which
second vehicle information related to a second vehicle is
published; B) applies at least one query to the at least one first
input stream and the at least one second input stream; C)
assesses, based on B), if a fleet-related complex event has
occurred; and D) if it is determined in C) that the fleet-related
complex event has occurred, publishes an indication of occur-
rence of the fleet-related complex event on at least one output
stream of the fleet management CEP engine. In another
embodiment, a system comprises the foregoing fleet manage-
ment CEP engine, in combination with a first vehicle-based
CEP engine executing on at least one first vehicle-based hard-
ware computer processor in the first vehicle; and a second
vehicle-based CEP engine executing on at least one second
vehicle-based hardware computer processor in the second
vehicle, wherein the first vehicle information includes at least
one first vehicle-related event, the first vehicle-based CEP
engine transmits the at least one first vehicle-related event to
the fleet management CEP engine, the second vehicle infor-
mation includes at least one second vehicle-related event, and
the second vehicle-based CEP engine transmits the at least
one second vehicle-related event to the fleet management
CEP engine.

[0038] Another embodiment is directed to a method per-
formed by a complex event processing (CEP) engine that
executes on at least one hardware computer processor, the
method comprising: A) receiving at least two input streams
comprising: at least one first input stream onto which first
vehicle information related to a first vehicle is published; and
at least one second input stream onto which non vehicle-
specific information is published; B) applying at least one
query to the at least one first input stream and the at least one
second input stream; C) assessing, based on B), if a vehicle-
related event and/or a fleet-related complex event has
occurred; and D) if it is determined in C) that the vehicle-
related event and/or the fleet-related complex event has
occurred, publishing at least one indication of occurrence of
the vehicle-related event and/or the fleet-related complex
event on at least one output stream of the CEP engine.

[0039] Another embodimentis directed to at least one com-
puter-readable medium encoded with a processor-executable
instructions that, when executed by at least one hardware
computer processor, implement a complex event processing
(CEP) engine that performs a method comprising: A) receiv-
ing at least two input streams comprising: at least one first
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input stream onto which first vehicle information related to a
first vehicle is published; and at least one second input stream
onto which non vehicle-specific information is published; B)
applying at least one query to the at least one first input stream
and the at least one second input stream; C) assessing, based
on B), ifa vehicle-related event and/or a fleet-related complex
event has occurred; and D) if it is determined in C) that the
vehicle-related event and/or the fleet-related complex event
has occurred, publishing at least one indication of occurrence
of the vehicle-related event and/or the fleet-related complex
event on at least one output stream of the CEP engine.

[0040] Another embodiment is directed to a complex event
processing (CEP) engine to assess occurrences of complex
events, the CEP engine comprising: at least one hardware
computer processor; at least one input/output (I/0) interface;
and at least one tangible memory to store processor-execut-
able instructions, wherein, upon execution of the processor-
executable instructions by the at least one hardware computer
processor, the CEP engine: A) receives at least two input
streams comprising: at least one first input stream onto which
first vehicle information related to a first vehicle is published;
and at least one second input stream onto which non vehicle-
specific information is published; B) applies at least one
query to the at least one first input stream and the at least one
second input stream; C) assesses, based on B), if a vehicle-
related event and/or a fleet-related complex event has
occurred; and D) if it is determined in C) that the vehicle-
related event and/or the fleet-related complex event has
occurred, publishes at least one indication of occurrence of
the vehicle-related event and/or the fleet-related complex
event on at least one output stream of the CEP engine.

[0041] Another embodiment is directed to a method per-
formed in a system comprising a plurality of complex event
processing engines including a first complex event processing
engine set at a first tier and a second complex event processing
engine set at a second tier, wherein each of the plurality of
complex event processing engines executes on at least one
hardware computer processor. The method comprises: A)
configuring the plurality of complex event processing engines
such that each complex event process engine in the second set
communicates with only some of the other complex event
processing engines in the second set; and B) configuring the
plurality of complex event processing engines such that each
complex event processing engine in the first set is capable of
communicating with each complex event processing engine
in the second set.

[0042] Another embodiment is directed to at least one com-
puter-readable medium encoded with processor-executable
instructions that, when executed by a processor, perform a
method of configuring a plurality of complex event process-
ing engines including a first complex event processing engine
set atafirst tier and a second complex event processing engine
set at a second tier, wherein each of the plurality of complex
event processing engines executes on at least one hardware
computer processor, and wherein the method comprises: A)
configuring the plurality of complex event processing engines
such that each complex event process engine in the second set
communicates with only some of the other complex event
processing engines in the second set; and B) configuring the
plurality of complex event processing engines such that each
complex event processing engine in the first set is capable of
communicating with each complex event processing engine
in the second set.
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[0043] Another embodiment is directed to a computer com-
prising: at least one tangible memory that stores processor-
executable instructions for configuring a plurality of complex
event processing engines including a first complex event pro-
cessing engine set at a first tier and a second complex event
processing engine set at a second tier, and at least one hard-
ware computer-processor that executes the processor-execut-
able instructions to: A) configure the plurality of complex
event processing engines such that each complex event pro-
cess engine in the second set communicates with only some of
the other complex event processing engines in the second set;
and B) configure the plurality of complex event processing
engines such that each complex event processing engine in
the first set is capable of communicating with each complex
event processing engine in the second set.

[0044] For purposes of the present disclosure, the term
“complex event processing (CEP)” refers to a software and/or
hardware-implemented technique (e.g., facilitated by a com-
puter system, distributed computer system, computational
analysis coded in software, and/or a combination thereof)
relating to recognizing one or more events, patterns of events,
or the absence of an event or pattern of events, within one or
more input streams of information and performing one or
more actions and/or computations in response to such recog-
nition, in accordance with specified queries, criteria, algo-
rithms, or logic. CEP generally involves detection of relation-
ships between information contained in input streams (which
input streams may include indications of previously recog-
nized events), such as causality, membership, timing, event-
driven processes, detection of complex patterns of one or
more events, event streams processing, event correlation and
abstraction, and/or event hierarchies. CEP may complement
and contribute to technologies such as, but not limited to,
service oriented architecture (SOA), event driven architecture
(EDA), and/or business process management (BPM). The
applicants have recognized and appreciated that CEP allows
the information contained in the events flowing through all of
the layers of a service business, an enterprise information
technology infrastructure and/or management operation to be
discovered, analyzed, and understood in terms of its impact
on management goals and business processes, and acted upon
in real time or as a management process.

[0045] It should be appreciated that all combinations of the
foregoing concepts and additional concepts discussed in
greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the inventive
subject matter disclosed herein. In particular, all combina-
tions of claimed subject matter appearing at the end of this
disclosure are contemplated as being part of the inventive
subject matter disclosed herein. It should also be appreciated
that terminology explicitly employed herein that also may
appear in any disclosure incorporated by reference should be
accorded a meaning most consistent with the particular con-
cepts disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG.11isablock diagram of a conventional complex
event processing engine;

[0047] FIG. 2 is a block diagram of a complex event pro-
cessing architecture including multiple CEP engines, in
accordance with some embodiments of the invention;
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[0048] FIG. 3 is a block diagram of a complex event pro-
cessing architecture having four peer complex event process-
ing engines, in accordance with some embodiments of the
invention;

[0049] FIG. 4A is a block diagram of a first exemplary
configuration of a reconfigurable hierarchical complex event
processing architecture, in accordance with some embodi-
ments of the invention;

[0050] FIG. 4B is a block diagram of a second exemplary
configuration of the reconfigurable hierarchical complex
event processing architecture shown in FIG. 4A, in accor-
dance with some embodiments of the invention;

[0051] FIG. 5 is a block diagram of a complex event pro-
cessing system comprising a plurality of complex event pro-
cessing engines in vehicles and a complex event processing
engine ata central location, in accordance with some embodi-
ments of the invention;

[0052] FIG. 6 is a block diagram of an illustrative architec-
ture for a complex event processing engine that may be
employed in some embodiments of the invention;

[0053] FIG. 7 is a flow chart of an illustrative process for
processing received input data in a complex event processing
engine that may be employed in some embodiments of the
invention.

[0054] FIG. 8 is a flow chart of a process for detecting a
“disobeyed stop traffic signal event” using a complex event
processing engine, in accordance with some embodiments of
the invention;

[0055] FIG. 9 is a flow chart of a process for detecting an
“excessive speed event” using a complex event processing
engine, in accordance with some embodiments of the inven-
tion;

[0056] FIG. 10 is a flow chart of a process for detecting a
“reckless driving event” using a complex event processing
engine, in accordance with some embodiments of the inven-
tion;

[0057] FIG. 11 is a flow chart of a process for adjusting a
GPS acquisition rate using a complex event processing
engine, in accordance with some embodiments of the inven-
tion; and

[0058] FIG.12isaflow chart of a process for modifying the
data on a stream generated from a GPS device to adjust to a
desired GPS acquisition rate, in accordance with some
embodiments of the invention.

DETAILED DESCRIPTION

[0059] Following below are more detailed descriptions of
various concepts related to, and embodiments of, inventive
systems, methods and apparatus for complex event process-
ing. It should be appreciated that various concepts introduced
above and discussed in greater detail below may be imple-
mented in any of numerous ways, as the disclosed concepts
are not limited to any particular manner of implementation.
Examples of specific implementations and applications are
provided primarily for illustrative purposes. Although par-
ticular examples are discussed herein relating to field service
operations and vehicle fleet management, it should be readily
appreciated that the concepts disclosed herein are not limited
to these exemplary applications.

[0060] A CEP engine may receive data published onto one
or more input streams from a plurality of local sensors in the
environment of the CEP engine. The inventors have appreci-
ated that, in some situations, it may be desirable for a CEP
engine to have access to data streams from non-local sources,
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as this enables a CEP engine to generate events that are based
on information from both local incoming data streams and
non-local incoming data streams.

[0061] One possible technique for providing one or more
incoming data streams from non-local sources to a CEP
engine is to directly transmit (e.g., via a wired or wireless
communication link) one or more data streams from the non-
local source(s) to the CEP engine. For example, it may be
desirable to have a CEP engine in one or more offices of a
company that is responsible for various field service opera-
tions (e.g., a package delivery company), and thus in some
manner responsible for vehicle dispatch and/or fleet manage-
ment. Such a CEP engine at a “central office” or “home
office” of the company may receive local input streams (e.g.,
information about scheduled deliveries, information about
which vehicles are out on deliveries, information about which
drivers took out which vehicles, and any other locally gener-
ated information), as well as information generated from
non-local sensors in one or more vehicles.

[0062] To provide information from the sensors in the
vehicle to the CEP engine, the information collected from the
vehicle sensors may be wirelessly transmitted (e.g., via the
Internet, via a cellular telephone network, or in any other
way) from the vehicle so that it is ultimately received by the
CEP engine in the office of the field service company. The
CEP engine may process the data streams from these non-
local sources to determine if any events have occurred and, if
s0, wirelessly transmit an indication of the occurrence of any
such events to the vehicle so that that the appropriate response
may be taken. However, the inventors have recognized a
number of drawbacks to this approach.

[0063] First, the inventors have appreciated that some
events may warrant an essentially immediate response at the
source of the information from which the event was detected.
Using the technique described above, the response is delayed
by the time taken to transmit information that is not local to
the CEP engine from the information source to the CEP
engine and to transmit an indication of the event from the CEP
engine back to the source.

[0064] Intheexample discussed above, an illustrative event
that may warrant an immediate response is the vehicle
exceeding a certain speed. For example, one sensor in the
vehicle may indicate the speed of the vehicle. If the speed of
the vehicle reaches or exceeds a certain threshold it may be
desired to detect a speeding event and notify the driver of the
vehicle that he or she is speeding (e.g., by playing an audio
notification in the vehicle, by displaying such a notification
on the dashboard, instrument panel, or display screen in the
vehicle, or in some other way). It may also be desirable to
automatically take some additional action to reduce the driv-
er’s speed, such as disabling the throttle or applying the
brakes.

[0065] Using the technique described above, sensor infor-
mation from the vehicle may be transmitted to the CEP engine
at the company’s office, the CEP engine may determine that a
speeding event has occurred and may transmit an indication
of the occurrence of such an event back to the vehicle. The
vehicle may then take the appropriate action in response to
occurrence of the event (e.g., notifying the driver, disabling
the throttle, applying the brakes, or some other action). How-
ever, the time between the actual occurrence of the event and
the action taken in response to the event is delayed by the time
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needed to transmit the sensor information to the CEP engine
and receive the indication of the speeding event back from the
CEP engine in response.

[0066] Additionally, the inventors have recognized that
using the technique above may not provide adequate security
for information transferred to and from the CEP engine. That
is, by transmitting the information from the non-local sources
to the CEP engine, the information becomes more susceptible
to unwanted interception, particularly if the information is
transmitted wireles sly. Moreover, the inventors have recog-
nized that transmitting this information may increase traffic
on the channel over which the information is sent, resulting in
an increase in network latency. In the example discussed
above, the vehicle may transmit all speed information to the
CEP engine, even though much of this information does not
result in the detection of an event. As a result, this information
may clog the channel over which it is being transmitted even
though most of it is not relevant to any event.

[0067] 1. CEP Network Architectures

[0068] In view of the foregoing, the inventors have devel-
oped various CEP architectures that, in some embodiments,
may enable a given CEP engine to receive information from
non-local sources, in many instances without the drawbacks
discussed above.

[0069] A. Multiple Communicatively Coupled CEP
Engines
[0070] FIG. 2 shows an example of a CEP architecture

including multiple communicatively coupled CEP engines,
according to some embodiments of the present invention. In
the example of FIG. 2, a first CEP engine 201 receives one or
more input streams 205a and 2055 from one or more sources
203a and 2035 respectively, and publishes data onto one or
more output streams 207a, 2075, and 207¢. For simplicity, in
the example of FIG. 2, sources 203a and 2035 provide input
streams directly to CEP engine 201, and sources 2094 and
2095 provide input streams directly to CEP engine 211. How-
ever, it should be appreciated that raw data from an input
source (e.g., a sensor) may be reformatted into a format
suitable for processing as an input stream by the event pro-
cessing logic of a CEP engine. That is, for example, a soft-
ware component of the CEP engine 201 or some other inter-
mediary component may receive the raw data from an input
source, reformat it, and provide it to event processing logic of
the CEP engine (e.g., publish the raw data and/or information
relating to same to one or more input streams), as discussed
further below.

[0071] In one aspect of the embodiment shown in FIG. 2,
each output stream 207 may correspond to a particular type of
event. Thus, for example, an indication of the occurrence of
an event of type A may be output via output stream 2074, an
indication of the occurrence of an event of type B may be
output via output stream 2075, and an indication of the occur-
rence of an event of type C may be output via output stream
207¢. Some events detected by CEP engine 201 may be
simple events that trigger an immediate local response, some
may be informational events that do not trigger any response
but rather are temporarily stored locally (and, in some cases,
subsequently transmitted to another CEP engine, as discussed
further below) and some may be complex events that are
detected from a particular pattern of other events indicated in
one or more input streams over a period of time and may
trigger a local response, may be temporarily stored, and/or
may be subsequently transmitted to another CEP engine.
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[0072] In the embodiment of FIG. 2, one or more of the
output streams from the first CEP engine 201 may be trans-
mitted to a second CEP engine 211, such that these output
streams are treated as input streams by the second CEP engine
211. More specifically, second CEP engine 211 may receive
data via one or more input streams 215q and 2155 provided
from one or more local sources 2094 and 2095, respectively,
and may also receive, via one or more input streams, one or
more events published onto one or more output streams gen-
erated by the first CEP engine 201. In the example of FIG. 2,
output streams 207a and 2076 provided by the first CEP
engine 201 may be applied as input streams to the second CEP
engine 211. In some embodiments, in addition to serving as
input streams to the second CEP engine 211, one or more of
the events published onto output streams 207a and 2075 may
be stored in the first CEP engine locally and/or may trigger a
local response in the environment of the first CEP engine.
[0073] Providing one or more output streams of the first
CEP engine 201 to the second CEP engine 211 enables the
second CEP engine 211 to detect events based on a combina-
tion of information from non-local sources (including the one
or more output steams of the first CEP engine) and informa-
tion from local sources. Second CEP engine 211 may in turn
publish data to one or more output streams 213a, 2135, and
213¢, each of which may correspond to an event or multiple
events.

[0074] In some embodiments, one or more of the output
streams from the second CEP engine 211 may be provided as
input streams to the first CEP engine 201. For example, as
shown in FIG. 2, output stream 213c¢ is provided from the
second CEP engine 211 as an input stream to the first CEP
engine 201. In one significant aspect, the illustrative architec-
ture shown in FIG. 2 enables the first CEP engine 201 to
detect events based on information from information sources
that are not local to it and similarly enables the second CEP
engine 211 to detect events from sources that are not local to
it.

[0075] Forexample, the first CEP engine 201 may be a CEP
engine that is in a fleet vehicle (e.g., delivery truck) and
sources 203a and 2035 may be sensors in the vehicle that
provide information about aspects of the vehicle to CEP
engine 201 via input stream 2054 (e.g., source 203a may be
am Electronic Control Unit (ECU) of the vehicle that pro-
vides information about various components of the vehicle,
including the speed of the vehicle as measured by the vehi-
cle’s speedometer). The second CEP engine 211 may be a
CEP engine at an office of the company overseeing the fleet of
vehicles, and/or a CEP engine executing on a mobile com-
puting device carried by a field supervisor or dispatcher. CEP
engine 201 may be configured such that if the speed of the
vehicle (as indicated in input stream 205a) exceeds 75 miles
per hour, a speeding event is generated and an indication of
the occurrence of this event is published onto output stream
207a. Additionally, upon detection of the speeding event, the
indication of the event may be provided to an onboard system
of'the vehicle, triggering it to notify the driver of the speeding
event (e.g., by playing an audio indication, displaying a visual
indication, or in some other way) or take some action to
decrease the speed of the vehicle (e.g., temporarily disabling
the throttle or applying the brakes). In addition, the indication
of the speeding event published onto the output stream 207a
may be applied as an input to CEP engine 211.

[0076] Furthering the example of multiple CEP engines in
avehicle-related context, in one embodiment relating to fleet
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management CEP engine 211 may be configured to monitor
all or some subset of the drivers of the respective vehicles in
the fleet. Thus, for example, source 2094 may be a computer
system that logs when a driver takes out a particular vehicle
and when the driver returns that vehicle. Each time a vehicle
is taken out or returned, an indication of which vehicle is
being taken out or returned and which driver is taking or
returning the vehicle may be provided to CEP engine 211 via
input stream 215a. CEP engine 211 may additionally be
configured to, upon receipt of a speeding event generated by
CEP engine 201 on output stream 207a, determine which
driver is driving the vehicle using the information received via
input stream 215a, and generate an event (e.g., via output
stream 213a) indicating that that particular driver is speeding.
In addition, CEP engine 211 may store the occurrence of this
event so that, for example, the number of speeding events for
that particular driver may be tracked. CEP engine 211 may be
configured to detect an event if the number of speeding events
for a given vehicle driver over a certain period of time exceeds
a certain threshold. The occurrence of such an event may
trigger an action such as, for example, sending an e-mail to
the driver’s supervisor notifying him or her of the speeding
events.

[0077] In the foregoing example, when a speeding event
occurs, the event may trigger a response in the vehicle (e.g.,
the audio playback or visual display of a warning and/or an
action to automatically reduce the speed of the vehicle) irre-
spective of sending an indication of the event to another (e.g.,
external) CEP engine and sending sensor data (e.g., speed-
ometer data from the vehicle) to another CEP engine. This
reduces the time from when the event actually occurs to when
the response triggered by the event happens. In addition, the
actual speedometer data from the sensor in the vehicle need
not be transmitted to an external CEP engine. Rather, only the
indication of a speeding event is transmitted from CEP engine
201 to CEP engine 211. This reduces the amount of informa-
tion that is transmitted to another CEP engine which exposes
less information to the risk of being intercepted and uses less
bandwidth of the channel over which the information is trans-
mitted. Notwithstanding the foregoing, it should be appreci-
ated that CEP engine 211 in some cases may receive infor-
mation from non-local sensors (e.g., the speedometer in the
vehicle), via the first CEP engine 201, and may combine this
information with information from local sources (e.g.,
sources 209a and 2095) to detect events.

[0078] Inthis example, the speeding event that is output by
CEP engine 201 via stream 207a to CEP engine 211 is a
simple event, in that data from a sensor is used by CEP engine
201 to detect the occurrence of the event independent of the
occurrence or non-occurrence of any other events. However,
in the example of FIG. 2, CEP engine 201 may also output
indications of the occurrence of complex events to CEP
engine 211. For example, in some embodiments, when CEP
engine 201 detects the occurrence of a complex event, an
indication of the complex event may be sent to CEP engine
211 and/or the occurrence of the complex event may trigger
some local action. As noted above, a complex event is an
event based on some pattern of, or relationship between, other
events. For example, CEP engine 201 may detect a complex
event if the vehicle’s speed exceeds 75 miles per hour and the
driver’s seat belt is not fastened. Similarly, CEP engine 211
may provide indications of simple and/or complex events that
it detects to CEP engine 201.
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[0079] It should be appreciated that the example above in
which CEP engine 201 is in a vehicle of a fleet and CEP
engine 211 is in an office of the company overseeing the fleet
or on a mobile computing device of a supervisor/dispatcher is
merely one example of an environment in which the CEP
architecture involving multiple CEP engines as shown in FIG.
2 may be used. In general, the architecture shown in FIG. 2 is
applicable to many different environments, and the invention
is not limited to use in a vehicle fleet environment or any other
particular environment.

[0080] For example, in some embodiments, CEP engine
211 may be a CEP engine executing on a computer in the
vehicle of a field-service technician and CEP engine 201 may
be a CEP engine executing in a handheld device (e.g., a tablet
PC, mobile phone, or other handheld computing device) that
the field-service technician carries at a work site. Because
CEP engine 201 is embedded in a mobile device (that may
have less processing power than the computer on which CEP
engine 211 executes), CEP engine 201 may publish data on
output streams to CEP engine 211 to handle processing that is
better suited for a computer with greater processing
resources, and may receive feedback indicative of the results
of this processing via one or more output streams of CEP
engine 211.

[0081] Moreover, inthe example of F1G. 2, CEP engine 201
is depicted as receiving two input streams from two local
sources and one input stream that is an output stream of CEP
engine 211. It should be appreciated, however, that the num-
ber of input streams received by CEP engine 201 and CEP
engine 211 are merely illustrative, as each of these engines
may receive any number of input streams. In addition, any
number of these streams may be generated from local sources
and any number may be input streams generated from output
streams of another CEP engine. Similarly, although in the
example of FIG. 2 CEP engine 201 and CEP engine 211 are
depicted as each generating three output streams, the inven-
tion is not limited in this respect, as each of these engines may
generate any number of output streams. In this respect, it
should be appreciated that the number and type of input
streams that a given CEP engine receives, the number and
type of output streams that a given CEP engine generates, and
the queries that it applies to data received via input streams to
detect the occurrence of events, may be configured by a user,
developer, or administrator of the CEP engine itself and/or
another system in any of a variety of manners.

[0082] Though not depicted in FIG. 2, in some embodi-
ments the output stream of a CEP engine may be fed back as
an input stream to the same CEP engine. In this manner,
events detected by a given CEP engine may be used by the
same CEP engine to subsequently detect other events predi-
cated upon previous events, in some cases together with other
information provided on other input stream. In one exemplary
implementation, a CEP engine may feedback to itself as an
input stream one of its own output streams to facilitate diag-
nosis of'its own “operating health” and detect events based on
this self-diagnosis (e.g., indicate events based at least in part
on memory usage, processing rate, etc.). The foregoing con-
cept of CEP engine “self-feedback™ may be employed in any
of the exemplary embodiments discussed herein.

[0083] In addition, a CEP engine may access or obtain
information on an input stream in any suitable way, as the
invention is not limited in this respect. For example, for some
input streams, the source of the stream may “push” informa-
tion to the CEP engine, such that the CEP engine receives
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information sent to it or broadcasted by the information
source. For other input streams, the CEP engine may “pull”
information from the source, such that the CEP engine
requests information from the source (e.g., “polls” the source)
and receives the information in response to a request.

[0084] CEP engines 201 and 211 may communicate with
each other in a variety of manners over a variety of commu-
nication media (e.g., via one or more wired or wireless com-
munication interfaces). In embodiments in which one or both
CEP engines operate in a mobile environment (e.g., in a
vehicle, in a mobile device, or in any other mobile environ-
ment), the CEP engines may communicate using one or more
wireless connections (e.g., cellular connections, WiFi con-
nections, etc.). However, the invention is not limited in this
respect as, in some embodiments (e.g., embodiments in
which both CEP engines are stationary), the CEP engines
may communicate without using any wireless connections.
[0085] As discussed above in the example of FIG. 2, in
some exemplary implementations data published onto one or
more input streams received by a given CEP engine may
come from either a local source or another non-local CEP
engine. However, the invention is not limited in this respect
as, in some embodiments, a CEP engine may receive data on
one or more input streams from a non-local source other than
another CEP engine. Any suitable non-local source may pro-
vide data on an input stream. For example, in some embodi-
ments, an external database that is accessible via the Internet
(or in some other way) may serve as a non-local information
source. Examples of such non-local sources include, but are
not limited to, a non-local database that provides map infor-
mation (e.g., street information), a non-local database that
provides traffic information, a non-local database that pro-
vides weather information, a non-local database that stores
publicly available financial information about companies
(e.g., the SEC EDGAR database), a non-local database that
provides credit card or fuel card transaction information, an
RSS feed, and/or any of a variety of sources of data on the
Internet.

[0086] Inthe example of FIG. 2, CEP engines 201 and 211
may be implemented in any suitable way, as the invention is
not limited in this respect. In some embodiments, a commer-
cially available software CEP engine, such as any of the
commercially available engines discussed above, may be
used alone or in connection with other components.

[0087] In embodiments in which one or both of CEP
engines 201 and 211 are implemented in software, a software
CEP engine may execute on any suitable hardware system.
For example, in some embodiments, the CEP engine may be
executed by one or more hardware processors of a general
purpose computer that includes at least one physical storage
device (e.g., a non-volatile memory device and/or a volatile
memory device) for storing processor-executable instructions
representing the CEP engine software and at least one input/
output (I/0) interface for receiving data published on input
streams from input sources or devices and for sending data
published on output streams to output recipients or devices. In
some embodiments, the hardware processor(s) on which a
software CEP engine executes may be in a mobile or portable
device, such as a mobile telephone, personal digital assistant,
portable laptop computer, or any other type of mobile or
portable device.

[0088] In the illustrative architecture of FIG. 2, there are
two CEP engines which communicate with each other and
which are capable of sending indications of simple and com-
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plex events to each other. However, the architecture shown in
FIG. 2 is not limited to use with two CEP engines, as any
number of CEP engines may communicate with each other.
For example, FIG. 3 shows an embodiment having four peer
CEP engines 301, 303, 305, and 307. For the sake of clarity,
all of the input streams and output streams of each CEP
engine are not depicted. Rather, arrows are used to indicate
that each CEP engine may send indications of the occurrence
events (e.g., simple event, complex events, or other types of
events) and/or other information on which to perform one or
more queries to each of the other peer CEP engines and may
receive, from each of the other CEP engines, indications of
the occurrence events detected by those CEP engines and/or
other information.

[0089] In the example of FIG. 3, each CEP engine may be
a “peer” with every other CEP engine in the system (i.e., can
send information, such as indications of events or pass on data
from input streams, to and receive information from these
engines). However, the invention is not limited in this respect,
as in some embodiments, certain CEP engines may be a peer
to some of the CEP engines in the system, but not to others.
For example, in one embodiment as discussed in further detail
below, CEP engine 301 may send information (e.g., indica-
tions of events) to and receive information from CEP engines
303 and 305, but may not communicate with CEP engine 307.

[0090] B. Reconfigurable Hierarchical CEP System Archi-
tectures
[0091] FIG. 4A depicts another CEP architecture according

to one embodiment of the present invention in which there is
a network of CEP engines arranged in a hierarchy. In the
example of FIG. 4A, CEP engine 401 is in tier 1 of the
hierarchy and each of CEP engines 403a, 4035, and 403¢is in
tier 2 of the hierarchy. In the hierarchical architecture of F1G.
4A, each CEP engine 4034 in tier 2 of the hierarchy commu-
nicates with CEP engine 401. In addition, CEP engine 403«
communicates directly with CEP engine 4035 (i.e., without
needing to traverse CEP engine 401 as a “relay”), but not CEP
engine 403¢, and CEP engine 4035 communicates directly
with CEP engine 4034, but not CEP engine 403¢. Thus, in the
example of FIG. 4A, a CEP engine in a higher tier (e.g., tier 1)
can communicate with all of the CEP engines in the network
of CEP engines that are in the tier below it. Additionally,
while all of the CEP engines in the lower tier (e.g., tier 2) can
communicate with all of the CEP engines in the tier above
them, a given CEP engine in the lower tier cannot necessarily
communicate with all of the other CEP engines in its same
tier.

[0092] In some embodiments relating to hierarchical CEP
system architectures, the ability or inability of one CEP
engine in the network to communicate with another CEP
engine may not be based on any physical communication
capabilities or limitations of the CEP engine, but rather may
be based on a purposeful/specific configuration of the CEP
engine. Thus, for example, in the architecture of FIG. 4A,
CEP engine 4035 may be physically capable of communicat-
ing with CEP engine 403c¢, but does not communicate with
CEP engine 403¢ because it is not configured (e.g., by a
network administrator or programmer/developer) to commu-
nicate with this CEP engine. That is, for example, the query
set that is applied by CEP engine 4035 may configure the CEP
engine such that it communicates with CEP engine 401 and
403a, but not CEP engine 403¢. Thus, in some embodiments,
the hierarchical architecture of CEP engines depicted in FIG.
4A may be imposed as a result of the configuration of (e.g.,
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the query set applied by) each CEP engine, rather than the
physical ability of CEP engines to communicate with certain
other CEP engines in the network.

[0093] In this respect, the CEP engines in a hierarchical
network according to some embodiments of the present
invention may be viewed as a reconfigurable web of CEP
engines that may be configured into any of a number of
different architectures (e.g., including any number of tiers
and any number of peers in a given tier) virtually at any time,
in response to any of a variety of circumstances or conditions.
For example, if the computer executing CEP engine 401
experiences a hardware failure rendering CEP engine 401
inoperable, it may be desirable to move one of the CEP
engines 403a, 4035 or 403¢ from tier 2 to tier 1. This may be
accomplished by reconfiguring which CEP engine(s) in the
network communicate with each other. For example, as
shown in FIG. 4B, CEP Engine 4035 may be moved from tier
2 to tier 1 to replace inoperable CEP engine 401 by config-
uring CEP engines 4035 and 403¢ to communicate with each
other, and by configuring CEP engines 403a and 403¢ to no
longer communicate with CEP engine 401, but to treat CEP
engine 4035 as the tier 1 replacement for CEP engine 401.
[0094] In various embodiments according to the present
invention, the architecture of FIGS. 4A and 4B may be useful
in situations in which each CEP engine at tier 2 in the hierar-
chy receives input from a different set of sensors, and a CEP
engine at tier 1 performs event processing based on input
streams for one or more of the CEP engines in tier 2 of the
hierarchy. For example, in one implementation based on the
architecture of FIG. 4A, each CEP engine 403qa, 4035, and
403c¢ may be either a vehicle-based CEP engine in a vehicle of
a fleet or a CEP engine in the handheld computing device
(e.g., table PC, mobile phone, or other handheld computing
device)used by the vehicle driver, while CEP engine 401 may
be a CEP engine, at an office overseeing fleet management
operations, that is capable of receiving indications of the
occurrences of events from each CEP engine 4034, 4035, and
403c and is in turn capable of sending information (e.g., event
information) to each of the tier 2 CEP engines. In some
embodiments, CEP engine 401 may use event information
received from one or more of the tier 2 CEP engines to detect
complex events that are based on information from multiple
different tier 2 CEP engines.

[0095] More specifically, in the foregoing example, each
CEP engine 403a, 4035, and 403¢ may provide an output
stream that outputs an event indicating the current location of
the vehicle or the driver in which the CEP engine is situated
and the vehicle’s current state of motion (e.g., moving, speed-
ing, idling). CEP engine 401 may receive this output stream
from each CEP engine 403a, 4035, and 403¢ and use this
information to detect a traffic jam complex event. For
example, if there are a certain number of vehicles on the same
road at the same time that are idling, CEP engine 401 may
detect a traffic jam event that indicates that there is a traffic
jam on that road. That is, because CEP engine 401 receives a
stream from each vehicle or driver (i.e., generated by the CEP
engine in the vehicle) indicating the location of the vehicle
and the vehicle’s current state of motion (or the location of the
driver), CEP engine 401 can determine whether there are
multiple vehicles on the same road at the same time that are
idling (or that the drivers of these vehicles are respectively
hanging out at a coffee shop on the same congested road
rather than performing their respective tasks).
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[0096] In the foregoing example, if the number of vehicles
on the same road that are idling (or the number of drivers
hanging out at a coftee shop on this road) exceeds a threshold,
atraffic jam event may be detected. CEP engine 401 may send
anindication of the occurrence of this event to the CEP engine
of one or more vehicles of the fleet that are not on that road
(e.g. one or more other CEP engines in tier 2 that are not stuck
in traffic) to apprise the drivers of these vehicles that there is
a traffic jam on the noted road so that they may take an
alternate route to avoid the traffic jam if necessary. If CEP
engine 401 subsequently determines that the vehicles on the
noted congested road are again moving, it may detect another
event that indicates that the traffic jam on that road has cleared
and may send an indication of the occurrence of this event to
some or all of tier 2 CEP engines.

[0097] As with the examples discussed above, it should be
appreciated that the hierarchical architectures shown in FIGS.
4 A and 4B are not limited to use with vehicles or the operators
of these vehicles, as the architecture shown in FIGS. 4A and
4B may be used in a variety of different applications and
environments. In addition, the CEP engines shown in FIGS.
4A and 4B may be implemented in any suitable way, includ-
ing any of the ways discussed above in connection with the
CEP engines 201 and 211 shown in FIG. 2. The inventors
have appreciated that when a first CEP engine is resident and
operates in a mobile environment (e.g., in a vehicle, a mobile
device, or another type of mobile environment), any other
CEP engine with which the first CEP engine communicates
may depend on the proximity of the other CEP engine(s) to
the first CEP engine. Thus, in some embodiments, a CEP
engine may operate in an “ad-hoc mode,” in which it can first
discover and then communicate with one or more other CEP
engines in close proximity to it. In this way, CEP engines may
dynamically interconnect with one another and communicate
directly with each other without requiring the use of a central
access point or additional network infrastructure.

[0098] II. Complex Event Processing for Fleet Manage-
ment
[0099] While some illustrative examples have been pro-

vided above of systems of multiple communicatively coupled
CEP engines operating in a vehicle-related environment,
additional details of complex event processing systems and
methods according to the present invention more specifically
directed to facilitating fleet management operations are pro-
vided below. As noted above, for purposes of the present
disclosure, “fleet management operations” refers to any activ-
ity relating to the maintenance, dispatch (e.g., scheduling),
operation, monitoring (e.g., tracking) and oversight of mul-
tiple vehicles and/or vehicle operators employed to conduct
business.

[0100] Many different types of businesses use vehicle fleets
to carry out their business. For example, package delivery
companies use fleets of delivery vehicles or vans to deliver
packages to their destinations. Utility companies (e.g., tele-
phone companies, electric companies, cable television com-
panies) rely on fleets of vehicles that are used by technicians
to travel to job sites and/or customers’ homes or places of
business. Some companies provide a locating and marking
service to mark the ground, pavement, or other surface to
indicate the location of underground facilities (e.g., electric
utility lines, gas, water or sewer pipes, cable or fiber optic
lines, etc.) at or near work sites at which an excavation is
planned. These companies often rely on a fleet of vehicles that
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their technicians use to travel to and from job sites. Rental car
companies often operate a large fleet of vehicles that they rent
out to customers.

[0101] The inventors have recognized that operating a large
fleet of vehicles presents a number of challenges. One chal-
lenge is assuring that the drivers of the vehicles in the fleet are
operating the vehicles in a safe manner. The costs of main-
taining and insuring the vehicles in a fleet can be burdensome.
When drivers operate vehicles in a safe and appropriate man-
ner, they are less likely to be involved in accidents that neces-
sitate repair to the vehicle, payment of fine for traffic viola-
tions, and/or payment of insurance deductibles. Moreover,
lowering the accident rate for a fleet of vehicles may lower the
insurance premiums for the fleet and the cost of operating and
maintaining the fleet.

[0102] The inventors have further appreciated that another
challenge of operating a large fleet of vehicles relates to driver
inefficiency. Inefficiencies may arise when drivers of vehicles
use the vehicles for personal reasons when the business
expects the driver to be using the vehicle for business pur-
poses. For example, if a technician for a telephone company
uses his or her vehicle to run personal errands in between
visits to job sites, the technician may not visit as many job
sites as otherwise possible in a given time frame, resulting in
reduced efficiency.

[0103] The inventors have recognized that yet another chal-
lenge that frequently arises when operating a fleet of vehicles
is scheduling drivers to particular job sites. That is, it is
generally desirable to assign drivers to job sites in an efficient
manner, taking into account travel time between jobs, traffic
conditions, and other factors.

[0104] Inaddition, the inventors have appreciated that in a
large fleet of vehicles, determining which vehicles warrant
maintenance, and at what time, may present challenges.
Often, vehicles in a fleet are periodically inspected manually
to determine whether any maintenance is warranted. This can
be a time consuming and costly endeavor.

[0105] In view of the foregoing, the inventors have appre-
ciated that, when used in the context of a large fleet of
vehicles, various concepts discussed above in connection
with FIGS. 2-4 relating to complex event processing may
address some of these challenges. To this end, FIG. 5 is a
block diagram of a system in which various complex event
processing techniques discussed above may be used more
specifically in the context of a vehicle fleet environment to
facilitate fleet management operations. It should be appreci-
ated however that these CEP techniques and additional CEP
techniques discussed below are not limited to use in the field
of vehicle fleet operation and management, as these tech-
niques have wide and general applicability to numerous other
fields.

[0106] A. Exemplary System Architecture and Processes
[0107] InFIG.5,a CEPengine 507 may execute in a central
location 501 (e.g., a main office of the company overseeing
fleet management operations), and/or in a mobile computing
device of a supervisor or dispatcher, for example. In addition,
multiple vehicle-based CEP engines (i.e., CEP engines 505a,
505p, . . ., 505n) respectively execute in each of a plurality of
vehicles 503a, 5035, . . ., 503%. One or more vehicle-based
CEP engines 505q, b, . . . n may send information to and
receive information from CEP engine 507 (e.g., in a manner
similar to that described above in connection with FIG. 4A).
[0108] FIG. 6 is a block diagram of an illustrative internal
architecture for a CEP engine that may be used in the system
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shown in FIG. 5 (i.e., CEP engine 507 and each of CEP
engines 505 may be implemented in the manner shown in
FIG. 6). However, the CEP engines shown in FIG. 5 are not
required to be implemented in this way, as many other imple-
mentations are possible according to different embodiments
of the present invention.

[0109] As shown in FIG. 6, CEP engine 601 comprises an
input stream service 607, event processing logic 609, data
store 611 that stores configuration parameters and event
detection queries, output stream receipt service 613, local
alert service 615, local alert queries 617, and external mes-
sage service 619. Generally, the input stream service 607 may
be considered an input interface for the CEP engine, and the
local alert service 615 and the external message service 619
may be considered output interfaces for the CEP engine.
Similarly, in exemplary implementations the event process-
ing logic 609 constitutes a hardware processor on which
executable instructions (e.g., the configuration parameters
and event detection queries stored in data store 611) execute
to implement the CEP engine. Although the input stream
service 607, the local alert service 615 and the external mes-
sage service 619 respectively are shown as internal compo-
nents of the CEP engine 601, it should be appreciated that one
or more of these components, generally serving as an input/
output (I/O) interface, may be implemented externally and
communicatively coupled to the CEP engine in alternative
implementations.

[0110] Input stream service 607 may receive input data
from any of a variety of information sources, such as one or
more sensors 603, one or more external messages 605, and/or
one or more external data sources 600. Input stream service
607 formats the input data as one or more input streams
suitable for processing by event processing logic 609 and
provides the input streams to event processing logic 609. In
embodiments in which CEP engine 601 is in a vehicle, sen-
sors 603 may include sensors local to the vehicle, which may
detect various parameters related to the vehicle (as discussed
in greater detail below).

[0111] In some embodiments, a given CEP engine in a
network implementation according to the present invention
may not receive any input data from sensors (e.g., if there are
no sensors local to the CEP engine). For example, in FIG. 5,
in some implementations CEP engine 507 located in central
location 501 may not receive any sensor inputs. In such
embodiments, the input stream service 607 of the CEP engine
may not receive any input data from sensors.

[0112] External messages 605 include messages from other
CEP engines that may, for example, indicate the occurrence
of'anevent (e.g., a simple event or a complex event). External
data sources 600 include, for example, external databases
from which CEP engine 601 may retrieve data, as well as
Internet information sources to which web service calls can
be made to retrieve information. Examples of external data
sources include, but are not limited to, databases that store
and/or website that provide street map information, traffic
information, weather information or credit/fuel card transac-
tion information, as well as resource and scheduling informa-
tion (e.g., relating to vehicle driver shifts and schedules,
vehicle use schedules, vehicle maintenance schedules or
maintenance history, etc.). In some embodiments, a CEP
engine may not obtain data from any external data sources
and, in such embodiments, input stream service 607 need not
interface with or obtain data from such external data sources.
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In yet other instances, the lack of available information from
one or more particular external data sources may itself con-
stitute one or more events.

[0113] Eventprocessing logic 609 may receive one or more
input streams from input stream service 607 and determine
from the data in the one or more input streams if an event has
occurred. The queries that event processing logic 609 applies
to determine if an event has occurred may be user-specified
and may be stored, along with other configuration parameters
for event processing logic 609, in data store 611, and/or the
queries may be stored as a compiled program or script used by
event processing logic 609. Event processing logic may pub-
lish indications of detected events on one or more output
streams to output stream receipt service 613. Event process-
ing logic 609 may be implemented in any suitable way,
including using a commercially available event processing
server (some examples of which were discussed above).

[0114] Output stream receipt service 613 may receive out-
put streams from event processing logic 609 and perform any
formatting of the event indications in the output streams that
is warranted, and may provide the event indications in the
output streams to local alert service 615 and/or external mes-
sage service 619.

[0115] Local alert service 615 receives event indications
from output stream receipt service 613, applies the local alert
queries stored in data store 617 to these event indications to
determine whether these events trigger any local actions and,
if it is determined that an event triggers a local action, sends
amessage to the system responsible for taking that action. For
example, a speeding event may trigger a local action, such as
playing an audible message notifying the driver that he or she
is speeding and should slow down.

[0116] External message service 613 receives event indica-
tions from output stream receipt service 613 and may send
messages indicating the occurrence of these events to external
systems (e.g., one or more other CEP engines). For example,
external message service 613 may send a message indicating
the occurrence of event detected by event processing logic
609 to another CEP engine.

[0117] FIG. 7 is a flow chart of an illustrative process that
event processing logic 609 may use to process received input
data (e.g., from input stream service 607). The process begins
at block 701, where input data is received. The process next
continues to block 703, where CEP logic 609 determines
whether the received input data warrants looking up data from
an external data source (e.g., an external database). If it is
determined at block 703 that a data lookup is warranted, the
process continues to block 705 where the information from
the appropriate data source is obtained. If, at block 703, it is
determined that no data lookup is warranted, the process
continues to block 707, where it is determined if the received
input indicates that an event has occurred. If; at block 707, it
is determined that an event has occurred, the process contin-
ues to block 709, where the event is output via an output
stream.

[0118] The process next continues to block 711, where it is
determined if the received input data is used in the detection
of' any complex events. If so, the process continues to block
713, where the input data is applied to the complex detection
routines (as discussed in greater detail below). The process
next continues to block 717, where it is determined if a
complex event has occurred. If a complex event has occurred,
the process continues to block 719, where the complex event
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is output via an output stream. If; at block 717, it is determined
that no complex event has occurred the process continues to
block 715.

[0119] If at block 711, it is determined that the received
input data is not used in the detection of complex events, the
process continues directly to block 715, bypassing blocks 717
and 719. At block 715, it is determined if the received input
data should be cached by event processing logic 609. That is,
event processing logic 609 may cache received input data that
may be subsequently used in the detection of complex events
so that this data may be quickly accessed. If at, block 715, it
is determined that the input data warrants caching, the process
may continue to block 721, where the input data is stored in
the cache. If at, block 715, it is determine that the received
input data does not warrant caching, the process ends.
[0120] B. Exemplary Vehicle-Related Input Streams and
Output Streams

[0121] Inthe exemplary system discussed above in connec-
tion with FIGS. 5-7, one or more of the CEP engines 505 in a
vehicle 503 may receive a variety of information from differ-
ent sources, examples of which information include, but are
not limited to, vehicle information, image information, event-
based information (e.g., from one or more other vehicles, a
central office, and/or a mobile supervisor/dispatcher), and/or
non-vehicle specific information (e.g., weather information,
traffic information, street map information, credit/fuel card
transaction information, etc.). The input stream service of a
given CEP engine publishes the various information received
onto one or more input streams, to which queries are applied
by event processing logic to determine one or more events
based on the received information.

[0122] Regarding vehicle information generally, at least
some of the vehicle information may originate from one or
more sensors associated with a vehicle (e.g., a vehicle in
which the CEP engine itself may be situated). In another
aspect, vehicle information may include environmental and/
or operational information regarding a vehicle and/or the
environment in which a vehicle is operated. In yet another
aspect, vehicle information may include a variety of resource
and/or scheduling information relating to a vehicle and/or its
driver (e.g., to what driver is a vehicle assigned, when and/or
by whom the vehicle was taken out or returned to a company
lot, when the vehicle was started-up at the beginning of a
day/shift and shut-down/parked at the end of a day/shift,
vehicle maintenance schedules and/or maintenance history,
etc.). In some implementations, such resource and/or sched-
uling information may be accessed via electronic records
maintained by a company overseeing fleet management
operations. Specific examples of the foregoing vehicle infor-
mation types are provided in turn below.

[0123] Image information relating to a given vehicle and/or
its operating environment also may be received from various
sources and published onto one or more input streams. In
some examples, image information may be provided as part
of'the vehicle information to which a CEP engine applies one
or more queries, while in other cases image information may
be provided apart from vehicle information. Examples of
image information include, but are not limited to, “raw” or
unprocessed information obtained from an output of one or
more on-board vehicle cameras (in which pixel information,
such as luminance and/or color values for a particular pixel, is
represented as a series of digital values constituting one or
more frames of image data), status information regarding
operation of one or more on-board vehicle cameras (which
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may be provided as digital values, text strings, or Boolean
values), and processed image information (e.g., color detec-
tion information, luminance information, edge detection
information, motion detection information, pattern/object
recognition information, etc.) derived from data provided by
one or more on-board vehicle cameras (processed image
information similarly may be provided as digital values, text
strings, or Boolean values).

[0124] As discussed further below, image information may
itself include image-related event information, for example,
in which processed image information is further analyzed or
itself provides one or more indications of a particular image
attribute or particular image content (e.g., the presence of a
red traffic light or a stop sign in one or more image frames). In
some embodiments discussed in greater detail below, various
types of image information may be used in conjunction with
vehicle information and/or other non-vehicle specific infor-
mation to determine complex events such as a “disobeyed
stop traffic signal event,” an “excessive speed event,” and/or a
“reckless driving event,” for example.

[0125] With respect to processed image information, in
some exemplary implementations an input stream of a CEP
engine onto which processed image information is published
may be generated based at least in part on data provided by
one or more dedicated image processors communicatively
coupled to the CEP engine (which may constitute one or more
external data sources 600 as shown in FIG. 6). In such imple-
mentations, the image processor(s) may be configured to
execute any of a variety of image analysis algorithms on data
representing one or more acquired images so as to provided
the processed image information. In other implementations, a
CEP engine itself may be configured, via an appropriate
query set, to monitor “raw” image information (e.g., lumi-
nance/color pixel values) and/or partially/pre-processed
image information published to one or more input streams so
as to perform further image analysis, which may in turn be
used for vehicle-related and/or fleet-related event detection
(e.g., an image processor itself may be implemented as a CEP
engine, in which one or more output streams of the image
processor CEP engine may provide image-related event
information to another CEP engine for purposes of detecting
vehicle-related and/or fleet-related events).

[0126] Some examples of image analysis algorithms that
may be implemented by one or more image processors
(whether or not they are CEP-based) include, but are not
limited to, a motion detection algorithm, a pixel value analy-
sis algorithm, a color analysis algorithm, a pixel entropy
algorithm, an edge detection algorithm, a line detection algo-
rithm, and a compression analysis algorithm. Any one or
more of such exemplary algorithms may be applied to image
pixel data representing one or more image frames so as to
provide luminance information, color detection information,
edge or line detection information, motion detection informa-
tion, pattern/object recognition information, and compres-
sion information.

[0127] With respect to exemplary image analysis algo-
rithms, in one embodiment a motion detection algorithm may
perform an optical flow calculation for determining a pattern
of apparent motion of an on-board vehicle camera based on
changes of image content represented by data in multiple
image frames. In one implementation, the optical flow algo-
rithm may be based on the Pyramidal Lucas-Kanade method
for performing an optical flow calculation (see Lucas B D and
Kanade T, “An iterative image registration technique with an
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application to stereo vision,” Proceedings of Imaging under-
standing workshop, pp 121-130, 1981, which publication is
hereby incorporated herein by reference). A pixel value
analysis algorithm may be used to generate a grayscale lumi-
nance distribution histogram of image content. A color analy-
sis algorithm may be used to analyze the RGB color data or
HSV color coordinate system hue and saturation values in one
or more frames of image data. In one implementation, the
color analysis algorithm may determine a most prevalent
color present in some portion of one or more image frames
(e.g., yellow for a yellow traffic light, red for a red traffic light
or stop sign, etc.). A pixel entropy algorithm may measure a
degree of randomness of image content represented in one or
more frames of image data. Randomness of an image may be
a measure of, for example, the presence or absence of pre-
dictable patterns in the image. As a more specific example, the
pixel entropy algorithm may compute an entropy value for an
image based on grayscale luminance distribution and/or color
distribution of the image data. Thus, an image that is more
varied in color and/or intensity may have a higher entropy
value compared to an image that is less varied in color and/or
intensity.

[0128] Edge detection is a process of identifying points in a
digital image at which image brightness changes sharply
(e.g., a process of detecting extreme pixel differences). An
edge detection algorithm may be used to perform edge detec-
tion on one or more frames of the image data. In one example,
an edge detection algorithm may use the Sobel operator,
which calculates a gradient of image intensity at each point/
pixel, giving a direction of largest increase from light to dark
and/or from one color to another and a rate of change in that
direction. The result therefore shows how “abruptly” or
“smoothly” the image changes at that point and, therefore,
how likely it is that that part of the image represents an edge,
as well as how that edge is likely to be oriented. One or more
results of edge detection may be used by a line detection
algorithm for further processing to determine line character-
istics of certain frames of the image data. Like an edge detec-
tion algorithm, a line detection algorithm may be based on
one or more edge detection processes that use, for example,
the Sobel operator. A line detection algorithm may group
together edges output by the edge detection processes based
on the edges’ locations, lengths, and/or orientations. For
example, in one implementation, the line detection algorithm
may output a detected line when the total length of a group of
adjacent edges exceed a certain threshold (e.g., 10 pixels).

[0129] A compression analysis algorithm may be any suit-
able software algorithm for performing a compression opera-
tion on image data. As is well known, in a compression
operation such as standard JPEG, a discrete cosine transform
(DCT) may be applied to blocks of pixels to transform the
data into a frequency domain, thereby facilitating removal of
fine details in the image (e.g., high frequency components)
that are less perceptible to humans.

[0130] As noted above, processed image information pub-
lished to one or more input streams of a CEP engine (or
published to one or more output streams of a CEP-based
image processor) also may include indications of detected
image-related events based on application of one or more
image analysis algorithms to one or more frames of image
data. Examples of image-related events that may be detected
as a result of image processing include, but are not limited to,
detecting the presence of a particular object or feature in an
on-board vehicle camera’s field of view, as well as detecting
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a pattern of motion of particular objects or features in the
camera’s field of view from multiple frames of image data.
Some examples of image-related events generally relating to
forward field of view include a “lane change event” (e.g.,
when a vehicle changes lanes) and a “proximate forward
collision event” (e.g., when a vehicle is tailgating another
vehicle) (see SuY F, Chen C T, Liao HL, “Study of Integrated
Vehicle Image System Including LDW, FCW, and AFS,”
World Academy of Science, Engineering and Technology,
Vol. 60, pages 216-222, 2009, which publication is incorpo-
rated herein by reference). Other examples of image-related
events generally relating to forward field of view include
detection of a particular color traffic light in one or more
images, detecting the presence of a traffic sign such as a speed
limit sign, stop sign, or yield sign in one or more images, and
detecting activation of the windshield wipers in one or more
images. Examples of image-related events generally relating
to rear or driver-facing field of view include, but are not
limited to a “driver distracted event” (e.g., in which the ori-
entation of a driver’s face may be determined, pursuant to
image analysis, as not forward-facing) and a “driver sleeping
event” (e.g., in which a driver’s eyes may be determined,
pursuant to image analysis, to be drooping or closed).

[0131] One or more on-board vehicle cameras may be
placed inside and/or outside of a vehicle in various locations,
and may monitor an internal view (including a driver) and/or
an external view (e.g., one or more in-cab camera may be
mounted on or near a rear view mirror and oriented to acquire
images from a forward field of view and/or rear/driver field of
view). In one exemplary implementation, a 360 degree cam-
era system may be used to obtain a wide range of image
views. Examples of such 360 degree camera systems are
given by the “Around View Monitor” (AVM) system pres-
ently employed in some vehicles offered by Nissan and Infin-
ity (e.g., see http://www.nissan-global.com/EN/TECHNOL.-
OGY/INTRODUCTION/DETAILS/AVM/; also see http://
www.worldcarfans.com/10703284651/infiniti-around-view-
monitor), as well as the system described in U.S. Patent
Publication No. 2010/0182398 Al, entitled “360 Degree
Automobile Video Camera System,” filed Feb. 25, 2010 and
published Jul. 22, 2010, which publication is incorporated
herein by reference. In another exemplary implementation,

Mar. 10, 2011

an on-board vehicle camera may include a video event
recorder configured to record video events based at least in
part on one or more exceptional forces acting on the vehicle
(e.g., hard braking, swerving, collision, etc.). Such recorders
may provide both real-time or “raw” image data from moni-
tored views, as well as one or more specific images relating to
particular events or time periods preceding/following specific
events relating to exceptional forces. Examples of such video
event recorders are given by the Vision Drive 3000 available
from Catalk, Inc. dba VisionDriveCam.com, 11501 Dublin
Blvd. Suite 200, Dublin, Calif. 94568 (see http://visiondrive-
cam.com), and the DriveCam™ brand imaging system avail-
able from DriveCam Inc., 8911 Balboa Ave., San Diego,
Calif. 92123 (see http://www.drivecam.com).

[0132] In yet another aspect, “non-vehicle specific infor-
mation” that may be helpful in determining vehicle-related
events and/or fleet-related events may be published onto one
or more input streams to which a CEP engine applies one or
more queries. Examples of such information include, but are
not limited to, weather information, traffic information, street
map information, and credit card or fuel card transaction
information. One or more of these exemplary information
types may be obtained from a variety of sources in any of a
variety of manners (e.g., issuing a web service call to retrieve
weather, traffic and/or street map information based on a
vehicle’s current location). Non-vehicle specific information
may be assessed by a CEP engine alone or together with
vehicle information, image information, and/or one or more
other complex events to determine a variety of vehicle-related
and/or fleet-related events.

[0133] Table 1 below lists an illustrative set of input streams
to which various information may be published and processed
by a vehicle-based CEP engine 505 in a vehicle 503, and
Table 2 lists an illustrative set of output streams to which the
vehicle-based CEP engine may publish indications of event
occurrences as a result of the application to one or more input
streams of one or more queries. It should be appreciated that
these tables are intended to be exemplary and not exhaustive
with respect to the types of information and/or events that
may be published to one or more input streams and/or one or
more output streams of a CEP engine according to various
embodiments of the present invention.

TABLE 1

Stream Name

Description

Vehicle_ Readings_ Input

GPS_Input

Accelerometer_ Input
Humidity_ Input

In-Cab_ Temperature_ Input
Outside_ Temperature_ Input
Light_ Input

Ign_ Voltage_ Input

Cam_ Voltage Input

Vehicle_ Camera_ Input

Driver_ Camera_ Input

Cellular_ Diagnostic_ Input

Information gathered from the ECU of the vehicle
Information from a GPS receiver in the vehicle
Information from an on-board accelerometer
Information from an on-board humidity sensor
Information from a temperature sensor that
measures temperature inside the vehicle
Information from a temperature sensor that
measures temperature outside the vehicle
Information from an on-board light sensor
Information from an ignition voltage sensor
Information from a voltage sensor for an on-
board camera

Information from an on-board camera that
monitors the view from the front windshield of
the vehicle

Information from an on-board camera that
monitors the driver of the vehicle

Information from a component that monitors
cellular connectivity
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TABLE 1-continued

Stream Name Description

Wireless_ Diagnostic_ Input Information from a component that monitors
WiFi connectivity

Weather_ Input Weather information (e.g., obtained from a
web service call)

Traffic_ Input Traffic information (e.g., obtained from a web
service call)

Street_ Map__Input Street map information (e.g., obtained from a

web service call)
Credit/Fuel__Card_ Transaction_Input  Credit/fuel card transaction information (e.g.,
obtained from a web service call)
Resource/Scheduling  Input Resource/Scheduling information (e.g.,
obtained from a company database)

TABLE 2
Stream Name Description
Vehicle_ Component_ Error_ Output Event detected that indicates a diagnostic error

condition for a specific component
Vehicle_ Component_ Warning  Output Event detected that suggests that a specific
component is not operating as intended
Vehicle_ Component_ Heartbeat_ Output  Event detected that indicates a heartbeat
message transmitted from a specific component
Vehicle_ System__ Error_ Output Event detected from one stream or the
combination of several input streams that
indicates an error condition for the entire
vehicle system or portion of the system
Vehicle_ System_ Warning Output Event detected from one stream or the
combination of several input streams that
suggests the entire vehicle system or a portion
of the system is not operating as intended
Vehicle_ Movement_ Output Event detected that indicates the current
geographic position of the vehicle, as well as
the vehicle’s current state of motion (e.g.,
idling, speeding, moving)

Vehicle_ Engine_ Output Event detected that indicates a vehicle engine
condition that exceeds set tolerances

Vehicle_ Fluid_ Output Event detected that indicates that a vehicle
fluid reading exceeds set tolerances

Vehicle__State_ Output Event detected that indicates a change in the

vehicle state such as key position, door
open/close, dash lights, gear position, and/or
other changes in state

Vehicle_ Camera_ Output Event detected that indicates the vehicle
camera is capturing, or has captured, images of
both the cab and the front of the vehicle

Vehicle_ Impact_ Output Event detected that indicates that the vehicles
has experienced a significant impact on one or
more axes

Vehicle_ Environment Output Event detected that indicates the current state

of the internal in-cab environment of the
vehicle (e.g., temperature, lighting, and/or
other environmental conditions)

Occupant__State_ Output Event detected that indicates a change in the
state of the driver (e.g., seatbelt fastened,
driver drowsiness, driver distraction, passenger
presence, and/or other changes in driver state).

External_ Environment_ Output Event detected that indicates the current state
of the external (i.e., outside vehicle)
environment (e.g., outside temperature, outside
lighting, outside humidity, and/or other
environmental conditions)

Disobeyed__Stop_ Traffic_ Signal Output Event detected that indicates the vehicle ran a
red traffic light or stop sign

Excessive__Speed_ Output Event detected that indicates the vehicle speed
exceeded a safe speed
Reckless_ Driving  Output Event detected that indicates the driver is

operating the vehicle recklessly (e.g., multiple
excessive speeding events, combination of one
or more excessive speeding events with one or
more disobeyed traffic stop signal events, etc.)
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[0134] A moredetailed discussion of exemplary ones of the
above-listed input streams processed by a CEP engine 505 in
a vehicle 503 and exemplary ones of the above-listed output
streams generated by a CEP engine 505 is provided below. It
should be appreciated that different vehicles may have differ-
ent types of sensors and thus may receive different types of
input streams and generate different types of output streams.
As with Tables 1 and 2 above, the information provided in the
tables below is intended to be illustrative and not exhaustive.
[0135] Vehicle_Readings_Input

[0136] The Vehicle_Readings_Input stream may provide
data from an Electronic Control Unit (ECU) of the vehicle in
which a CEP engine 505 is located. In some examples, the
ECU may be on On-Board Diagnostic system (OBD) that
provides access to various information relating to vehicle
health for various vehicle sub-systems, which in many
instances is provided by various sensors on/in the vehicle.
The amount of information available from an ECU/OBD may
vary widely amongst different vehicle makes/models. Some
ODB implementations utilize a standardized series of diag-
nostic trouble codes which facilitate identification of various
parameters, while some vehicle manufacturers adopt propri-
etary protocols. One example of a standardized system for
providing vehicle readings information is the On Board Diag-
nostic OBD-II standard SAE J1979, which provides a number
of values corresponding to defined parameter identifiers rep-
resenting various vehicle conditions/sensor outputs.

[0137] Table 3 below lists exemplary vehicle readings
information that may be included in the Vehicle_Readings_
Input stream.

TABLE 3

Parameter Name Type Description

Vehicle String The Vehicle Identification

Identification Number that is unique to the

Number vehicle

Mileage Float The current odometer reading
for the vehicle

Engine_ Temp Float The current engine
temperature

Oil__Temp Float The current oil temperature

Oil__Pressure Float The current engine oil
pressure

Water__Temp Float The current engine water
temperature

Fuel__Level Float The current fuel level
percentage

RPM_ Level Float The current engine RPM
reading

Speed__Level Float The current vehicle speed in
MPH

Throttle_ Pct Float The current percentage of
throttle depression

Brake_Ind Boolean Indicator as to whether or not

the brake pedal is being
applied

Psgr. ABag Ind Boolean Indicator as to whether or not
the passenger airbag off light
is lit

Psgr_ Sbelt_ Ind Boolean Indicator as to whether or not
the passenger seatbelt is
fastened

Drvr__ABag Ind Boolean Indicator as to whether or not
the driver airbag light is on

Key_ Pos String Indicator as to which position
the vehicle key is in (e.g., Acc,
Power, Start, Run)

Gear_ Pos String Indicator as to which position

the vehicle gear shift is in
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TABLE 3-continued

Parameter Name Type Description

(e.g., park, reverse, neutral,
drive, 1, 2)

Indicator as to whether check
engine light is on

Indicator as to whether or not
the overdrive off light is on
Indicator as to whether or not
the parking brake has been
engaged

Indicator as to whether or not
the vehicle’s passenger door is
open

Indicator as to whether or not
the fasten seat belt light is on
Indicator as to whether or not
the Door Open light is on
Indicator as to the current
setting for the vehicle ignition
security feature

Indicator for activation of
windshield wipers

Indicator for activation of left
turn signal

Indicator for activation of
right turn signal

Indicator for activation of
emergency flashers

Indicator for activation of
headlamps

Indicator(s) for status of audio
system (on/off, volume,
source selection, etc.)

Eng Light Ind Boolean

Ovr_Drv_Ind Boolean

Prk_Brk Ind Boolean

Psgr. Door_ Ind Boolean

SBelt_Light Ind Boolean

DrOpen_ Light Ind  Boolean

Ign_Sec_Pos String

Wind_ Wiper_ Ind Boolean

LT_Sig Ind Boolean
RT_Sig Ind Boolean
Emerg_ Sig_ Ind Boolean
Headlmp_ Ind Boolean

Audio__Sys_ Status String

Read_TS Timestamp  Timestamp that indicates
when the vehicle readings
were obtained
[0138] GPS_Input
[0139] The GPS_Input stream may provide data from an

on-board GPS receiver in the vehicle in which a CEP engine
505 is located. Table 4 below lists exemplary information that
may be included in the GPS_Input stream.

TABLE 4

Parameter Name Type Description

Vehicle String The Vehicle Identification

Identification Number that is unique to the

Number vehicle

Lat_ Deg Integer The current latitude degrees
determined by the GPS
receiver

Lat_ Min Float The current latitude minutes
determined by the GPS
receiver

Lat_ Sec Float The current latitude seconds
determined by the GPS
receiver

Lng Deg Integer The current longitude degrees
determined by the GPS
receiver

Lng Min Float The current longitude minutes
determined by the GPS
receiver

Lng Sec Float The current longitude seconds
determined by the GPS
receiver

Lat_ Head String The latitude heading
determined by the GPS

receiver



US 2011/0060496 Al

TABLE 4-continued
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TABLE 6-continued

Parameter Name Type Description Parameter Name Type Description
Lng Head String The longitude heading Number vehicle
determined by the GPS Humidity_ Level Float The current reading from the
receiver humidity sensor
Direction String The direction of the vehicle Read_TS Timestamp The time at which the
determined by the GPS humidity information was
receiver gathered
Sat_ Cnt Integer The number of satellites
currently being used by the
GPS receiver [0144] In-Cab_Temperature_Input
Data_Rate Float The current data rate of the [0145] The In-Cab_Temperature_Input stream may pro-
. GPS receiver vide data from an on-board temperature sensor that measures
Dec_Deg  Lat String The current latitude in decimal | o N N | N
degrees format air temperature inside the vehicle in which a CEP engine 505
Dec_Deg Lng String The longitude in decimal is located. Table 7 below lists exemplary information that may
degrees format be included in the In-Cab_Temperature_Input stream.
GPS__Speed Float The current speed of the

vehicle as read from the GPS
receiver

The current signal to noise
ration for the GPS receiver

Sig_Noise_ Ratio  Float

Curr_Fix String The current fix status of the
GPS receiver (e.g., invalid,
valid, valid-DGPS, etc.)

NMEA__String String The current raw NMEA string
provide from the GPS receiver

GPS_TS Timestamp The timestamp of the GPS
information provided from the
GPS receiver

Read_TS Timestamp The timestamp that indicates
when the GPS information
was gathered

[0140] Accelerometer_Input

[0141] The Accelerometer_Input stream may provide data
from an on-board accelerometer in the vehicle in which a CEP
engine 505 is located. Table 5 below lists exemplary infor-
mation that may be included in the Accelerometer_Input
stream.

TABLE 5
Parameter Name Type Description
Vehicle String The Vehicle Identification
Identification Number that is unique to the
Number vehicle
X_Axis Float The current reading from the
X Axis of the accelerometer
Y__Axis Float The current reading from the
Y Axis of the accelerometer
Z__Axis Float The current reading from the
Z Axis of the accelerometer
Read_TS Timestamp The time at which the
accelerometer information was
gathered
[0142] Humidity_Input

[0143] The Humidity_Input stream may provide data from
an on-board humidity sensor in the vehicle in which a CEP
engine 505 is located. Table 6 below lists exemplary infor-
mation that may be included in the Humidity_Input stream.

TABLE 6
Parameter Name Type Description
Vehicle String The Vehicle Identification
Identification Number that is unique to the

TABLE 7
Parameter Name Type Description
Vehicle String The Vehicle Identification
Identification Number that is unique to the
Number vehicle
Temp_ Level Float The current reading from the
in-cab temperature sensor
Read_TS Timestamp The time at which the
temperature information was
gathered
[0146] Outside_Temperature_Input

[0147] The Outside_Temperature_Input stream may pro-
vide data from an on-board temperature sensor that measures
air temperature outside the vehicle in which a CEP engine 505
is located. Table 8 below lists exemplary information that may
be included in the Outisde_Temperature_Input stream.

TABLE 8
Parameter Name Type Description
Vehicle String The Vehicle Identification
Identification Number that is unique to the
Number vehicle
Temp_ Level Float The current reading from the
outside temperature sensor
Read_ TS Timestamp The time at which the
temperature information was
gathered
[0148] Light_Input

[0149] The Light_Input stream may provide data from an
on-board temperature light-sensor in the vehicle in which a
CEP engine 505 is located. Table 9 below lists exemplary
information that may be included in the Light_Input stream.

TABLE 9

Parameter Name Type Description

Vehicle String The Vehicle Identification

Identification Number that is unique to the

Number vehicle

Light_ Level Float The current reading from the
light sensor

Read_TS Timestamp The time at which the light
level information was
gathered
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[0150] Ign Voltage Input

[0151] The Ign_Voltage Input stream may provide data
from an on-board ignition voltage sensor in the vehicle in
which a CEP engine 505 is located. Table 10 below lists
exemplary information that may be included in the Ign_Volt-
age_Input stream.

TABLE 10
Parameter Name Type Description
Vehicle String The Vehicle Identification
Identification Number that is unique to the
Number vehicle

Voltage Level Float The current reading from the
ignition voltage sensor

Read_TS Timestamp The time at which the voltage
level information was
gathered

[0152] Cam_Voltage_Input

[0153] The Cam_Voltage_Input stream may provide data
from an on-board camera voltage sensor in the vehicle in
which a CEP engine 505 is located. Table 11 below lists
exemplary information that may be included in the Cam_
Voltage_Input stream.

TABLE 11
Parameter Name Type Description
Vehicle String The Vehicle Identification
Identification Number that is unique to the
Number vehicle
Voltage Level Float The current reading from the
camera voltage sensor
Read_TS Timestamp The time at which the voltage
level information was
gathered
[0154] Driver_Camera_Input

[0155] The Driver_Camera_Input stream may provide data
from an on-board camera and sensor monitoring the state of
the driver of the vehicle in which a CEP engine 505 is located.
As noted above, un-processed image information, processed
image information, image-related event information, and/or
camera status information may be published to this input
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stream. Table 12 below lists exemplary information that may
be included in the Driver_Camera_Input stream.

TABLE 12

Parameter Name Description

Type

Vehicle
Identification
Number
Clip_ Cnt

The Vehicle Identification
Number that is unique to the
vehicle

The number of clips/frames
captured by and available
from the vehicle camera

An indexed number relating
to frame position in a series
of image frames

2D coordinates (x, y) of pixel
location in a frame
Grayscale, RGB, or HIS value(s)
of a particular pixel (e.g.,
indexed by frame number and
pixel ID)

Identification of image
analysis algorithm applied to
generate pixel values (e.g.,
None, Color Detection, Edge
Detection, Motion Detection,
Compression, etc.)

Event indicator as to whether
or not a driver distraction
state has been detected

Event indicator as to whether
or not a driver sleep state

has been detected

The timestamp that indicates
when the driver camera
information was gathered

String

Integer

Frame_ Number_ Output Integer

Pixel__ID_ Output Integer

Pixel_ Value_ Output Integer

Analysis_ Type_ Output  String

Boolean

Drvr_ Distract_ Ind

Drvr_Sleep_Ind Boolean

Read_TS Timestamp

[0156]

[0157] The Vehicle_Camera_Input stream may provide
data from and/or derived from an on-board vehicle camera
that monitors the front field of view from the vehicle in which
a CEP engine 505 is located. As noted above, un-processed
image information, processed image information, image-re-
lated event information, and/or camera status information
may be published to this input stream. Table 13 below lists
exemplary information that may be included in the Vehicle_
Camera_Input stream.

Vehicle_Camera_Input

TABLE 13
Parameter Name Type Description
Vehicle Identification Number String The Vehicle Identification Number

Clip_ Cnt

Frame_ Number_ Output

Pixel__ID_ Output

Pixel_ Value_ Output

Analysis_ Type_ Output

that is unique to the vehicle

Integer The number of clips/frames captured
by and available from the vehicle
camera

Integer An indexed number relating to frame
position in a series of image frames

Integer 2D coordinates (x, y) of pixel location
in a frame

Integer Grayscale, RGB, or HIS value(s) of a
particular pixel (e.g., indexed by
frame number and pixel ID)

String Identification of image analysis

algorithm applied to generate pixel
values (e.g., None, Color Detection,
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TABLE 13-continued

Parameter Name

Type

Description

Forward_ Motion_ Detection_ Output

Rear_ Motion_ Detection_ Output

Left_ Motion_ Detection_ Output

Right_ Motion_ Detection_ Output

Yellow_ Traffic_ Signal_ Output

Red_ Traffic_ Signal_ Output

Wiper__Activation_ Output
Speed__Limit_ Sign_ Output

Posted__Speed__Limit Output

Lane_ Change_ Output
Proximate_ Forward_ Collision_ Output

Read_TS

Boolean

Boolean

Boolean

Boolean

Boolean

Boolean

Boolean
Boolean

Integer

Boolean
Boolean

Timestamp

Edge Detection, Motion Detection,
Compression, etc.)

Event indicator that forward vehicle
movement is detected (e.g., via
optical flow algorithm on multiple
images)

Event indicator that rear vehicle
movement is detected (e.g., via
optical flow algorithm on multiple
images)

Event indicator that left vehicle
movement is detected (e.g., via
optical flow algorithm on multiple
images)

Event indicator that right vehicle
movement is detected (e.g., via
optical flow algorithm on multiple
images)

Event indicator that a yellow traffic
light is detected in one or more
images

Event indicator that a red traffic light
or stop sign is detected in one or more
images

Event indicator that wiper activation
is detected in one or more images
Event indicator that a speed limit sign
is detected in one or more images
Speed Limit as detected from an
image of a speed limit sign detected
in one or more images

Event indicator that vehicle has
changed lanes

Event indicator that vehicle is
tailgating another vehicle

The timestamp that indicates when
the vehicle camera information was

gathered

[0158]

[0159] The Cellular_Diagnostic_Input stream may provide
data from an on-board component that measures cellular tele-
phone network connectivity from the vehicle in which a CEP
engine 505 is located. Table 14 below lists exemplary infor-
mation that may be included in the Cellular_Diagnostic_
Input stream.

Cellular_Diagnostic_Input

TABLE 14

Parameter Name Type Description

Vehicle String The Vehicle Identification

Identification Number that is unique to the

Number vehicle

Cell_Sig Level Float The current cellular signal
level

Cell_Data_ Rate Float The current cellular data rate

Cell__Active Boolean Indicator as to whether or not
cellular service is currently
available

Read_TS Timestamp The timestamp that indicates
when the cellular diagnostic
information was gathered

[0160] Wireless_Diagnostic_Input

[0161] The Wireless_Diagnostic_Input stream may pro-

vide data from an on-board component that measures WiFi
network connectivity from the vehicle in which a CEP engine

505 is located. Table 15 below lists exemplary information
that may be included in the Wireless_Diagnostic_Input
stream.

TABLE 15
Parameter Name Type Description
Vehicle String The Vehicle Identification
Identification Number that is unique to the
Number vehicle
WiFi_ Chnl Integer The current wireless channel
number
WiFi_ Name String The current wireless name
WiFi_ Client_ Cnt Integer The current number of clients
connected
WiFi__Active Boolean Indicator as to whether or not
the wireless service is active
Read_TS Timestamp The timestamp that indicates
when the wireless diagnostic
information was gathered
[0162] Following below are exemplary formats/content for

exemplary output streams identified in Table 2 above. As with
the exemplary input streams identified in Table 1 and their
exemplary formats/content as given in the above tables, it
should be appreciated that the information provided in the
tables below is intended to be illustrative and not exhaustive.
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[0163]

[0164] A CEP engine 505 may use information from the
Vehicle_Readings_Input, the GPS_Input, the Accelerom-
eter_Input, Humidity_Input, In-Cab_Temperature_Input,
Outside_Temperature_Input, Light_Input, Ign_Voltage In-
put, Cam_Voltage_Input, Driver_Camera_Input, Vehicle_
Camera_Input, Cellular_Diagnostic_Input, and Wireless_
Diagnostic_Input to detect events that indicate a diagnostic
error condition for a specific component. Such events may be
output via the Component_Error_Output stream. The Com-
ponent_Error_Output stream may include the exemplary
information listed in Table 16 below.

Component_Error_Output

TABLE 16
Parameter Name Type Description
Vehicle String The Vehicle Identification
Identification Number that is unique to the
Number vehicle
Component_ Nm String The name of the component

that generated the error

Err_ Severity Integer The severity level of the error

Err_ Msg String A text message that includes
details about the component
error

Err_ Trace String The trace information that
supplements the error text

Err_ TS Timestamp The time that the component
error occurred

Err_Lat String The latitude reading at the
time of the component error

Err_Lng String The longitude reading at the
time of the component error

Direction String The vehicle direction at the
time of the component error

[0165] Component_Warning_Output

[0166] A CEP engine 505 may use information from the

Vehicle_Readings_Input, the GPS_Input, the Accelerom-
eter_Input, Humidity_Input, In-Cab_Temperature_Input,
Outside_Temperature_Input, Light_Input, Ign_Voltage In-
put, Cam_Voltage_Input, Driver_Camera_Input, Vehicle_
Camera_Input, Cellular_Diagnostic_Input, and Wireless_
Diagnostic_Input to detect events that suggest that a specific
component is not operating as intended. Such events may be
output via the Component_Warning Output stream. The
Component_Warning_Output stream may include the exem-
plary information listed in Table 17 below.

TABLE 17

Parameter Name Type Description

Vehicle String The Vehicle Identification

Identification Number that is unique to the

Number vehicle

Component_ Nm String The name of the component
that generated the warning

Warn_ Reason String The reason code as to why the
component event was deemed
a warning

Warn_ Msg String A text message that includes
details about the component
warning

‘Warn_ Trace String The trace information that
supplements the warning text

Warn_ TS Timestamp The time that the component

warning occurred
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TABLE 17-continued

Parameter Name Type Description

Warn_ Lat String The latitude reading at the
time of the component
warning

Warn_ Lng String The longitude reading at the
time of the component
warning

Direction String The vehicle direction at the
time of the component
warning

[0167] Component_Heartbeat_Output

[0168] A CEP engine 505 may use information from the
Vehicle_Readings_Input, the GPS_Input, the Accelerom-
eter_Input, Humidity_Input, In-Cab_Temperature_Input,
Outside_Temperature_Input, Light_Input, Ign Voltage In-
put, Cam_Voltage Input, Driver_Camera_Input, Vehicle_
Camera_Input, Cellular_Diagnostic_Input, and Wireless_
Diagnostic_Input to detect events that indicate a heartbeat
message transmitted from a specific component. Such events
may be output via the Component_Heartbeat_Output stream.
The Component_Heartbeat_Output stream may include the
exemplary information listed in Table 18 below.

TABLE 18

Parameter Name Type Description

Vehicle String The Vehicle Identification

Identification Number that is unique to the

Number vehicle

Component_ Nm String The name of the component
that generated the heartbeat

IsAlive Boolean Indicator as to whether or not
the component is alive

IsHealthy Boolean Indicator as to whether or not
the component is healthy

Next__TS Timestamp The anticipated time that the
next heartbeat will be
generated for this component

HBeat_ TS Timestamp The time that component
heartbeat occurred

HBeat_ Lat String The latitude reading at the
time of the component
heartbeat

HBeat_ Lng String The longitude reading at the
time of the component
heartbeat

Direction String The vehicle direction at the
time of the component
heartbeat

[0169] System_Error_Output

[0170] A CEP engine 505 may use information from the
Vehicle_Readings_Input, the GPS_Input, the Accelerom-
eter_Input, Humidity_Input, In-Cab_Temperature_Input,
Outside_Temperature_Input, Light_Input, Ign Voltage In-
put, Cam_Voltage Input, Driver_Camera_Input, Vehicle_
Camera_Input, Cellular_Diagnostic_Input, and Wireless_
Diagnostic_Input to detect events that indicate an error
condition for the entire vehicle system. Such events may be
output via the System_Error_Output stream.

[0171] For example, a System_FError_Ouput event may be
detected if, for period of at least one minute, the WiFi Client
Count indicated in the Wireless_Diagnostic_Input is less than
or equal to a predefined threshold of the minimum number of
network clients. This threshold may be specified by a user or
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administrator and stored, for example, in data store 611. The
System_FError_Output stream may include the exemplary
information listed in Table 19 below.

TABLE 19

Parameter Name Type Description

Vehicle String The Vehicle Identification

Identification Number that is unique to the

Number vehicle

Rel__Cmpnts String The component names of the
components that make up the
system error condition

Err_ Severity Integer The level of severity
associated with this error

Err_ Msg String Text that describes the system
error that occurred

Err_ Trace String Trace information that
supplements the error message

Err_ TS Timestamp Time that the system error
occurred

Err_Lat String The latitude reading at the
time of the system error

Err_Lng String The longitude reading at the
time of the system error

Direction String The vehicle direction at the
time of the system error

[0172] System_Warning_Output

[0173] A CEP engine 505 may use information from the
Vehicle_Readings_Input, the GPS_Input, the Accelerom-
eter_Input, Humidity_Input, In-Cab_Temperature_Input,
Outside_Temperature_Input, Light_Input, Ign_Voltage In-
put, Cam_Voltage_Input, Driver_Camera_Input, Vehicle_
Camera_Input, Cellular_Diagnostic_Input, and Wireless_
Diagnostic_Input to detect events that suggest that the an
entire vehicle system or a portion thereof is not operating as
intended. Such events may be output via the System_Warn-
ing_Output stream.

[0174] For example, a System_Warning_Ouput event may
be detected if the Cellular Signal Level in the Cellular_Diag-
nostic Input Stream indicates is less than a predefined mini-
mum signal level threshold. This threshold may be specified
by a user or administrator and stored, for example, in data
store 611. The System_Warning_Output stream may include
the exemplary information listed in Table 20 below.

TABLE 20
Parameter Name Type Description
Vehicle String The Vehicle Identification
Identification Number that is unique to the
Number vehicle
Rel__Cmpnts String The component names of the

components that make up the
system warning condition

Warn_ Reason Integer The reason code that indicates
why the system warning event
was generated

Warn_ Msg String Text that describes the system
warning that has occurred

Warn_ Trace String Trace information that
supplements the warning
message

Warn_ TS Timestamp Time that the system warning
occurred

Warn_ Lat String The latitude reading at the
time of the system warning

Warn_ Lng String The longitude reading at the

time of the system warning
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TABLE 20-continued

Parameter Name Type Description

Direction String The vehicle direction at the
time of the system warning

[0175] Vehicle_Movement_Output

[0176] A CEP engine 505 may use information from the
Vehicle_Readings_Input, the GPS_Input, and/or the Vehicle_
Camera_Input to detect events that indicate the current geo-
graphic position of the vehicle and the vehicle’s current state
of motion. Such events may be output via the Vehicle_Move-
ment_Ouput stream.

[0177] A vehicle movement event may be detected, for
example, if the vehicle speed as indicated in the Vehicle_
Readings_Input stream exceeds a predefined maximum
speed threshold (e.g., stored in data store 611). That is, an
event may be detected if the vehicle is speeding. Another
example of a type of vehicle movement event that may be
detected is if the vehicle is idling. Such an event may be
detected and output if, for example, the vehicle speed is less
than or equal to a minimum speed threshold (e.g., 0 mph), the
engine RPM level is greater than or equal to a minimum RPM
threshold (e.g., 100 rpm), the vehicle key position is in the
“Run” position, and the engine oil pressure is greater than a
minimum oil pressure threshold (e.g. 15 psi). Another
example of a type of vehicle movement event that may be
detected is a vehicle moving event. Such an event indicates
that the vehicle is moving and may be detected, for example,
if the vehicle speed is greater than a minimum speed threshold
(e.g., 0 mph) and the vehicle gear position is not in park.
[0178] Another type of vehicle movement event that may
bedetected is a U-turn event, which may be detected if, within
15 seconds, the current vehicle direction as indicated by the
GPS receiver does not equal the previous vehicle direction.
Another type of vehicle movement event that may be detected
is a long braking event which may be detected using the
Brake_Ind parameter of the Vehicle_Readings_Input stream.
For example, if it is determined that the brakes are being
continuously applied for longer than a predefined maximum
brake duration threshold (e.g, 45 seconds), then a long brak-
ing event may be detected.

[0179] Another type of vehicle movement event that may
be detected is a hard braking event. Such an event may be
detected if, over aperiod of five seconds, the speed level of the
vehicle decreases by an amount that is greater than a pre-
defined maximum speed change threshold (e.g, 30 mph).
Another type of vehicle movement event that may be detected
is a long reverse event. Such an event may be detected, for
example, if the gear position of the vehicle is in reverse and
the speed of the vehicle exceeds a minimum speed threshold
(e.g., 0 mph or 1 mph) for period of time equal to or longer
than a predefined maximum reverse time threshold (e.g., 120
seconds).

[0180] Another type of vehicle movement event that may
be detected is a fast reverse event, which may be detected if,
for example, the vehicle gear position is in reverse and the
vehicle speed exceeds a predefined maximum reverse speed
threshold (e.g., 25 mph). Another type of vehicle movement
event that may be detected is a near miss event, which may be
detected if, for example, Drvr_Distract_Ind indicates a driver
distraction event within five seconds of any detected hard
braking event.
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[0181] Another type of vehicle movement event that may
be detected is a moving while not in gear event. Such an event
may be detected if the gear position of the vehicle is in neutral
or park and the speed of the vehicle (as specified either in the
Vehicle_Readings_Input or GPS_Input) exceeds a minimum
speed threshold (e.g. 0 mph). Another type of vehicle move-
ment event that may be detected is a heavy traffic event. Such
an event may be detected if the vehicle speed is greater than or
equal to a predefined normal speed threshold (e.g., 35 mph),
followed by the vehicle speed being less than the normal
speed threshold for a period of time that is greater than or
equal to minimum traffic jam time threshold (e.g, 300 sec-
onds).

[0182] In the foregoing and examples, the Vehicle_Cam-
era_Input stream also may be queried in connection with the
various vehicle movement indicators included in Table 13
above. The Vehicle_Movement_Output stream may include
the exemplary information listed in Table 21 below.

TABLE 21

Parameter Name Type Description

The Vehicle Identification
Number that is unique to the
vehicle

The latitude, in decimal
degrees, at the time of the
Vehicle Movement event

The longitude, in decimal
degrees, at the time of the
Vehicle Movement event

The vehicle direction at the
time the Vehicle Movement
event occurred

The vehicle speed, as reported
by the GPS, at the time the
Vehicle Movement event
occurred

The state of the vehicle key at
the time the Vehicle
Movement event occurred
The engine RPM reading at
the time the Vehicle
Movement event occurred
Indicator as to whether or not
the vehicle brake was applied
at the time of the Vehicle
Movement event

The percentage of the throttle
usage at the time of the
Vehicle Movement event

The vehicle gear position at
the time of the Vehicle
Movement event

The vehicle speed, as reported
by the on-board diagnostic
system, at the time of the
Vehicle Movement event

The timestamp at the time of
the vehicle movement event

Vehicle Identification String
Number

GPS_ Lat String
GPS__Lng String

Direction String

GPS__Speed Float

Key_ State Integer
RPM_ Level Float

Brake Ind Boolean

Throttle_ Pct Float
Gear__Pos

Integer

Veh__Speed Float

Read_TS Timestamp

[0183] Vehicle_Engine_Output

[0184] A CEP engine 505 may use information from the
Vehicle_Readings_Input and the GPS_Input to detect events
that indicate a vehicle engine condition that exceeds set tol-
erances. Such events may be output via the Vehicle_Engine_
Ouput stream.

[0185] One example of type of vehicle engine output event
that may be detected is a high throttle event. Such an event
may be detected if the throttle percentage specified in the
Vehicle_Readings_Input exceeds a predefined maximum
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throttle percentage threshold (e.g, 100 percent). Another type
of vehicle engine output event that may be detected is a red
line event. Such an event may be detected, for example, if the
RPM level specified in the Vehicle_Readings_Inputexceeds a
maximum RPM threshold (e.g., 3500 rpm). The Vehicle_
Engine_Output stream may include the exemplary informa-
tion listed in Table 22 below.

TABLE 22

Parameter Name Type Description

The Vehicle Identification
Number that is unique to the
vehicle

The temperature of the engine
oil at the time of the vehicle
engine event

The temperature of the engine
at the time of the vehicle
engine event

The RPM level of the engine
at the time of the vehicle
engine event

The vehicle speed at the time
of the vehicle engine event
The percentage of throttle
used at the time of the vehicle
engine event

The engine mileage at the time
of the vehicle engine event
The trouble code associated
with the vehicle engine event
Indicator as to whether or not
the check engine lights was on
at the time of the vehicle
engine event

The latitude, in decimal
degrees, at the time of the
vehicle engine event

The longitude, in decimal
degrees, at the time of the
vehicle engine event

The vehicle direction at the
time of the vehicle engine
event

The timestamp at the time of
the vehicle engine event

Vehicle Identification  String
Number

Oil__Temp Float
Eng  Temp Float

RPM_ Level Float

Speed__Level Float

Throttle_ Pct Float

Mileage Float
Trouble_ Cd Float

Eng Light Ind Boolean

GPS__Lat String

GPS_Lng String

Direction String

Read_TS Timestamp

[0186] Vehicle_Fluid_Output

[0187] A CEP engine 505 may use information from the
Vehicle_Readings_Input and the GPS_Input to detect events
that indicate a vehicle fluid reading that exceeds set toler-
ances. Such events may be output via the Vehicle_Fluid_
Ouput stream.

[0188] One example of a type of vehicle fluid event that
may be detected is a fueled event. Such an event may be
detected if current fuel level indicated in the Vehicle_Read-
ings_Input is greater than the previous fuel level, the current
fuel level is less than or equal to a predefined maximum fuel
level threshold (e.g., 100 percent) and the current fuel level is
greater than a predefined minimum fuel level threshold (e.g,
0 percent) Another example of a type of vehicle fluid event
that may be detected is a low fuel event. Such an event may be
detected, for example, if the current fuel level indicated in the
Vehicle_Readings_Input is less than or equal to the pre-
defined minimum fuel level threshold. The Vehicle Fluid_
Output stream may include the exemplary information listed
in Table 23 below.
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TABLE 23 TABLE 24-continued
Parameter Name Type Description Parameter Name Type Description
Vehicle Identification String The Vehicle Identification Gear_ Pos Integer The position of the gear
Number Number that is unique to the selector at the time of the
vehicle vehicle state event
Oil__Temp Float The temperature of the engine Psgr. Door_ Ind Boolean Indicator as to whether the
oil at the time of the vehicle passenger door was open at
fluid event the time of the vehicle state
Eng  Temp Float The temperature of the engine event
at the time of the vehicle fluid Psgr_ SBelt_ Ind Boolean Indicator as to whether the
event passenger seat belt was
Fuel__Level Float The fuel level of the vehicle at fastened at the time of the
the time of the vehicle fluid vehicle state event
event Psgr ABag Ind Boolean Indicator as to whether the
Water__Temp Float The water temperature of the passenger airbag off light was
vehicle at the time of the lit at the time of the vehicle
vehicle engine event state event
Trouble_ Cd String The trouble code associated Drvr__ABag Ind Boolean Indicator as to whether the
with the vehicle fluid event driver airbag light was lit at
GPS__Lat String The latitude, in decimal the time of the vehicle state
degrees, at the time of the event
vehicle fluid event Ign_ Sec_ Pos Timestamp The ignition security state of
GPS_Lng String The longitude, in decimal the vehicle at the time of the
degrees, at the time of the vehicle state event
vehicle fluid event Eng Light Ind Boolean Indicator as to whether the
Direction String The direction of the vehicle at check engine light was lit at
the time of the vehicle fluid the time of the vehicle state
event event
Read_TS Timestamp The timestamp at the time of Prk_Brk Ind Boolean Indicator as to whether the
the vehicle fluid event parking brake was engaged at
the time of the vehicle state
event
[0189] Vehicl e_State_Output Ovr_Drv_Ind Boolean Indicatlor as to Whethler the
overdrive light was lit at the
[0190] A CEP engine 505 may use information from the time of the vehicle state event
Vehicle_Readings_Input, the Ign_Voltage_Input, and the SBelt_Light Ind Boolean E:tlecﬁtsoer;tfetﬁ Kggx:ﬁ o
GPS_Input to detect events that indicate a change in vehicle the time of the vehicle stafe
state. Such events may be output via the Vehicle_State_Ouput event
DrOpen__Light_Ind  Boolean Indicator as to whether or not
stream. th s )
e door ajar light was lit at
[0191] Anexample ofa type of vehicle state event that may the time of the vehicle state
. . .. . . event
be detected is an 1gmt1qn evgnt, which may be detected if the GPS. Lat String The vehicle lafitude, in
input voltage level specified in the Ign_Voltage_Input stream decimal degrees, at the time of
exceeds a predefined maximum voltage threshold (e.g., 20 the vehicle state event
volts). Another type of vehicle state event is that may be GPS_Lng String The vehicle longitude, in
. UL decimal degrees, at the time of
detected is an ignition off event. Such an event may be the vehicle state ovent
detected, for example, if vehicle key position is not in the start Direction String The direction of the vehicle at
position and is not in the run position, and the ignition voltage the “tme of the vehicle state
level is less than or equal to a minimum voltage threshold Read_ TS Timestamp %eenﬁme at which the vehicle

(e.g., 0 volts). Another type of vehicle state event that may be
detected is a check engine event, which may be detected if the
Eng Light Ind in the Vehicle_Readings_Input indicates that
the check engine light is lit. The Vehicle_State_Output stream
may include the exemplary information listed in Table 24
below.

TABLE 24

Parameter Name Type Description

Vehicle Identification  String The Vehicle Identification

Number Number that is unique to the
vehicle

State_ Type Integer The type of vehicle state event
that is being reported

State_ Text String Description of the vehicle
state event being reported

Key_ Pos Integer The position of the vehicle

key at the time of the vehicle
state event

state event occurred

[0192] Vehicle_Camera_Output

[0193] A CEP engine 505 may use information from the
Vehicle_Camera_Input, the Cam_Voltage_Input, and the
GPS_Input to detect events that indicate that the vehicle cam-
erais capturing or has captured images of the cab and the front
of the vehicle. Such events may be output via the Vehicle_
Camera_Output stream.

[0194] An example of a type of vehicle camera event that
may be detected is a camera capture event, which may be
detected if the camera voltage level specified in the Vehicle_
Camera_Input stream exceeds a predefined threshold (e.g., 0
volts). The Vehicle_Camera_Output stream may include the
exemplary information listed in Table 25 below. It should be
appreciated that this output stream is status-oriented in
nature, in that it provides information about operation of an
on-board vehicle camera. As discussed elsewhere herein,
other output streams are possible in which the occurrence of
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complex events may be indicated based on one or more
image-related events present in the Vehicle_Camera_Input
stream or Driver_Camera_Input stream.

TABLE 25

Parameter Name Type Description

Vehicle Identification  String The Vehicle Identification

Number Number that is unique to the
vehicle
Cam_ Volt_ Level Float The voltage reading from the

vehicle camera at the time of
the vehicle camera event

The number of available
pictures captured by the
camera at the time of the
vehicle camera event

The vehicle latitude, in
decimal degrees, at the time of
the vehicle camera event

The vehicle longitude, in
decimal degrees, at the time of
the vehicle camera event

The direction of the vehicle at
the time of the vehicle camera
event

The time at which the vehicle
camera event occurred

Cam_ Clip_ Cnt Integer

GPS__Lat String

GPS_Lng String

Direction String

Read_TS Timestamp

[0195]

[0196] A CEP engine 505 may use information from the
Vehicle_Camera_Input, the Cam_Voltage_Input, the Vehi-
cle_Readings_Input, the Accelerometer_Input, and the GPS_
Input to detect events that indicate that the vehicle has expe-
rienced significant impact one or more axes. Such events may
be output via the Vehicle_Impact_Ouput stream.

[0197] One example of a type of vehicle impact event that
may be detected is an x-axis impact, which may be detected if
the x-axis reading from the Accelerometer_Input exceeds a
predefined x-axis impact threshold (e.g., 0.8 g). Another
example of a type of vehicle impact event that may be
detected is a y-axis impact, which may be detected if the
y-axis reading from the Accelerometer_Input exceeds a pre-
defined y-axis impact threshold (e.g., 0.5 g). Another example
of a type of vehicle impact event that may be detected is a
z-axis impact, which may be detected if the z-axis reading
from the Accelerometer_Input exceeds a predefined z-axis
impact threshold (e.g., 1.0 g). The Vehicle_Impact_Output
stream may include the exemplary information listed in Table
26 below.

Vehicle_Impact_Output

TABLE 26

Parameter Name Type Description

The Vehicle Identification
Number that is unique to the
vehicle

The accelerometer x-axis
reading at the time of the
vehicle impact event

The accelerometer y-axis
reading at the time of the
vehicle impact event

The accelerometer z-axis
reading at the time of the
vehicle impact event

The vehicle speed at the time
of the vehicle impact event

Vehicle Identification  String
Number

X-Axis Float
Y-Axis Float

Z-Axis Float

Veh__Speed Float
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TABLE 26-continued

Parameter Name Type Description

RPM__Level Float The engine RPM level at the
time of the vehicle impact
event

Indicator as to whether or not
brake was applied at the time
of the vehicle impact event
Vehicle gear shift position at
the time of the vehicle impact
event

The percentage of throttle
utilization at the time of the
vehicle impact event

The voltage reading of the
vehicle camera at the time of
the vehicle impact event

The captured image count of
the vehicle camera at the time
of the vehicle impact event
The vehicle latitude, in
decimal degrees, at the time of
the vehicle impact event

The vehicle longitude, in
decimal degrees, at the time of
the vehicle impact event

The direction of the vehicle at
the time of the vehicle impact
event

The time at which the vehicle
impact event occurred

Brake_ Ind Boolean

Gear__Pos

Integer

Throttle_ Pct Float

Cam_ Volt_ Level Float

Cam_ Clip__Cnt

Integer

GPS__Lat String

GPS__Lng String

Direction String

Read_TS Timestamp

[0198]

[0199] A CEP engine 505 may use information from the
GPS_Input, the In-Cab_Temperature_Input, the Humidity_
Input, and the Light_Input to detect events that indicate the
current environmental conditions inside the vehicle. Such
events may be output via the Vehicle_Environment_Ouput
stream. The Vehicle_Environment_Output stream may
include the exemplary information listed in Table 27 below.

Vehicle_Environment_Output

TABLE 27

Parameter Name Type Description

The Vehicle Identification
Number that is unique to the
vehicle

The type of vehicle
environment event being
reported

Description of the vehicle
environment event being
reported

The temperature reading
inside the vehicle at the time
of the vehicle environment
event

The humidity reading at the
time of the vehicle
environment event

The light level reading at the
time of the vehicle
environment event

Indicator as to whether or not
the Door Ajar light was lit at
the time of the vehicle
environment event

Indicator as to whether or not
the passenger door was open
at the time of the vehicle
environment event

Vehicle Identification String
Number

Evt__Type Integer

Evt_ Text String

Cab__Temp_ Level Float

Humidity_ Level Float

Light Level Float

Dr_Open_ Light Ind Boolean

Psgr Door_Open_Ind Boolean
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TABLE 27-continued
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TABLE 28-continued

Parameter Name Type Description Parameter Name Type Description

GPS__Lat String The vehicle latitude, in Drvr_ Distract_ Ind Boolean Indicator as to whether or not
decimal degrees, at the time of the driver state sensor detected
the vehicle environment event driver distraction at the time

GPS__Lng String The vehicle longitude, in of the occupant state event
decimal degrees, at the time of Drvr__MSleep_ Ind Boolean Indicator as to whether or not
the vehicle environment event the driver state sensor detected

Direction String The direction of the vehicle at driver microsleep at the time
the time of the vehicle of the occupant state event
environment event GPS__Lat String The vehicle latitude, in

Read_TS Timestamp  The time at which the vehicle decimal degrees, at the time of
environment event occurred the occupant state event

GPS__Lng String The vehicle longitude, in
decimal degrees, at the time of

[0200] Occupant_State_Output the occupant state event

[0201] A CEP engine 505 may use information from the = Direction String glhe fhreCtllvOﬂl; of the vehicle at

GPS_Input, the Vehicle_Readings_Input, and the Driver_ evzl?tme of the occupant state

Camera_Input. to detect events that indicate a change in the Read TS Timestamp  The time at which the

state of the driver. Such events may be output via the Occu- occupant state event occurred

pant_State_Ouput stream.

0202] An example of a type of occupant state event that .
L 1 P P p [0203] External_Environment_Output

may be detected is a driver drowsy event. Such an event may
be detected if number of driver sleep events received from the
Driver_Camera_Input stream in a one minute period exceeds
apredefined threshold (e.g., 5). Another example of a type of
occupant state event that may be detected is a driver distracted
event, which may be detected, for example, if the number of
driver distracted events received via the Driver_Camera_In-
put stream in a one minute period exceeds a predefined
threshold (e.g, 4). Another type of occupant state event that
may be detected is a passenger present event. Such an event
may be detected if, for example, the Psgr_Abag_Ind param-
eter of the Vehicle_Readings_Input stream indicates that the
passenger airbag light is lit or if the Psgr_Sbelt_Ind indicates
that the passenger seatbelt is fastened. The Occupant_State_
Output stream may include the exemplary information listed
in Table 28 below.

TABLE 28

Parameter Name Type Description

The Vehicle Identification
Number that is unique to the
vehicle

The type of occupant state
event being reported
Description of the occupant
state event being reported
Indicator as to whether or not
the passenger seat belt is
fastened at the time of the
occupant state event
Indicator as to whether or not
the passenger airbag off light
was lit at the time of the
occupant state event
Indicator as to whether or not
the fasten seat belt light was lit
at the time of the occupant
state event

Indicator as to whether or not
the Door Ajar light was lit at
the time of the occupant state
event

Indicator as to whether or not
the passenger door was open
at the time of the occupant
state event

Vehicle Identification String
Number

Evt_Type Integer
Evt_ Text String
Psgr_ SBelt_ Ind Boolean

Psgr. ABag Ind Boolean

SBelt_Light Ind Boolean
Boolean

DrOpen_ Light Ind

Psgr Door_Open_Ind Boolean

[0204] A CEP engine 505 may use information from the
GPS_Input, the Outside_Temperature_Input, the Humidity
Input, and the Light_Input to detect events that indicate the
current state of the external environmental conditions. Such
events may be output via the External_Environment_Ouput
stream.

[0205] An example of an external environment event that
may be detected is a low light event. Such an event may be
detected if the light level specified in the Light_Input stream
is less than or equal to a predefined minimum light threshold
(e.g., 15 percent). The External_Environment_Output stream
may include the exemplary information listed in Table 29
below.

TABLE 29

Parameter Name Type Description

Vehicle Identification  String The Vehicle Identification

Number Number that is unique to the
vehicle

Evt_Type Integer The type of external
environment event being
reported

Evt_ Text String Description of the external

environment event being
reported

The temperature reading
outside the vehicle at the time
of the external environment
event

The humidity reading at the
time of the external
environment event

The light level reading at the
time of the external
environment event

The vehicle latitude, in
decimal degrees, at the time of
the external environment
event

The vehicle longitude, in
decimal degrees, at the time of
the external environment
event

The direction of the vehicle at
the time of the external
environment event

Ext_ Temp_ Level Float

Humidity_ Level Float

Light Level Float

GPS__Lat String

GPS__Lng String

Direction String
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TABLE 29-continued

Parameter Name Type Description

Read_TS Timestamp The time at which the external
environment event occurred

[0206] Disobeyed_Stop_Traffic_Signal_Output

[0207] In some embodiments an output stream may be
defined onto which data is published relating to detection of a
disobeyed stop traffic signal (e.g., a vehicle entering an inter-
section when the traffic signal has indicated that the driver
must stop, such as a red traffic light or a stop sign). Vehicle_
Readings_Input (described above in Table 3), GPS_Input
(described above in Table 4), Vehicle_Camera_Input (de-
scribed above in Table 13) and/or Street_Map_Input (see
Table 1) may be used by CEP engine 505 as input streams, and
various information derived therefrom may be used to detect
such an event. A Disobeyed_Stop_Traffic_Signal_Output
stream may include the exemplary information listed in Table
30 below.

TABLE 30
Parameter Name Type Description
Vehicle Identification String The Vehicle Identification

Number Number that is unique to
the vehicle

Vehicle speed in MPH
immediately before
detection of a traffic signal
in one or more images
Vehicle speed in MPH
following detection of a
traffic signal in one or
more images

Percentage of throttle
depression immediately
before detection of a traffic
signal in one or more
images

Percentage of throttle
depression following
detection of a traffic signal
in one or more images
Indicator as to whether or
not the brake pedal was
applied following detection
of a traffic signal in one

or more images

Indicator that a yellow
traffic light was detected

in one or more images
Indicator that a red traffic
light or stop sign was
detected in one or

more images

Time interval between a
detected yellow traffic light
and a detected red traffic
light in one or more images
Vehicle GPS latitude and
longitude coordinates at
which disobeyed stop
traffic signal event occurred
The time at which the
disobeyed stop traffic signal
event occurred

Speed__Level_Before_ Signal Float

Speed_ Level _After Signal Float

Thottle_ Pct_ Before Float

Thottle Pct_ After Float

Brake_ Ind Boolean

Yellow_ Traffic_ Signal Ind Boolean

Red_ Traffic_ Signal_Ind Boolean
Yellow_ Red_ Time Float
Read__GPS

Float, Float

Read_TS Timestamp

[0208] In connection with a disobeyed stop traffic signal
event, any one or more of a vehicle speed, a vehicle throttle
depression reading, and a brake pedal application indicator
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may be used from the Vehicle_Readings Input stream to
assess a current speed as well as acceleration and/or decel-
eration of the vehicle (change of speed over some time inter-
val). Speed information also or alternatively may be obtained
from the GPS_Input stream. Speed, acceleration and/or
deceleration may be compared to one or more pieces of traffic
signal information derived from the Vehicle_Camera_Input
stream, such as an indication of a presence of a yellow traffic
light in one or more images, an indication of a red traffic light
in one or more images, and/or an indication of a stop sign in
one or more images (as discussed earlier, it is presumed that
appropriate image analysis algorithms are applied to acquired
images to make the necessary determination of traffic signal
presence in one or more images). Changes in speed, accel-
eration and/or deceleration proximate in time to the detection
of a traffic signal in one or more images provides instructive
information with respect to a potentially disobeyed traffic
signal.

[0209] In one implementation for which an exemplary
query set is provided below, a disobeyed stop traffic signal
event is determined if a red traffic light is detected within a
predetermined time interval of a detected yellow traffic light,
and if the vehicle speed and/or throttle depression is approxi-
mately the same or increased during the predetermined time
interval between detection of a yellow traffic light and a red
traffic light (e.g., indicating that the driver made no attempt to
slow down upon the yellow traffic light, or in fact sped up in
an attempt to beat the red light). In one aspect of this example,
an absence of the brake pedal application indicator during the
predetermined time interval between a detected yellow traffic
light and a detected red traffic light also or alternatively may
be indicative of a disobeyed stop traffic signal.

[0210] Insome implementations, the CEP engine also may
consult the GPS_Input stream to assess the current geo-
graphic location of a vehicle and, based on same, issue a web
service call for information to be published to the Street_
Map_Input stream. Based on information contained in the
Street_Map_Input stream, a query may assess if the vehicle is
approaching an intersection and, if so, the CEP engine may
begin specifically monitoring the Vehicle Camera_Input
stream, and/or triggering one or more specific image analysis
algorithms, for determination of relevant traffic signal infor-
mation that may be present in one or more images.

[0211] FIG. 8 shows a high-level generalized flow chart
diagram of a specific example of a query set 800 for detecting
when a vehicle runs a red traffic light (minor modifications to
this query set would be applicable to detecting when a vehicle
runs a stop sign). CEP query 800 monitors one or more first
input streams 810 onto which vehicle information is pub-
lished (e.g., the Vehicle_Readings_Input stream, the GPS_
Input stream), and monitors one or more second input streams
820 onto which image information is published (e.g., the
Vehicle_Camera_Input stream). When an event is published
to stream 820 indicating the detection of traffic signal infor-
mation, the event is joined by Join Query 821 with the most
recent VIS information provided on the Vehicle_Readings_
Input stream, which is stored in Most Recent Vehicle History
Window 811. Red Light Detection Pattern Query 831 moni-
tors the output of the Join Query 821. When Red Light Detec-
tion Pattern Query 831 detects a yellow light event (i.e.,
Yellow_Traffic_Signal_Ind) followed by a red light event
(i.e., Red_Traffic_Signal_Ind) within a predetermined time
interval (e.g., a 5 second window), it compares the VIS infor-
mation joined to those two events. If the result of that com-
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parison is that the speed of the vehicle or throttle percentage
of'the vehicle is approximately the same or greater at the time
of the red light event than that at the time of the yellow light
event, CEP query 800 publishes the Disobeyed_Stop_Traffi-
c_Output to output stream 830, and may also issue a local
“run red light alert.”

[0212] Following below is exemplary pseudo-code to be
executed by a CEP engine to assess a disobeyed stop traffic
signal event based on increasing vehicle speed and throttle
depression in the interval between a detected yellow traffic
light and a detected red traffic light (the parameter names used
in the pseudo-code example below do not necessarily corre-
spond precisely with names of information fields published
onto the output stream of Table 30, as the parameters used in
the pseudo-code may be related to, but not identical to, infor-
mation in one or more of the input streams and/or information
ultimately published to the output stream):

//maintain the most recent vehicle information (VIN, Speed,
ThrottlePercentage)
/fevery time an event is received from the image analysis system, join this
information with the most recent vehicle information. (VIN, ImageldType,
ImageldValue, Speed, ThrottlePercentage)
//detect the running of a red light
INSERT INTO osRunRedLightAlert
SELECT Yellow.VIN,
‘Possible Running of Red Light’,
(Red.Speed - Yellow.Speed),
(Red.ThrottlePct - Yellow. ThrottlePct),
TO_ FLOAT(GETTIMESTAMP(Red) -
GETTIMESTAMP(Yellow)) / 1000000.0
FROM IsImageAnalysisEnriched Yellow, lsImageAnalysisEnriched
Red
MATCHING [5 SECONDS: Yellow,Red]
ON Yellow.VIN = Red. VIN
WHERE (Yellow.IdType = ‘TrafficLight’) AND (Yellow.IdValue =
“Yellow”)
AND (Red.IdType = ‘TrafficLight’) AND (Red.IdValue = ‘Red’)
AND (Red.Speed > Yellow.Speed)
AND (Red.ThrottlePct > Yellow. ThrottlePct);
/lissue the event

[0213] It should be appreciated that the exemplary output
stream content, query set and pseudo-code for this event are
provided primarily for purposes of illustration, and that alter-
ations to the output stream, query set and/or pseudo-code are
contemplated for application to vehicle information and/or
image information relating to a detected stop sign.

[0214]

[0215] In some embodiments an output stream may be
defined onto which data is published relating to detection of
an excessive speed event (e.g., a vehicle traveling at a speed in
excess of a posted speed limit, and/or traveling at a speed in
excess of a determined safe speed, wherein the determined
safe speed may rely on existing weather and/or traffic condi-
tions, for example). Vehicle Readings_Input (described
above in Table 3), GPS_Input (described above in Table 4),
Vehicle_Camera_Input (described above in Table 13),
Weather_Input (see Table 1), Traffic_Input (see Table 1),
and/or Street_Map_Input (Table 1) may be used by CEP
engine 505 as input streams, and various information derived
therefrom may be used to detect such an event. An Excessive_
Speed_Output stream may include the exemplary informa-
tion listed in Table 31 below.

Excessive_Speed_Output
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TABLE 31

Parameter Name Type Description

The Vehicle Identification
Number that is unique to the
vehicle

Vehicle speed in MPH (from
ECU or GPS receiver)
Indicator from ECU and/or
image information for
activation of windshield
wipers

Indicator as to whether or not
the brake pedal was applied
following detection of a speed
limit sign in one or more
images

Speed limit indicated on a
speed limit sign detected in
one or more images, and/or
street map information based
on web service call

Text description of weather
based on web service call
Text description of traffic
based on web service call
Calculated safe speed based
on predetermined percentage
of posted speed limit, and/or
weather/traffic information
Vehicle GPS latitude and
longitude coordinates at which
excessive speed event
occurred

The time at which the
excessive speed event
occurred

Vehicle Identification String
Number

Speed__Level Float
Boolean

Wind_ Wiper_ Ind

Brake_ Ind Boolean

Speed__Limit Float

Weather_ Info String
Traffic_ Info String
Safe_ Speed

Integer

Read_ GPS Float, Float

Read_TS Timestamp

[0216] In connection with an excessive speed event, as in
the disobeyed stop traffic signal event, any one or more of a
vehicle speed, a vehicle throttle depression reading, and a
brake pedal application indicator may be used from the Vehi-
cle_Readings_Input stream to assess a current speed as well
as acceleration and/or deceleration of the vehicle. Speed
information also may be obtained from the GPS_Input
stream. Speed, acceleration and/or deceleration may be com-
pared to one or more pieces of traffic speed information
derived from the Vehicle_Camera_Input stream, such as an
indication of a presence of a speed limit sign in one or more
images, as well as the posted speed limit on the speed limit
sign (as discussed earlier, it is presumed that appropriate
image analysis algorithms are applied to acquired images to
make the necessary determination of a posted speed limit in
one or more images). In some embodiments, information
about the speed limit for the road on which the vehicle is
traveling may be obtained using geographic information from
the GPS_Input stream to issue a web service call to a website
providing street map information to be published to the
Street_Map_Input stream, and this information may be used
alternatively to, or in conjunction with, the image information
relating to a detected speed limit sign to ascertain the appro-
priate speed limit.

[0217] In some implementations, a safe speed for the
vehicle may be determined as a predetermined percentage of
the relevant speed limit (e.g., the posted speed limit as
detected in one or more images, speed limit as indicated in
street map information, etc.,). For example, absent any
extenuating weather and/or traffic conditions, a safe speed
may be set at equal to or slightly greater than the posted speed
(e.g., 105% of the posted speed limit, providing some allow-
ance for “reasonable” speeding). In other implementations,
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the safe speed may be determined based not only on the
posted speed limit, but also on weather and/or traffic condi-
tions in the vicinity of the vehicle that may in some manner
affect safe travel (and perhaps warrant a safe speed that is less
than 100% of the posted speed limit). To this end, a Wind_
Wiper_Ind present in the Vehicle_Readings_Input stream
(see Table 3), and/or a Wiper_Activation_Output present in
the Vehicle_Camera_Input stream (see Table 13), may be
used as an indicator of inclement weather conditions (e.g.,
rain, sleet, snow, etc.), upon which a safe speed of less than
100% of the posted speed limit may be determined. Alterna-
tively, based on information in the GPS_Input stream relating
to current geographic location (latitude and longitude coor-
dinates) of the vehicle, the CEP engine may issue a web
service call to a weather-oriented website for weather infor-
mation to be published to the Weather_Input stream, and the
safe speed may be determined based at least in part on the
retrieved weather information. Regarding determination of
safe speed based on traffic information, the CEP engine also
or alternatively may issue a web service call, based on infor-
mation in the GPS_Input stream, to a traffic-oriented website
for traffic information to be published to the Traffic_Input
stream, and the safe speed may be determined based at least in
part on the retrieved traffic information (alone or together
with weather information).

[0218] FIG. 9 shows a high-level generalized flow chart
diagram of a specific example of a CEP query 900 for detect-
ing when a vehicle exceeds a safe speed. In FIG. 9, CEP query
900 monitors vehicle information published to one or more
first input streams 910 (e.g., the Vehicle_Readings_Input
stream, the GPS_Input stream), and monitors image informa-
tion published to one or more second input streams 920 (e.g.,
the Vehicle_Camera_Input stream). When an event is pub-
lished to the input stream 920 (e.g., Speed_Limit_Sign_Out-
put, Posted_Speed_Limit_Output, see Table 13), the event is
joined by Join Query 921 with the most recent information
from stream 910, stored in Most Recent Vehicle History Win-
dow 911. If that event is the detection of a speed limit sign,
Current Local Weather Conditions Join Query 922 issues a
web service call to retrieve current local weather conditions
930 (a similar web service call may be made to retrieve
current local traffic conditions). The VIS and Weather Service
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Conditions information is evaluated by a routine that calcu-
lates the safe speed for the retrieved weather conditions (as
shown at act 923 in FIG. 9). If the weather information indi-
cates that it is raining then the safe speed may be calculated as
less than 100% (e.g., 75%) of the detected posted speed limit.
If the weather information indicates that it is snowing or that
the outside temperature is such that any reported precipitation
might be snow or ice, then the safe speed may be calculated as
an even lower percentage (e.g., 50%) of the detected posted
speed limit. After the safe speed is calculated, it is compared
at act 941 with the vehicle speed as stored in Most Recent
Vehicle History Window 911. If the result of that comparison
is that the speed of the vehicle exceeds the safe speed, or
exceeds the safe space by more than some predetermined
value (e.g., 105%), CEP query 900 publishes an Exceed Safe
Speed event to output stream 940.

[0219] In the example above, weather information is
obtained by issuing a web service call to a weather informa-
tion service. However, as discussed above, a variety of other
techniques may be used to determine inclement weather con-
ditions. For example, in some embodiments, information may
be obtained from the vehicle electronic control unit (ECU) to
determine whether the windshield wipers are turned on and, if
so, the speed of the windshield wipers. Alternatively, image
analysis may be performed on images obtained from the
on-board vehicle camera to determine if wiper blades are
moving across the windshield, as well as the speed with
which the wiper blades are moving across the windshield.
Also, while the example above focused specifically on
weather information, in a similar manner traffic information
may be consulted for determination of an appropriate safe
speed.

[0220] Following below is exemplary pseudo-code for
assessing an excessive speed event based at least in part on
local weather conditions (the parameter names used in the
pseudo-code example below do not necessarily correspond
precisely with names of information fields published onto the
output stream of Table 31, as the parameters used in the
pseudo-code may be related to, but not identical to, informa-
tion in one or more of the input streams and/or information
ultimately published to the output stream):

//maintain the most recent vehicle information (VIN, Speed, Latitude, Longitude)
//when an event is received from the image analysis system (events provided by
Vehicle_ Canera_ Input), join this information with the most recent vehicle
information (VIN, ImageldType, ImageldValue, Speed, Latitude, Longitude)
//when the image analysis system identifies a speed sign, issue a web service call,
utilizing the latitude and longitude, to retrieve the local weather conditions
(temperature and any precipitation condition).
//use this compiled information to calculate the percent over the suitable speed...
FUNCTION GetPercentOverSuitableSpeed(
VehicleTemp FLOAT,
VehicleSpeed FLOAT,
ImageAnalysisSpeedLimit FLOAT,
ImageAnalysisPrecip BOOLEAN,
WeatherServiceTemp FLOAT,
WeatherServiceConditions STRING
) RETURNS FLOAT

FLOAT result = ImageAnalysisSpeedLimit;

BOOLEAN WeatherServicePrecip = (WeatherServiceConditions="RAIN") OR

(WeatherServiceConditions)="SNOW");

BOOLEAN Rain = (WeatherServiceConditions="RAIN’);
//if both the image analysis and the weather service are indicating precipitation
IF (ImageAnalysisPrecip AND WeatherServicePrecip) THEN
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IF (Rain) THEN //raining

result = ImageAnalysisSpeedLimit * .75;
ELSE //snowing

result = ImageAnalysisSpeedLimit * .5;
END;

//if either the image analysis OR the weather service are indicating precipitation

ELSEIF (ImageAnalysisPrecip OR WeatherServicePrecip) THEN
result = ImageAnalysisSpeedLimit * .75;
END;
//furthermore, if the weather service is indicating rain, but there is a good
reason to believe the weather could deteriorate...

IF (Rain) AND (WeatherServiceTemp < 30.0) AND (VehicleTemp < 30.0)

THEN

result = ImageAnalysisSpeedLimit * .5;

END;
RETURN ((VehicleSpeed - result) / result);

END FUNCTION;

/fissue an alert based on the calculated metric

IF (percent_over_suitable_speed > .05) THEN “issue alert”

[0221] It should be appreciated that the exemplary output
stream, query set and pseudo-code for this event are provided
primarily for purposes of illustration, and that alterations to
this output stream, query set and/or pseudo-code are contem-

engine 505 as input streams, and various information derived
therefrom may be used to detect such an event. A Reckless_
Driving_Output stream may include the exemplary informa-
tion listed in Table 32 below.

TABLE 32

Parameter Name

Type Description

Vehicle Identification Number

Excessive__Speed_ Duration

Excessive__Speed__Count

Disobeyed_ Stop_ Traffic_ Signal Count

Excessive_Speed_ Disobeyed_ Stop_ Traffic_ Signal Interval

Priority_ Level

Read_ GPS

Read_TS

The Vehicle Identification
Number that is unique to
the vehicle
Predetermined time period
over which excessive
speed event has occurred
Number of times an
excessive speed event has
occurred during a
predetermined time period
Number of times a
disobeyed stop traffic
signal even has occurred
during a predetermined
time period

Time interval between
proximate occurrences of
an excessive speed event
and a disobeyed stop
traffic signal event
Priority level assessed for
reckless driving event
Vehicle GPS latitude and
longitude coordinates at
which reckless driving
event occurred

The time at which the
reckless driving event
occurred

String

Float

Integer

Integer

Float

Integer

Float, Float

Timestamp

plated for application to vehicle information and/or image
information relating to an excessive speed event.

[0222] Reckless_Driving Output

[0223] In some embodiments an output stream may be
defined onto which data is published relating to detection of a
reckless driving event. Disobeyed_Stop_ Traffic_Signal Out-
put (described above in Table 30) and Excessive_Speed_
Output (described above in Table 31) may be used by CEP

[0224] As noted in Table 32, a reckless driving event may
be determined if an excessive speed event has occurred for a
predetermined time period (e.g., excessive speed event is
transmitted on an input stream for more than five minutes).
Similarly, a reckless driving event may be determined based
on a number of times an excessive speed event has occurred
(discretely) during a predetermined time period, the number
oftimes that a disobeyed stop traffic signal event has occurred
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during a predetermined time period, and/or a proximate
occurrence in time of an excessive speed event and a dis-
obeyed stop traffic signal event. In some implementations, a
priority level may be associated with the reckless driving
event.

[0225] FIG. 10 shows a high-level generalized flow chart of
a specific example of a CEP query 1000 for detecting when a
vehicle is driving recklessly. CEP query 1000 monitors event
input stream 1030 (onto which disobeyed stop traffic signal
events are published) and input stream 1040 (onto which
excessive speed events are published). When an event is pub-
lished to either input stream, any additional event that occur
on either of these two input streams within a predetermined
time interval (e.g., 5 minutes) is stored in Combined Data
Store window 1031. After collecting all available data, or
after the expiration of the time window associated with the
predetermined time interval, Calculate Alert Priority query
1032 determines an event priority for the initial event. For
example, if a vehicle is determined to have disobeyed a stop
traffic signal and exceeded the safe speed by more than 40%
within a five minute window, Calculate Alert Priority query
1032 may determine that a priority 1 Reckless Driving Event
has occurred. If a vehicle is determined to have either dis-
obeyed a stop traffic signal or exceeded the safe speed by
more than 40% within a five minute window, Calculate Alert
Priority query 1032 may determine that a priority 2 Reckless
Driving Event has occurred. I[f no disobeyed stop traffic signal
event has been detected but the vehicle is determined to have
exceeded the safe speed by more than 20%, then Calculate
Alert Priority query 1032 may determine that a priority 3
Reckless Driving Event has occurred. If only an excessive
speed event has been detected in the five minute window, for
example by a vehicle exceeding the suitable speed by less
than 20% but more than 5%, Calculate Alert Priority query
1032 may determine that a priority 4 Reckless Driving Event
has occurred. Query 1032 may publish any detected Reckless
Driving event and its priority to output stream 1040. It should
be appreciated that the determination of priority levels dis-
cussed above is primarily for purposes of illustration, and that
priority levels for a reckless driving event may be assessed in
any of a variety of manners based on the number and order of
excessive speed event and/or disobeyed stop traffic signal
event occurrences, and/or a time interval between any two
such event occurrences.

[0226] Following below is exemplary pseudo-code for
assessing a reckless driving event (the parameter names used
in the pseudo-code example below do not necessarily corre-
spond precisely with names of information fields published
onto the output stream of Table 32, as the parameters used in
the pseudo-code may be related to, but not identical to, infor-
mation in one or more of the input streams and/or information
ultimately published to the output stream):

//receive Disobeyed_ Stop_ Traffic_ Signal and Excessive__Speed events
as inputs
//for each VIN, collect events for 5 minute after the first event is
received.
//for each VIN, upon collecting all possible data, or completion of the
5 minute collection period for the VIN, use the following logic to
prioritize a Reckless Driving Event...

IF  (RunRedLight AND (PercentExceeded > .4))
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THEN Event_ Priority = 1
ELSIF (RunRedLight OR (PercentExceeded > .4)) THEN
Event_ Priority =2
ELSIF (PercentExceeded > .2) THEN Event_ Priority =3
ELSE Event_ Priority = 4 /* (RanRedLight AND/OR
(PercentExceeded <.2)) */

/lissue the event

[0227] It should be appreciated that the exemplary output
stream, query set and pseudo-code for this event are provided
primarily for purposes of illustration, and that alterations to
this output stream, query set and/or pseudo-code are contem-
plated for application to event information relating to reckless
driving.

[0228] C.Exemplary Fleet-Related Input Streams and Out-
put Streams
[0229] With reference again to the CEP system architecture

depicted in FIG. 5, in which a CEP engine 507 executing in a
central location 501 (e.g., a main office of the company over-
seeing fleet management operations), and/or in amobile com-
puting device of a supervisor or dispatcher, is communica-
tively coupled to multiple vehicle-based CEP engines (i.e.,
CEP engines 5054, 5055, . . ., 505n), it should be appreciated
that a given CEP engine in the system architecture may be
configured to receive and/or transmit a wide variety of input
and output streams from/to one or more others of the CEP
engines in the system. In particular, the exemplary CEP
engine 507 in some embodiments serves as a “fleet manage-
ment CEP engine,” in that it receives one or more input
streams that are provided as output streams from one or more
vehicle-based CEP engines (some of which output streams
include vehicle-related events), and also may monitor one or
more input streams relating to weather information, traffic
information, street map information, and/or credit/fuel card
transaction information, for example, to determine any of a
wide variety of events relating to respective/collective actions
of multiple vehicles of a fleet (as well as assessing events
relating to any particular vehicle of the fleet).

[0230] Table 33 below lists an illustrative set of input
streams that CEP engine 507 may receive in some embodi-
ments. As discussed above, in this example many of the input
streams listed in Table 33 correspond to output streams gen-
erated by one or more vehicle-based CEP engines 505 (as
listed in Table 2 above). As noted in the tables above respec-
tively corresponding to these exemplary input streams to a
fleet management CEP engine, a vehicle identification num-
ber typically is included in the noted input stream so that
respective vehicles of the fleet may be identified. It should be
appreciated, however, that in some embodiments, the infor-
mation content in the exemplary input streams indicated in
Table 33 may not exactly match the information content
included in the corresponding output streams from vehicle-
based CEP engines as listed in Table 2 above. Table 33 also
includes exemplary input streams from external data sources,
such as weather information, traffic information, street map
information, credit/fuel card information and/or resource/
scheduling information.
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TABLE 33

Stream Name

Description

Vehicle_ Component_ Error_ Input
Vehicle_ Component_ Warning Input

Vehicle_ Component_ Heartbeat_ Input

Vehicle_ System__ Error_ Input

Vehicle_ System_ Warning Input

Vehicle_ Movement_ Input

Vehicle_ Engine_ Input
Vehicle_ Fluid__Input

Vehicle__State_ Input

Vehicle_ Camera_ Input

Vehicle_ Impact__Input

Vehicle_ Environment Input

Occupant__State__Input

External Environment_ Input

Disobeyed_ Traffic_ Stop__Signal_Input
Excessive__Speed_ Input

Reckless_ Driving Input

Weather_ Input

Traffic_ Input

Street__Map__Input
Credit/Fuel_Card_ Transaction_ Input

Resource/Scheduling  Input

Event detected that indicates a diagnostic error
condition for a specific component

Event detected that suggests that a specific
component is not operating as intended

Event detected that indicates a heartbeat
message transmitted from a specific
component

Event detected from one stream or the
combination of several input streams that
indicates an error condition for the entire
vehicle system, or a portion of that system.
Event detected from one stream or the
combination of several input streams that
suggests the entire vehicle system or a portion
of that system is not operating as intended.
Event detected that indicates the current
geographic position of the vehicle, as well as
the vehicle’s current state of motion (e.g.,
Idling, Speeding, Moving).

Event detected that indicates a vehicle engine
condition that exceeds set tolerances.

Event detected that indicates a vehicle fluid
reading that exceeds set tolerances.

Event detected that indicates a change in the
vehicle state (e.g., Key Position, Door
Open/Close, Dash Lights, Gear Position).
Event detected that indicates the vehicle
camera is capturing, or has captured images of
both the cab and the front of the vehicle.
Event detected that indicates that the vehicle
has experienced a significant impact on one or
more axis.

Event detected that indicates the current state
of the internal, in-cab, environment of the
vehicle (e.g., In-Cab temperature, In-Cab
Lighting).

Event detected that indicates a change in the
state of the driver (e.g., Seatbelts fastened,
Driver Drowsiness, Driver Distraction,
Passenger Presence).

Event detected that indicates the current state
of the external (outside vehicle) environment
(e.g., Outside Temperature, Outside Lighting,
Outside Humidity).

Event detected that indicates the vehicle ran a
red traffic light or stop sign

Event detected that indicates the vehicle speed
exceeded a safe speed

Event detected that indicates the driver is
operating the vehicle recklessly (e.g., multiple
excessive speeding events, combination of one
or more excessive speeding events with one or
more disobeyed traffic stop signal events, etc.)
Weather information (e.g., obtained from a
web service call)

Traffic information (e.g., obtained from a web
service call)

Street map information (e.g., obtained from a
web service call)

Credit/fuel card transaction information (e.g.,
obtained from a web service call)
Resource/Scheduling information (e.g.,
obtained from a company database)

[0231]

Table 34 lists an illustrative set of output streams

in the various tables above pertaining to vehicle-related

that CEP engine 507 may generate based on queries applied to
one or more input streams (e.g., such as those listed in Table
33) received from one or more of CEP engines 505. Each of
the indicated output streams generally represents a fleet-re-
lated event, and may include a variety of information content
in a variety of formats, in a manner similar to that illustrated

events. In particular, for fleet-related events pertaining to
multiple vehicles of the fleet, generally the output stream may
include multiple vehicle identification numbers correspond-
ing to the vehicles on which the fleet-related event is based or
to which the fleet-related event pertains. Additionally, it
should be appreciated that while the output streams in Table
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34 below in some instances may represent events relating to
multiple vehicles of a fleet, some types of events may relate
only to a specific vehicle of the fleet.
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TABLE 34

Name

Description

Traffic_ Jam_ Output

Driver_ Congregation_ Output

Frequent_ Fueling Output

Favorite_ Fueling Tocation_ Output

Stolen_ Fuel_ Output
Frequented_ Location_ Output

Rough_ Road_ Output

High Speed_ Areas_ Output

Event indicating that a number of vehicles on
the same route in the same time period are
traveling below threshold speed.

Event indicating that a defined number of
vehicles are a defined minimum distance away
from each other in a certain time period.
Event indicating a defined number of fueling
events at the same location in a certain time
period.

Event indicating a defined number of fueling
events at the same location in a certain time
period.

Event indicating that a driver of one or more
vehicles may have stolen fuel

Event indicating a location visited a defined
number of times in a certain time period.
Event indicating a threshold number of g-force
events in a certain time period indicating an
uneven road surface.

Event indicating a certain number of speeding

events in a certain time period.
Dead_ Communications__Area_ Output
connectivity difficulty.

Event relating locations to cellular or WiFi

[0232] Insome embodiments, CEP Engine 507 may detect
an event based on input streams from multiple CEP engines
505 and output the event via one of the output streams listed
in Table 34. For example, a traffic jam event may be detected
and output via the Traffic_Jam_Output stream if it is deter-
mined via the Vehicle_Movement_Input streams received
from multiple CEP engines 505 that a certain number of
vehicles on the same road are traveling below a threshold
speed. A technician congregation event may be detected, for
example, if it is determined from the Vehicle_Movement_
Input streams received by CEP engine 507 that a certain
number of vehicles are within a predefined distance of each
other within a certain time period. A stolen fuel event may be
detected and output via the Stolen_Fuel_Output stream if'it is
determined for any one or more vehicles that they have
stopped at a gas station (e.g., determined using information
from the GPS_Input stream and/or the Street_Map_Input
stream), used a credit/fuel card to pay for gas (e.g., as deter-
mined via the Credit/Fuel_Card_Transaction_Input), and yet
within a predetermined time period following the credit/fuel
card transaction, the WVehicle Readings_Input from the
vehicle includes a Fuel_Ievel reading that is not commensu-
rate in scope with the amount of fuel purchased (e.g., the
credit/fuel card transaction is for $125, and yet the Fuel_
Level reading retrieved from the vehicle indicates 10% full
scale). Similarly, a rough road event may be detected if a
certain number of vehicle impact events in the same location
are received by CEP engine 507 via the Vehicle_Impact_
Input streams.

[0233] Again, it should be appreciated that the foregoing
examples of fleet-related events and/or vehicle-related events
determined by a fleet management CEP engine are provided
primarily for purposes of illustration, and that various
embodiments of the invention are not limited to these
examples.

[0234] Variable Acquisition Rate GPS

[0235] In another embodiment, the CEP engine may be
used to determine an environment-appropriate acquisition
rate for GPS readings. The acquisition rate for GPS readings
is the frequency with which the GPS receiver calculates or
logs the current position.

[0236] The inventors have appreciated that it may be desir-
able to adjust the frequency with which the GPS receiver
calculates position based on any of a variety of factors. For
example, the inventors have recognized that it may be desir-
able to decrease the acquisition rate at higher vehicle speeds,
or to increase the acquisition rate as the vehicle nears its
destination. The inventors have also realized that it may be
desirable to use a lower acquisition rate in rural environments
than in urban environments.

[0237] FIG. 11 is a flow chart of an illustrative CEP query
1100 for determining an environment appropriate acquisition
rate for GPS readings. This may be achieved either by chang-
ing the rate at which the GPS readings are taken, or by using
the maximum rate at which GPS readings can be taken but
reducing the rate at which the GPS readings are logged (de-
scribed with below in connection with FIG. 12).

[0238] Query 1100 may use information from the GPS_
Input stream (described above in connection with table 4), an
input stream that provides information from a database of
rural and urban environments, information from the Vehicle_
Readings_Input stream (described above in connection with
table 3), and information about the destination of the vehicle
(e.g., derived from the GPS unit or from the dispatch schedule
for a given VIN or Technician ID).

[0239] In FIG. 11, CEP query 1100 monitors GPS_Input
stream 1110, Destinations_Input stream 1120, and Environ-
ments_Input stream 1130, which comprises the response
from the web service call to the environments database dis-
cussed above. When an event is published to either the GPS_
Input or Destinations_Input streams, a calculation of proxim-
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ity to the destination is performed at step 1140. Speeds
window 1180 stores the current speed from the GPS_Input
stream. Destination Window 1190 stores the vehicle’s current
distance from the destination, calculated at step 1140. Envi-
ronments Window 1195 stores the type of environment (e.g.,
urban or rural) through which the vehicle is currently travel-
ing.

[0240] When any event is published to CEP query 1100 the
most recently calculated proximity, speed, and environment
events are joined at Query 1150, using the information stored
in Speeds Window 1180, Destinations Window 1190, and
Environments Window 1195. Query 1150 may additionally
calculate the environment appropriate acquisition rate for
GPS readings, and publish this rate to the GPS_Update_Rates
output stream 1160. In some embodiments, CEP query 1100
may additionally publish a copy of the GPS_Input stream data
as GPS_Output stream 1170.

[0241] The environment-appropriate acquisition rate may
be calculated in any of a variety of possible ways. In some
embodiments, the acquisition rate may be calculated based on
the vehicle’s speed, the distance from the final destination,
and the type of environment (e.g., urban or rural) through
which the vehicle is traveling. Table 35 shows one example of
how the acquisition rate may be calculated based on these
variables.

TABLE 35
City Rural
>5 mi from destination >50 MPH 15" >50 MPH 30"

30-50 MPH 15" 30-50 MPH 30"

10-30 MPH 15" 10-30 MPH 15"

<10 MPH 1" <10 MPH 1"

1-5 mi from destination >50 MPH 15" >50 MPH 30"
30-50 MPH 15" 30-50 MPH 15"

10-30 MPH 1" 10-30 MPH 15"

<10 MPH 1 <10 MPH 1"

<1 mi from destination >50 MPH 1 >50 MPH 1"
30-50 MPH 1" 30-50 MPH 1"

10-30 MPH 1" 10-30 MPH 1"

<10 MPH 1 <10 MPH 1"

[0242] GPS_Update_Rates output stream 1160 may be
used to change the polling frequency of the GPS device. In
embodiments in which the GPS device does not have an
interface that allows the acquisition rate to be adjusted, the
GPS device may use its pre-configured acquisition rate, and
the data output by the GPS device may be altered to effec-
tively decrease the acquisition rate.

[0243] For example, as shown in FIG. 12, the GPS_Updat-
e_Rates stream 1160 and GPS_Output stream 1170 may be
consumed by CEP query 1200 as GPS_Update_Rates stream
1210 and GPS_Info stream 1220, respectively. At step 1230
CEP query 1200 joins and “gates” the GPS readings con-
sumed on GPS_Info stream 1220 at the rate defined by GPS_
Update_Rates stream 1210 and publishes the result to “Rat-
ed”_GPS_Info stream 1240. In this way, the “Rated” GPS
Info stream effectively reduces the acquisition rate of the GPS
device by only publishing some of the GPS calculations, such
that acquisition rate on output stream 1240 appears to be the
desired acquisition rate.

CONCLUSION

[0244] While various inventive embodiments have been
described and illustrated herein, those of ordinary skill in the
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art will readily envision a variety of other means and/or struc-
tures for performing the function and/or obtaining the results
and/or one or more of the advantages described herein, and
each of such variations and/or modifications is deemed to be
within the scope of the inventive embodiments described
herein. More generally, those skilled in the art will readily
appreciate that all parameters, dimensions, materials, and
configurations described herein are meant to be exemplary
and that the actual parameters, dimensions, materials, and/or
configurations will depend upon the specific application or
applications for which the inventive teachings is/are used.
Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equiva-
lents to the specific inventive embodiments described herein.
It is, therefore, to be understood that the foregoing embodi-
ments are presented by way of example only and that, within
the scope of the appended claims and equivalents thereto,
inventive embodiments may be practiced otherwise than as
specifically described and claimed. Inventive embodiments
of the present disclosure are directed to each individual fea-
ture, system, article, material, kit, and/or method described
herein. In addition, any combination of two or more such
features, systems, articles, materials, kits, and/or methods, if
such features, systems, articles, materials, kits, and/or meth-
ods are not mutually inconsistent, is included within the
inventive scope of the present disclosure.

[0245] All definitions, as defined and used herein, should
be understood to control over dictionary definitions, defini-
tions in documents incorporated by reference, and/or ordi-
nary meanings of the defined terms.

[0246] Theindefinite articles “a” and “an,” as used herein in
the specification and in the claims, unless clearly indicated to
the contrary, should be understood to mean “at least one.”
[0247] The phrase “and/or,” as used herein in the specifica-
tion and in the claims, should be understood to mean “either
or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present
in other cases. Multiple elements listed with “and/or” should
be construed in the same fashion, i.e., “one or more” of the
elements so conjoined. Other elements may optionally be
present other than the elements specifically identified by the
“and/or” clause, whether related or unrelated to those ele-
ments specifically identified. Thus, as a non-limiting
example, a reference to “A and/or B”, when used in conjunc-
tion with open-ended language such as “comprising” can
refer, in one embodiment, to A only (optionally including
elements other than B); in another embodiment, to B only
(optionally including elements other than A); in yet another
embodiment, to both A and B (optionally including other
elements); etc.

[0248] Asused herein in the specification and in the claims,
“or” should be understood to have the same meaning as
“and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and, option-
ally, additional unlisted items. Only terms clearly indicated to
the contrary, such as “only one of” or “exactly one of,” or,
when used in the claims, “consisting of,” will refer to the
inclusion of exactly one element of a number or list of ele-
ments. In general, the term “or” as used herein shall only be
interpreted as indicating exclusive alternatives (i.e. “one or
the other but not both”) when preceded by terms of exclusiv-
ity, such as “either,” “one of,” “only one of,” or “exactly one
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of” “Consisting essentially of,” when used in the claims, shall
have its ordinary meaning as used in the field of patent law.
[0249] Asused herein in the specification and in the claims,
the phrase “at least one,” in reference to a list of one or more
elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of
elements, but not necessarily including at least one of each
and every element specifically listed within the list of ele-
ments and not excluding any combinations of elements in the
list of elements. This definition also allows that elements may
optionally be present other than the elements specifically
identified within the list of elements to which the phrase “at
least one” refers, whether related or unrelated to those ele-
ments specifically identified. Thus, as a non-limiting
example, “at least one of A and B” (or, equivalently, “at least
one of A or B,” or, equivalently “at least one of A and/or B”)
can refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present (and optionally
including elements other than B); in another embodiment, to
at least one, optionally including more than one, B, withno A
present (and optionally including elements other than A); in
yet another embodiment, to at least one, optionally including
more than one, A, and at least one, optionally including more
than one, B (and optionally including other elements); etc.
[0250] It should also be understood that, unless clearly
indicated to the contrary, in any methods claimed herein that
include more than one step or act, the order of the steps or acts
of the method is not necessarily limited to the order in which
the steps or acts of the method are recited.

[0251] In the claims, as well as in the specification above,
all transitional phrases such as “comprising,” “including,”
“carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-
ended, i.e., to mean including but not limited to. Only the
transitional phrases “consisting of” and “consisting essen-
tially of” shall be closed or semi-closed transitional phrases,
respectively, as set forth in the United States Patent Office
Manual of Patent Examining Procedures, Section 2111.03.

What is claimed is:

1. A method performed by a complex event processing
(CEP) engine that executes on at least one hardware computer
processor in a vehicle, the method comprising:

A) receiving at least two input streams comprising:

at least one first input stream onto which vehicle infor-
mation related to the vehicle is published; and

at least one second input stream onto which image infor-
mationis published, wherein the image information is
based at least in part on data provided by at least one
on-board vehicle camera;

B) applying at least one query to the at least one first input

stream and the at least one second input stream;

C) assessing, based on B), if a vehicle-related complex

event has occurred; and

D)ifitis determined in C) that the vehicle-related complex

event has occurred, publishing an indication of occur-
rence of the vehicle-related complex event on at least
one output stream of the CEP engine.

2. The method of claim 1, further comprising:

generating at least one perceivable alert in the vehicle

based at least in part on D).
3. The method of claim 1, further comprising:
altering operation of the vehicle based atleast in parton D).
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4. The method of claim 1, further comprising:

transmitting the indication of the occurrence of the vehicle-

related complex event from the vehicle to at least one
office at which fleet management operations occur and/
or to at least one supervisor responsible for the vehicle.

5. The method of claim 1, further comprising:

transmitting the indication of the occurrence of the vehicle-

related complex event to at least one second CEP engine
external to the vehicle.

6. The method of claim 1, wherein in A), the vehicle infor-
mation comprises:

vehicle readings information regarding the vehicle pro-

vided by an Electronic Control Unit (ECU) of the
vehicle.

7. The method of claim 6, wherein the vehicle readings
information includes a plurality of values corresponding to a
plurality of parameter identifiers defined by the On Board
Diagnostic (OBD-II) standard SAE J1979.

8. The method of claim 6, wherein the vehicle readings
information includes at least one of:

a vehicle identification number;

an odometer reading;

an engine temperature;

an oil temperature;

an engine water temperature;

a fuel level,;

an engine RPM reading;

a vehicle speed;

a throttle depression reading;

a brake pedal application indicator;

at least one airbag indicator;

at least one seatbelt indicator;

a key position indicator;

a gear shift indicator;

a check engine indicator;

an overdrive indicator;

a parking brake indicator;

at least one door open indicator;

at least one vehicle ignition security indicator;

a windshield wiper activation indicator;

a left turn signal indicator;

a right turn signal indicator;

an emergency signal indicator;

a headlamps activation indicator;

a vehicle audio system status indicator; and

at least one timestamp indicating when vehicle readings

are obtained.

9. The method of claim 1, wherein in A), the vehicle infor-
mation includes non-image based environmental information
and/or operational information comprising at least one of:

GPS information from at least one GPS receiver associated

with the vehicle;

accelerometer information from at least one accelerometer

associated with the vehicle;

humidity information from at least one humidity sensor

associated with the vehicle;

temperature information from at least one temperature sen-

sor associated with the vehicle;

light-level information from at least one light sensor asso-

ciated with the vehicle;

ignition voltage information from at least one ignition volt-

age sensor associated with the vehicle;

cellular diagnostic information relating to cellular connec-

tivity with the vehicle; and
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wireless diagnostic information relating to WiFi connec-

tivity with the vehicle.

10. The method of claim 1, wherein the image information
includes unprocessed image information obtained from at
least one output of the at least one on-board vehicle camera.

11. The method of claim 1, wherein the image information
includes status information regarding operation of the at least
one on-board vehicle camera.

12. The method of claim 1, wherein the image information
includes processed image information derived from the data
provided by the at least one on-board vehicle camera.

13. The method of claim 12, wherein the processed image
information includes at least one of:

color detection information;

edge detection information;

line detection information;

motion detection information;

pattern recognition information;

object recognition information;

compression information; and

luminance information.

14. The method of claim 12, wherein the processed image
information includes traffic signal information indicating that
ayellow traffic light, a red traffic light or a stop sign is present
in at least one image captured by the at least one on-board
vehicle camera.

15. The method of claim 12, wherein the processed image
information includes traffic speed information relating to a
posted speed limit present in at least one image captured by
the at least one on-board vehicle camera.

16. The method of claim 12, wherein the processed image
information includes weather information based at least in
part on windshield wiper operation detected in at least one
image captured by the at least one on-board vehicle camera.

17. The method of claim 12, wherein the processed image
information includes lane change information relating to a
vehicle lane change determined from image analysis of mul-
tiple images captured by the at least one on-board vehicle
camera.

18. The method of claim 12, wherein the processed image
information includes proximate vehicle collision information
relating to a forward proximity of the vehicle to another
vehicle as determined from image analysis of multiple
images captured by the at least one on-board vehicle camera.

19. The method of claim 1, wherein the at least one on-
board vehicle camera is positioned to monitor a driver and/or
a rear view of the vehicle, and wherein in A), the image
information includes driver image information and/or rear
view image information from the at least one on-board
vehicle camera.

20. The method of claim 19, wherein the driver image
information includes at least one of:

a first indicator corresponding to a detected driver distrac-

tion state;

a second indicator corresponding to a detected driver sleep

state; and

at least one timestamp indicating when the driver image

information is obtained.

21. The method of claim 1, wherein the at least one on-
board vehicle camera is positioned to monitor a view from the
front windshield of the vehicle, and wherein in A), the image
information includes front view image information from the
at least one on-board vehicle camera.
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22. The method of claim 21, wherein the front view image
information includes at least one of:

a number of clips captured by and available from the at

least one on-board vehicle camera; and

at least one timestamp indicating when the front view

image information is obtained.

23. The method of claim 1, wherein the at least one on-
board vehicle camera includes a 360 degree camera system
configured to monitor a 360 degree range of view inside or
outside the vehicle, and wherein in A), the image information
includes 360 degree view image information from the 360
degree camera system.

24. The method of claim 1, wherein the at least one on-
board vehicle camera includes a video event recorder config-
ured to record video events based at least in part on one or
more exceptional forces acting on the vehicle, and wherein in
A), at least some of the image information is provided by the
video event recorder.

25. The method of claim 24, wherein the at least one
on-board vehicle camera includes a DriveCam™ brand imag-
ing system, and wherein in A), at least some of the image
information is provided by the DriveCam™ brand imaging
system.

26. The method of claim 1, wherein in C), the vehicle-
related complex event includes a disobeyed stop traffic signal
event, and wherein C) comprises assessing if the vehicle has
run a red traffic light or a stop sign.

27. The method of claim 26, wherein:

in A), the vehicle information includes a current vehicle

speed, a throttle depression reading, and/or a brake pedal

application indicator;

in A), the image information comprises processed image

information including traffic signal information indicat-

ing a presence of a yellow traffic light, a red traffic light
or a stop sign in at least one image captured by the atleast
one on-board vehicle camera; and

B) comprises:

B1) detecting the current vehicle speed, the throttle
depression reading, and/or the brake pedal applica-
tion indicator in the at least one first input stream; and

B2) detecting the traffic signal information in the at least
one second input stream.

28. The method of claim 27, wherein:

in A), the traffic signal information includes:

a first indication of a presence of a yellow traffic light in
at least one first image captured by the at least one
on-board vehicle camera; and

a second indication of a presence of a red traffic light in
at least one second image captured by the at least one
on-board vehicle camera; and

B2) comprises:

B2a) detecting the first indication; and

B2b) detecting the second indication within a predeter-
mined time interval following B2b).

29. The method of claim 27, wherein C) comprises:

determining that the disobeyed stop signal event has

occurred if:

the current vehicle speed and/or the throttle depression
is approximately the same or increased upon detec-
tion in B2) of the traffic signal information and/or for
a predetermined time interval following detection in
B2) of the traffic signal information; and/or

the brake pedal application indicator is absent upon
detection in B2) of the traffic signal information and/
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or for a predetermined time interval following detec-
tion in B2) of the traffic signal information.

30. The method of claim 1, wherein in C), the vehicle-
related complex event includes an excessive speed event, and
wherein C) comprises assessing if a current vehicle speed
exceeds a safe speed.

31. The method of claim 30, wherein:

in A), the vehicle information includes the current vehicle
speed;

in A), the image information comprises processed image
information including traffic speed information repre-
senting a posted speed limit present in at least one image
captured by the at least one on-board vehicle camera;
and

B) comprises detecting the current vehicle speed in the at
least one first input stream and detecting the traffic speed
information in the at least one second input stream.

32. The method of claim 31, wherein:

in A), the vehicle information comprises vehicle readings
information regarding the vehicle provided by an Elec-
tronic Control Unit (ECU) of the vehicle, wherein the
vehicle readings information includes the current
vehicle speed.

33. The method of claim 31, wherein:

in A), the vehicle information comprises GPS information
from at least one GPS receiver associated with the
vehicle, wherein the GPS information includes the cur-
rent vehicle speed.

34. The method of claim 31, wherein C) comprises:

determining that the excessive speed event has occurred if
the current vehicle speed detected in B) exceeds the
posted speed limit represented by the traffic speed infor-
mation detected in B) by a predetermined percentage of
the posted speed limit.

35. The method of claim 31, wherein C) comprises:

C1) determining the safe speed based at least in part on the
traffic speed information detected in B) and weather
information.

36. The method of claim 35, wherein:

in A), the vehicle information further includes GPS infor-
mation from at least one GPS receiver associated with
the vehicle;

B) further comprises detecting current longitude and lati-
tude coordinates of the vehicle based on the GPS infor-
mation in the at least one first input stream; and

C1) comprises issuing a web service call to retrieve the
weather information based on the current longitude and
latitude coordinates of the vehicle detected in B).

37. The method of claim 35, wherein:

in A), the vehicle information comprises vehicle readings
information regarding the vehicle provided by an Elec-
tronic Control Unit (ECU) of the vehicle, wherein the
vehicle readings information includes a windshield
wiper activation indicator;

B) further comprises detecting the windshield wiper acti-
vation indicator in the at least one first input stream; and

C1) comprises determining the safe speed based at least in
part on the traffic speed information detected in B) and
the windshield wiper activation indicator detected in B).

38. The method of claim 35, wherein:

in A), the processed image information further includes at
least one indication of windshield wiper operation
detected in at least one image captured by the at least one
on-board vehicle camera;
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B) further comprises detecting the at least one indication of
windshield wiper operation based on the processed
image information in the at least one second input
stream; and

C1) comprises determining the safe speed based at least in
part on the traffic speed information detected in B) and
the at least one indication of windshield wiper operation
detected in B).

39. The method of claim 35, wherein C1) comprises:

if the weather information indicates at least one inclement
weather condition, calculating the safe speed as a per-
centage of the posted speed limit represented by the
traffic speed information detected in B).

40. The method of claim 31, wherein C) comprises:

C1) determining the safe speed based at least in part on the
traffic speed information detected in B) and traffic infor-
mation.

41. The method of claim 35, wherein:

in A), the vehicle information further includes GPS infor-
mation from at least one GPS receiver associated with
the vehicle;

B) further comprises detecting current longitude and lati-
tude coordinates of the vehicle based on the GPS infor-
mation in the at least one first input stream; and

C1) comprises issuing a web service call to retrieve the
traffic information based on the current longitude and
latitude coordinates of the vehicle detected in B).

42. The method of claim 40, wherein C1) comprises:

if the traffic information indicates a slow traffic or con-
gested traffic condition, calculating the safe speed as a
percentage of the posted speed limit represented by the
traffic speed information detected in B).

43. The method of claim 1, wherein in C), the vehicle-

related complex event includes a reckless driving event.

44. The method of claim 43, wherein C) comprises:

assessing if an excessive speed event has occurred for a
predetermined time period.

45. The method of claim 43, wherein C) comprises:

determining a number of times that an excessive speed
event has occurred during a predetermined time period.

46. The method of claim 43, wherein C) comprises:

determining a number of times that a disobeyed stop traffic
signal event has occurred during a predetermined time
period.

47. The method of claim 43, wherein C) comprises:

C1) assessing if an excessive speed event has occurred;

C2) assessing if a disobeyed stop traffic signal event has
occurred; and
C3) determining that the reckless driving event has
occurred if the excessive speed event occurs within a
predetermined time interval of the disobeyed traffic sig-
nal event.
48. The method of claim 43, further comprising assessing
a priority level of the reckless driving event.
49. At least one computer-readable medium encoded with
a processor-executable instructions that, when executed by at
least one hardware computer processor, implement a complex
event processing (CEP) engine that performs a method com-
prising:
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A) receiving at least two input streams comprising:
at least one first input stream onto which vehicle infor-
mation related to a vehicle is published; and
at least one second input stream onto which image infor-
mationis published, wherein the image information is
based at least in part on data provided by at least one
on-board vehicle camera;

B) applying at least one query to the at least one first input

stream and the at least one second input stream;

C) assessing, based on B), if a vehicle-related complex

event has occurred; and

D)ifitis determined in C) that the vehicle-related complex

event has occurred, publishing an indication of occur-
rence of the vehicle-related complex event on at least
one output stream of the CEP engine.

50. A complex event processing (CEP) engine to assess
occurrences of vehicle-related complex events, the CEP
engine comprising:

at least one hardware computer processor;

at least one input/output (I/O) interface; and

at least one tangible memory to store processor-executable

instructions,

wherein, upon execution of the processor-executable

instructions by the at least one hardware computer pro-
cessor, the CEP engine:
A) receives, via the at least one I/O interface, at least two
input streams comprising:
atleast one first input stream onto which vehicle infor-
mation related to a vehicle is published; and
at least one second input stream onto which image
information is published, wherein the image infor-
mation is based at least in part on data provided by
at least one on-board vehicle camera;
B) applies at least one query to the at least one first input
stream and the at least one second input stream;
C) assesses, based on B), if a vehicle-related complex
event has occurred; and
D) if it is determined in C) that the vehicle-related com-
plex event has occurred, publishes, via the at least one
I/O interface, an indication of occurrence of the
vehicle-related complex event on at least one output
stream of the CEP engine.
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51. A system, comprising:

the CEP engine of claim 50;

the at least one on-board vehicle camera; and

the vehicle,

wherein the CEP engine is disposed on the vehicle.

52. The system of claim 51, wherein the at least one on-
board vehicle camera includes a 360 degree camera system
configured to monitor a 360 degree range of view inside or
outside the vehicle, and wherein in A), the image information
includes 360 degree view image information from the 360
degree camera system.

53. The system of claim 51, wherein the at least one on-
board vehicle camera includes a video event recorder config-
ured to record video events based at least in part on one or
more exceptional forces acting on the vehicle, and wherein in
A), at least some of the image information is provided by the
video event recorder.

54. The system of claim 53, wherein the at least one on-
board vehicle camera includes a DriveCam™ brand imaging
system, and wherein in A), at least some of the image infor-
mation is provided by the DriveCam™ brand imaging sys-
tem.

55. The system of claim 51, further comprising:

an Electronic Control Unit (ECU) disposed on the vehicle

and coupled to the CEP engine, wherein the vehicle
information published on the at least one first input
stream and received by the CEP engine comprises
vehicle readings information provided by the ECU.

56. The system of claim 55, further comprising at least one
environmental and/or operational sensor disposed on the
vehicle and coupled to the CEP engine, wherein the at least
one environmental and/or operational sensor includes at least
one of:

a GPS receiver;

at least one accelerometer;

at least one humidity sensor;

at least one in-vehicle temperature sensor;

at least one external temperature sensor;

at least one light sensor; and

at least one ignition voltage sensor.

57. The system of claim 55, further comprising at least one
communications interface, coupled to the CEP engine, to
facilitate at least one cellular connection and/or at least one
WiFi connection to the CEP engine.
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