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syst ens aktorueydtbckat: 2dH9¢.5areas to detect and respond to changing 5 traffic
conditions. One of the key areas in such a traffic managenent systemis
efficient incident managenent, which aitd% in reducing del ays caused by
traffic incidents and i nproves the efficiency of the transportation
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enbodi ment of a data flow be used I mpl enment east sone
porti bhs cgngeptifa lwch@dhwmpwgimg;owmm Wdttﬂﬁﬁicsﬂﬂm decayse ¢fi the compldEityands s a
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may be used with the data flow of Fig. ow char one
enbodi merdtckdlfe akildy tpjadeguptely hapdle the dgnspﬁmaé@g ptrmss rray be used with the CBR
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20 Fig. 1 is a diagram of one embodiment of a traffic management system that includes an

intelligent traffic incident management engine.
Fig. 2 is a diagram of one embodiment of an architecture for the intelligent traffic incident
management engine of Fig, 1.
Fig. 3 is a flowchart of one embodiment of a method for an incident management plan
25  automation process that may be executed within the system of Fig. 1.
Fig. 4 is one embodiment of a data flow that may be used to implement at least some
portions of the method of Fig. 3 within the system of Fig. 1.
Fig. 5 is a flow chart of one embodiment of a case based reasoning (CBR) process that may
be used with the data flow of Fig. 4.
30 Fig. 6 is a flow chart of one embodiment of a similarity matching process that may be used
with the CBR process of Fig 5.
Fig. 7 is a flow chart of one embodiment of a ruled based reasoning process that may be
used with the data flow of Fig. 4.
Fig. 8 is a flow chart of one embodiment of a traffic incident management plan validation

35 process that may be used with the data flow of Fig. 4.



Fig. 8 is a flow chart of one enbodiment of a traffic incident managenent
pl an val idation 35 process that may be used with the data flow of Fig. 4.
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BC

plans from captured input data and supports incident validation, plan solving and validation, and
plan evaluation and knowledgebase updates. The iTIME 110 uses a hybrid intelligent engine that
utilizes a heuristics approach based on real-time incident data and proposes incident management
plans. Based on modeled incident characteristics, plans may be solved using either case based
35  reasoning (CBR) or rule based reasoning (RBR) processes. The CBR process is generally used to

handle incident scenarios that are specific in nature and location, which make it difficult to define



capabilities than a pure CBR system A discrimnate index is created and
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25 unit 106 of Fig. 1. In step 304, the incident is validated, with only
valid incidents being passed on. In step 306, a plan is fornul ated based on
t he i nci dathrndgyHaskera2499a-5and, in step 308, the fornmulated plan is itself
val i dated against real-time traffic equi pnent information before being
processed for priority and formatted fefi7out put based on one or nore
ttaffic equi pnment control protocols. In step 310, the plan is displayed for
review and acceptance (e.g., by a user). Once accepted, the plan is 30 sent
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index to (ﬁl@t ﬁrag‘.fdi‘lgws. In the present example, this evaluation requires that the plan activation results

be returned back to the iTIME processor 110 (Fig. 1). More specifically, the plan's execution is
35 updated in iTIME, along with the amount of user intervention that occurred prior to acceptance. A

plan confidence index is calculated and the values are stored for knowledgebase tearning. The plan
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Referring again specifically to Fig. 4 and with additional reference to
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35 In step 510, the plan (with any adaptations from step 508) is produced.



The nethod of claim1 further conprising initializing the discrimnate
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there are no more rules to be fired.

20 In step 708, a list of plan elements is formed based on the fired rules and added to the
database. A determination is made in step 710 as to whether a recursive condition exists and, if so,
traffic data is updated in step 712 and the process returns to step 706. One example where such
recursion may be used involves one or more signal control parameters that need to be dynamically
adjusted to correspond to prevailing traffic conditions at every data update interval. The recursive

25 condition enables these adjustments to occur. In the present example, the RBR process of Fig. 7 is
implemented using an application program interface (API) such as those provided by ILOG
Corporation of Gentilly, France, which may be configured to work with comprehensive rule sets
built for incident management. However, it is understood that other implementations may be used.

Returning to Fig. 4 and with additional reference to Fig. 8, whether the CBR process of step

30 410 or the RBR process of step 412 is used, the data flow 400 continues to step 414, where the
resulting plan is validated. Referring specifically to Fig. 8, which illustrates one embodiment of the
validation process, an action type is
checked in step 802 to ensure that only currently valid cotmmand types are consolidated before being
sent. An action is one type of traffic management command defined in the system 100 and

35  implemented by the iTTIME 110. As plans are proposed for each state of incident being dynamically
updated, step 804 identifies any obsolete commands that were implemented in the previous incident



25 associ ated wi nning incident case has been retrieved; and selecting the
W nning incident case as the case with the highest activation frequency.
13. The nitoey Dotket| 24984.3 wherein generating the traffic incident
managenent plan using the RBR process includes: 30 identifying a plurality
of relevant rules fromat |east one rubd7set applicable to the traffic

i nci dent, wherein each of the relevant rules satisfies a condition
identified fromthe received information; and firing each of the plurality
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i nci dent ppgpaagenent plan, wherein the validating includes: 15 ensuring that
an action type in the trafflc i nci dent managenent plan is a valid traffic
manag€hent corffhBln ialid femlavissepgforiryicnisadrury fusnimmesinstms 420end422,

i mpl ement-@fediiVeld PRGN ArOHSut R @ﬂ&ntéf‘ﬁ%@t&%?dﬁeﬁ@t\é'f&gmf gﬁhgpﬁﬁ iBlFra 9 mrands

fromthe current traffic'incident managenent pl an. system or

aut onat i &Py JEtE2anndp- a ableélﬁ ﬂli%tthwwnmmmlmp waile Telle 2 syst em
conpri si Rgsresentélafedt afe%ﬁg}ﬁe NG SfkH S5mmMiR bRt el ﬂmﬁzfgfaﬁknt% fgma%rg%,t
control unit, a front-en
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col | ecfion/ confirrati oPumifielda traffic inci@ehettnenagement engine coupl ed

to the data proce§§ig SELYEr, and integer
IP_serial no integer
Cmd 1 structure
Cmd i structure
Cmd n structure

Table 2a
Cmd id | Sys_id | Cmd tp | Cmd val Delay
15 Table2b

The output data format maps the various incident response/management means into a
standard incident management plan that includes an array of traffic management command
structures, represented by system identification, command type code, command parameter values,
and command delays. The traffic management system and command type can be compatible with

20 any commercial traffic management system able to communicate with external interfaces, or any
human based management means able to receive radio signals, facsimiles, pages, cell phone calls,

web accessible, or wireless information. Exarmples of such control types are listed below in Table 3.

Action element Usage

Variable message sign Used for providing advisory information to motorists; defined by
parameters of equipment ID, graphic code ID, Message,
command delay, and execution duration.




25 a plurality of executable instructions for execution by the ttaffic
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Table 3

While the preceding description shows and describes one or more embodiments, it will be
understood by those skilled in the art that various changes in form and detail may be made therein
without departing from the spirit and scope of the present disclosure. For example, various steps of
the described methods may be executed in a different order or executed sequentially, combined,
further divided, replaced with alternate steps, or removed entirely. In addition, various functions
illustrated in the methods or described elsewhere in the disclosure may be combined to provide
additional and/or alternate functions. Therefore, the claims should be interpreted in a broad manner,

consistent with the present disclosure.

d



freeway and freeway-to-arterial incident and plan rel ationships. 23. The
traffic incident nanagenent engi ne of claim 22 wherein the neans for using
t he CBR phtbreyPacka] WP@4.5a plurality of executable instructions, including:
30 instructions for matching at |east a portion of the received information
against a plurality of predefined incidamt cases to identify a w nning

i nci dent case, wherein each predefined incident case includes an

i ncident/plan pair conprising a traffic incident and a correspondi ng

i nci dent nNHRAIRHED ' ' i h | I atay

incident case if g@gf%ﬁ?ﬂ%ﬁpﬁg$gg%?ﬂggggﬁagégﬁgZﬁ?ﬁf?%%@T§@§§ﬁ%$@¥@ﬁ¥he
traffic incident nmanagenent plan is based on the incident nmanagenent plan
correspondE§ik'o t he wi nni ng i nci dent case. Attorney Docket: 24994.5

16/ 17 24. The {{ 1l 4 ekl il SilbmAERARORIE R AN Qlcrf BB A YASTEL N L N

means for using the CBR process further udes 1 nstructtons tor adapting

t he inéld@ﬁ%ﬁﬁﬁﬁ@@%W%nt pl an corresponding to the winning incident case to
nmore closely MRtEMdtiNerhfes tpadedind QENRL | 5 25. The traffic incident
managemnent engine_gf claln1f§ m%er%?n??%ggﬁgghs for using the CBR process
further incl udebdatingaftlpasicricsion of e received mfirmeficaro enstieviat thomeckivedjuency
associ at Ghkodlin BAEMNLND LRSI AELAGRRCRHE dabrdiEiG: AL AnBl WAl 11V Of
W nni ng incident cases, wherein e activation requencﬁ "AGP&%t es” 10 how
of ten the assdé€nasdycipinge iged ersieshonding teseplivalty binrrdeng faatuges deithe amelived
| NSt UCT im0k 10381 QGHhAY chdBah A (PR] e W 8 the
hi ghest éctivation frequené&._g%gg%ﬁ%ggkgﬁk?@g%ﬁggsgﬁ?%ﬁ%ﬁgagﬁéﬁﬁﬁgh i ne of
cl ai m 22 Pfresde genetate thasteailic heident siapagermdntphe; MBR process i ncl udes a
plurality of exaeilah! foiibe bidiehbRBs md LA U,
identifying a Eluréﬁ?tyGOf réﬁ%v5%?%fJhggﬁ¥§%ﬁ?%?hﬂ%%%#&%ﬁg“%ﬁ gmset
appl i cablselegtes ¢BR of RBRprasessnci dent, wherein each of the relevant rniles
satisfies a condition identified fromthe received information; and
instructions for firing each of the plurality of relevant rules. 20 27. The
traff1% incidént remhageherdof drigilnehcdin Gk SBR REeswhesdicedtftbereansatdhor  usi ng
the RBR RLocesfe idbthiBte a6 quedﬁfeas’t &%&gu@h&ﬁf@f%{ 9{&&%&3&5& Thignatglier a
recursive condition exists in the traffic 1ncl én . and TrAstructirons for
updat i ng RBFeproeeas i pededteddf Hienis nearedgdenent plan by firing rul es based on the
25 recursive condition.
. AB& . ACY. AB&Y. A&Y. AB&. A8&. ACu. ABC. AC<. AB&. AB&. A&B. Aq&u. Ac&Y. Acq. A\ g%RM

3. The method of claim 1 further comprising initializing the discriminate index by

20 selecting the plurality of features, wherein each feature represents a discriminate factor in a given

problem domain.

4, The method of claim 1 further comprising manipulating the received information to
model the traffic incident in a predefined format.
25

5. The method of claim 1 further comprising updating at least one of the CBR and

RER processes based on the traffic incident and the generated traffic incident management plan.

6. The method of claim 1 further comprising using an incident case structure that

30  includes configurable incident case features and an incident management plan item.

7. The method of claim I wherein generating the traffic incident management plan

using the CBR process includes:
matching at least a portion of the received information against a plurality of predefined

35 incident cases to identify a winning incident case having the highest similarity score, wherein each
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identi 111g another prede 1ncd mc1dent case having the highest similarity value for that

particular feature; and

replacing the field using the solution from the other predefined incident case.

20 11. The method of claim 8 further comprising storing the adapted incident case.

12. The method of claim 7 further comprising:
retrieving an activation frequency associated with each winning incident case if there are a
plurality of winning incident cases, wherein the activation frequency indicates how often the
25  associated winning incident case has been retrieved; and

selecting the winning incident case as the case with the highest activation frequency.

13. The method of claim 1 wherein generating the traffic incident management plan
using the RBR process includes:
30 identifying a plurality of relevant rules from at least one rule set applicable to the traffic
incident, wherein each of the relevant rules satisfies a condition identified from the received
information; and

firing each of the plurality of relevant rules to perform an action defined by each rule.

35 14. The method of claim 13 further comprising:

determining whether a recursive condition exists in the traffic incident; and
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instructions for receiving information representing a traffic incident;
instructions for using a discriminate index corresponding to a plurality
of features derived from the received information to select either a case based reasoning (CBR)
30 process or a rule based reasoning (RBR) process to generate the traffic incident management plan;
and
instructions for generating the traffic incident management plan using
the selected CBR or RBR process.

35 19. The system of claim 18 further comprising a traffic control gateway coupling the

traffic incident management engine to the front-end equipment control unit.
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a RBR processor coupled to the incident management engine and configured to generate the

10 traffic incident management plan using the RBR process.

21. The system of claim 20 further comprising a knowledgebase storage coupled to the
incident management engine, wherein the knowledgebase storage contains a plurality of incident
cases for use by the CBR processor and a plurality of rules for use by the RBR processor.

15

22. A traffic incident management engine for generating a traffic incident management
plan, the engine comprising:

a comnumication server configured to receive information representing a traffic incident;

an incident management engine constructed to use a discriminate index

20 corresponding to a plurality of features derived from the received information to select either a case
based reasoning (CBR) process or a rule based reasoning (RBR) process to generate the traffic
incident management plan; and

means coupled to the incident management engine for generating the traffic incident
management plan using the CBR process or RBR process; and

25 means coupled to the incident management engine for building and tracing freeway-to-

freeway and freeway-to-arterial incident and plan relationships.

23, The traffic incident management engine of claim 22 wherein the means for using
the CBR process inchudes a plurality of executable instructions, including:

30 instructions for matching at least a portion of the received information against a plurality of
predefined incident cases to identify a winning incident case, wherein each predefined incident case
includes an incident/plan pair comprising a traffic incident and a corresponding incident
management plan; and

instructions for selecting the winning incident case if a winning incident case was identified,
35  wherein the traffic incident management plan is based on the incident management plan

corresponding to the winning incident case.
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