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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.
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) 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 matchidg 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.
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processed, the iTIME 110 processes the fnput incident and produces one or more traffic control

25  plans that assist in alleviating the impact of the input traffic incident. After processing, information
is sent to the front-end equipment control unit 102 via a traffic control gateway 112 for execution of
the traffic conirol plan.

As will be described later in greater detail, the system 100 enables the deployment of a

process for automated decision support to incident management in advanced traffic management

30 centers. For example, the system 100 automates the generation of real-time incident management
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
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for traffic management centers to operate more efficiently in their incident management tasks. The
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present disclosure may employ a hybrid exp ert system engine that applics a combination of CBR
and RBR techniques to improve the decision response performance of a pure CBR or RBR system
by providing a higher scenario response rate and a lower response time. . Furthermore, a CBR
30 processor tailored for the domain of traffic incident management may be ixnl;lemented to bypass the
difficuity of structural differences in business logic that may be encountered in many traffic incident
management scenarios faced by different traffic management centers.
Referring to Fig. 2, an exemplary architecture for the iTIME 110 of Fig. 1 is illustrated. The
architecture includes an internal communication server 202 coupling a central data processor 204
35  with a hybrid incident management engine (IME) 206. The IME 206 is also coupled to a CBR

processor 208, a RBR processor 210, and a shared knowledgebase storage 212. The communication



30 processor tailored for the domain of traffic incident managenent may be
i-npl enmented to bypass the difficulty of structural differences in business

| 0gi ¢ t hakomeyDb&eeaoug ered in many traffic incident managenent
scenarios faced by different traffic nmanagenent centers. Referring to Fig.

2, an exenplary architecture for the igjsME 110 of Fig. 1 is illustrated.
The architecture includes an internal conmunication server 202 coupling a
central data processor 204 35 with a hybrid incident managenent engi ne

ME) 206. The | NE 206, | ed CBR. 08 BR
b o ks sorert 802 dsiie Heg Tueen ot i Etrchfade branials EERRR wzEnss nl Cat i on
At t or neyinbidek efanag2diei8 $lans. 4THeve is 8@livi to tRO Rurates uf tifc ntidédfd @ numberddnt s and

updates r ted to. rticular incjd nd sends .out, incident
oyl S iRt bR by B8 ped Rt B Bttt Bt s o
nunber obe inppdd be bardivaraand/srebftesrt. t hat can be processed by | ME 206, other
t han technic rai nts that . e i.imposed by har dwar.e and/.or

orr iy o5 s PRl Rl pu B ORRe Bt e MG MR SR A8 ¢ ¢ he
i gput i Nnistcdesinddadizal daer oidkat, sbleét?nadeqﬁzﬁ@a%gﬂm&ﬁaﬁa&eas ﬁ'@jgg?tCBISﬁﬂoRgéioran
adequat e_ ex system pr.acess om t rQcessor a

o R kb BTG BBk of  qefbien SRouPEs PR JA Kt AR

~.val i dat eardl tphdiftm thégleh Infcashpufothe tat anpiiiifartqeipieticohed pRkocbRAlThe .. .

h supports ffic equl control protocols. The R processor .208 and RB
. pr ocesso{:ﬁ}gf@cﬁff‘g%%%Pﬁoc?sﬁ‘ﬁglﬁﬁﬁlcwtf g\]ét EBlsUIBR e TRPORBOE nf er ence
pr oc €8s einferaabe pibdchsch@s daBEd dehlled BicPin grdated d@ail. €TheGBirad inowlddgcabedi@tse

-know edgehase. stora 212 provides nmeans for storing and retrievj case
‘base, r u?‘g ?nﬁ?{g%?ré&)f‘gg Elaframew @S%Ef’é&irfﬂre%ﬁq %}%dr}actfsrfgtas ‘FEEP“’R‘#g Yedge
base st omagﬁreal:amgadg@tlaaas m@aﬂﬁﬁ?ﬁ&ﬁ?ﬁ&ﬂﬁiog%QYbﬁeﬂTh es{mam tc{js@or&hﬁ e and .
retrieve cases and, rules, as as_facts data. The fact ata is .designe
Lnd 1 o SRR B e i 8 el At e A THOSTR4H b Qe eHOERE s BHid oy o

i nci dentand iacGhe ZROSShDDtwiebd QAR AKX DRGSR/ 204 inBdzkadd | nci dent
nanaggnent zone a ough a nunber of storage unlh%. It i.s _uynderstood

means fthr
{ hat |8 acHPIT EHATR TSFh ABiPEReH e theeyah 8 ARERE ohHgreg S nEithed,
separ at eghdéfbed thaGait dfealnseeRP MRt Gre RRpOidiR iy 3R celibihéd, Biphaetd iktor

exanpl e, although illustrated as si ngl e database, .1he shared

knowl edg"’é‘g’&%‘@? EQTRROR LS, g ot ezléF@a‘ieily ?fé’xm??ai&}ﬂl%lghﬁ"é% asmgleaqgditi on,

t2 gg ng P06 3EO¢haRA Bn@nled BRRe aﬁl@gfemqgag%ﬁal mebﬁﬂl iiplt egimbed hy\da@iﬁohhe ][NE
. e rrng tao | a net | ustrates o enbodl nent of an

incidenﬁﬁ%éﬁgg ﬁFzOEF%HﬂéﬁPﬁﬁﬁﬁF ggﬁ?%g%@ggﬁﬁgﬁnﬁg%%@f%%gguted, f or

gégnm |ei \t/)vi t ;Rdfbrbiget'_ bogyg,_sta,@maatﬁ&lmb éllﬁisggtrslﬁnclbﬁwdixlneﬁt ota@mglgaﬂspaﬁigegdaﬁ met hod
W e descripe | reater e | ater.. . lLn_ste , nci t

i nfor natHlad‘ri‘“‘W“ﬂ’ePfP“e@&Seﬁﬂ%tg?fyg’F e’f:FﬁH*ﬁ%v oF Pl yathin the @?B%]cﬂ%r?& !ngnéi ﬁ%ﬂlf was

pr evi ousdfyhe@ithLsREL methSABU0 Wil e SR Bibel Rf @tdi@tde@i @y Bestépesne] Meded r om for

~exanpl e,. the incident detection/confirmation 25 unit 106 of Fig.. 1. In
?,%( D 304?f10%011 ey Betreeiyed o 4p &&?ﬁﬁﬂ,ﬂ cqfrEsRoiangidan; yas R{E‘F‘HEI%‘? ¥'ng passed

| N Ssitiefcidf infenatiadmigshd eéamtel Bbedidp 8eagh 1 the iltRlchi Tt dBa canfifftizat i on

and,.in s 308, .the formnul ate . ] e :
2§ un}tef& of Fig. 1. rﬂn step 304, the %ncl%ent is validated, with onty valid incidents being passed on.

In step 306, a plan is fornmlated based on the incident information and, in step 308, the fornmlated

plan is itself validated against real-time traffic equipment information before being processed for
priority and formatted for output based on one or more traffic equipment 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 for execution in step 312 (e.g., to the front-end equipment control unit 300 via the traffic control
gateway 112 of Fig. 1).

In step 314, the plan may bé evalunated and used to update the knowledgebase storage 212

(Fig. 2) as follows. 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 learning. The plan
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The input incident data captures incident characteristics represented by time, location, nature,
damage, congestion length, lane blockage, etc. These inputs can be obtained via a variety of means,
including closed circuit television or wireless surveillance devices, SOS phones (e.g., help or
emergency phones placed along roads with a button for calling a traffic control center) or cell

20  phones, video/loop detectors’ automatic incident detection outputs, probe or patrol vehicles, radio
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match of string operations. If a successful match occurs (e.g., if the given incident passes the
} discriminate index), the CBR process will be selected. If not, the RBR process will be selected.
() In step 408, a determination is made as to whether the selected process is a CBR process. If

so, the CBR processor 208 is used to develop the plan in step 410. If not (e.g., if the RBR process is
25  selected), the RBR processor 210 is used in step 412.
With additional reference to Figs. 5 and 6, step 410 is executed if the CBR process is
selected. CBR is a technique that generates a solution to a given i)roblem by making one or more
-inferences and adapting the inference(s) to past experiences. The present disclosure implements the
CBR process in an incident management domain-specific CBR model. - More specifically, a traffic
30 incident is represented as a case and an incident management plan is represented as a solution. The
set of values of an incident feature defines the domain of a corresponding atiribute of a case. Past
experiences are represented by a collection of incident case/plan sets and may be referredto as a
case base of a collection of abstract cases. An abstract case is an incident prototype that includes

information about a representative group of incident scenarios. The case based reasoning process



In step 408, a determnation is nmade as to whether the selected process is
a CBR process. If so, the CBR processor 208 is used to develop the plan

i nstep 4X@ornkf Dnddet: (499t.5 if the RBR process is 25 selected), the RBR
processor 210 is used instep 412. Wth additional reference to Figs. 5 and
6, step 410 is executed if the CBR proggss is selected. CBR is a techni que
that generates a solution to a given problem by maki ng one or nore
inferences and adapting the inference(s) to past experiences. The present
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process uses a simlarity matrix to store the S|nllar|ty val ue between a
new i nput case and a |i st &ﬁ.J g@x drgage: ingtiep 602, selects one or
nore cases. In step 604, t fe g dégsggco eslé szIIarity val ue between
t he i nput,_case and one of the indexed 15 cases usi ng a nurerical instance,

wi th t he &3Pt oF defined as the closeness in terns of numerical
di stance, SMk =f(wi,f,f)=1-1w*If -1;.k wth a constraint of: rzw =1 20
where SM = S|mlar|ty val ue of the kEwase i nstance, f. = normalized

val ue of feature i of given =t
’5 20  where SMy = similarity value of the k™ case instance, f;=normalized value of feature i of given

( case, f,=mnormalized value of feature ; of k™ abstract case instance, w,= value of the importance of

I

feature i (e.g., a weight), measured with a value between 0 and 1 with the above weight constraint,
and » = number of features.
In step 606, a determination is made as to whether any of the cases identified as similar pass
25 apredefined acceptance threshold (¢.g., whether there is a winning case). A winning case is
identified as the case that evidences the highest similarity vatue for an acceptable neighborhood. A
perfect match is found when SMy=1. It is understood that the acceptance th?eshold may be modified
to accept more cases, but this may result in increasing the mumber of less preferable cases. If no
cases are accepted, an error may be entered in a log and the process may end. However, if one or
30  more cases are accepted, then the process continues 1o step 610.
In step 610, a determination is made as to whether the accepted case is unique. More
specifically, when the input case resides in more than one neighborhood and has equal similarity

values for those neighborhoods, the winning case will be selected in step 612 based on its historical



case, f = nornualized value of feature i of kth abstract case instance, w, =
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i npl enented using a rule engine wth a rul es.

: --} similarity between the input case and the winning case, and replacing the field using the relevant
o7 (") partial solution. A comstraint to this method is that the selected field for adaptation mmst be
independent of other fields. For example, an incident type field of “accident” is generally
25  independent of other incident attributes. In this case, a variable message sign showing “accident” in
a winning case can be replaced with the message “road work™ to correspond to the current input
case. In other words, the process identifies the feature having the lowest similarity value in the
- incident management plan and retrieves the most likely partial solution from a case having the
highest similarity value for that particular feature. The combination results in the correct field for
30  the input case. ' A
The first method provides a more precise process for case adaptation, but requires at least a
partial understanding of the process logic in order to define the rule set. The second method requires
less understanding of the process logic, but depends on the amount and type of knowledge that
exists in the abstract cases of the case base.

35 In step 510, the plan (with any adaptations from step 508) is produced.
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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 ;Eep 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 command 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 iTTME 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




there are no nore rules to be fired. 20 In step 708, a list of plan

el enents is formed based on the fired rules and added to the database. A
det er m n&tdresy Daskera@ddStAst ep 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 exanple where such reciwwsi on may be used invol ves one or
nore signal control paraneters that need to be dynamcally adjusted to
correspond to prevailing traffic conditions at every data update interval.
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i npl ement ed priorcggigndlng, and %Pﬁ??or code nay indicate that the
default plan has|been proposed 10 If the plan is valid, the plan is sent

for review and out f-ot CACVUL.JH H—st-eps—420—and—422—+respect i vel y.
The pl an out put igﬁﬁhblenented in %dardlzed data format|, such as that
illustrated below.in Tables 2a and 2b. Table 2a iTTustrateg an incident

rranagenent p| an, while Table 2h epr esents-one of the pulti p| e | TS control
conmands or |nC|dgﬁ¥lﬁanagenent abHGREE of Tabl e 2a. CQut put ifield output

type Inc_serial _no rnteger Table 2a
() Cmd id | Sysid | Cmd tp | Cmd val| ... Delay
15 ' Table 2b

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 commmand delays. The traffic management system and command type can be compatible with

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

web accessible, or wireless information. Bxamples 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.
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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 fanctions
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 disciosure.



paranmeters of expressway ranp code, route ID, traffic flowrate to be
di verted, command del ay, and execution duration. Communication Used for
requi r edAtempibockat 2e¥p4rfeans, includi ng any conmunication means |ike
phones, faxes, or short messages to response parties; defined by
paranmeters of phone nunber and nessagegi7 Table 3 Wiile the preceding
description shows and descri bes one or nore enbodi nents, it wll be
understood by those skilled in the art that various changes in form and
detail nma i it i [ pe of
he. pr esent OB, SES Bl kTN L L AR IR T NG
nmet hods maybe executed in a different order or executed sequentially,
conbi nede cfaimt her divided, replaced with alternate steps, or renoved

entirely. In additj rious function iJlustrated in the nethods or
descri bed el s@mher‘lé%l@ﬂr}\m%ﬁbé R {siﬂgeémr@r’ényg %%atﬁ%%ﬁﬁ%&n@%geﬂjfn&ﬂhﬁe&ﬁddi ti onal
and/ o ah¢teedratoprifiumct i ons. Therefore, the clains should be interpreted in

a broad manner, . .consistent with th esent disclosure. Attorney Docket:
24994.5 12/ 17 RERLR I pessealing s PrRideMaenT TRAFFI C | NOI DENT
MANAGEMENT  \Abliddtiag anleadt a portient df dak réa@ivedinf@matidnctalchyrgenekatdehgda traffic
i nci dent; agenent. pl an, e, 5 nethod comprising: receiving information
represeﬁ?@ﬁvﬂgnSF&&?EF%PS%#EEﬁ?%ﬂ@%ﬁ? f@%%E%PnPE%EPEﬁﬁﬁﬁﬁﬁP > of the

recei ved i nf osinptidderirthicate islex eortelyahdinli® o Eaelity @dincided: Osamats i0 theirgeeiad T i Ci ent

to bl.e. th neration of the traffic incident managenent pl.an; ing a
i scld mii B TR Rae g siP e datdrg emra CRREPIOETS 1 TirdhtiatasPEss GBS (1 ¢ he
. regei vegrockS to gdnemnterisd toaffid mcidelt @thageintdiglanpar@ase based reasoni ng (CBR)
process or a_rule sed.reasponi ng,. rocess to generate the traffic
i nci dent nan&%@ﬁ%ﬁ&%ﬁﬁ%ﬁ?ggﬁ ¥ é%%??ﬂ mp ?FH@WE@%%?F ?%@an t he
trafficselegeddeBR ondBRgeneat plan using the selected CBR or RBR process. 15
2. The nethod of claim1l wherein the CBR process is selected if there is a
match between the discrimnate index and at | east one of a plurality of
predéf i ned cases, Thathethhé vidlaimtiheherdiBRe PBRGRSGsH iS s@@k«Aat @elcisfa ki@t e i s no

arscri meraba p g g i-Calutrd e Ra R oot orehaadbe n eacn

f eat ur e RBRgreseyit sclatediifbere iFnoabagchf act or in a given probl em domain

onS

3. The method of claim 1 further comprising initializing the discriminate index by
20  selecting the phirality of features, wherein cach feature represents a discriminate factor in a given

problem domain.

E“w) 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

RBR 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 managcmeﬁi pl?h item.

7. The method of claim 1 wherein generating the traffic incident management plan
using the CBR process includes:
matching at least a portion of the received information against & plurality of predefined

35  incident cases to identify a winning incident case having the highest similarity score, wherein each



4. The method of claim 1 further conprising manipulating the received
i'nformation to nodel the traffic incident in a predefined format. 25 5.
The net hadoety Dbekietn24od48 t her conpri si ng updating at | east one of the CBR
and RBR processes based on the traffic incident and the generated traffic
i nci dent managenent plan. 6. The nethggyof claiml further conprising
using an incident case structure that 30 includes configurable incident
case features and an incident managenent plan item 7. The nethod of claim1l
wherein h JBhagenent i.ng. the CBR
process ﬁ%&ﬁ&%f&&ﬁmﬁ gﬁ%&ﬁ éﬁﬁ,&?ﬂg rt i°0 Hﬂ?gtﬁgk?gﬁ%léé glnfornatlon
agai nst aHWMMMQMguyﬁaﬁmmmghﬂwﬂﬁmmaﬁl|nC|dent cases to identify a w nning

i nci dent case_ha the h| st si ari wher.ei ach Attorney
pocket - 24004 hepig e MG RS A SRR e PRGREBRE MR o an
pair con@ﬁﬁsnm@manMnakﬁnmqmnnsMEaimﬂhdnnﬂmﬁmmn@g@mmﬂﬂm@mn&@nﬂﬁmﬁnﬂmnagenent
plan and. selec&aﬁ% the winning incident case if a wnning incident case

was |denW e ShefSin the traffic incident managenent plan i s based on
the incident managenent plan corresponding to the 5 w nning incident case.

8. The net hod, of a|m ri si.ng adapting. the incident

nmanagenent pﬁ%n 'Qfgé%gng %ﬁn 8“@‘”%Pﬁﬁﬁ%agPﬁ%¥§%WPﬁﬁﬁE@n%%mﬁﬁﬁﬁmc|ose|y
mat ch th@mmqmﬁmm;mnmﬁmdmmgnmﬁ&ﬁ&%eibﬁmﬁﬁmha@x@ﬂdﬂh@&ﬂﬁ@mﬂhaﬁeln adapt i ng

t he incident managenent plan includes wusing a rule firing process. 10. The
met hod of claim8 wherein adapting the incident managenent plan incl udes:
conpiding thes.rec el"heeﬁbﬂidﬂfoﬁ el § @herdin thBapting thie MGl ddenbaniBaRg eplRninclpian t o
Jdentify I@ g 15 the incident managenent plan having the | east

‘ gtﬁtlarﬂF§@ﬁt i qWﬁP%%%%lved i nformation; identifying another predefined

i nci dent case haV|ng the hi ghest S|n1Iar|ty value for that particular
feature; and repI e flel sing,the solutjon fromth

pr edef i ned i ndi den 5“ 0% plaify .W#ﬂ@nﬁgpﬂmﬁ oot Rmae Tt @ﬁ“@%ﬂftising
storing the adapirg thmbdﬂ&ﬁhnfﬁﬂ@ﬁon witR the TiRlefihdiagerdnt plhﬁtd‘fﬂ&m‘f;uf fidem.

co Si rleV|n v uency . associ d math each w nni ng
ingPQ% tﬂ%ﬁ?‘e Fm?%%?%ﬁQ%E%ﬁ %&ﬁhﬁ?sum‘L f FRGEY Hofases, wherein
the activati dﬂbnﬁf;emamyrprmtﬁﬁam@addaomemvﬁig thd i@ gtdbt s@ﬁﬁ@ﬁyaﬂ&ctomani ng
InCIdentﬁégﬁﬁfgﬂ“? an retrieved; and selecting the w nning incident case
as the ¢ #hi ghest activation frequency. 13. The method of claim

1 wher ei n gengiairgthe fidl@undiigthé sotution Gotlahs othiBPrgRfiBdtinddcdicase.

—}-t

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 refrieved; and

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

13. The method of claim | 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 appiicable 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



using the RBR process includes: . _ 30 identifying a plurality of relevant
rules fromat |east one rule set applicable to the traffic .incident,
wher ei n ddomeoPodkeie 24894vant rul es satisfies a condition identified from
the received information; and firing each of the plurality of relevant
rules to performan action defined byigazh rule. 35 14. The nethod of
claim 13 further conprising: determ ning whether a recursive condition
exists in the traffic incident; and Attorney Docket: 24994.5 14/17
updating the Lygfild e bk HRMnHBRARGIR Mooty AihinB Y td S 00 e Banlipsed on the
recursive i cl{)ndiéti%n. 15. T]%\e m%%hod oé}nn%'l al gﬁlggf ua?thélr corrpgr:}?e:i ng: 5
pronpt i nepufidenuser acceptance of the generated traffic incident managenent
pl an; and executing the traffic incident nanagenent plan only if accepted
by the user. 16. The method of claim 15 further conprising calculating a
confi dence i ntex fBhe metkod aficlaind | Erberdogprisingranagenent pl an, wherein the
confi dence | S 8 Yl - TRAY tion that
occurred pri g%g%%é%ne tra P%ngf%'g{& tﬁ&%g%g%%rgrén%e%l an éen%%tcpg%lf’glﬁfge by the
user. 17. Thesxrating thedfafft ingidontimingetrhent plenmdy ifsicergted &y tigasérng the traffic
i nci dent managenent plan, wherein the validating includes: 15 ensuring
that an action type in the traffic incident nanagenent plan is a valid
traffic nanakdenenthegusthmared clabmtd fudbertcoiprising atrplatbsotefidencomdentys thehat
wer e inp&a?%-%g t bln oy | 1.0C] ! nd I |.n aobsol ete
conmands fromthe (;u%re%%\?\ﬁ%ag’g? ?%r%q}hgg%ﬁééhlééﬁrlgdﬁgésean%eﬁgh r{%qgé'ﬁtf% ag%eofé.g A system
f or Hut cmeeuiicdleltsratgpartbat atdurrgd eridr teathé ireffic ineiddetmtanaemagepiens acpdptangce bihthe
;system cgpprising: a data processing server coupled to a front-end
“equi pment control unit, a front-end data collection unit, and an incident
collection/confirmation unit; a traffic incident managenent engi ne coupl ed
to the data pprocess) r . ﬂﬂgq S l.ur al.it f .execut.gble
i nstructi onsplf7br Z@&%@gﬁk‘%u% e %racfnﬁjlgs}?%‘gi%aet}r%‘g?hﬁsatrnag%enﬁceln?m engi ne, the
i nst r uctrizagenientcla whereini thevatidaing rvbidésor recei ving i nformati on representing
a trgdfic inchdent was hlsk ' 3 a_di scrimnate. ind
cor rz{’spondi ng to ﬂlf)lfuraH’#@ﬁ%’?n%e%ﬁﬁ]&e{zgld‘ggﬁa%aegﬁmfl%tgn@lntlwévarlléiggl ved
infornatrimnget@ns@md;einﬁher a case based reasoning (CBR) 30 process or a
;r;:’lg.gg ﬁ;ﬁ? Lﬁge?]lﬁﬂ}lﬂ kgang{ 'o’?é%ieté%&%%i&s thét “%?e%%ti’neﬁngeﬁ %@ atlgr%%g)ﬁs(%né@e% SC%%Q Emd
Temoving the obsolete commands from the current traffic incident management plan.

20 18. A system for automatically generating a traffic incident management plan, the
system comprising:
a data processing server coupled to a front-end equipment control unit, a front-end data
(fj c_ollection unit, and an incident collection/confirmation unit;
a traffic incident management engine coupled to the data processing server; and
‘25 a plurality of executable instructions for execution by the traffic incident management
engine, the instructions including:
instructions for receiving information representing a traffic incident,
instructions for using a discriminate index corresponding to a phirality
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 incizent management plan;
and
instructions for gencrating 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.



and instructions for generating the traffic incident managenent plan using
the selected CBR or RBR process. 35 19. The system of claim 18 further
conpri si AdoraetPeckéti @48t r ol gat eway coupling the traffic incident
managenent engine to the front-end equi pment control unit. j Attorney
Docket: 24994.5 15/17 20. The systemxi7 claim 18 wherein the traffic

i nci dent managenent engine includes: a comunication server configured to
receive the information representing the traffic incident; 5 an incident
managenent engi ne configured to determ ne whether to select the CBR or RBR
process; a CBR processor coupled to the incident nmanagenent engi ne and
configured t PogencFiasestemet claimdfrihereinbe aefife invidvaigemwesrmepl aginasichges he CBR
process; and A RERRLAGRISEF confbREEM dRivh BR Dk AeR o fBORASHE BLENYI Ne and
configured to generate the 10 traffic incident managenent™ plan using the
RBR prodB&dent;21. The system of claim 20 further conprising a know edgebase
storage couplGdndifnt Reasldil SR 5 Bt AR LBl Tl IR or RBR
know edgebase storgge g(g)rjldta% ns acp drality % m‘@% ent casecs fo(r)r use by

t he CBRB¢ssessor and a plurality of rules for use by the RBR processor. 15
22. A traffig dmeheator BAART R incRREH Hsf ok Hha DheBurkd Af Jeh&ade el dENt
managenent _%I%I%?bt he 0érngl ne ggl?fprc?dgclgéng: ag c%l?}%mecat ?l%ngsnjgrveg:e con I gured
to receitiéidipdidampraeiagement plen seipg tha§BR nrecssst iwd i nci dent;  an i nci dent _
managenent engjpe ebifpiedo 11 it S ntHa SGhdn ARk Gnd AIAX. 2P GRALSS RRNDI N
to a plural i_?ydof plf%gégg&urcg%ﬁe?}vé Fmrl:om ta%e recr%lﬂivgﬁ ?bgﬁﬁ rrnatoicgg% 10 sel ect
eit draffmgecidaypimenh eeoent olah ngjng BBRPRpyesssss or a rul e based reasoni ng
" (RBR) process to generate the traffic incident managenent plan; and nmeans
- coupled to the incident managenent engine for generating the traffic

i nci dent drrarﬂégenélfh@ Spt@nzf;?zngo ﬁh@lﬂ@@ﬁppﬁl@g_@kmviiﬁdgﬂaﬁp gm@agmplgié?dh%
means c (To BN So P Ml q : - hui ; ndqiracing
freevvay?l'!tfb(t};-e free%vay 5%1 i eem%{l/r-ﬁl'?%-g(gﬁ? CF%P%P% ?d%%?’gérﬁgﬂ%lﬂgﬁﬂ
rel ati onades fos usedy theTHBR progéstoramd mplugdityt of relrsigewss by terftpRproodssar! ai m 22
whergj n the nmeans for using the CBR process includes a plurality of
executabl e instructions, including: 30 instructions for matching at |east a
portion of tH receirsédincidtmmmdeonntzgannbr genepitig alrafifiy ingidentpnapdgdnientd
i nci deniplaﬁatﬁgalgm doﬂ&%iﬂé-y a W nning incident case, wherein each predefined
i nci dent case '
a conmmnication 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 cither 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 includes a plurality of executable instructions, including: _

30 instructions for matching at least a portion of the received informaﬁzn 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.



i ncludes an incident/plan pair conprising a traffic incident and a
correspondi ng incident rmanagenent plan; and instructions for selecting the
W nni ng Atternedpeckeiagdd9945 a wi nni ng i nci dent case was identified, 35
wherein the traffic incident managenent plan is based on the incident
managenent plan corresponding to thet&ihning incident case. Attorney
Docket: 24994.5 16/17 24. The traffic incident nmanagenent engi ne of claim
23 wherein the nmeans for using the CBR process further includes
instructions for adapting the incident managenent plan corresponding to
the winning incident case to nore closely match the received information. 5
25. The traff¥% i nBicduHic ipddampapragemen ghfies oficlagn 3} whergnfieapepnior hEngreans
for usinge cbRerdBR ﬂﬁ'fl‘f&?ﬁ@lﬁdés%m&foné iy Lu'ﬂa%ﬁﬁg thé PRAEH Slah QRshchi Pl €L T1 €Vi NG an
activation frequency associated wth each winning incident “case if there
are a plwrapredmaip thg wirngincident gesstto maredosclymatcitys regsived éforuatioon frequency
indicates 10 how often the associated wi nning incident case has been
retrieved; and instructions for selecting the winning incident case as the
case with thedhi ghstraffitingdmt wmagtmend eraesyof cRBn 23Twherein dfcfoeand for puent
managenghi ceR hﬂ&m%&?l ]ﬂa§2 wherein the neans for using 15 the RBR
process 1 ncludes a ura of executabl e instructions, including:
|nstructlonslﬂ%mwmﬂ@ﬁﬁﬁﬁv¢wngﬁaagh@ﬁalﬁﬁwﬂmwﬂ&@h@@éﬁ@hpuhégm@mbmwdﬂﬂIeast
one rul he
ol evant el SeCRla Ry of FrbRE I EH s PRERE e M BRY Tl
i nf ofthathicwviteathg 2ismeittedwinngdndident dabelianheaactticotl ade plurality of rel evant
rubes. 20 2%, Jhgnt fo?%gléc BE SR i H@ %{EEQéth? é%ﬁhﬁf hg[h gl MupBrggher ein
ke neans for usi ng proce 5 furt I nc des ructions for
det er mi dieaernghet her a recursive condition exists in the traffic incident;
and instructions for updating the traffic incident managenent plan by

firing rules based on the 25 recursive condition.
26. The traffic incident management engine of claim 22 wherein the means for using

15 the RBR process includes a plurality of executable instructions, including:
instructions for 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
instroctions for firing each of the plurality of relevant rules.
20
27. The traffic incident management engine of claim 26 wherein the means for using
the RBR process further includes:
o ,?:3 instructions for determining whether a recursive condition exists in the traffic incident; and
instructions for updating the traffic incident management plan by fn’ing rules based on the

25  recursive condition.



