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CEP engine receives a ?rst input stream onto Which vehicle
information related to the vehicle is published, and applies at
least one query to the ?rst 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
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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

the simple events. In any event, again occurrences that con
stitute simple events are de?ned by the creator of the queries,

CROSS-REFERENCES TO RELATED
APPLICATIONS

typically are events that are composed of or derived from
other events.

as relating to the combined occurrence of tWo or more simple

events With a particular timing relationship betWeen/among
and likeWise the queries may de?ne complex events, Which

[0001] This application claims a priority bene?t, 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,” ?led on Aug. 9,
2010, under attorney docket no. PAT 71726-1 CA.

[0002] This application claims a priority bene?t, under 35
U.S.C. §119(e), to US. Provisional Patent Application No.

61/232,902, entitled “Systems And Methods For Complex
Event Processing,” ?led on Aug. 11, 2009 under attorney
docket no. D0687.70029US00.

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

[0004]

Each of the above-identi?ed 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.

[0007]

For example, a CEP engine may receive input data

from a thermometer and a hygrometer. One query in a query
set may de?ne 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 de?ne 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 de?ne 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

?ying through the air, each of Which may be de?ned 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

A CEP “engine” (e.g., one or more processors, memory,

(e. g., the man in the tuxedo, the Woman in the White dress, and

software and/or other associated devices to perform CEP)

rice ?ying through the air).

may receive one or more input streams of data from any of a

[0009] FIG. 1 is 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.

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

Stream analysis logic 105 may receive a plurality of incoming
data streams (also referred to as “input streams”) 109a, 109b,

determined that one or more events have occurred based on

. . . , 10911 generated from a plurality of data sources 107a,

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

107b, 10711, and may apply queries 103 to the incoming data

may include text strings, integer values, ?oating 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 de?ned (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

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,
111b, . . . , 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

?elds including various types of data (e. g., string/text,
numerical, Boolean), and the data ?elds may be particularly
organiZed is some order and include some type of identi?ca
tion ?eld to identify the stream (e.g., a stream name, header,

to determine if one or more events have occurred. That is, a

or other identi?er) and one or more other data or “payload”

CEP engine may receive incoming data (e.g., from external

thought of as IF-THEN conditional statements or SQL-type
pattem-match queries that de?ne if/When one or both of

?elds 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

simple events (sometimes called primitive events) and com
plex events have occurred. The distinction betWeen simple
and complex events in some instances may be de?ned by the

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

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

creator of the queries. In one illustrative example, a simple

continuously monitored and analyZed, and processing is

event may be considered as the existence of a particular

driven by the occurrence of events. This alloWs a CEP engine

condition or state at a particular instant of time or for some

to detect an event as soon as the data indicating the occurrence

duration of time, Whereas a complex event may be considered

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

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

cessing systems, CEP engines employ “Windows” for com

amongst multiple CEP engines.

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 con?gurable
period of time. There are a number of different types of

[0016] For example, in a system of communicatively
coupled CEP engines, one CEP engine may perform event

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

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 speci?cally, communication
amongst multiple CEP engines enables a ?rst CEP engine to
receive information from a local sensor, process that infor
mation to determine if a ?rst event has occurred, take some

“local action” triggered by the occurrence of the event (e. g.,
provide some perceivable indication of the ?rst event, such as
an audible or visible alert), and send an indication of the
occurrence of the ?rst 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
?rst event With other information that it receives to determine
if any other events have occurred, based on the ?rst event, and
in some cases may send an indication of the occurrence of

particular events occurred. For example, a CEP query may

such events back to the ?rst CEP engine. This arrangement
enables the ?rst CEP engine to take a “re?exive” (i.e., essen
tially real-time or instantaneous) action in response to the
occurrence of the ?rst event Without having to Wait for any
additional processing or response from the second CEP

specify that a complex event of “Wedding” is determined (and

engine, but still alloWs for the second CEP engine to perform

indicated in one or more output data streams) if a ?rst event
indicating the appearance of a man in a tuxedo (“tuxedo

event processing based on the occurrence of the ?rst event and

occurrences of complex events based on the times at Which

event”) occurs Within ten minutes of a second event indicating
the appearance of a Woman in a White dress (“White dress

event”) and Within ?fteen minutes of an event indicating rice

?ying through the air (“?ying rice event”). The use of Win
doWs alloWs any “White dress event” to be stored in a ?rst

WindoW for ten minutes before it is discarded, and any “?ying
rice event” to be stored in a second WindoW for ?fteen minutes

before it is discarded. Thus, the CEP engine may, upon detect
ing a “tuxedo event,” monitor the ?rst and second WindoWs to
determine Whether they store respective indications of a
“White dress event” and a “?ying rice event,” and if both are

present in their respective WindoWs, detect a complex “Wed

ding event.”

send indications of other events detected by the second CEP
engine back to the ?rst CEP engine.
[0017] The inventors also have appreciated that alloWing
multiple CEP engines to communicate amongst each other
may be useful in ?elds such as ?eld 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 ?eet management (e. g., Where an organiZation is respon
sible for managing and/or operating a ?eet of vehicles for
various purposes). For purposes of the present disclosure, the
term “?eet management operations” refers to any activity

relating to the maintenance, dispatch (e.g., scheduling),
operation, monitoring (e.g., tracking) and oversight of mul

[0013] In addition, the use of WindoWs enables the system
to preserve data that is pertinent to the de?ned events and
discard data that is not pertinent to the de?ned events. This

tiple vehicles and/or vehicle operators employed to conduct
business. Given the Wide variety of information and function

alloWs the system to ef?ciently use its storage/memory

inventors have recogniZed and appreciated a number of

resources. For example, if a particular query indicates that a
event is determined to have occurred if a value of “5” appears
on a ?rst 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

ality germane to ?eet management operations in general, the

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 ?eet

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 bene?ts When used in connection With
dispatching and managing ?eld service technicians and gen
erally managing a ?eet of vehicles. For example, a CEP
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engine may be situated in multiple vehicles in a ?eet, and
respective vehicle-based CEP engines may in some instances
communicate With each other. Furthermore, a given vehicle

mation (e.g., color detection information, luminance infor
mation, edge detection information, motion detection infor

based CEP engine may communicate With one or more

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

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 o?ice-based CEP engines (e.g., a

main o?ice 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 “?eet-related events” (e. g., relating to tWo
or more of the vehicles of the ?eet).

[0020] In various embodiments discussed in detail herein, it
should be appreciated that a Wide variety of information may

mation, pattern/object recognition information, etc.) derived

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 con?gured 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 ?eld of vieW; examples of such com
plex events include, but are not limited to, a “driver distracted

be published to one or more input streams and monitored by
a given CEP engine to assess if simple or complex events have
occurred.

event,” a “driver sleeping event,” a “disobeyed stop traf?c
signal event,” an “excessive speed event,” a “lane change
event,” a “proximate forWard collision event,” and/or a “reck

[0021] For example, in one aspect, information generally
relating to a particular vehicle and/or its operating environ

less driving event,” for example.

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

[0023] In yet another aspect, “non-vehicle speci?c infor
mation” that may be helpful in determining vehicle-related
events and/or ?eet-related events may be published onto one
or more input streams to Which a CEP engine applies one or

occurred. One example of vehicle information includes infor
mation provided by an Electronic Control Unit (ECU) of a

more queries. Examples of such information include, but are
not limited to, Weather information, traf?c information, street
map information, and credit card or fuel card transaction

vehicle (e.g., Which may provide values corresponding to
parameter identi?ers de?ned by the On Board Diagnostic

information. One or more of these exemplary information
types may be obtained from a variety of sources in any of a

OBD-II standard SAE 11979, or other custom protocols, for
various vehicle sensor readings or vehicle status informa

variety of manners (e. g., issuing a Web service call to retrieve
Weather, tra?ic and/or street map information from the Inter

tion). Other examples of vehicle information include, but are
not limited to, information provided by a variety of environ

Non-vehicle speci?c information may be assessed by a CEP

mental and/or operational sensors associated With the vehicle

engine alone or together With vehicle information, image

(e.g., one or more GPS receivers, temperature sensors,

information, and/or one or more other complex events to

assess if a vehicle-related simple or complex event has

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

net, in some instances based on a vehicle’s current location).

determine a variety of vehicle-related and/or ?eet-related

events (e.g., fuel card transaction information may be queried
together With vehicle fuel gauge readings information from

and a pattern of usage of the vehicle over some period of time

an ECU of the vehicle Within a certain time period of the
transaction to assess if an amount of purchased fuel su?i

(e.g., to What driver is a vehicle assigned, When and/or by

ciently matches the fuel gauge reading; Weather and/ or traf?c

Whom the vehicle Was taken out or returned to a company lot,

information queried together With vehicle speed readings

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

information from an ECU of the vehicle may be used to
determine a tra?ic jam event, an excessive speed event or

maintenance schedules and/or maintenance history, etc.). In
some exemplary implementations, resource and scheduling

reckless driving event; GPS readings from multiple vehicles

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 ?eet manage
ment operations.
[0022] In another aspect, “image information” relating to a
given vehicle and/ or its operating environment may be pub

queried together With street map information may be used to
determine a “driver congregation event”).
[0024] More speci?cally, 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

lished onto one or more dedicated input streams and/or may

related events from respective vehicles of a ?eet may be

be provided as part of the vehicle information to Which a CEP

processed by a CEP engine, alone or together With other
vehicle information and/or non-vehicle speci?c information,

engine applies one or more queries. Examples of image infor
vehicle cameras, status information regarding operation of

to determine a variety of ?eet-related events. Some examples
of ?eet-related events Were already noted above and may
include, but are not limited to, a “tra?ic jam event,” a “driver

one or more on-board vehicle cameras, and processed infor

congregation event,” a “frequent fueling event,” a “favorite

mation include, but are not limited to, “raW” or unprocessed
information obtained from an output of one or more on-board
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fueling location event,” a “frequented location event,” a
“rough road event,” a “high speed areas event,” and a “dead

executes on at least one hardWare computer processor in a

vehicle. The method comprises: A) receiving at least tWo

in various embodiments discussed herein a CEP engine may

input streams comprising: at least one ?rst input stream onto
Which vehicle information related to the vehicle is published;
and at least one second input stream onto Which image infor

publish an indication of occurrence of an event on one or more

mation is published, Wherein the image information is based

output streams (Which may in turn serve as one or more input
streams to one or more other CEP engines). In addition, the

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 ?rst input stream and the at least one second input stream;

communication area event.”

[0025]

With respect to simple or complex event detection,

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.,

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

ignition disabled, throttle disabled, application of brakes,

one output stream of the CEP engine.

of occurrence of the vehicle-related complex event on at least

etc.). An indication of event occurrence (e.g., either as a

[0030]

discrete signal or as part of an output stream) also may be
transmitted (e.g., to another vehicle, to a supervisor/dis

puter-readable medium encoded With a processor-executable
instructions that, When executed by at least one hardWare
computer processor, implement a complex event processing

patcher in the ?eld or at a central o?ice) so as to generate a
remote alert.

[0026] In sum, one embodiment of the invention is directed
to a method of complex event processing in a system com

prising a ?rst complex event processing engine that receives

Another embodiment is directed to at least one com

(CEP) engine that performs a method comprising: A) receiv
ing at least tWo input streams comprising: at least one ?rst
input stream onto Which vehicle information related to a
vehicle is published; and at least one second input stream onto

at least one ?rst input stream as input and generates at least
one ?rst output stream by applying at least one ?rst query set
to the at least one ?rst input stream and a second complex

Which image information is published, Wherein the image

event processing engine that receives at least one second input

query to the at least one ?rst input stream and the at least one

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:

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,

receiving input data at the ?rst complex event processing
engine via the at least one ?rst input stream; determining,
using the input data, Whether a complex event has occurred by

publishing an indication of occurrence of the vehicle-related
complex event on at least one output stream of the CEP

applying the at least one ?rst query set; and When it is deter

[0031] Another embodiment is directed to a complex event
processing (CEP) engine to assess occurrences of vehicle

mined by the ?rst 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 ?rst output stream.
[0027] Another embodiment is directed to a method for

information is based at least in part on data provided by at
least one on-board vehicle camera; B) applying at least one

engine.
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

complex event processing in a vehicle having a plurality of

of the processor-executable instructions by the at least one

hardWare sensors that provide information about at least one

hardWare computer processor, the CEP engine: A) receives,

aspect of the vehicle. The method comprises acts of: (A)
receiving, at a ?rst complex event processing engine in the

via the at least one I/O interface, at least tWo input streams
comprising: at least one ?rst input stream onto Which vehicle
information related to a vehicle is published; and at least one

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 ?rst complex event processing engine
that is con?gured to send data to and receive data from a

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 ?rst 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 I/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

second complex event processing engine in the plurality of
complex event processing engines and is con?gured to not

embodiment, a system comprises the foregoing CEP engine

send data to or receive data from a third complex event pro

cessing engine in the plurality of event processing engines.
The method comprises: con?guring the ?rst complex event

and the vehicle, Wherein the CEP engine is disposed on the
vehicle.
[0032] Another embodiment is directed to a method per

processing engine to not send data to or receive data from the

formed by a ?rst vehicle-based complex event processing

in combination With the at least one on-board vehicle camera

second complex event processing engine; and con?guring the

(CEP) engine that executes on at least one hardWare computer

?rst complex event processing engine to send data to and
receive data from the third complex event processing engine.

processor in a ?rst vehicle, the method comprising: A) receiv

[0029]

mation related to the ?rst vehicle is published; B) applying at

Another embodiment is directed to a method per

formed by a complex event processing (CEP) engine that

ing at least one ?rst input stream onto Which vehicle infor
least one query to the at least one ?rst input stream; C)
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assessing, based on B), if a vehicle-related event has

related to a second vehicle is published; B) applying at least

occurred; D) if it is determined in C) that the vehicle-related

one query to the at least one ?rst input stream and the at least

event has occurred, publishing an indication of occurrence of

one second input stream; C) assessing, based on B), if a
?eet-related complex event has occurred; and D) if it is deter
mined in C) that the ?eet-related complex event has occurred,

the vehicle-related event on at least one output stream of the

?rst vehicle-based CEP engine; and E) transmitting the indi
cation of occurrence of the vehicle-related event from the ?rst

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 ?rst input stream onto Which vehicle infor
mation related to a ?rst vehicle is published; B) applying at
least one query to the at least one ?rst 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
?rst input stream onto Which vehicle information related to a
?rst vehicle is published; B) applies at least one query to the
at least one ?rst 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 ?rst vehicle, Wherein the CEP engine is dis
posed on the ?rst vehicle, and Wherein the CEP engine further
E) transmits the indication of occurrence of the vehicle-re
lated event from the ?rst vehicle.
[0035] Another embodiment is directed to a method per

formed by a ?eet management complex event processing

publishing an indication of occurrence of the ?eet-related
complex event on at least one output stream of the ?eet

management CEP engine.
[0037] Another embodiment is directed to a ?eet manage
ment complex event processing (CEP) engine to assess occur
rences of ?eet-related complex events, the ?eet 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 ?eet management CEP engine: A) receives at least tWo
input streams comprising: at least one ?rst input stream onto
Which ?rst vehicle information related to a ?rst 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 ?rst

input stream and the at least one second input stream; C)
assesses, based on B), if a ?eet-related complex event has

occurred; and D) if it is determined in C) that the ?eet-related
complex event has occurred, publishes an indication of occur
rence of the ?eet-related complex event on at least one output

stream of the ?eet management CEP engine. In another

embodiment, a system comprises the foregoing ?eet manage
ment CEP engine, in combination With a ?rst vehicle-based
CEP engine executing on at least one ?rst vehicle-based hard
Ware computer processor in the ?rst 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 ?rst vehicle information includes at least
one ?rst vehicle-related event, the ?rst vehicle-based CEP
engine transmits the at least one ?rst vehicle-related event to

the ?eet 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 ?eet management

CEP engine.

(CEP) engine that executes on at least one hardWare computer

[0038]

processor, the method comprising: A) receiving at least tWo

formed by a complex event processing (CEP) engine that

input streams comprising: at least one ?rst input stream onto
Which ?rst vehicle information related to a ?rst 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

?rst input stream and the at least one second input stream; C)
assessing, based on B), if a ?eet-related complex event has
occurred; and D) if it is determined in C) that the ?eet-related
complex event has occurred, publishing an indication of

Another embodiment is directed to a method per

executes on at least one hardWare computer processor, the

method comprising: A) receiving at least tWo input streams
comprising: at least one ?rst input stream onto Which ?rst
vehicle information related to a ?rst vehicle is published; and
at least one second input stream onto Which non vehicle

speci?c information is published; B) applying at least one
query to the at least one ?rst input stream and the at least one

second input stream; C) assessing, based on B), if a vehicle
related event and/or a ?eet-related complex event has

occurrence of the ?eet-related complex event on at least one

occurred; and D) if it is determined in C) that the vehicle

output stream of the ?eet management CEP engine.

related event and/or the ?eet-related complex event has
occurred, publishing at least one indication of occurrence of
the vehicle-related event and/or the ?eet-related complex

[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 ?eet-management complex
event processing (CEP) engine that performs a method com
prising: A) receiving at least tWo input streams comprising: at
least one ?rst input stream onto Which ?rst vehicle informa
tion related to a ?rst vehicle is published; and at least one

second input stream onto Which second vehicle information

event on at least one output stream of the CEP engine.
[0039] 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 tWo input streams comprising: at least one ?rst
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input stream onto Which ?rst vehicle information related to a
?rst vehicle is published; and at least one second input stream

[0043] Another embodiment is directed to a computer com
prising: at least one tangible memory that stores processor

onto Which non vehicle-speci?c information is published; B)

executable instructions for con?guring a plurality of complex
event processing engines including a ?rst complex event pro

applying at least one query to the at least one ?rst input stream

and the at least one second input stream; C) assessing, based
on B), if a vehicle-related event and/ or a ?eet-related complex

event has occurred; and D) if it is determined in C) that the
vehicle-related event and/ or the ?eet-related complex event
has occurred, publishing at least one indication of occurrence
of the vehicle-related event and/ or the ?eet-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/O) 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 ?rst input stream onto Which
?rst vehicle information related to a ?rst vehicle is published;
and at least one second input stream onto Which non vehicle

speci?c information is published; B) applies at least one

cessing engine set at a ?rst 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) con?gure 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) con?gure the plurality of complex event processing
engines such that each complex event processing engine in
the ?rst 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

query to the at least one ?rst input stream and the at least one

more input streams of information and performing one or
more actions and/or computations in response to such recog

second input stream; C) assesses, based on B), if a vehicle

nition, in accordance With speci?ed queries, criteria, algo

related event and/or a ?eet-related complex event has

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

occurred; and D) if it is determined in C) that the vehicle
related event and/ or the ?eet-related complex event has
occurred, publishes at least one indication of occurrence of

the vehicle-related event and/or the ?eet-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 ?rst complex event processing
engine set at a ?rst 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)

con?guring 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) con?guring the
plurality of complex event processing engines such that each
complex event processing engine in the ?rst 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 con?guring a plurality of complex event process

ing engines including a ?rst complex event processing engine
set at a ?rst 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)

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 ?oWing 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.

con?guring the plurality of complex event processing engines
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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) con?guring the
plurality of complex event processing engines such that each
complex event processing engine in the ?rst set is capable of
communicating With each complex event processing engine
in the second set.

[0046]

FIG. 1 is a block diagram of a conventional complex

event processing engine;
[0047]

FIG. 2 is a block diagram ofa complex event pro

cessing architecture including multiple CEP engines, in
accordance With some embodiments of the invention;

