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BACKGROUND

Transportation facilities such as roads, bridges, and

tunnels produce tolls cften repregenting a wajor source of

income for many states and wmunicipalities.

The large number of

automobiles, trucks, and buses stopping at toilbooths to pay a

toll daily can cause significant problems.
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For example, such

facilities may restrict the flow of traffic causing traffic

backups and lane changing,. often increasing the likelihood of

accidents and even more bottlenecks.

In addition, many people

may be delayed from reaching their destinations, and goods may

be delayed from getting'to market and millions of gallonsz of
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fuel may be wasted as vehicles idle.

Environments way

experience an increase in pollution as idling and slow moving

vehicles emit pollutants (particularly carbon dioxide and carbon

monoxide) , which may pose a significant health hazard to

motorists as well as to tollbooth oﬁerators.
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Some tollbooth systems may have a program requiring that a

motorist rent and then attach to the windshield of the vehicle a

radio transponder that communicates via radio frequency with

. Teceiver units at tollbooth plazas.

However, such programs

require drivers to seek out the program and to register for the



WO 2007/ 007194PCT/ 1B2006/ 002435 program These progranms may nake it
mandatory for a notorist to make a credit card deposit and create an
automati c debit account arrangenment, which nay effectively elimnate
drivers with credit problens. These prograns also may bill participants
based on wdmedmiomam anount of travel regardl ess of thecrmzomloasount of
travel. Thus, many notorists who travel infrequently travel through the
toll road nmay receive little benefit after investing tinme and noney to
participate in the program Tollbooth systens typically include a | ane
transaction 10systemthat records each vehicle transaction with the toll

facility wdbrabm.i Mgy p?:)ﬁ?k@tﬂ% tat ragkest Phbidaesyoforachorehist e:d hat
passes the toll facjlity. [f the I'ane transaction system detects a

vi ol at i orfakeh@ FEARLYE IeiTSalePesl s e ATeghbe a3t IAREEBRABEC LRHEoREETEH si gnal
to the i raiAgehyat Smibhendd SBEHIIG veY§t 8D nA tee8pOR-d drithecradal ati on”
signal by sending the picture assqciated with the violation transaction to
a backen@@’slteg‘ﬁvf OT PSFRSHh PEPET R ALS0 BEY W%rﬁi‘rﬁﬁﬁ&%%@’r%&.as?fl &

“violsat i aR'nisd@iN@hodst IC el hedia1bBBb NG 1Ry skeax] ramunieckane
transaction systemafter a picture of a vehicle i s taken, 20the_inmaging
syst em t ypidgl-y GretarGayt MRt ittd dhoAEERdY AgEy eTreREpalkera! system onl y

recei ves fhrdudhesnef tonahizoh@smiPate i Livind alehens: Anee anvestald ng
vehicle is, identified, the backend systemtypically refers the vehicle to
| aw enf or tEteFPYaROPSY 9t PERPLS R DR SBF BtE@Mi-se col | ect the unpaid
toll .25fees. Tollbootdayitehketypiddl 19X iaei vk eahnel ogndasedohn tol ling
systens is that [ntegrating an i ig s€stemwith a Igze trapnsaction
syst Bm me¥ P Ph@tl ‘?Fé’réﬁsf’%%‘a‘fnggic % GERPIF N0, BAER 1%?«31’?8 for system
r esour cesf4Ei9iegi ahd yad dabgihges@tetORBAL - fAads PiBEuhBS SHYieAght 0 t he
i maging s tj%m. Thus, it beotﬁg%esi, apl e igg:’fctic‘%l to Integrate an
| magi ng SYRUSHCAFPREBAPR FoE Nt tg ey Sthm 1%y &bEr UIFTLHETBHE ray
reduce 2 syded0@éto0rd I RECHLALld? 0 M0 A243 5t ralszabibht yyofema proven system
The cost Q}Ep:!c%tl? rg'érll snat Qv?‘o a%:q_iaoc g Ssgagg{n t:rpoa'ythlf)aeirl;ll‘la_gzhﬁg gystem. The
15 imaging system may respond to the “violation” signal by sending
the picture associated with the violation transaction to a
backend system for vehicle identification and processing. If no
“viplation” signal is received by the imaging system from the
lane transaction system after a picture of a vehicle is taken,
20 the imaging system typically discards the picture. Accordingly,
the backend system only receives pictures of wehicles that
commit violations. Once a violating vehicle ig identified, the
backend system typically refers the wehicle to law enforcement
and/or attempts to bill or otherwise collect the unpaid toll
.26 fees.
One prcblem with existing technology used in tolling
systems is that integrating an imaging system with a lane
transaction system may put the lane system at risk due to
increased demand for system resources {(especially real-time or
30 near-real-time messaging to the imaging system). Thus, it may
be undesirable or impractical to integrate an imaging systenm
directly with the lane system. System modifications may reduce
2



SUMVARY 51 n one inplenentation, a nethod and/or apparatus that enbodies the
i nvention constitutes at |east part of toll systemthat enables electronic
handl i ng of paynent of tolls by vehicles passing a toll facility w thout
requiring the toll systemis |lane transaction systemto directly conmunicate
W th thev&phkw&gﬁﬁsten1s i mgi ng system (i.e., the | agemkiodmacsi on system
i s i ndependent fromthe inmagi ng system and need not send any signals,
including "violation" signals, to the imaging systen). Accordingly, the
toll systemis configured to decouple the inmaging systemfromthe | ane
transaction system and, thereby, 10mnimze or elimnate the need to

nodi fy the_ | ane transaction system when,in | Log } i system

In one gEﬁ%’r%‘Fﬁa"ﬁeE’ 2 NS f?ﬁgbtﬁ' vgmlecﬁég#néggfoeﬁ%%sé%%?%cl udes
accessi ngegasetswitemohby tsansiatt.i on entries. Each entry in the set
designates a toll transaction between a 20vehicle and the toll system and

i ncludes a transaction descriptor and a transaction tinme stanp. A series of
toll transaction pictures is accessed. The series includes a plurality of

pi ctures, each of which is associ at gguymhdth a picture tinme stanp. A tol
transaction entry is identified from25the set, as a vi IatL n_transaction
entr§ based ofntdne trpAsaertai clesdr RpERPd 30 6F| 2FR tlgﬁtpicture is

sel ect ed from L0 15enle8n: THe ddraRgactibonad iTeRsst pax ot thelvipdtati on
transaction s conpared, using a processing device cture time

! ) Wi t.h éhe gﬁ LU
stanp of thab eerleka®@le6EroRtaisRLisd pf RAFERtIBT LS byt Satory
transact iR sRhGt 4 11S rhdenity iRt mstare¥i) 2007 488 7dIMPEYs1BA0H 61062435
violation picture corresponding to.the violatupn tkgqﬁggtggg entry based on
a resul t tGRRFRBL EPAPHSEEBNTC Airechly, COMBRIGRtS ¥ I hdi%Ude one or more
of tfge fhl:ewhng {Ratingesyston exanpl ehet hend tansacti b tiymsent &Mps
included in the set of toll transactiog entries ngcgggﬂﬁigh're time stanps
associ at Q9FPERIERE I &PPL YT SYGFEY Wy HE based on i ndependent

cl ocks. gignalA¢Cesslug nighevielatforrolsighabnsdut itbe émegines sygyehhcl ude

receiving the set_ of toll ansactian entri f 3081 d g@saction
system §§’ilﬁ§1¥hetk%eert|°ii o AR A M I rcgﬁé%% ?eo%%g’} g?!ﬁres may i ncl ude
recei vi ngind@ nge ki esemwifrioal Lher sadtraosapt tonrestemonsady ithegrhy- syst em

that is i ndependent fr.omthe n [ act | SHst e0he ThE ARG BA System
bei n§ in 5ﬁtOfr%ﬁﬁqﬁﬁgtﬁakgeﬁ?%ﬁggﬁﬁﬁ%ﬁ9§§sten1na§ i'nclude the imaging

system system when installing a new imaging system.
In one general aspect, identifying a vehicle in a toll

system includes accessing a set of toll tramsaction entries.
Each entry in the set designates a toll trangaction between a

20 vehicle and the toll system and includes a transaction
descriptor and a transaction time stamp. A gseries of toll
transaction pictures is accessed. The series includes a
plurality of pictures, each of which is associated with a
picture time stamp. A toll trénsaction entry is identified fxom

25 the set as a violation transaction entry based on the
transaction descriptor. A toll transaction picture is selected
from the series. The transaction time stamp of the violation
transaction is compared, using a processing device, with the
picture time stamp of the selected toll transaction picture.

30 The selected toll transaction picture is identified as a .



not receiving signals fromthe | ane transaction system The inmagi ng system
bei ng i ndependent fromthe | ane transaction system may include the imaging
system having an internal clock that is independent froman internal clock
of the |l ane transaction system The transaction tine stanps included in the
set of tomowargmeti on entries may be generated basegcomsiobgobddser nal
clock of the |ane transaction system and the picture tine stanps
associated with the plurality of pictures may be generated based on the
internal clock of the inmaging system Receiving the set of toll
transaction entries fromthe | ane transacti on system may include receiving
the set ofvilodhEion grisHotrieonoenésp@Rling 88 hdThiiblat lo@NAthengeher al

aspect, i iyl vehicle. in ol | systemincludes accessing a set of
toll tran%g%%#o%é%%% (r%lneé"t. rEERth WnttF PRMPHESOB: designates a tol |
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transacti i ptor. and transaction tinme stanp. A series of toll
transact i gr%aglﬁgﬁfr esE%lrs eggrééjs%'eg:. STHEABRFT LT fiPfodiamps yprluded in
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associ at e i i re.ti stanp. Atoll transaction entry fromthe set
is identi %S\g%ggeé@ead)\?ﬁ%ﬁa?P%np Wﬁgﬁ& PHPHHIEShERE PO RaERE 7 ansact i on
descri pt orindppemdarg: oflotkkl transaction entries is 5selected fromanong the

set of toll tr 1on, entri.es S on the tinme stanp of the violation
transaction en‘??‘?‘;%%t&'“& 85% Bt tocﬁ) %oﬁgaﬁ’é""iﬁ%"(’iﬁoﬁi THUTES PeYsErEiMded from

the seriegegpivipld theasenctf drolli ctanescihiasedneniéderrmal acigk group of tol |
o oUpof CorTot s aegngbebgn il BRRARk B BBse o sl Brenett veSpondi ng to
the vi ol aPi6RU¥¢BMeacihohudntrecelying st akirigst &€ 11QURrShsd @ don
transacti gicentdd 5o bH e+ gogﬁ;sgémttcﬂ l. t.ragscgct id,%] gi §t ures.
| npl ement ati ons may i ncl ude oné of nore of the ToHBWERG 157 es. For
exanpl e, d8PectiaRFachéogrenfreof. bkl inasingacysoa dntingesndemmanrng t he set
of toll trapsactd QRRENELLSS JBYon system may include the imaging system
' not receiving signals from the lane transaction system. The
imaging system being independent from the lane transaction
system may include the imaging system having an internal clock
that is independent from an internal clock of the lane
transaction system. The transaction time stamps included in the
set of toll transaction entries may be generated based on the
internal clock of the lane transaction system, and the picture
time stamps associated with the plurality of pictures may be
generated based on the internal c¢lock of the imaging system.
Receiving the set of toll transaction entries from the lane
transaction system may include receiving the set of toll
transaction entries in an e-mail.
In another gemeral aspect, identifying a vehicle in a toll
system includes accessing a set of toll transaction entries.
5 Each entry in the set designates a toll transaction between a
vehicle and the toll system and includes a transaction
descriptor and a transaction time stamp. A series of toll
transaction pictures ig accessed. The series includes a
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include identifying a first tinme gap having a predeterm ned duration of
time between the transaction tinme stanps of chronol ogically sequential toll
transaction entries of the set 20of toll transaction entries, the

chronol ogi cal ly sequential toll transaction entries occurring before the

identifigeh MoRhedldsON transaction entry. Selecting thecgmeidssoisss ol |
transaction entries fromanong the set of toll transaction entries may

additionally include adding a toll transaction entry to the 25group of toll
transaction entries if the toll transaction entry includes a transaction
time stanp falling within a window of tine beginning at a tine

correspondi n toatl ne_stamp of a4 C LLLYhnpRd ately fol I ow ng
the i der®HfiEd i P5tP1S nl%aregsé °3h ﬁrﬁﬁa#g&tl meacgrrespondl ng to the
t ransact poe 30t icimesteamp of At helldmﬁma‘auc@@lom%n’fam daorr R &E% 68 entry. The

pr edet er d duration of .ti 0 t #cl ude a duration
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Sel ect i ngramengrionpdectigdont.r ahsaotiprpiehorl eBrASRPLARB RPYHESsEE of tol |
transact| Oﬁc‘ﬁ%‘tc{ : %%Plge%furéh%e ngt L&Qﬁ]la‘ﬂghﬂga@ticﬁl lent£-885 agide@nognt ry to

t he Yroup® NSACt i 0N BNtries e toll transaction entry
i ncl udesthettiames achinpnof i the stiaiptSéml irangagh LeR el - ndBVETTUR Phe

begi nni ngafill Oll*ar%sn%tg?{lr Sé;:g.{]:l%l Ngst 011 d élr RSACLAO BB St ag10f the

identifi 1on on entry and ending at a tine correspondi ng
to a pretetesagtnieh grotmrenfbasedeocnf the ﬁeﬁécﬂiﬁén§%3 &% £Phk stanp of the

| denti 1 ed Mé%@itano%n%%@éaﬁi %ﬁn%é(nsaﬂ%‘ioiao preghet ek pegk At of tine

after th& EFransaction tinme st anp of the |dent|F| ed vi ol atlon transacti on
entry nagrbe the jgneuepfieenl} Hinepyaghtem s ckHgednes i Wi °" Sel ecti ng

the grou 18£ )}9'éoyeégaﬁﬁiﬁ@n;oolt@leue%lmbﬂ RebHEIgSRIe et Y w om t he
series o .11 transacti on o] ctures a 15toll transapt| Q‘Vg\}f‘gl ctu
I

corr espoﬁéﬁQQIQWRméhﬁr grQuR (9%orFodnt FYARRfdCRt P T n'éh? r?ér Uentified
first tingg gap; Adlacttibansaehirer picture may be added to the group of

toll Implementations may include one or more of the following

15 features. For example, selecting the group of toll transaction
entries from among the set of toll transaction entries may
include identifying a first time gap having a predetermined
duration of time between the transaction time stamps of
chronologically sequential toll transaction entries of the set

20 of toll transaction entries, the chronologically sequential toll
transaction entries occurring before the identified violation
transaction entry. Selecting the group of toll transaction
entries from among the set of toll transaction entries may
additionally include adding a toll transaction entry to the

25 group of toll transaction entries if the toll transaction entry
jncludes a transaction time stamp falling within a window of
time beginning at a time corresponding to a time stamp of a
transaction entry immediately following the identified first
time gap and ending at a time corresponding to the transaction

30 time stamp of the identified violation transaction entry. The
predetermined duration of time of the first time gap may include
a duration of time between six and ten seconds.

5



transaction pictures if the toll transaction picture is associated with a
picture tine stanp falling within a wi ndow of 20tinme beginning at a tine
corresponding to the picture time stanp associated with the selected toll
transaction picture and ending at the predetermned tinme follow ng the
transact i o 20798 anp of the identified violation traossabic@meentry.

Sel ecting the group of toll transaction entries from anong 25t he set of
toll transaction entries may further include identifying a second tinme gap
havi ng a predeterm ned duration of tine between the transaction tinme stanps
of chronologically sequential toll transaction entries of the set of toll

transaction egknbesing haLhioogs! 88icAll )fr&ﬁgé@ﬁtdna'enwiés 3hagRae: | on
entries occurring after the identified violation transaction entry. A toll

transact i 9 &ifr §T neSl b raagedtion e rdesuprnfivdibert ingiset pédientzies if
the toll #dransashsom & reﬁtryDCQOQJJ %%%1845’@1!&1%2@9@{19%%% bRELudes a

transaction time stanp falling within a_w ndow of tine inning at a tine
cor responti Adtet 6°1he ’ﬁ%ﬁ’s"é’réf’Po?P‘i%nél@&%scﬁ ttrﬁ‘ésﬁﬁ’émr} ipg §F¥@RALI on

trangact i @ 18RGT ¥ianth &NYiREcATof Lid®reglAetRPRG Agrime @ time stanp of a
transaction entry 5i nmedi ately precedi ng the identified second tinme gap.
B

Sel ect i ngcqrr’fésg%%n%ftq &he Framardoonthretzirew pdythedideaéisée@cting from

the seri esicifattichl tﬁxeerm%hoenwtéﬂde&nalﬁg rat g euneté&&%%%haﬂn@l cture
corresponding to_the transaction entry ime |ate owi ng the Tdentified

first tine® fagrege SRS SRR 19 iRt PBFF%I%%@E‘E%?‘?@%OHW%Q to the

transact |ﬁhn@nbfythéﬂtﬁwn&tleh¥dp{—ﬁ;§a%&llﬁﬁ E%éa@&&‘bhf !eﬁﬁlryseC@‘B@ tinme gap is
sel ect ed fr%glthﬁ S%clil es of toll, transaction pictures. A toll transaction

pi ct fre A&YIES tTWRE §F ot R IESF| ThT é’r@é’éﬁf’ﬁﬁo‘m%r gsar®p ¢he toll -

transact i e pidehti £ids vibaa806h atRthabictlod GGhURAy! h&E HaBPbEBkdNT
wthin a %owof t men%hglnnl at a tinme corresponding to the picture
Lk

time sta JoEFaT™ Bfie™ tEect ed first toll transaction picture and
ending at a tisekecotngapendi-ogp taf tdod1pt i tioRepStaiRA889Ci ated with
the SE|ECqu¢L%Cnggcé¥Ag %&gasggtlég}lggcéyrééll transgaction pictures a
15 toll transaction picture corresponding to the transaction entry
immediately following the identified first time gap. A toll
transaction picture may be added to the group of toll
transaction pictures if the toll transaction picture is
associated with a picture time stamp falling within a window of
20 time beginning at a time corresponding to the picture time stamp
assoclated with the selected toll transaction picture and ending
at the predetermined time following the transaction time stamp
of the identified violation transaction entry.
Selecting the group of toll transaction entries from among
25 the set of toll transaction entries may further include
identifying a second time gap having a predetermined duration of
time between the transaction time stamps of chronologically
sequential toll transaction entries of the set of toll
trangaction entries, the chronologically seduential toll
30 trangaction entries occurring after the identified violation
transaction entry. ‘A toll transaction entry may be added to the
group of toll transaction entries if the toll transaction entry
6



20Sel ecting the group of toll transaction entries fromanong the set of
toll transaction entries may include selecting fromthe set of toll
transaction entries a toll transaction entry designating a toll transaction
between the toll system and a vehicle that has been positively identified,

the sel e%&%orngdﬂwzaransaction entry including a traasasiovdmizssne stanp
that is earlier in time than the transaction tine stanp included in the

identified violation transaction entry. A toll transaction entry may be
added to the group of toll transaction entries if the toll transaction
entry includes a transaction time stanp 30falling within a wi ndow of tinme

begi nni n t a'‘ti correspondi [ ; 0 cted toll
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entry immediately following the identified first time gap. &

10 second toll transaction picture corresponding to the transaction
entry immediately preceding the identified second time gap is
selected from the series of toll transaction pictures. & toll
transaction picture may be added to the group of toll
transaction pictures if the toll transaction picture is

15 associated with a picture time stamp falling within a window of
time beginning at a time corresponding to the picture time stamp
associated with the selected first toll transaction picture and
ending at a time corresponding to the picture time stamp
associated with the selected second toll transaction picture.

20 Selecting the group of toll transaction entries from among
the set of toll transaction entries may include selecting from
the set of toll transaction entries a toll transaction entry
designating a toll transaction between the toll system and a
vehicle that has been positively identified, the selected toll

25 transaction entry including a transaction time stamp that is
earlier in time than the transaction time stamp included in the
identified violation transaction entry. A toll transaction
entry may be added to the group of toll transaction entries if
the toll transaction entry includes a transaction time stamp

30 falling within a window of time beginning at a time

corresponding to the time stamp of the selected toll transaction



15associ ati ng on a one-to-one basis each toll transaction picture in the
group of toll transaction pictures with each toll transaction entry in the
group of toll transaction entries. Associating on a one-to-one basis each
toll transaction picture with each toll transaction entry may include

or deri ng, wioee20®eruent i al chronol ogi cal order, the tolpkTissngasizson entries
in the group of toll transaction entries based on the toll transaction tine
stanps and ordering, in sequential chronol ogical order, the toll
transaction pictures in the group of toll transaction pictures based on the
picture time stanps. 25Each toll transaction entry may be associated wth a
pl ace in 4k ehak hgt s@ns agieO BohéEyoralidel tantheashnkabt idd anmackefp pi cture
may be ass iateg wWith a pl.ace in the toll transaction picture order. A
toll tran%ég:thieoﬁ 8htt %39’18 aELPR =38 Ph e dect ed tol | transaction
entry may be associated with a toll 30transaction picture conditioned on

the toll tran%aﬁtion entry being assqociated with a place in the toll
transacti on efEr§C-ly %7(?71366‘7‘@99,%@9158’266’6?%?@5EBFHE‘?S ¥l 2BPEEsponds

to the plaee set bhecdl ltrahaBsachn WhiHiekUngy GhdRhe@SsoRbAR0aME iy t he tol |

transacti OH:Ogi cii:ur e. , Additional toll transaction entries may be

i nsert ed ¥ FrY'the “gPotHRF O™ SRETY r Gaddta E8RR MY it Y ErameagtdrBer of tol |

5t ransactémyriest i.f eshd redine cghfsfefod @hkrir 808aGkk0n BddRE:ibS8 | €SS than
tol|l transaction

t he nurrbet_[. of gcoll #r][a%sact i,oH,}gi ctures in_the groug of :
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the group .10of .tol]_transaction pictures_is |less than the nunber of toll
tr an@act i O Ght T fleér‘?‘nﬁg atqrsﬂ:émﬁ‘r 855:%6@:{%'@%?%%& Pﬁﬁgﬁﬁ’ﬁ’?‘?%.‘i ¥HE® sel ect ed
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transaction tine stanp '

Tdentifying a toll tramsaction picture from the group of

toll transaction pictures as a violation picture may include

15 associating on a one-to-one basis each toll transaction picture
in the group of toll transaction pictures with each toll.
transaction entry in the group of toll transaction entries.
Agsociating on a one-to-one basis each toll'transaction picture
with each toll transaction entry may include ordering, in

20 sequential chronological order, the toll transaction entries in
the group of toll transaction entries based on the toll
transaction time stamps and ordering, in sequentiall
éhronological order, the toll tramsaction pictures in the group
of toll transaction pictures based on the picture time stamps.

25 Each toll transaction entry may be associated with a place in
the toll transaction entry order and each toll transaction
picture may be associated with a place in the toll transaction
picture order. A toll transaction entry may be selected and the
selected toll transaction entry may be associated with a toll

30 transaction picture conditioned on the toll transaction entry

being associated with a place in the toll transaction entry



150f the selected toll transaction entry and the picture tinme stanp of the
associated toll transaction picture being greater than a predeterm ned

val ue. The predetern ned val ue may be one second. An interval of tine

bet ween two transactions may be 20cal cul ated based on the toll transaction
time stagRsooobive chronol ogically sequential toll teensseoicoensentries. A
correspondi ng 1 nterval of tinme between the two transactions based on the
picture tinme stanps of two chronologically sequential toll pictures also
may be cal cul ated, the two 25chronol ogically sequential toll pictures being
associated with the two chronol ogically sequential toll transaction

entries. eli ngmgp%?ldgakeytﬁee%%@ & td Itoar.LCtﬂaiﬁﬁaca:ridnt he two
chr onol ogl cal 'y sequent transaction entries. my b eS| ghat ed as

i npr operi:ycumiech’@decoﬁ:ﬁﬁqql@ﬁéé Bhthy fdief ol nte Gttt T8 nt erval  of

time and the conEesSpINAiNG kRLBENA i ehitPBebaidig bgr eatertdchdn ghe
predetern1neéxvalue The predetermnm ned val ue may be f econds. 9 WO
2007/ 007984RCHE1 B2BY 6 COEesS ion entiies IGaLEE %‘1}/“80@5 f’?oé\? art of an

| gp' %”}?n{:?%ﬁégbtq_fonaan@f%‘st HANicfet QhbugRTageNE Nt raysiceivn ebmitreast dsvehi cl e
i dentification

less than the number of toll transaction pictures in the group

of toll transaction pictures. Additional toll tramsaction
pictures may be inserted in the group of toll transaction
pictures if the number of toll transaction pictures in the group

10 of toll transaction pictures is less than the number of toll
transaction entries in the group of toll transaction enktries.

The selected toll transaction entry and the asgociated toll

transaction picture may be designated as improperly matched
conditioned on a difference between the transaction time stamp

15 of the selected toll transaction entry and the picture time
stamp of the associated toll transaction pilcture being greater
than a predetermined wvalue. The predetermined value may be. one
gecond.,

An interval of time between two transactions may be

20 calculated based on the toll transaction time stamps of two
chronologically sequential toll transaction entries. A
corresponding interval of time between the two transactions
baged on the picture time stamps of two chronologically
sequential toll pictures also may be calculated, the two

25 chronologically sequential toll pictures being associated with
the two chronologically segquential toll transaction entries.
The two chronologically segquential toll pictures and the two
chronologically sequential toll transactiom entries may be
designated as improperly matched conditioned on a difference

30 between the interval of time and the corresponding interval of
time being greater than a predetermined value. The
predetermined value may be four seconds.

9




FIG 10 is a block diagramof an inplenentation of an 5electronic toll
managenent system FIG 11 is a group of transaction entries generated by a
| ane transaction system FIG 12 is an illustration of a group of

I mage/ sensor fil es.

10FIG 13 is a flow chart of an inplenentation of an

el ectr oni wawbioomemagenent systemrel ated to sel ecti ngogisrdfiodiBzs
transaction entries and correspondi ng groups of image/sensor files. FIG 14
is a flow chart of an inplenmentation of an 15el ectronic toll nanagenent
systemrelated to identifying an inmage/sensor file for each violation
transaction entry. FIG 15 is an illustration of the group of transaction
entries of Fl Gdeitifpimghed tollat fiitsdcdi0RCphatie Wrbll tRe Foogpoof

sensor/fi l%S_L f FIG, 12, 20FIG 16 is

an el ect r%

a flow chart of an inplementation of

CEPFRRE I, SHSHETES st vlépéftﬂﬁl |P§C§Hr%xr%@ﬁbllé’1°}u Ser

i nterfacedesignating as the violation picture a toll transaction picture

10

15

20

26

30

associated with a place in the toll transaction picture order

that corresponds to a place in the toll transaction entry order

associated with the violation transaction entry.

The details of one or more implementations are set forth in

the accompanying drawings and the

description below. Other

features will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of

electronic toll management system.

FIG. 2 is a flow chart of an
electronic toll management system
identifier management.

FIG. 3 is a flow chart of an
electronic toll management system

FIG. 4 is a flow chart of an
electronic toll management system

FIG. 5 is a flow chart of an
electronic toll management system
verification.

FIG. 6 ig a block diagram of

electronic toll management system.

FIG, 7 is a flow chart of an
electronic toll management system
identification.

FIG 8. is a flow chart of an
electronic toll management system
identification.
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FIG 18 is a bar graph showing the interval of tine between a | ane
transaction entry tine stanp and a correspondi ng i nage 25tine stanp for a
transacti on. FIG 19 is a bar graph showing the interval of tine
bet ween current and preceding | ane transactions according to imge tine
stanps argy #feSAf7d4Ng to transaction entry tine stanpscrhbiesdoeissr ence
synbol s in the various draw ngs indicate 30like elements. W
2007/ 007194PCT/ 1B2006/ 002435 DETAI LED DESCRI PTI ON I n one

i npl ementation, a toll system enables electronic handling of paynent of
tolls by vehicles passing a toll facility without requiring the toll
system s | a”%fésa%%éghi on. SYSHeR bRapdi Gk YmsoamaHtieaba ¥ tdh t he tol |
systenl s i magi'ng system ccor(% ngly, the toll systemis configured to
decoupl eellhetiomigi ngliyneragdnenn shatenielatafsbetT¥H<Fst em and, thereby,
m nim ze Eﬂgi%maqﬂtog_the need to nodify the | ane transaction system when
installing a new 1negi ng system 10The above toll systemincludes a toll
managenent coORPEt 60 sysecpd ¢rdyidigoann PR AFRLPERERTINs9Et¥dn dat a

acquisi t ieggcg?gﬁqcetg &D{}(gna%%@eﬁg fpgl udes a lane transaction system an
i magé acquisrtron rmojful e, and a video server. The |ane trangaction system
i s configur edFI®. ceptigr 8 dBevRfadePrBictelon &ATFaER $%}eré‘§8§la’9/3él‘ﬁ cle that

passes tRraugh Qﬁs%ﬁ%v@%gtérﬁ.ansact s with the toll facility. The
transaction-rél at e [

dat a m.ai/ include, for exanple, the t/)g/i{)e of transacti on,
the tine of tE&Strkhsgceroh %‘é’?fg'“‘“.a,tlf’ﬁeofr%r%‘?g% 8h 119Ee/SERABY, vehicle
classifi ?tliegn data (e.g. the nunber of axles of the 20vehicle), the
er

transpon Information, if applicable, of the .
10 FIG. 13 is a flow chart of an implementation of an

electronic toll wmanagement system related to selecting groups of
transaction entries and corresponding groups of image/sensor
files,
FIG. 14 is a flow chart of an implementation of an
15 electronic toll management éystem related to identifying an
image/sensor file for each violation transaction entry.
FIG. 15 is an illustration of the group of transaction
entries of FIG. 11 matched on a one-to-one basgis with the group
of sensor/files of FIG. 12.
20 FIG. 16 is a flow chart of an implementation of an
electronic toll management system.
FIG. 17 is an exemplary user intertface.
FIG. 18 is a bar graph showing the intexrval of time between
a lane transaction entry time stamp and a corresponding image
25 time stamp for a transaction.
FIG. 19 is a bar graph showing the interval of time between
current and preceding lane transactions according to image time
stamps and according to transaction entry time stamps.

Like reference symbols in the various drawings indicate

30 like elements.
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vehicle, and the fare charged. The | ane transacti on system nay be an
existing or a conventional |ane transaction system Accordingly, while the
| ane transaction system nay have the ability to send "violation" signals to
an i magi ng system this 25ability need not be used. The inmagi ng system or

i mage acqwiosieiemdrodul e may operate i ndependently fr earidrecsieanss

transacti on system and, accordingly, need not receive any signals fromthe

| ane transaction systemor directly fromthe |ane transaction system 30The
| ane transaction systemis configured to periodically generate and send a

| ane activity report to the video server. The |lane activity report includes
| ane transaction data for \W2ZRQA40RF LAHRTPWEER6/ 002435 vehicles that have
passed through the toll_ facility during a given wi ndow of tine (e.g., a
day). The | andBat®? \EWW%‘“@BE?P‘%‘}/@@C& &9‘ syrRta esahlenrotrotognéal |ist of

Lane 11 ansaehkien enlidyatneeaeh: o1 e lehoT &5 pARdsaL 0 & hngles ¥

cle
Stransaction with the toll facility. ternatlvey anetranﬂé}ctlon
syst em mdfi FHRKkE 59EHERge the dhe b £veten Fr%ﬁf@aéﬁﬁ@ﬁa@l@e@ sivsbemopy of such

datas  qirebReyl COGAACAYESIILONLHOhE MSa%SENsaL for
exanpl e, |aser 1sfensors to_detect passing Vvehicles é;b?gcs:%y as 10t hey

enter or RAWEAIREEY bedicn LA sPYRESThriGugRnE HBmes Fof ‘é%‘FWHly? thpe | aser

SeNsors tiigaes §?é@nﬁ$r%ﬁldt§@t1£{@|tlrﬁngégﬁor§%%Qérﬁ; MY, Chnar&ponfi gured
to capture image/ sensor data for each paSS|]S§{$veh| cle det'ected By the |aser

sensors. "NOUHBEG, ofirf e nasavert itsedl tPonediiys thgs lane cramaget Heyui siti on
nodul e negestRat wAsk earitea 1l Mg%a{éw&maghﬁ@%y%t%r ectly fromthe |lane

transaction system and need not discar Ictures in response to |ack of
recéppt of su es??ﬁﬁﬁ!§°1l system 1ncludes a toll management computer
system having an image and lane transaction data acquisition
module (ILDM}. The ILDM includes a lane transaction system, an
image acquisition module, and a video server.
The lane transaction system is configured to capture

15 transaction-related data for each vehicle that passes through or
otherwise transacts with the toll facility. The transaction-
related data may include, for example, the type of transaction,
the time of the transaction (e.g., the transaction time stamp) ,
vehicle classification data (e.g. the number of axles of the

20 vehicle), the transponder information, if applicable, of the
vehicle, and the fare charged. The lane transaction system may
be an existing or a conventional lane transaction system.
Accordingly, while the lane trangsaction system may have the
ability to send “violation” signals to an imaging system, this

25. ability need not be used. The imaging system or image
acquisition module may operate independently from the lane
transaction system and, accordingly, need not receive any
signals from the lane transaction system or directly from the
lane transaction system.

30 The lane transaction system is configured to periodically
generate and send a lane activity report to the video server.
The lane activity report includes lane transaction data for

12



The i mage acqui sition nodule may send to the video server an inage/sensor
file for each vehicle that passes through or 20transacts with the tol
facility. Each image/ sensor file may include data corresponding to at | east
one inmage or picture of the transacting vehicle (e.g., a picture of the
back of th¢.0098hi-¢ds€). may optionally include sensor detraeam@asso my
include a tinme stanp indicating when the i mage and optional 25sensor data
was capt ured. The video server nay receive the |lane activity report
fromthe |ane transaction system and may receive the inage/sensor files
fromthe i mage acquisition nodule. The video server synchronizes or natches

each | anevdirianeacthof efier pabsed "hdctind BRACIdIMMI EXcLePOf tauih @& single
i mege/ sens,or_fil.e.received fromthe image acquisition nodul e. Accordingly,

the vi dedSER P ERY HmitiBE 4 ohe- 0 95%E - coF e JBBRIBRTE 18t RERT Y he | ane
WO 2007/ Oyl @4PCE/ 1B20ks0024RbortidlaRGaal i Diste i 188ei firdfiRckase activity

report and.the inmage/sensor. files. The video server typjcally determ nes
t he one- t‘*&%ﬁg%&%@g&%ﬂ&ga&% FRAVRERT e ? dhePPafis’ ’r‘@ﬁ entries and the
5i mage/ sensosabties witH ithet tpRY siarg 1tihe. | sl athicViré)y | eper Lahdat 0 groups
of o onsARSBLL, SRS b MATSERIERET RSP Bl o
A | andnardatier amsactemn dfs sachraégisact i on having a transaction entry that
o Cture or 1 wans, SR ki FL B el BERh ARneCR P on W Be B0ty ansact i on
i nvol vi ngexawgiket | lasdre seehbeke (o .detech padsiolee veavohgs tiypdeadly as
10 they enter or otherwise begin passing through the toll facility.
The laser sensors trigger cameras arfd optionally other sensors,
which are configured to capture image/sensor data for each
passing vehicle detected by the laser sensors. Notably, unlike
conventional toll systems, the image acquisition module need not
15 receive “violation” signals directly from the lane transaction
system and need not discard pictures in response to lack of
receipt of such signals. ‘
The image acquisition module may send to the video server
an image/sensor file for each vehicle that passes through or
20 transacts with the toll facility. Bach image/sensor file may
include data corresponding to at least one image or picture of
the transacting vehicle (e.g., a picture of the back of the
vehicle), may optionally include sensor data, and also may
include a time stamp indicating when the image and optional
25 sensor data was captured.
The video server may receive the lane activity report from
the lane transaction system and may receive the image/sensor
" files from the image acquisition module. The video server
synchronizes or matches each lane transaction entry in the lane
30 activity report with a single image/sensor file received from
the image acquisition module. Accordingly, the video server
determines a one-to-one correspondence between the lane

13



nore axles). If a lane transaction entry indicates that a transacting
vehicle has three or nore axles, the correspondi ng 15i mage of the vehicle
may be easily selected fromanong the captured i nages because typically the
majority of the captured inmages are of cars, which have only tw axles.
Accor di nghQ 200Ti@719ane transacti on data nmay be parsed potmBismopss Of

chronol ogically sequential transaction entries 20bracketed by | andmark
transaction entries, and the inage/sensor files may be parsed into
correspondi ng groups of chronol ogically sequential imge/sensor files
bracketed by i nmage/sensor files having |landmark transaction i mages (i.e.,

the easi|rdrdantibh abli@-iicrnggscidalanconEesPARA rhol-headangrar k
25transactions.) Once the groups of transaction entries and the

cor r esponidta®g/ §PBEPE GrlSmage/ sensor files have been identified, the video

server may mat ¢he ealded l2R$861 LA @NILY a0 ertriGleeindr & tof oh& ansact i on
entries with an image/sensor file of a 30correspondi ng group of

i mage/ serfYrerpPRIene datvaRR aERe dRrentF§RTastdeRsBRIFig% abt R ng may use

the lsandnBfdgel/cansactioRs 8¢ Aifef Cga@aﬁﬁ Pt 28R B GBpod Or der,
each trangaction WO 2007/007194PCT/11320061002435 entry foIFomnng a
| andmar k YH&h FREYPH Pl PRl P EHldy FREMRTI S SFarsreiMa e EBi9ws t he

i mage/ sensarbick@ BRVid trhexeesd a5000dhReh dBRAMBLKr{dANGASEEShdiIR0E.
Because of the |l ack of s nchron|C|t§u9etmeen the | ane transacti on system

and the 5THegE HEHTF SFHFGARHERF € afd EREIHp&rERERCHIF dSs®of capt uri ng
transact i exarisakaied watihgaadeamgaf.iochhent®t GhaBLPp D&ESS hypiwal |y

i ncl udes addi.n¢ L cehol der transaction entries and/or pl acehol der .
| g serGHT 1 FEATT diis i SSTRALY CRETRORA oF 2FF R aTioBHY BT [ es in a
group is idmgreSaneofSetdipleynbelainark transaction may be a transaction
involving a multi-axle vehicle {i.e., a vehicle having three or
more axles). If a lane transaction eantry indicates that a
transacting vehicle has three or more axles, the corresponding
15 image of the vehicle may be easily selected from among the
captured images because typically the majority of the captured
images are of cars, which have only two axles.

Accordingly, the lane transaction data may be parsed into
groups of chronologically seguential transaction entries

20 bracketed by landmark transaction entries, and the image/sensor
files may be parsed into corresponding groups of chronologically
sequential image/sensor files bracketed by image/sensor £iles
having landmark transaction images (i.e., the easily
identifiable images that correspond to the landmark

25 transactions.)

Once the groups of transaction entrieg and the
corresponding groups of image/sensor files have been identified,
the video server may match each transacticn entry of a given
group of transaction entries with an image/sensor file of a

30 corresponding group of image/sensor files. The transaction
entry to sensor/file matching may use the landmark transactions
as a reference point and may match, in order, each transaction
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10i mage/ sensor files in the correspondi ng group. The vi deo server may
be configured to confirm whet her the matching process was successful by
checki ng whet her the differences between the tine stanps of the transaction
entries and the time stanps of the matching i nage/ sensor files are 15within
a predet ¢dnjagashsil erance level . The video server al soTheyod@aenfigured to
check whether the differences between the intervals of tinme between
transactions as deternmned fromtransaction entry tine stanps and the
corresponding intervals of time as determ ned fromthe matching

i mge/ sensor file tinme 20stanps are also within a predeterm ned tol erance
level .  entryThelMwieg Sely@indiy rgafdattiomanheledel tiagelikensor files and

transaction entries tqQ_an jna rocessi ng nodul e of the toll nagemnment
conput er 1§’§‘§F2ﬁ?nsﬁfe fahggEnpT Wﬁg”ﬁ%d’ﬂ‘fa@p‘gr@ﬁﬁﬁgge@ﬂﬁé&? ng__ Sensor
files tocereapbnaaly abadrdikaiddddacaionnimiaiea. Bheatsd lofmahagbmint
conputer uses the vehicle identifi C?Lti on_dat a %o i dentéef %?e 1;l/eehi cles.
After th&%EFPEPETIETE BEEWCT UG AR, “IHEACSE P nihidgehént conput er

accesses igemat g tibanfachi®mmiaticetipd e doprobess denvhpiedingehi cl es
and bills or otherw s§ enabl es recei}f&t of men 0%915 303}0% LT ansaction
from an i5TaPFRALET™ et §25R B¢ 488 1T HETFPaERT i¥5°EVehicle. WO
2007/ 007 k94RCE1 1 1 3RN6R824381ing placEhGlddr itraashbotén dirdgriam afd/an
i npl ementatio an el ectronic t.oll pmanagenent .system 10. The.system 10 is
cont | gur i ebe ket BRI BRRETS 11t P BEGT oPibokieamsE 8 oY S Fihg
with a facishistyt 26 andrtiesntti & ygrextpe ipaths ystmemes34hs ofudgchof nt er act i on.
For exampl e, the syst 10.1mm I uthority to capture a

1@ 1Criné':\ﬁte{ Fens s ﬁnatgh%.éoq:\gegpgﬁgjf%d’ :2;%?7(1)1?

vehi Cl e i rer ,suc icense p mation, froma vehicle 30
travel i ng thr Gaghvide tseicveroaaly drel condngroeddia fepnfaw effashesner® whet her

the capt Yead MEh! Gk Sed AEUhLLT LELLBIENC By AL SEIRE wRbBhEr PiRVI OUSly

differences between the time stamps of the transaction entries
and the time stamps of the matching image/sensor files are

15 within a predetermined tolerance level. The video server also
may be configured to check whether the differences between the
intervals of time between transactions as determined from
transaction entry time stamps and the corresponding intervals of
time as determined from the matching image/sensor file time

20 stamps are also within a predetermined tolerance level.

The video server may send the matched image/sensor files
and transaction entries to an image processing module of the
toll management computer system. The image processing module
processes the image/sensor files to extract vehicle

25 identification data. The toll management computer uses the
vehicle identification data to identify the vehicles. After the
vehicles have been identified, the toll management computer
accesses the matched transaction data entries for the identified
vehicles and bills or otherwise enables receipt of payment for

30 the transaction from an individual or entity assoclated with the

identified vehicle.

15



10hi ghl i ghted by | aw enf orcenent. The toll managenent system 10 al so
can nmanage paynent froma party associated with the vehicle 32 based on the
interaction between the vehicle 30 and the facility 28. For exanple, the
system 10 can capture license plate information froma vehicle 1530 and
identify we0pegrwier ed owner of the vehicle. The syspemswuslodzashen provi de
to the owner, over a communi cations channel such as the Internet, an
account for nmaking paynment or disputing paynent. The toll nanagenent system
10 can send a bill requesting paynent fromthe party 32 using a mailing
address 20t hat has been verified against one or nore mailing address
sources. The s¥i-efh 18 & oloapalbliegpin aufi emBtsEdNantGRPLHEN NG AN | Mage of

t he vehick 110 he vehicle interacting with the facility. Such
i mge capt %ﬁ%&%gngggfg%%a%m% eﬁyﬁltsel“h&rai'rra 2 5¥5EE€8s1 gt echnol ogy

Wi L !‘lO:Jt h‘é%ﬁﬁgm;gdi hetedptiere2Br aelillbcler adepentesr (8. gf,lxééi!ﬂc[iledg\éi ce) i InI a
vehicle. ip: 846 roni_c.to nagement system includes a to
nanagrsgnen(%é;ceorr%ut_ef éﬁ@ﬁv\h&} ¢ a%égﬁ!:%eégg&{%i GBr Gy gxBeeRsl wyssamer34
cent ral | z@% ShEfnéntepdetiiough Gne eomullssr tA@ d15tSHOWD, &19kLwRr €
conput er sy £@an ﬂ%%dCQu”{ﬂM@dt 0. L0pl ement hhe di scl 0$edm&3)%t echni ques. The
D i oA ks ey Lot sion. ol taol Lok gés Hhequau Lol
interacti io es gehbclaQiol bikivaebidd @hwdggi t O
facility t{ﬁ@&@g@%@gﬁtﬂ# t%;gn V0 2007/ 027194PCT/ BD006) 005435 st hori ¢ i es)
such as toll road, a toll Dridge, 2 tdn gw,erbfarﬁeﬂany:a@?qu, EB® ot her
facility.c3Rtarrdevaiclse idepbdfber thetchates acidengebpl aee prichecmeny cl e 30

and {phe fl@fdﬂﬂﬁgﬁt@@-bﬁ&%‘%})l%%g%eQ}&eraCti ons that may involve a fee
I y j

i ncl ude a 5di stance travel e the Vehicle through the facility, a time
peri.od the vefAtgl €0}k npnagenent reustieacibi 4yso the nypeydpavhbhe! rom

i ough the Lot 1Tty e Fhn UBE BRIERe S1a MR] Bt ntefablicT®
- between the 'vehicle 30 and the facility 28. For example, the
system 10 can capture license plate information from a vehicle
15 30 and identify the registered owner of the vehicle. The system
would then provide to the owner, over a communicationg channel
such as the Internet, an account for making payment or disputing
payment. The toll management system 10 canréend a bill
requesting payment from the party 32 using a mailing address
20 that has been verified against one or more mailing address
sources. The gystem 10 is capable of automatically capturing an
image of the vehicle 30 triggered by the vehicle interacting
with the facility. Such image capturing can be accomplished
using image-processing technology without having to install a
25 radio transponder (e.g., RFID device) in a vehicle.

The electronic toll management system 10 includes a Eoll
management computer 12 which can be configured in a distributed
or a centralized manner. Although one computer 12 isg shown, one’
Oor more computers can be configured to implement the disclosed

30 techniques. The computer 12 is coupled to a facility 28 that
may charge a fee for interacting with the facility. Examples of
a facility 28 include a toll facility (managed by toll
16



the vehicle and the facility. 10The facility 28 can process vehicles
i ncl udi ng autonobiles, a truck, buses, or other vehicles. For ease of
expl anation, the system 10 shows a single facility 28 interacting with a
single vehicle 30 and a party associated with the vehicle 32. However, in

ot her | nyy@g@Nbodidsons, the disclosed techni ques coul eches2bémonfs gured to
operate with one or nore vehicles interacting wwth one or nore facilities

spanni ng di fferent geographic |ocations. The toll managenent conputer
12 includes an imge acquisition nodule 24 configured to detect the
presence of a vehicle, acquire one or nore inmages of the vehicle, and

forward 20t he i mage(s) .to an i e-.process| . ulg 25.4ar t

pr ocessi AYICHHES Hu?"gt?fsng9iﬁ%at?(.;eai r%rggieq%clq Y tgi on eeg’lii %ﬁent ased on
t he physigailligryi eeneEnir ifacwhich. | tThes fusenhy Fer beradpie,theor open-r oad
applications, inage acquisition egui n ; bove the roadway,
on exist??ﬁf%ﬁﬁ§ﬂ?gc?%hé§§QDFggnv%ﬁﬂ%§ggﬁbéFit égﬁ?%?gg??g%ﬁe open- r oad

appl i cat kens Iy ofiseneatiquient hWouinted invoivbesifge thelvdadway as wel | .
Lane-based (or tollbopth-style) l4.cati &1 Qg preRtiyAoUNnt ed on
physi cal g’sf"%ﬁfﬁ%?ﬁ?’%@%‘?&’é’ )e%lghv%g%e%e ?C&\lg:tggg%%e gr%‘ in g%l'gi ti C:)Lﬁ,t 0

equi prenpermuintee owktdibad opreredOtire a dadibity THee FHge AcdErartton

modul e 24 i.ncl ude. i . 0Q4/.0 PG 1A82006100243%1@r ot her
conponenfgggglfe%l&ge%%#ﬁg%%sr}%é:rlly\gte%’egcty% %éégéegnc.e of a vehicle and
provi de passemainrohgh thé gperidinyeaned dheo trapt of e 9E26E 1R REGes of

t he vehi %Lg.véé%rgl%l gnae%@rf%éﬁxtkpcl ude one or nore.of the follow ng: 5(1)
Laser/soni ¢/ mcrowave devices - these devices, conmonl

10 The facility 28 can process vehicles including autcmobiles,
a truck, buses, or other wvehicles. For ease of explanation, the
system 10 shows a single facility 28 interacting with a single
vehicle 30 and a party associated with the vehicle 32. However,
in other implementations, the disclosed technigques could be

18 configured to operate with one or more vehicles interacting with
one or more facilities spanning different geographic locations.

The toll management cowputer 12 includes an image
acquisition module 24 configured to detect the presence of a
vehicle, acquire one or more images of the vehicle, and forward

20 the image(s) to an image-processing module 25 for further
processing. The module 24 may include image acquisition
equipment based on the physical environment in which it is used.
For example, for open-road applications, image acquisition
equipment may be mounted above the roadway, on existing

25 structures or on purpose-built gantries. Some open-road
applications may use eguipment mounted in oxr beside the roadway
as well. TLane-based (or tollbooth-style) applications may use
equipment mounted on physical structures begide each lane,
instead of or in addition to equipment mounted overhead or in

30 the roadway.

The image acquisition module 24 may include imaging
components such as vehicle sensors, cameras, digitizing systems,
17




used in Intelligent Transportation Systens (ITS) applications, can
recogni ze the presence of a vehicle and provide information regarding the
vehicle's size, classification, and/or speed. These sensors may be
configured to provide additional 10informati on about the vehicle which can
be used iwoidewbiy the vehicle and its use of the topérAmaedslondays i ncl udi ng
trip time and conpliance with traffic | aws. (2) Loops - these
sensors can detect the presence and the vehicle type by recognizing the
presence of netal masses using a 15wire | oop enbedded in the road. Loops
can be used as a backup to nore sophisticated sensors. Loops can al so be

used as &, PELABEYSAEACR! dAAAD dehests el Bheser Ui pibieahica s,

trigger caneras, an provi de ve e signature data (e.g., based on use of
an array eofveh@@b% agd rpra)vgﬁﬁr@ $iems lc 5heE A rigoey e amn 0wFEh tascaRtasnd

Consul ti 39115 ok ORLS Mot 8?‘ e Bugkicaghanghsr e, Lohied KLpodomuge

(3) Thro beam sensors - these sensors may emt a continuous beam across
t he roadW@F ocxnEcretadc theh&opt@siaiite of a vehicl e based upon interruptions

|n the beam 10} Sddhs <ohi ERENSOIa AR e PodiS o hidol ”ééxﬁi'ée%t | @BRnMIgr e

traffic is channele Into t style l'anes. 4) tical “sensors
- veh|cIéﬂﬁﬁwlbeI$%ﬁkﬁ$ﬁe?§dTH%¢$RPn§§#éPﬁsSY%¥Qm§nﬁF?ﬁknﬁﬂﬁ}lﬁﬁ 19%%: i mages of

the roadvay, fQEoGhaWRS RALCALING '&evgﬁféf‘é”'%%d%r@vi/ I1GkByrmdthEste camer as
30al so can be used to record inmages for vehicle identification.

Careras ceavapEingethe yeddplal e sirggeslarsikinadiion. amerAqreispeedent i fyi ng
char act erjildeC Sendfs 3MBECcohIRYuredN L8R QadBrional

10 information about the vehicle which can be used in identify the
vehicle and its use of the toll facility, including trip time
and compliance with traffic laws.

(2} Loops - these sensors can detect the presence and the
vehicle type by recognizing the presence of metal masses using a

15 wire loop embedded in the road. Loops can be used as a backup
to more sophisticated sensors. Loops can also be used as a
primary source of data to detect wvehicles, classify vehicles,
trigger cameras, and provide vehicle signature data {e.g., based
on use of an array of loops with a smart loop control program

20 such as Diamond Consulting’s IDRIS® system of Buckinghamshire,
United Xingdom) .

(3) Through-beam sensors - these sensors may emit a
continuocus beam across the roadway, and detect the presence of a
vehicle based upon interruptions in the beam. This type of

25 sensor may be used in installations where traffic is channeled
into tollbooth-style lanes.

{4) Optical sensors - vehicle may be recognized using
cameras to continuously monitor images of the roadway for
changes indicating the presence of a vehicle. These cameras

30 also can be used to record images for vehicle identification.

Cameras can be used to capture images of vehicles and their
identifying characteristics., For example, they can be used to

13



WO 2007/ 007194PCT/ M2006/ 002435 generate a vehicle identifier such as a
vehicle |icense nunber based on an imge of a license plate. Caneras may be
anal og or digital, and nay capture one or nore imges of each vehicle.
Digitizing systenms convert images into digital form |f 5anal og caneras are

used, theysagpéamscan be connected to separate digitipzrmgpossangiasr e. This
hardware nmay include a dedi cated processing device for anal og-to-digital
conversion or nmay be based on an input device installed in a

gener al - pur pose conputer, which may perform additional functions such as
i mge 10 processing. Lighting can be enployed to provide adequate and

consi stent conditions for.j & :aCqui,si, tdon. vEhecld ghildenge nmymkerc| ude
st robes Q?P%%E?i%a’&&‘&cﬁﬁ HasRaE g I ér‘rsg% et [ight of ;P % g%ts in the
e

Vi si bl e 15peat simmrinayet he anfrcemse vhHaeer uFPTeFagTuhee Sd, they may

be triggered by inputs fr e ehicle SenRser 65)eadt kehisbasors such as
| i ght séjr%FE‘?na?(gé"atyeﬁﬁ g?é%gt%rgei\gnt rol the’l rra%g acag]gi i tion podul e 24
and provi de papstBiient syesahssconvert images tifdo fAget 8i'tioh nodul e 24

has captured i mages of_ th hi Sankhgs FROSS BBMndecddiwarded to an
i mage- pr i ﬁa‘gﬁlﬁar‘?ocﬁflee fés’T egi TRge- Processi ng‘ modul e 25_may be | ocat ed
in the sesmdateatiightiosinohbarduegks acquisi PREaARSAIRE S Phe i mage

computer 12, in.a remie 10ogation, ¢y Hat0gbidatigaRadf coessibocations. The
modul e 2%° SfioBess a single i mage for each vehicle or .m 'uﬁ%BLE i mges of
each vehigy eye tepeddomprorinpis 2syigrtivshatiey O & ﬁ??ﬁ%g& acqui sition
nodul e 24 anq:/ec%r Q’Hﬂ:ﬂ &,%%gmnmia:i(ogag. fursedwnac puch tgd sdegei onal

r equi rer‘r%%‘f‘%u). I'f "nul'ti pl"'e i mages are used, ,k each i.rg%eggd L€ pEocessed,
and1d he peswidsingay biokmsaced BF LERITYTEIE? P ehhancé the accuracy of the

process. Fgﬁé%%@ggndmﬁlg hep oRegé ragmiefthon earThel daBEiBOPRAt e, or

i mges of bo ront and rear |license plates. may oggpssed apd the
resul ts conrbudedtrebgst ®f rﬁ‘?fé:lf‘ﬁ@uﬁoﬁfuﬂll?g%o?bg?s rmg{l i%n nurTbQZ&r and/ or

confi dengg Loyl .40 WRgEvDENSRS Sipegtrild R0G B0 1D4RCHNRERS? BOPU35 may

i nclude identifying the distinguishi fea f Ri el6m(neg., the
license pEafereies AF&hPERY) W‘%’hf“ﬁyt ﬁ% ?IS??&} g?ggn%’a%?l%zi ng those features.
Analysi s JaRY i 8ciaierapl i cabtinhareobers resdyrist Lbaht GERSOTE AR dt%

mat c Irqué%Ligégego control the image acquisition module 24 and provide

consistent results. .
Once the image acguisition module 24 has captured imag?s of

the vehicles, the images may be forwarded to an image-processing

20 module 25. The image-processing module 25 may be located in the
same location as the image acquisition module 24 and the image
computer 12, in a remote location, or a combination of these
locations. The module 25 can process a gingle image for each
vehicle or multiple images of each vehicle, depending on the

25 functionality of the image acquisition module 24 and/or business
requirements (e.g., accuracy, jurisdictional requirements). If
multiple images are used, each image may be processed, and the
results may be compared or combined to enhance the accuracyrof
the process. For example, more than one image of a rear license

30 plate, or images of both front and rear license plates, may be
processed and the results compared to determine the most likely
registration number and/or confidence level. 1lmage procegsing
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5anal ysi s techni ques. The toll managenent system 10 may i ncl ude ot her
systens capable of substantially real-tine processing |located at the site
where i mages are acquired to reduce data comuni cation requirenments. In an
i npl enentation of |ocal inage processing, 10the results may be conpared to
a |ist ofwawntvawiized vehicles. If a vehicle is recognpezembesoeasshori zed,

i mges and/or data may be discarded rather than forwarded for further
processi ng. | mrages and data can be forwarded to a central processing
facility such as the i mage database 14 operating in conjunction 15with the
billing engine 22. This process may involve a conputer network, but may

al so i nclmwelﬂmec%eﬁgﬂfﬁﬁg Q.@?eali%@fﬂgtﬁ%i{@%efeal%%egfaé tdhgciange
acquisition site (i.e., facility 28). General é% informati on can be

t emrpor ar i{eygst o %ﬁeasedi*&iﬁeerofaﬁ volel ghed gwiblediuitdia LBAYLI 1389 n the event

the net work:¢0{:% Ltrl‘l%\éé' Eabh8red . MRERS 1 ECLIMNGd 1AL 1 dde £RALARI Ssite may not
have been processed. Any unprocessed |nages can be handl ed as descri bed

above. TKEAHAFEELH ESFEOPAELPR ofCRAmgEep? gphghirentteobfetentral ) may be

sepagat ednh Qi 4 W ERlgHQL1 es. Data that meets 25application-specific or
jurisdiction-specific criteria for confidence nay be sent directly to the

bi I 1ing engi nER@XOlen"BRRIGIET SHARET Hatweyr é36Htde SR8 FHYS equi r ed

confi dencgpkseye! st %s@énﬂé‘ﬂﬁﬁ‘ie%@ttﬁ@'ﬁﬂo‘éﬁ%lﬁ 0cR8%EA%at Ad@ ti onal
processi ng nay i nclude, for example, determ ning whether 30nultiple inages

of a vehiSite WReridPOEE| BramFIRdefehe crdupepiota Camynifrti9hges and
conpar i ng-dgierefswld.s. thhhs cmdat HOLoC AT A6LLT - Mg aaséfsingqnpar i sons

of the results of WD 2007/007194PCT11132006/ 002435
10 the results may be compared to a list of authorized vehicles.
If a vehicle is recognized as authorized, images and/or data may
be discarded rather than forwarded for further processing.

Images and data can be forwarded to a central processing
facility such as the image database 14 operating in conjunction

15 with the billing engine 22. This process may involve a computer
network, but may also include physical wmedia from another
computer located at the image acquisition site (i.e., facility
28). Generally, information can be temporarily stored on a
computer at the image acquisition site in the event the network

20 is unavallable.

Images received at the central site may not have bheen
processed. Any unprocessed images can be handled as described
above. The data resulting from image processing (remote or
central) wmay be separated into two categories. Data that meats

25 application-specific or jurisdiction-specific criteria for
confidence may be sent directly to the billing engine 22. On
the other hand, data results not meeting required confidence
levels may be flagged for additional processing. Additional
processing may include, for example, determining whether

30 multiple images of a vehicle are available and independently
procegsing the images and cowparing the results. This may
include character-by-character comparisons of the results of

20



optical character recognition (OCR) on the license plate image. |In another
exanpl e, the inmage(s) may be processed by one or nore specialized

al gorithns for recognizing license plates of certain types or styles (such
as plates froma particular jurisdiction). 5These al gorithns may consi der

the vali Qid YooPhortdaaracters for each position on the lpcegpnesbase, the
anti ci pated effect of certain design features (such as background i mages),

or other style-specific criteria. The processed inage may be forwarded
based on prelimnary processing results, or may include 10processing by al
avai l abl e algorithns to determ ne the hi ghest confidence |evel. Prelimnary

data may be conpared to ot her data IabI 0 4l e | denc
| evel . SﬁEWFQQ%:ﬁHFﬁ%%E?Qlﬁ?FﬁHEltlon e ?ﬂ%%%%éﬁ?%é§%§§§%§%oég§€%d Ilcgnse
pl ate daga agajHast edtamdlsd,s the vahgel(d)i cagsee @t spadbey P18 PRI Aethe

billing system.or at._the ropriate r L.Qn.
regi st raFP%WWﬁSr?Jr%Orlt%%p gglef ?%’*r; Il%g £ E%&re sgg? %Q%bﬁpﬁgggﬁ om
iﬁgfg(r: fera?gﬁ]?ﬂ I%Bgl@?hhﬁﬁﬁihlaelnpl.stm m@mvehp@rte&mlze) Jeptadichon) -
e vehicle.re
recoyni z&8°HY & r%é%?%ﬁﬁay ﬁ°Pﬁéd?Egﬁgnﬁ%§§dH€$Qﬁf%@%F%ﬁgﬁféﬁﬁkhﬁrtPgrger

jurisdi ckhenSposition of HheCdripansagelates . r egesm‘@tqmtaﬁde%‘i% °fata to

records
certain design features {such as background images), or other

style-specific criteria. The processed image may be forwarded
based on preliminary processing results, or may include

10 = processing by all available algorithms to determine the highest
confidence level.

Preliminary data may be compared to other data avallable to
increase the confidence level. Such techniques include:

(1) Comparing OCR processed license plate data against

15 lists of valid license plate numbers within the billing system
or at the appropriate jurisdiction’s motor vehicle registration
authority.

(2} Comparing other data obtained from sensors at the.
imaging location (such as vehicle size) to known characteristics

20 of the vehicle registered under the registration number
recognized by the system, in the recognized jurisdiction or in
multiple jurisdictions.

(3) Comparing the registration and other data to recoxds
from other sites (e.g., records of the same or gimilar wvehicle

25 using other facilities on the same day, or using the same
facility at other times).

(4) Comparing vehicle fingerprint data against stored
lists of vehicle fingerprint data. The use of vehicle
fingerprint data for vehicle identification is described in more

30 detail below.

(5) Manually viewing the images or data to confirm or

override the results of automated processing.
21



fromother sites (e.g., records of the sane or simlar vehicle 25using
other facilities on the sane day, O using the sane facility at other
tinmes). (4) Conparing vehicle fingerprint data against stored lists
of vehicle fingerprint data. The use of vehicle fingerprint data for

vehi cl e i wermhétomasi on i s described in nore 30detail bel/mmosn02435 (5)
Manually viewing the imges or data to confirmor override the results of
aut omat ed processing. WD 2007/007194PCT/ 1132006/ 002435 |If additiona
processing provides a result with a particular confidence |evel, the
resulting data then can be forwarded to the billing engine 22. If the

required confidenca s ﬁgﬂgg be kept for
future 5refer£ﬁce or ¥§%£§ 51Q§ Bk#ﬁhﬂ%gll%%gugﬁglﬁ§a§2 processes the
i nf or mat iremtéaptar epndadenge tIrvedlnt shacrésn thapweeln thenvean dte and t he
tol | facidblyaldGlyidRont hes¥ehighael dontidd ghodtedabormbostidindahe i mge

processi ng nod to create a transaction event orresponding to an
i nt er act ilenehetsreat tiecatbhindd ahe¢ dhka weatbki kept Tar Enghve 22 can store

t he %ran§%%gkgﬂcgwﬁp lsgagﬁgalllng dat abase 16 for subsequent payment
processing or exanpl e billing engine 22, alone or in conbination

with a cust onBhe ri@ﬂdg@ﬂenmm@?em@ceamrﬁf@eénﬁmlonpﬂéﬂﬁé@ 15paynent
requests Hased %tlb&e&aa%&qtsme%ﬁeeﬁé veie1kr 278aatd eigvent data may

i ncl ude individual charges based on a vehicle's presence at specific points

or facilifigicddityr Inalpddnar s whsedeohdentidiies| as sAsfrgrgitAcaney ddist i nati on

i nvol vi ngw@ ghaghbiddkinthR8GuiL %%t b?@a@é/%mt.scaﬁéﬂctp&rp%@’éh{:ed and bi |l ed,
20f or exanpl'e, by one or nore of the omnn% nmet hods:
10 correspondlng to an 1nteract10n between he vehicle and the

+facility. The engine 22 can store the transaction event in a
billing database 16 for subsequent payment processing. Foxr
example, the billing engine 22, alone or in combination with a
.customer management module 26 (described below), produces

15 payment requests based on the transaction events. The
transaction event data may include individual charges based on a
vehicle's presence at specific points or facilities, or trip
charges based on a vehicle’s origin and destination involving a
facility. These transaction events can be compiled and billed,

20 for example, by one or more of the following methods:

(1) Deducting payment from an account established by the
vehicle owner or operator. For example, the billing database 20
can be used to store an account record for each vehicle owner.
In turn, each account record can include a reference to one more

25 transaction events. A paper or electronic payment statement may
be iszsued and sent to the registered owner of the vehicle.

(2) Generating a paper bill and sending it to the owner of
the vehicle usging a mailing address derived from a vehicle
regigstration record.

30 (3) Presenting an electronic bill to a predefined account
for the vehicle owner, hosted either by the computer 12 or a
third party.
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(1) Deducting paynment from an account established by the vehicle owner or
operator. For exanple, the billing database 20 can be used to store an
account record for each vehicle owner. In turn, each account record can
include a reference to one nore 25transaction events. A paper or electronic
paynent ﬁ@&@q@m%my be i ssued and sent to the regi ficgnsmoomwnss of the
vehi cl e. (2) Generating a paper bill and sending it to the owner of
the vehicle using a mailing address derived froma vehicle registration
record. 30(3) Presenting an electronic bill to a predefined account for the
vehi cl e owner, hosted either by the conmputer 12 or a third party. WO

2007/ 007194PCT/ 1%@0 OrgthAIég i11 to W) o ?é?%%{. 1129 v8n ]l?.bié to the

appropriate vEri i’on aut hori tax authority, ernlttlng

paynent fégigtﬂu&hbﬁciﬁxhahﬂﬂyngrth@xvghﬂmtetregwgmméﬁﬂaﬁ P | ¥®rocess or
during t col l.ection proce PGCUL et f.eQdlkarodntervals,
or when ?ﬁé@ﬁ%S E} cm %ﬁ%% Such agrﬁgummlntmvalof

time or aﬁﬁiﬂguﬁhéotharcd&ﬁﬁﬂﬂuoofp:mmeasandlng tol | charges and ot her fees.

Owners may be, ahbl.e to aggre i & wuehi cl es by
esté%llshlngﬁgﬁ' @gouﬁ¥QQ: Fhegé% %Bg%ié “Fhe cust oner

managene ftanei isn26meain &ﬂdamNaanuShmeshphdntéﬁ@htaﬁmmﬂﬁlmﬁ% e vAAnagenment
comput er %3\}: O%eroramgzqcrwnrllilrglé;oql Ia_orngm&gl?f'r@ o%t't!gbaﬁc‘i;lr% Q:Qﬂ-ﬁuél%{rg%%t wask (e.g.,

| nt er net, W e el ephone connect.i on, 150t her
channel . ther uBsrs caﬂwnﬂﬂcet Uy ézepabw mmwaae@emlﬁlagvé?ﬁ cle 22 (e.qg.,

owner of oh0€ YAl firiba o8 @’%851;%13?559 Ehy 3P RULRE | hit1T enRoBSilexf or

nanagenen aC| : user. The custoner nanhagenent
nodud e 262|ncludes a conblnatlon of hardmare and software nodul e configured

to handle 20cyss Q{%rtolm@Le&i f}e%ﬁtsmséilufé A cAGCAUTYw FRRBgENENt modul e 26a,
a di spute nmanagenment nodul e aynment processing nodul e 26¢c. The

nodul e 2@8ngaphrely widdctbe BRFedrAgENATGUEIRIGER 48 ¥WET Vption, firewal | s,
passwor d Qf QL Nelt ipehehates: sthe ascauidnimragageRbril@lbe, 26a al | ows

users such as 25notorists to create an accol nt_ with the %Xsten110
associ at dnternet, wired, wireless, etc. a ephone connec
15 other channel. The user can include a party associated with a
vehicle 22 (e.g., owner of the vehicle), a public or private
authority responsible for management of the facility 28, or
other user, The customer management module 26 includes a
combination of hardware and software module configured to handle
20 customer interactions such as an aqcount management module 26a,
a dispute management module 26b and a payment processing module
26c. The module 26 employs secure access techniques such as
encryption, firewalls, password or othexr techniques.
The account management module 26a allows users such as
25 motorists to create an account with the system 10, associate
multiple vehicles with that account, view transactions for the
account, view images associated with those transactions, and
make payments on the account. In one implementation, a user
respongible for the facility c¢an access billing and collection

30 information associated with motorists that have used the

facility.
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mul tiple vehicles with that account, view transactions for the account,

vi ew i mages associated with those transactions, and nmake paynents on the
account. In one inplenentation, a user responsible for the facility can
access billing and collection 30information associated with notorists that
have usedwiimsofmeivki ty. WO 2007/ 007194PCT/ 1132006/ 0024BB2006/002435The di sput e
managenent nodul e 26b may permt custoners to dispute specific transactions
on their accounts and to resolve disputes using the conputer 12 or third
parties. Disputes may arise during billing situations. The nodul e 26b may
hel p 5resol ve such disputes in an automated fashion. The nodul e 26b can

provi de a custonesr, to,access an _neResol] utjon" _sectia
controlli ng/b*? ﬁpgﬁ?h%??%%?WﬁgﬁsP?éui?léggoﬁg sp%ﬁﬂ#kf% SQ%PE|%368te and
downl oad daeputageeefifi hetratsaandaati on, thdier anecumtswasit tonreddlvehere is no

match (i.e. he custoners autqnobile 10i.s not_the au ile j.n the photo
frans) . EREPBEFT SIRO0ERr cr BB P6roh PRITRIPBAE S orarRar T o Tuch  ac

ar bi t r at izeteel duting baillimg esitiveelipnsaseThet medphotshwimaly Bdlw t hat t he
custoner' s autombi.l e.was, i ndeed billed .correcily. D.spu ment can
use %ncrﬁﬁfggv%é%ﬁ¥1??Spﬁt%@n%ﬁ1%% Fuk%§%t%§{§af%%%%ge§§%}éggen agger a
conput er caet ppokidee agonstdeet Mo aretds i NgResghusiggngehteme ofpri on.  Pr oof

of pr e.se%%%t&c%n?ﬂﬁ)%ﬁlgegemﬁgo%%qg Q(LQ?(J{JEEI}. dbﬁgg&'ﬁ’\e se%g.h%lfep a

comuni cation as erectyoni ¢ water mrk. The paynent processi ng nodul e 26¢
provi des dispoté caral idoym204drampriveges pAgtipsiynenagsaerieal | yherone in _

el ectronigalty,,dengnding, ons the m%%ghtii’.”&e “cﬁ%e&%&@o T 26X | T
payment rem tiance I's in the formor a paper check, then scanni ng devi ces
coultd be issedtt theamienpbihe pagde phboe nmaren . i ko lblldceperbe format for:

further ps Qc%§§§%5'gforoa_ Eﬂ?.r&?téhe;ftw%@%l&itﬂne%héﬁnég PRt by, 2%qmp! oyed,
t hen standard el ectroni c payrent “t echni gues can be

the far more likely case, the photo will show that the
customer’s automobile was indeed billed correctly. Dispute
management c¢an use encrypted security in which all text and

15 images are sent over a computer network {e.g., the Internet)
using high strength encryption. Proof of presence images can be
‘embedded into the dispute resolution communication as an
electronic watermark.

The payment. processing module 26c¢ provides functionality

20 for processing payments manﬁally or electronically, depending on
the remittance received. For example, if payment remittance is
in the form of a paper check, then scanning devices could be
used to conveft the paper information into electronic format for
further processing. On the other hand if electronic payment is

25 employed, then standard electronic payment techniques can be
used. The payment processing module 26c can support billing
methods such as traditional mailing, electronic payment (e.g.
using a credit card, debit card, swart card, or Automated
Clearing House transaction),periodic billing (e.g., send the

30 bill monthly, quarterly, upon reaching a threshold, or othex).
The payment processing module 26c can support discounts and

surcharges based on frequency of usage, method of payment, or
24



used. The paynent processing nodul e 26¢c can support billing nethods such as
traditional mailing, electronic paynent (e.g. using a credit card, debit
card, smart card, or Autonmated C earing House transaction), periodic billing
(e.g., send the 30bill nonthly, quarterly, upon reaching a threshold, or

ot her) . Kbgqanemat processing nodul e 26¢ can suppor tpcdViBRO&IFIRES and
surcharges based on frequency of usage, nethod of paynent, or 24 WO
2007/ 007194PCT/ 1132006/ 002435 time of facility usage. The paynent

processi ng nodul e 26¢c al so can support paynent collection nethods such as
traditional check processing, processing paynent during renewal of a

vehicle registration (Wwth interest accrued). e r onj epi g di rect
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i nvol ve priyate ublic or I 2at LONS.t i SRAN: &6 4 gor e geogr aphic
| ocat i on§yfg§[f}%h§%sl%§?‘gt g8 c%ggnl%%s?gcounﬁtl%it%s, or ot hlgi;uegeo r aphi ¢
| ocabi onsompatibld hvel.thokhe nesramerieat icosputteriages £F it PYEC®and exchange

information with |aw e 96PEL£5-36 cahOk n€Xa|empasevehi cl es are
i dentified" Fﬁ%m%%en‘plft%@&{gégn su ns”lat subst ant icgl ly 25 ealr-chiagget ransacti ons

to | aw enfeatwoehentudy sisetbe Intdrmeiat §lectronic data inte

(EDI), batch data file transfers, messaging systems, or other
interfaces. 1In one implementation, external systems 34 include

15 law enforCement.agencies 36, postal authorities 38, vehicle
registration authorities 40, insurance companies 42, service
providers 44, financial systems'45 and a homeland security
agency 48. The external systems 34 can involve private or
public organizations that span one or more geographic locations

20 guch as states, regions, countries, or other geographic
locations.

The toll management computer 12 can interface and exchange
information with law enforcement agencies 36. For example, as
vehicles are identified, the computer can submit substantially

25 real-time transactions to law enforcement systems, in formats
defined by the law enforcement agencies. Transackbions also can
be submitted for vehicles carrying hazardous wmaterials ox
violating traffic regulations (e.g. gpeeding, weight violations,
missing plates), if the appropriate sensors are in placel(e.q.

30 laser/sonic/microwave detectors as described above, weight

sensors, radiation detectors). Alternatively, vehicle recoxds
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defined by the | aw enforcenent agencies. Transactions al so can be submtted
for vehicles carrying hazardous nmaterials or violating traffic regul ations
(e.g. speeding, weight violations, mssing plates), if the appropriate
sensors are in place(e.g. 30l aser/sonic/ mcrowave detectors as descri bed
above, weWgRMEWAWer s, radi ati on detectors). Alternat peeiBeoecwensEl e records
WO 2007/ 007194PCT/ | B2006/ 002435 can be conpiled and forwarded in batches,
based on lists provided by | aw enforcenent agencies. The highlighted
vehicle identifier database 20 can be used to store the lists provided by
the | aw enforcenent agencies. 5The term "highlighted" refers to the notion

that the Jaw,entQroamentnddena-98chays MiQH-dedodsdd Yn @hskehicle
identifiers that the agenci es have indicated (hlghllghted) they wi sh the

tol | faciPrevyded Fibdietopnimarenspinprenciffen a nmotor vehicle is stolen and

reported to pehbGgNgnPok i ¢6hitaR $88Ek £ ildrShafpdlhiaghkhghtediseahi cl e
identifiers to the database 20. Wien the vehicle highlighted by the police

travel s tt9r sbghe fe 1LHiefs PrREVidedgPHgtRpe dees SPAGT FRRTTYe 2287 ¢H%r i nes a

vehi gl e iggl@ntLih o a3396hated Mihst Bs MahikeoANhetelmiags thr ough
certain interfaces that "the particular vehicle is beugﬁ-sgught_hy | aw
15enf or c ERERTCETRRE |2URDEAED e PECHLEPS 4 thies phyvelicHe: 6B 3HSEaNnt | y

notified@fct PRe| O5A1di08 RLvd e eBkehe (Kand 1dnt¥er Jondh@ibhMEnd t WasS
detected al the |ocation, and the direction it _was headed. The cqnputer 12
can not i fPllnfagbkttanhticarryiteal - Forecrtlilice HAFE® 46T YetClA & | aw

enf or cemafolehNafdl didd2Rea28o |0y 1801 OLge RNt ceaBaR LG takt Yoti ghl i ght
vehi cl es hased upon the expiration of a license, occurrence of a traffic

cour® dateIbdiolbert VeNIEAE. LA FEEERIEC i TR GRREPREE P eefRFT IRl dri vers

of f the rRadcaBMhidgiCIie@sedr By &iHie phitberahalie. tHhsudio|facibiege ratet
conputer 12 can interface an exchagge 25jnfornatipqlmL%p Qogtal
aut hor i t i ¥8938Y BIHEFTRE BPdttoddydetermnes & vehicle ddentilicr

aggociated with the vehicle and determines through certain
interfaces that the particular wvehicle is being sought by law
15 enforcement. The law enforcement authorities way wish to be
instantly notified of the location of the vehicle (and driver),
the time it was detected at the location, and the direction it
was headed. The computer 12 can notify in substantially real-
time mobile units associated with law enforcement. In addition,
20 law enforcement can automatically highlight vehicles based upon
the expiration of a license, occurrence of a traffic court date,
or other event. This could, in turn, help keep illegal drivers
off the road and increase revenue to the state. .
The toll management computer 12 can interface and exchange
25 information with postal authorities 38. Since the disclosed
techniques would require toll autﬁorities to convert from
receiving payment by drivers at the time of travel to receiving
paying in arrears, it is important that bills be sent to the
correct driver/vehicle owner. To minimize the possibility of
30 sending the bill to the wrong peréon, the computer 12 supports
address reconciliation. For example, before a bill is mailed,
the computer 12 verifies that the address provided by a motor
26



techni ques would require toll authorities to convert fromreceiving paynent
by drivers at the tinme of travel to receiving paying in arrears, it is
inmportant that bills be sent to the correct driver/vehicle owner. To
mnimze the possibility of 30 sending the bill to the wong person, the
conmput er W@ wuppest S address reconciliation. For examgirapobsdoosse a bill is
mai | ed, the conmputer 12 verifies that the address provided by a notor 26
WD 2007/ 007194PCT1D32006/ 002435 vehi cl e departnent natches the address
provi ded by the postal authority. The notor vehicl e database can then be
updated with the nost accurate address information related to the vehicle

owner. Since-.thi.s occurs. b t i LS jJigda By ldHd@o8ELDrS can be
reduced.vgi’uLcle ?ﬁgalf%rﬁlﬁn%nﬁl%gééﬁsén%lgec%r?%l%tegr E%IZU clan i}ﬁjt,erfa%ce) and exchange
i nf or mat awrhonitly . vebhe Inpticegivebicis clrtabragrean doenobe THRAateg €yt i on

aut hor i t1,6s 40.PLaYl e ALJALELTALE hASKANANGR danter oRd aiegkat ed to the
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owners of % et es, e owners esses, characteristics of the

vehi ¢l esowmer ot ISénce nflorsmmicicons Peferandbevelyl inmeilafordtitBA can be
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intetface to publ'i ¢ notor vehicle records. The accuracy of records in the
vari ous dat abEmesolitcuaingamentcopmpitiar 12, can| dardrng yehii°e28%er shi p

and_ownet, BAMAI96S i R AR MR! ELsetRRlilAdhealdncagal ot tile ¢ parly

dat abaseS or governnent records, Tncluding nptor vehicle r%(;ﬁords and
addr ess regtsmtibhi subegriidles 6AsPFeVidfe 2HuaPFIRLAET SRnEF ®and address

records, ;apd raduce.0iLii g Lrhar Swadd 3t venesi &0 naspongence. 20The tol |
managenent conputer 12 can I nterface and exchange i nf %Famit' on with

i nsuP anceddoered eshapacteriatdfeec ofpieEd cLati it ght vehicl e

i denti fi @L$oimhid JBNNEE cSiAHiRE1L0 LA enfforfhetbnt @i ber attessed6. For

exanpl e, the hi ghl,l %ht ed vehicle identifi ers da abast:%r%(l)1 gan, incl ude

| i cense phapedl PRTHY dAhd BFegideth SRTPEXpr P& Y HSIPAnEe i ndi cati ng
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15 including vehicle ownership and owner addresses, may be verified
periodically against third-party databases or government
records, including motor vehicle records and address records.
This may help ensure the quality of ownership and address
records, and reduce billing errors and returned corregpondence.

20 The toll management computer 12 can interface and exchange
information with insurance companies 42. Insurance companies
could highlight vehicle identifiers in a manner gimilar to law
enforcement authorities 36. For example, the highlighted
vehicle identifiers database 20 can include license plate

25 numbers of vehicles with an expired insurance indicating that
such drives would be driving illegally. The computer could
notify law enforcement as well as insurance companies whether
the highlighted vehicle has been detected using a particular
facility.

30 The toll management computer 12 can interface and exchange
service providers 44. For example, the computer 12 can support
batch or real-time interfaces for forwarding billing and payment
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30The toll managenent conputer 12 can interface and exchange service
provi ders 44. For exanple, the conputer 12 can support batch or real-tinme

interfaces for forwarding billing and paynent 27 WO

2007/ 007194PCT11132006/ 002435 col l ection functions to billing service

provi der sWer20807 ¥t i on agenci es. The tol | managemesmosmozEst er 12 can
interface and exchange information with financial systens 46. For exanple,
to handl e 5bill paynent and collection, the conputer 12 can interface to
credit card processors, banks, and third-party electronic bill presentnent

systens. The conputer 12 can al so exchange information with accounting

systens. J8chelbn MBNAFSERO LSOPULSE 12r-FARk IRLOLASES ANCCEXENANGE
10i nformation with the honel and security agency 48. The office of honel and

security aggmcagtonatically provide a list of individuals for use in the

highlighted vehicig i deRbbbheh dahRRRse 20 cdiDhinBXAfINL antiegkshaiRd drivers
that are on a visa to thiS country can be automatically highlighted when

that vi sdnfosRplier vikke fdpapeiay SYStaBE| 46 t hERTNBFFMIRL A W ECORFIEE of

honelgand 158GULL Y48 dritBlol Mectigh! ikght edmyaltiche bgdentitencassoci ated
wi th the person has been detected driving in the country including the tine

and | ocat$HitnFRFARIESEREET haEcsy e ARG ity RarHE sy Egrap vt dat a

capt ur ed g nmnkhent ObJsshke firanscdipulethe: idlROg108t @Ras@geand is retrieved
fromthe 1 nmage database by the billing engine. In another inplenentation,

the tol | HHBORELORYSH R SCCPBRUEREIFYFERTEL e, an interaction between the

vehicle and aghel tofAGidial¥nefBRidiiREcrNBgSarAndLgerRiales axdhdaja record.
The data record can include date, tine, and |ocation of tran ctlor},s a .
ensors’’

r ef elenc e HPTREL PRaGEF ithE, RaRe 3l SECHE U AT SV ot f abl ™S P (&
at the faghlditand(Le@uritspest, ast@ERrichheyipRegadean Desipassed to the

| mmge-pr ogensh gL MDHL.e 22 MILED S GSRELRt B e el g ddgntifier. 2
databage 20. For example, registered drivers that are omn a visa
to this country can be automatically highlighted when that visa

15 expires. The computer 12 would then notify the office of
homeland security 48 that the highlighted vehicle identifier
associated with the person has been detected driving in the
country including the time and location information about the
vehicle.

20 ' As described above, data captured from the toll site flows
into the image database, and is rvetrieved from the image
database by the billing engine. In another implementation, the
toll computer detects, for each vehicle, an interaction between
the vehicle and a toll facility, captures images and generates a

25 data record. The data record can include date, time, and
location of transaction, a reference to the image file, and any
other data available from the sensors at the facility (e.g.,
speed, size). The image can be passed to the image-processing
module 25, which can generate a vehicle identifier, a state, and

30 a confidence factor for each wvehicle.

This information can be added to the data record. (This

process my occur after transmission to the central facility.)
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30a confidence factor for each vehicle. This informati on can be added
to the data record. (This process ny occur after transm ssion to the
central facility.) WD 2007/007194PCT/ 1B2006/ 002435 The data record and
image file can be sent to the central facility. The inage can be stored in

the | mgg¢abatpag, and referenced if (a) additional ppreeessmiongsis required
to identify the vehicle, or (b) soneone wi shes to verify the transaction.
51f the confidence level is adequate, the data record can be subnitted to
the billing engine, which can associate it with an account and store it in
the billing database for later billing. If no account exists, the vehicle

identifier is submtted to the a opriate state regrs i.qn authority or
a t hird- Bag t3RLPOLEFOTE A5 d\r}‘iaggrgf%e d’e?lne%ﬁi ﬁeeﬁf ﬁceo g%ll'alezr:&ggnf qest ablish an
account . £Ihi Siy.0Cess IMgdeatebayerbuat iin eheuglnger dataleadoonsndr e
collected for the vehicle tQ j.ust issui.,g a_ hi

/ j f | ] .. f 4 a | evel is
not adeqhaterenssdi tfondd éggi—"i’]gﬁﬁfﬁa‘"}fsgé ge'“rL orf_:ngl'b1 rgé ggggeﬁgggf
el sewher gne Lol 1legChbpi gplesciesaei besheabave veesty ithe thenddgwodt data based
on a sin

| e transaction end-to-end, then | [ g theeginning. In
anot her &Fr‘p‘f‘%‘?ré?ﬂ“afllfit?ﬂ?es S o5t ﬁ‘ae%aﬁtcet'i gﬁg %%s%?ﬁ%%gg may be event-driven
or schedglibgi ttead veayhepet Htimg rdgpeadentich ohnorescaisthett Hoh éRanpl e,
there may be no flow 20 of_ caontraol. f < §5865 koL Meli.cle
i magi ng. }‘;‘Fﬁ%uﬁ”ﬁ@%ﬁtﬁf?%cje%s”ht&yeb%liﬁﬁé)gd%gagg%e gffl&gvent, i ncl udi ng the
pr esence 16f na achiwie eatsthe thel vebitke identifipr FothePLFRpl difetat i on,
the system may _be used,to_noni : 116,304 pRNAOQE, siackhdends. For
exanpl e, aPPragﬁlr‘%pe isﬁaﬁgaﬁeegi;égtér%\%éhflg%%&gopee is det elct.eg, the conputer can
sendoa messafee tpravideghtaydetsmiok theidmeyr andrestiPldsht 78l lers to

account. ‘This process may be delayed until enough transactions
are collected for the vehicle to justify issuing a bill. If
‘confidence level is not adeguate, additional processing may be
performed as described elsewhere.

15 The techniques described above describe the flow of data
based on a single transaction end-to-end, then looping back to
the beginning. In another implementation, some of the functions
described may be event-driven or scheduled, and may operate .
independently of one another. For example, there may be no f£low

20 of control from back-end processes to vehicle imaging. The
imaging process may be initiated by an event, including the -
presence of a vehicle at the toll gite.

In another implementation, the system may be used to
monitor traffic and manage incidents. For example, if a drop in

25 average vehicle speed is detected, the computex can send a
message to a highway control facility alerting controllers to
the possibility of an incident. Authorized controllers may
communicate with the equipment at the toll site to view images
from the cameras and determine if a response is required.

30 The operation of the toll management system 10 is explained

with reference to FIGS. 2-5.
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the possibility of an incident. Authorized controllers may conmunicate with
the equi pnment at the toll site to view inmages fromthe caneras and
determne if a response is required. 30The operation of the toll nmanagenent
system 10 is explained with reference to FIGS. 2-5. WD

2007/ 007 194P@17/@B2906/ 002435 FIG 2 is a flow cletiB20ds083s

i npl ementation of electronic toll nmanagenent systemrelated, particularly a
process 100 for nanagi ng highlighted vehicle identifiers 20 provi ded by
external systens 34. To illustrate, in one exanple, it is assunmed that |aw
enf orcenment agencies 36 generate a |list of highlighted vehicle identifiers

(e.g., licenserptate isuabelSy Mardl b¥ s HP1BGASCUIN, BY¥ éf@%&%‘i@ | es and

that the ggg cies 36 wish to be notified when such vehicl es have been

identifie i PRPAETEPF PRRT Mplabed ) pidicyAputera Progpsai WY Ebrock 102)
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agencies 36, 1n ggﬁ i ppl enent ati on, these vehicle identifiers can be stored

in the veRYETE™ didnt i FPer tiRtHo4Se Y0 o <FaBRLgudit ipr sewawichdghaThe

dat abase 28w cantdreempdat @@brm&etsh@sa%&ma&% Wi i ey %&gﬂ@#{htje%as addi ti onal
atch node. The | aw enforcenent agencies

infornatignhi real - Lge and/or in_lI '

accessed By %%‘3€%%B%% teEharf-der o83CHRAT PRRES| WAt PErdriseel as citi es,
nuni ci pal beins,saighiteby tRYiLRNCiEOWH] ItStOEnOt NP ARNIE to e
desi gnati gn result, the conputer 12 can process vehicle information

.=AS. a . C A :
acr oss 20ﬁ3€%$?ﬁQEﬁH?Pi§H?%f¥%ﬁ%§lﬁﬁdh%ﬁ?a?eﬁ&tﬁﬁ?ﬁﬂlﬁ%§éléslng a tofhe conputer
12 capt ur ésc{biincksl04) an image of a vehicle triggered by a transaction

event, based o 1%ycggte£act'on ?etmee the vehicle 30 and the facility 28.
i %%qlllﬁ SPERLRE & 342t Jnighd igkked ttehd€dai re one or

For exanple, the ima 5
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in the vehicle identifier database 20 for subsequent procesgsing.
The database 20 can be updated by the agencies with new as well
15 ag additional information im real-time and/or in batch mode.
The law enforcement agencies accessed by the computer span
across multiple jurisdictions such as eities, municipalities,
states, regions, countries or other geographic designations. As
a result, the computer 12 can process vehicle information.across
20 multiple jurisdictions and on a national scale.

The computer 12 captures (block 104) an image of a vehicle
triggered by a transaction event based on an interaction between
the vehicle 30 and the facility 28. For example, the image
acquisition module 24 can be used to acquire one or more images

25 of a vehicle as it travels through a facility such as a toll
road. These images c¢an be stored in the image database 14 for
further processing by the image-processing module 25,
Compression techniques can be applied to the captured images to
help reduce the size of the database 14.

30 The computer 12 determines (block 106) a vehicle identifier
based on the captured image. For example, as discussed
previously, the image-processing module 25 can apply image
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Conpr essi on techni ques can be applied to the captured inmages to hel p reduce
the size of the database 14. 30The conputer 12 determ nes (block 106) a
vehicle identifier based on the captured i mage. For exanple, as discussed
previ ously, the inmage-processing nodule 25 can apply image WO

2007/ 007 $24ReHbot 22006/ 002435 anal ysis techni ques toptigsR@worsnges in the
i mge database 14. These anal ysis techni ques can extract a |icense nunber

fromone or nore i mages of a license plate of the vehicle. The extracted
vehicle identifiers can be stored in the vehicle identifier 5database 18
for further processing. The conputer 12 conpares (bl ock 108) a

captured vehicle identifier with the highlighted vehicle i ifier. For
exanpl e, 2MHFSdEnpattBEsER BRI lﬁ‘agﬁﬁt P& i'”%eyﬁés:e(faﬁ%agg gg n%ihber from
the vehigi&d Q%Bl%/éi@rtéi%haﬁase deh wistthraat | & CeinsesgOnwkrdse £rbmop®e he

hi ghl i ghted vehicle identifier database 20., As_di. SS omatic
as wel | @& BRFSudMageR il GuddCrars télag:ﬁpﬁ%e{éh? ovegjﬁ%gé' f gﬂlegg%t% %%@éﬁ | f
t he conpudigrcik? idehert = mahche (Mlandd 1h0yhdbetalseiet heentiddese nunbers,

then it checks (block 112) how the party 15associated with the highlighted
vehi&l e 72fehass éPsts%’é%'hFG Bﬁoﬁﬁﬁﬂ%‘d. This information can be stored

in the vehicle cdephitdt an darvpsase Gflcak 00hkra swetayed medi@itsm hand, if
there is,no match, the gonmputer. resu h s 108, begi nni ng at

bl ock 10%9€g-HifTy Hé@‘ba‘iﬁﬁ lﬁgﬁ&éﬁ%‘% t"i?gﬁ%ﬂ% %%Ltgggi%m‘redi ately (bl ock
114), t hegadple: catputenpiter par tynupowpaee a0ceRruratc d 1660 RICCR.

conputer _can notify ]aw enfqgrcenent. D 4 Subst addaldky real -tinme
usi ng wﬁFEﬁ%%% 6§Whﬁ%?dg§F6ﬁ§ g%ﬁ%}%%ﬁéqgggﬁégvpr a conput er net wor K
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(Block 1ig)s,Lhen Hge COMRMEL 11225 ALES AP bt l 1orkhquaBtedn ber | ater

notifica poh “sat r§f acti1on
applied to check for a match.

If the computer 12 detects a match (block 110) between the
license numbers, then it checks (block 112) how the party

15 associated with the highlighted vehicle identifiers wishes po be
notified. This information can be stored in the vehicle
identifier database 20 or other storage mechanism. On the other
hand, if there is no match, the computer 12 resumes executing
the process 100 beginning at block 102.

20 If the party indicates that it wishes to be notified
immediately (block 114), then the computer notifies (block 118)
the party upon the occurrence of a match. In this example, the
computer can notify law enforcement of the match in
substantially real-time using wireless communications technigues

25 or over a computer network.

On the other hand, if the party does not wish to be
notified immediately (block 114), then the computer 12 stores
(block 116) the match for later notification upon gatisfaction
of predefined criteria. In one implementation, predefined

30 criteria can include gathering a predefined number of matches

and then sending the matches to law enforcement in batch mode.
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of predefined criteria. In one inplenentation, predefined 30criteria can

i ncl ude gathering a predefined nunber of matches and then sending the

mat ches to | aw enforcenment in batch node. W?2007/007194PCT/ 1132006/ 002435
Once the party has been notified (block 118) of a match or the match has
been st orwee Mevooviasé er notification (block 116), the ceopH606/00835 esunes
executing process 100 begi nning at block 102. 5FIG 3 is a flow chart of an
i npl enentation of electronic toll managenent system 10, particularly a
process 200 for nanagi ng paynent froma party associated with a vehicle

that has interacted with a facility. To illustrate, in one exanple, it is
assuned that @nbel thé QRE-IULASMbden dREIEESaT G 1Rl 9Ys) Ner L0dheehased
techni ques to handl e paynment processing including billing and coll ecting

tol |'s frorA%@REReR2ykaE BEeTed| Foxr dager notifipRiepnihiask 326taptures
(bl ock 20e adubiBee Bf r@sVRBECLLdddiagerededds aobl BASARLINGNaVIENdcrdased on

an interaction between the vehicle and a facility. This function is simlar
to the 15%%rocess di scussed above in reference to block 104 of FIG 2. For

exanpl e, the iFyRges acsl H1bivoBhdP W€ 2341 fTerR@tus €6n tOF *AQGBLELEnDNE Or nore
i mges of a vehicle 30 as it travels through the toll road 28. These inages

can be st'dted "PREERRSR N EYEERt HDaP T4 CRORTHIA REPCPFDASIERG by the

i mage- pr opessiing S9FRsH €rdh. a party HREoEOMMH &fithZa dRderdTienefaf bhpek 204)
a vehicle identifier hased on_the captured image. . This function js al so
simlar tPHHEPPICEES @ SEGIEEW abdve lhupEfaifandB P70 H%6ER1I060f FIG 2.

For exanple adshtelimaige: pf @oe3Stégl Raubeilp cidee Usashgldy the
10 disclosed technigues to handle payment processing including
billing and collecting tolls from vehicles using its toll road.
The computer 12 captures (kblock 202) an image of a vehicle
triggered by a transaction event baged on an interaction between
the vehicle and a facility. This function is similar to the
15 -~ process discussed above in reference to block 104 of FIG. 2.
For example, the image acquisgition module 24 can be used to
acquire one or more images of a vehicle 30 as it travels through
the toll road 28. These images can be stored in the image
database 14 for further processing by the image-processing
20 module 25.
The computer 12 determines (block 204) a wvehicle identifier
based on the captured image. This function ig also similar to
the process discussed above in reference to block 106 of FIG. 2.
For example, the image-processing module 25 can be used to
25 extract a license number from one or more images of a license
plate of the vehicle. These vehicle identifiers can be stored
in the vehicle identifier database 18 for further processing.
The computer 12 determines (block 206) a party associated
with the vehicle identifier by searching a registration
30 authority databases. For example, the computer 12 can use the
vehicle identifier from the vehicle identifier database 18 to
search a database of a vehicle registration authority 40 to
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25extract a license nunber fromone or nore inmages of a |license plate of
the vehicle. These vehicle identifiers can be stored in the vehicle
identifier database 18 for further processing. The conputer 12
determ nes (bl ock 206) a party associated with the vehicle identifier by

sear chi ngy@.de®8i79d4r at i on 30aut hority dat abases. For exaiplogsnokd3€ conput er
12 can use the vehicle identifier fromthe vehicle identifier database 18

to search a database of a vehicle registration authority 40 to WO

2007/ 007194PCT/ TB2006/ 002435 determ ne the regi stered owner of the vehicle
associated with the vehicle identifier. The conputer 12 is capable of
accessing vehicle jnfornmation_fromon Meh Sthiakion
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states, tegi@ScileouadntiEiear. orhercapmyrapht cid cearbbnsot larcepeing
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ei t her cHERLCIRS lﬁﬁch%‘f S Elagﬁon?'hémélgrrpu%é & hgr ocess vehicle

i nf or mat LeBatElsRSS mul bm@l:mgl&mendamomns.heanmmm Qﬂoe%gﬁé\}@ﬁﬁépes on a

national scale. ‘The conputer 12 c K LheLe L3 4 rgquest
15paynenf ??%qaéeﬁéﬁgg alsqsnoé”lng I#%Itr%gl @%ﬁ@gﬁl\gn?dgnt?fl er. The
request faﬁth@ﬁwm foansmm@mbnppragmmgpr odbsef g LivatBr nelts on assom at ed

with the re |ster Quner he Eggbﬁtaﬁ{ﬁ@rgg@@é Jdmy be sent a
bill basSTBR“F perl od acce%’p u%?gﬂemgtl r 'y basis), when a predefined
annumt Iﬁabtbemrreglstratlon 1nformatlon on a demand basig. In either

cage, these technigues allow the computer 12 to process vehicle
information across multiple jurisdictions, and thus process
vehicles on a national scale.
The computer 12 checks (block 208) whether to request
15 payment from the party associated with the vehicle identifier.
The request for payment can depend on payment processing
information associated with the registered owner. For example,
the registered owner may be sent a bill based on a periodic
basis (e.g., monthly basis), when a predefined amount has been
20 reached, or other arrangement.
TIf the computer 12 determines that payment is reqguired
(block 210), then it requests (block 214) payment from the party
associated with the vehicle identifier based on the transaction
event. As discussed above, a request for payment can be
25 generated using traditional mail service techniques or
electronic techniques such as electronic payment. The amount of
the bill can depend on information from the transaction event
such as the nature of the interaction between the vehicle and
the facility. For example, the transaction event can indicate
30 that the vehicle traveled a particular distance defined as a

distance between a starting and ending point on.the toll road.
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20r eached, or other arrangenent. If the conputer 12 determ nes that
paynment is required (block 210), then it requests (block 214) paynent from
the party associated with the vehicle identifier based on the transaction
event. As discussed above, a request for paynment can be 25generated using
tradi ti onwlo zomigb719€r vi ce techni ques or el ectroni c techoiiasosdsh as

el ectronic paynent. The anount of the bill can depend on information from
t he transaction event such as the nature of the interaction between the
vehicle and the facility. For exanple, the transaction event can indicate
30that the vehicle traveled a particular distance defined as a distance
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On the other hand  if.the e[, 12 L nes ; t is not
required (blé%k Of?h?ﬁgﬁﬁgﬂp#%r&%% §g§%§8gL Zeggéﬁﬁgé%?gﬁgaction event

t o anot heaypart yist aohanednei e (pagoieilMequbsh. itFdoreradgp| &locke tol |

aut hori t y,.have decided that .t er.1] §.Jmage processing
Fines] g IR e L Eoh |?Vﬁé6tag‘§ SRTHLbadey WA HIAREL idTROC by a third
party suphyasnexteguesak . systremsadgle] ntlendeolli aptmEtvariyhavehe conputer 12

can interfac i S i i ders_4 fi i 48 to handl e
all or pgfglé%gﬁ%%§tbgp¥i%%mgﬁgxgggné% ﬁg&@ggsglég uﬁggg%%a ity. Once the
t ransact ifonceimr ands thekncdldr Wil déug tandh coBiledtpou tpoul G dppdied 12

resumes gxequl i (4G UGk e BL-PAOEeNS:200 dobeatnplog at bl ock 202

| f the conputér paynment process e conputer 12 processes
(bl dek 2ieplempaiarden, r ebpormwutesnit apdptprideddiidtie8ewit9® t he vehicle

i dentifi %rrov#.&eloéqetléi apke r?ctiiagns Lbg,didd LBonLRiabase d6.pdyt egnj unction
with the“bilTing engine 2022 an tﬁe cust oner managenent nodul e 26, can be
used to Kamdbélling and payment-processing functionality. Once the
transaction event has been forwarded to a third party, the
computer 12 resumes executing the functions of process 200
15 beginning at block 202.

If the computer handles payment processing, the computer 12
processes (block 216) a payment response from the party
associated with the vehicle identifier. In one implementation,
the billing database 16, in conjunction with the billing engine

20 22 and the customer management module 26, can be used to handle
billing and collection functions. As discussed above, the
payment processing module 26c can support electronic or manual
pavment processing depending on the remittance received. For
example, the computer 12 can provide an account for handling

25 electronic payment processing over a computer network such as
the Internmet. The computer can also handle traditional payment
receipt such as a check,

Once a payment has been processed (block 216), the computer
12 resumes executing process 200 beginning at block 202.

30 : FIG. 4 is a flow chart of an implementation of electronic
toll management system 10, particularly process 300 for managing
payment over a communications channel from a party associated
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billing and collection functions. As discussed above, the paynent
processi ng nodul e 26¢c can support el ectronic or manual paynent processing
depending on the remttance received. For exanple, the conputer 12 can
provi de an account for handling 25el ectronic paynent processing over a

conput er vigba@hdergeuch as the Internet. The conputer oarmsdessobandl e
traditional paynent receipt such as a check. Once a paynent has been

processed (block 216), the conputer 12 resunmes executing process 200

begi nning at bl ock 202. 30FIG 4 is a flow chart of an inplenentation of

el ectronic toll nanagenent system 10, particularly process 300 for nanaging
paynment over a co ns channel fron1a [ ociqated 34 WO
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The conpw&ﬁ—reslzopéﬁf/icdmﬂ_tabl asd éﬂﬁZ:)naalicatty)umkef pRyRepH tfyvraggmﬂ ated with
t he Veh|C|eéﬁﬁﬁFtlfler I n one enbodi nent, the conmputer 12 in conjunction

wi t P t het & ﬁﬁﬂagenent nodul e 26a can provide a website for custoners
to open an acteupbmpwrerl Uzalirnyiddecilowkc3 ply rentcevert £E0APEEFY net wor k

such as the I.nternet e per LhenSHsiR®!l Qe access
and updatBHEESTA U HE 3?%&&%%%E%§CQL%§HE§Qr :ﬂtﬁgiory, Sayment anount due,
preferredo@@ymﬂnuznunhuuuU@mtgbhew1ﬂhﬂﬁhﬁnaﬁp@ﬂpt'N%?aEEWﬁH%éF@E?erecelves

(bl ock 30d) ] GaHGShe W Glerd 11ECPOT iR0ES: S WPRACkn  d6eBuche AT Ly 1O

review a ?I’ ansa
10 making electronic payment over a computer network such as the

Internet. The website algo can permit the customer to access
and update account information such as payment history, payment
amount due, preferred payment method, or other information.

The computer 12 receives (block 304) a request over a

15 communications channel from the party to review a transaction
event. For example, the account payment module 26a can handle
this request by retrieving transaction event information
associated with the customer’s account from the billing database
16. The retrieved information can include image data of a

20 particular transaction involving the customer’s vehicle and the
tollbooth,.

The computer 12 sends (block 306) the transaction event to
the party 32 over the communications channel. Information
related to the transaction event can include images of the

25 vehicle and the vehicle identifier (i.e., license plate). Such
data can be encrypted to permit secure transmission over the
Internet. Standard communications protécols such as hypertext
markup language (HTML) c¢an be used to transmit the information
over the Internet.

30 The computer 12 determines (block 308) whether the party
agrees to make payment. For example, once the customer receives
the information related to the transaction event, the customer
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event. For exanple, the account paynent nodul e 26a can handl e this request
by retrieving transaction event information associated with the custoner's
account fromthe billing database 16. The retrieved information can include
i mge data of a 20particular transaction involving the custoner's vehicle
and t he t wid dvemdolnos The conputer 12 sends (bl ock 306) proem20@9H64i on event
to the party 32 over the comruni cations channel. Information related to the
transaction event can include i mages of the 25vehicle and the vehicle
identifier (i.e., license plate). Such data can be encrypted to permt
secure transm ssion over the Internet. Standard commruni cations protocols

SuEh e, IAAPSShy IR LA L ALLE, DU Lo st

i nformation over the ernet. e conputer ock 308)
whet her thssegartywizaihees the welikeclwapient . iFdheeinapte, iofde t he cust oner

receives the jinfo tols related to the transaction event, the custoner WD
2007/007f§f§8h?;l%ggﬁ%%ﬁ802435 can review the information to determ ne

whet her to naké payrmempubaset?2 otetwimihes (WiookeRile) etkfolei PRX%E | nages i s
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by deductpanyvahyadedimtifgort aeowdc dunn bas ed:connt heasshisatbfon event. For
exanpl €, {faddiey iR A% dtl 0" BBE Qfluddidl C2E Ond NahokNEntdANRach] on event data

i s accur en the custoner can authorize payment such as by submtting
an 10el ecindimia¢epatimentthier snsnsadtoipn event @ta ke acperalisangher fthene

computer 4. deter mpcs:ilock Siflerddhalcbhe, BY Linfoesapbnacr ces 1o pay.

then the conputer processes ock 312) a paynent dispute request from
t he fart yelagtrereci ppiemEntapnerctyPe di sput e managenent nodul e 26b can

On the other hand, if the computer 12 determines ({block
310) that the party does not agrees to pay, then the computer 12
processes (block 312) a payment dispute request from the party.
In one implementation, the dispute management module 26b can

15 handle a dispute request submitted by the customer using online
'techniques. The module 26b can handle specific transactions
related to the customer’s account including involving a third
party to resolve the dispute.

Once a payment has been processed (block 314} or a dispute

20 resolved (block 312), the computer 12 resumes executing process
300 beginning at block 304.

FIG. 5 is a flow chart of an implementation of electronic
toll management system, particularly a process 400 for
reconciling mailing addresses from different sources. To

25 illustrate, it is assumed that a toll authority has decided to
employ the disclosed technigues for processing payment related
to the use of toll facility. Since the disclosed techniques
involve processing payment some time after the vehicle has
traveled through the toll authority, these technigues help

30 ensure that payment is sgent to the correct address of the

registered owner of the vehicle.
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15handl e a di spute request submtted by the custoner using online
techni ques. The nodul e 26b can handl e specific transactions related to the
custoner's account including involving a third party to resolve the

di sput e. Once a paynment has been processed (bl ock 314) or a
di sput e 206 emobdedd (bl ock 312), the conputer 12 resSurrEI/IBXe@WR43Rg pProcess
300 begi nning at bl ock 304. FIG 5 is a flowchart of an

i npl enentation of electronic toll managenent system particularly a process
400 for reconciling mailing addresses fromdifferent sources. To
25i I lustrate, it is assunmed that a toll authority has decided to enploy the
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par % aééojtd at ed gd with a vehicle identifier. As explained above, for

exan%l e, requests may be generated based on a periodic basis or on
an anmount 5t tries ohgubers i 12 accesseérhéoh‘miméﬂé} A Yideds sRIIBFBER04) a

veht cle LEgLSLial 0 aubloridy Jbakeds f?ﬂe' d ggréydige%%late@ Padit ynassoci at ed

with the2VeRiet I'er or exa he conputer 12 nmay access one or
nore dat abbsete dsotibied. widy ﬂamnpl@. rté@ §P‘|“B‘ﬁ% LPOBBY MfT995°eS™20 to
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t he vehi € uter 12 accesses (block 406) a postal_ authority for a
mai bng aufhesitisfs ﬁﬁetEaJFQ%FJ@é@oéPﬁ?W%OF’hSPﬁ}é %rﬁhél B ifier. For

exanpl e, ;3RLeSOMPULEL 14g{BeRLC 8%8ePNEf Ahe"RERiC]e.
The computer 12 accesses (block 408) a postal authority for
a mailing address of the party associated with the vehicle
identifier. TFor example, the computer 12 may access One or wmore
15 databases associated with postal authorities 38 to retrieve
information such as the mailing address of the registered owner
of the wehicle.
The computer 12 compares (block 408) the mailing address.
from the vehicle registration authority with the mailing address
20 from the postal authority. For example, the computer compares
the mailing addresses Erom the two authorities to determine if
there is a discrepancy between the database information.
If the computer 12 determines (block 410} that the
addresses match, then it requests (block 414) payment from the
25 party associated with the vehicle identifier using the mailing
address accessed from the postal authority. For example, the
computer 12 can usge the techniques discussed above to handle
payment processing including billing and collecting payment from
the registered ocwner.
30 On the other hand, if the computer 12 determines (block
410) that the addresses do not match, it then updates {(block
412) the vehicle registration authority with the mailing address
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15dat abases associated with postal authorities 38 to retrieve information
such as the mailing address of the registered owner of the vehicle.

The conputer 12 conpares (bl ock 408) the nmailing address. fromthe vehicle
registration authority with the mailing address 20 fromthe postal

aut hor i t yWORHR7/MXWApl e, the conputer conpares the nai PCHiB2aGd®ESSes from
the two authorities to determne if there is a discrepancy between the

dat abase i nfornation. If the conputer 12 determ nes (bl ock 410) that
t he addresses match, then it requests (bl ock 414) paynent fromthe 25party
associated wth the vehicle identifier using the mailing address accessed
from t he meat she apddteni bythdOitexampkeexdifl e oapat @smpl? eeanz usan t he

t echni ques di scussed above to, handl e _pa Nt _processi including billing
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aut heri t y.ikE0E hexangd @ailhgy cHmuNe tolan catonpdat enadtialgasedrassoci at ed
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retri eved o theth &Sy §Fd‘éﬁ:trh%r‘ﬁlﬁee§°§8?a%l?8ﬁ FEEHRIGEES may hel p reduce
the 5li kel i hoodcofthmiehigla bidistrataon i notiréey nes |Herg addatess resul ting
inan. re cicgg time forggg%msnt rem ce the vehicle

mittance
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wth the foll taciLidyy, The. oLy APRASEIENS HSLED B0 dickyger,a (ol
managenent comnputer .
each vehicle that interacts with the toll facility. The toll
management system 600 includes a toll management computer 612.
15 The toll management computer includes an image database 614, a
billing database 616, a vehicle identification database 618, a
highlighted vehicle identifier database 620, a billing engine
622, an image acquisition module 624, an image processing module
625, and a customer management module 626. The toll management
20 computer 612 communicates with orx is integrated with a toll
facility 628, which interacts with a vehicle 630 and a party
associated with the vehicle 632. The toll management computer
612 also communicates with external systewms 634.
Bxamples of each element within the toll management systew
25 600 of FIG. 6 are described broadly above with respect to FIG.
1. In particular, the toll management computer 612, the image
database 614, the billing database 616, the vehicle
identification database 618, the highlighted vehicle identifier
database 620, the billing engine 622, the image acquisition
30 module 624, the image processing module 625, the customer
management module 626, and the toll facility 628 typically have
attributes comparable to and illustrate one possible
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15The toll managenment conputer includes an i nage database 614, a billing

dat abase 616, a vehicle identification database 618, a highlighted vehicle
identifier database 620, a billing engine 622, an inage acquisition nodul e
624, an inmage processing nodul e 625, and a custoner nmanagenent nodul e 626.

The tol | wepnegepat 20conputer 612 conmuni cates W t hporaBsodoteyrated with
atoll facility 628, which interacts with a vehicle 630 and a party

associated with the vehicle 632. The toll managenent conputer 612 al so
communi cates with external systens 634. Exanples of each elenent within the
toll managenent system 25600 of FIG 6 are described broadly above with

respect to.Fl . artlc r, + Jdopegesent, adepihese 612, the
i mge dé@ggggb E%Ef&?ﬁg E%%I#%§'§§%§§g§§ﬁ616, the vehicle Lgentijication
dat abasedaE®aseha4 higie bghltng Eiiabese] dentie dPRYSEALHERTE58° Y bi | | i ng

engi ne 6 t i {5} L Le; 241 ribe admgrspr ecesdieng nodul e
625, theg%ﬁuaﬁagﬁe?gamgﬁ‘fggﬁgh?i%% g@gggy and the tol | facil 4,4 628

typi cal | yildve angindes thonperdheeddsihtPh MOGSt-Fatt o€ pBsETble WO

2007/ 007 ; 102435}, 4Pk SRRkt hafafindniembelle r@Nagederite conput er
12, Jthe g@n%gg&;lgg‘gg@e 14, "the billing database the vehicle

5 l ’ 3
i dent i fi catd drrcdat bbaadfe OfS,FIGhelhilffrﬂﬁegﬁﬂéﬂllvehilt}ggwf’ﬁ%hﬁ i SP A Sbase 20,
the billiag endl Bey 22 addipsbiRac 00l bbatcradohe 2dd tifte smges s
processi ng nodul € 25, the _custoner nan%genent nod Ee 6,1%pd é@g %oll
faci it yspetests BRG, tIRiGadpebars AL 1RSSR SEPHHE NG hP T #5507 “the party
associ at gg Wi Juhe, Vehi&liat632vi and i eenxtes ral, syst ens B34rngpi cal |y
have attri butes comparable to the vehicle 30, the party associated with the
vehilt| e Sgstenf 3thefeXt%rdal 10systenms 34 of FIG 1. The vehicle

i denti ficatiopdatabase fildhriinebuts amtextsacesd irddntesiar dat abase 6181,
Functi ong braging: deaRLCs e tPaTe s HE dedert B oosonor o detarl  bel ow
6182, and a read errors database 6183. The functions of the

databases 6181-6183 are described in more detail below.

15 The system 600 is similar to system 10 and is configured to
provide, for example, reduced vehicle identification error rates
by identifying each vehicle through use of multiple vehicle
identifiers. Two such identifiexrs are designated as 631A and
631B. A vehicle identifier is preferably an identifier that .

20 uniquely or substantially uniquely identifies the vehicle hut
may be an identifier that helps in the identification process by
distinguishing the vehicle from other vehicles without
necessarily uniquely identifying the vehicle. Identifiers 631A
and 631B may be part of wvehicle 630, as suggested by FIG. 6, but

25 need not be. For example, identifiers 631A and/or 631B may be
produced by image processing module 625 based on characteristics
of the vehicle 630.

As described previously, one example of a vehicle
identifier ig license plate information of a vehicle, such as a

30 license plate number and state. The image processing module 625
may determine the license plate information of a vehicle from an
image of the license plate by using OCR, template matching, and
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15The system 600 is simlar to system 10 and is configured to provide, for
exanpl e, reduced vehicle identification error rates by identifying each
vehi cl e through use of nultiple vehicle identifiers. Two such identifiers
are designated as 631A and 631B. A vehicle identifier is preferably an

i denti fi ewaat/0020uni quely or substantially uniquely ipdeméloésiossszs he vehicl e
but may be an identifier that helps in the identification process by

di stingui shing the vehicle from other vehicles w thout necessarily uniquely
identifying the vehicle. Identifiers 631A and 631B may be part of vehicle
630, as suggested by FIG 6, but 25need not be. For exanple, identifiers

631A and/d%rhe§3gx§af@é’i§%e%hﬂg#§@%3b¥l hTBERsPAGeEShattbd il e fehidrased on
e

characteristics of the vehic 0. As described previously, one exanple of

a vehi cl éry charagsit ifiteisi sypicddye rpphrictosf 5P natpyugrTac vehi cl e, such

as a 30l iggnaecpl-at € RUIbeE A1t S LR rndPfol TRPSRILF RS BE ARl 625 may
determ ne the license plate information of a vehicle froman i mage of the

| i cense precEehy idsHg focRbeteticdee natching, and WO

200715007 194PCLLLBRO06LQ02435- PLh&f1ARALY Shenti@G BRI QUGS veftibigense plate
nunber mm;iéllnd ude any character but is typically restricted to

al phanumSSt@cERar atre e depeeiked fmaleSi nParardt 'en ¢ yifi7c8Bly WesFe used to

uni quel y iderbblytid ey elirelencoAPtiher cexammheset vehirphgel dertefier is
a vehicle detection tag as described in U S. Patent No. 6,747,687, hereby
i ncor por A CBE ARketERe ta, | hareimpitEeEyreiaTrrgl teAHSs ¥ehidR vehicl e

det ect i oreitr@rphene) Naf behibel erdedelOofSadta/ Qb st godd NYQLPEEPEasdrE A
distilled set ,of data artifacts that represent 10the visual  signhature of-

t he Pehi cite viAEaT nf@atsee’siHf vehicle. The image processing .

module 625 may generate a vehicle fingerprint by processing an
image of the vehicle. To save on processing time and storage
needs however, the generated wehicle fingerprint typically does
not include the normal “picture” information that a human would

15 recognize., Accordingly, it is usually not possible process the
vehicle fingerprint to obtain the original wvehicle image. Some
vehicle fingerprints, however, may include normal picture
information. A wvehicle fingerprint typically may be used to
uniquely identify the wvehicle. |

20 In one implementation, a camera in the image acgquisition
module 624 captures a single “still” image of the back of each
vehicle that passes the toll facility 628. For each vehicle,
the image processing module 625 recognizes the visual cues that
are unigque to the vehicle and reduces them into a vehicle

25 fingerprint. Because a license plate is a very unique feature,
the image processing module 625 typically maximizes the use of
the license plate in creating the vehicle fingerprint. Notably,
the vehicle fingerprint also includes cther parts of the wvehicle
in addition to the license plate and, therefore, vehicle

30 identification through matching of vehicle fingerprints is
generally considered more accurate than vehicle identification
through license plate information matching. The vehicle
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nodul e 625 may generate a vehicle fingerprint by processing an i mage of the
vehicle. To save on processing tinme and storage needs however, the
generated vehicle fingerprint typically does not include the normnal
"picture” information that a human woul d 15recogni ze. Accordingly, it is

usual |y gad20096051d2l € process the vehicle fingerprint ptoimsésaorsss he ori gi nal
vehicl e i mage. Sone vehicle fingerprints, however, may include normal
picture information. A vehicle fingerprint typically nay be used to
uniquely identify the vehicle. 20l n one inplenmentation, a canera in the

i mge acquisition nodule 624 captures a single "still" inmage of the back of
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plate i Sw}?é[ Melry. uni que feature, the image processing nodule 625 typically
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i ncl ude, For exanpl e, portions of the vehicle around the |icense plate
and/ or peveshesd eiechopper PaRdilneofids FaseclPndOHIERAN% of a vehicle

i dentifi ?ém_i;@h,a MERLC! £nPSABRLUSE GRNGBE0e USiGud el 85&1IL SFARNe
(hereinafter referred to as a |aser signature). The I,as%%si nat ure

i nf & mat VeRieImat aReyabed dAEsr 88 HRE NP S Eser IREEF HEY ¢“Bhe or nore

of an ovepbeaghf! aehn98i €idd abiilite 0424 heciahks! ©yo iackndi g thgikengt h,

wi dt h, and hei ght of the vehicle, an al'gelt%-&count of therl ﬁlaet-t“id e, and a 3D
i mage of 1BRRr VIR CPRL 1% W tERpPEREAR 18RS PR TIRGE acHil st i on nodul e
624 incl ydestddvuiloagelige fOF theJi¥RA. The laser mounted above the lane

typically scans the vehicle to capture the ovefhead profile of

15 the vehicle, and the laser wmounted alongside or above of the
lane typically scans the vehicle to capture the axle count of
the vehicle. Together, both lasers are also able to generate a
BD.image of the wvehicle. A lager signature may be used to
unigquely identify some vehicles. For example, vehicles that

20 have been modified to have a distinctive shape may be uniquely
identified by a laser signature.

Another example of a vehicle identifier is a wvehicle

signature generated using a magnetic scan (hereinafter referred
to as an inductive signmature). The inductive signature of a

25 wvehicle is a parameter that reflects the metal distribution
across the vehicle and, therefore, may be used to classify the
vehicle and, in some circumstances, to uniquely identify the
vehicle (e.g., if the metal diétribution of a particular vehicle
is unique to that vehicle because of unique modifications to

30 that vehicle). The inductive signature may include information
that may be used to determine one or more of the axle count (and
likely the number of tiresg) of the vehicle, the type of engine
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| ane, one that is nmounted over the |ane and another that is nounted

al ongsi de of the |lane. The | aser nounted above the |l ane typically scans the
vehicle to capture the overhead profile of 15the vehicle, and the | aser
nount ed al ongsi de or above of the lane typically scans the vehicle to

capt ure two mxl/@7eount of the vehicle. Together, bot hhpbassmazes al so abl e
to generate a 3D imge of the vehicle. A laser signhature may be used to

uni quely identify sone vehicles. For exanple, vehicles that 20have been
nodi fied to have a distinctive shape may be uniquely identified by a | aser
si gnat ure. Anot her exanple of a vehicle identifier is a vehicle

Si gnat ur g, Qenenated H3iRGe2 JBINGI ¢yBEead: (N8B BAT{&li 181 erfelded as an
i nductive signature). The i|nductive Signature of a 25vehicle is a paraneter

that ref|iaPlemeneatiaml thesiradriticaniaer b modelecfitd | 1@cAHEES thé ef or e, may

be used tq ;¢ a§8+é1y141@e d\éEQbEi@n %@psl naﬁogmecu@egeﬂﬁp%ép, tghaini quel y
identify the vehicle (e.qg. he nefal distribution of a particular

vehicl e |Qﬁm§ﬁﬁqﬁé1$§?#I%@vaéﬁl%ﬁQ? Begause of unique nodifications to 30

that gvehi cl e) oplhecdddye! by enStIRANEE "RedtiGiude 4R LARLEON that may be
used to determ ne one or nore of the axle count (and |likely the nunber of

tires) ofthehdmpgniRyQcessiagt yeRils 68Agi Hee MBIZ0BTPOTPLIIPEIINFL £F36/ 002435

used in tNeuehigl GaxiBNEcbReVENRE OF achess: &fs YENLEL GaxthrBc0BE
i mpl enentation, the inmage acquisition nodule 624 includes a a alr of

vehi cl e dEEEiRoRIPRHodcTafa b as&l8at | oFI999dY, EhE FPREEF 2637 i gger | oop

in each l;ahfa chePBe 41 EWouRIquaNe i¥ehE L thdeBlhdt aJts tae evandldiact ed by
t he i mage processi ng nodul e 625, the image praocessi ng nodul e 625 stores the

ext r ¥t edPX SHOEFERT do MEMPe R 1R eax Fial (R SREhY TN AEAET FTRE  dat abase
6181. | degdHivet he. §0MUkehss gl weuligdsbhgdt g 2B eemmwlfqugéypmmtu fy the.

owner of the vehic|e 10by choosin, a vehicl e |dent hat uni uely
Cdonti 11 S RESTERIEY STR00F, ToTe CRiReanpt b THEGHHA TGP TErTd o
fIngerprId&ﬁah&@dsSfﬁw(Hﬂﬂw@o@ﬂec&ﬂtaﬂ&ﬁﬁglﬁtmﬁﬂﬁﬂlngrvéhﬁdﬂ@naﬁemﬁiﬂiéﬂa record
dat abases_f r.a recgéd_ ntglnln%1 ega ﬁhln |gle1|dent|f|e%
Unf or t unatiSF FuBRET Tl%ﬁgrﬁ PEMT @ &ePdEnti HEdCRNtT e FREE S HDr ocess.
The extr actedseehi the dxdentiéd ereliny enofiecnifiespang tet correspond to
the actual vehicle identifier, and therefore, may not uniquely
identify the vehicle. &An incorrectly or partially extracted
vehicle identifier may not match the vehicle identifier of any
vehicle, may match the vehicle identifier of the wrong vehicle,
20 or may match the vehicle identifiers of more than one vehicle.
To increase identification accuracy, the computer 612 of the
gsystem 600 implements a multi-tier identification process using
two or more vehicle identifiers.
FIG. 7 is a flow chart of an exemplary two-tier
25 identification process 700 that may be implemented to iﬁcrease
the accuracy of vehicle identification. Image and/or sensor
data is captured for a vehicle that interacts with a toll
facility (hereinafter referred to as the “target vehicle") and
two vehicle identifiers are extracted from the captured data
30 (block 710). In one implementation, cnly image data is
collected and the two wehicle identifiers extracted are a

license plate number and a vehicle fingerprint. In another
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the actual vehicle identifier, and therefore, may not uniquely identify the
vehicle. An incorrectly or partially extracted vehicle identifier my not
mat ch the vehicle identifier of any vehicle, may match the vehicle
identifier of the wong vehicle, 20or may match the vehicle identifiers of

nmor e t harRy@nRveacl e. To increase identification aceerasyesdotgsconputer
612 of the system 600 inplenments a nmulti-tier identification process using
two or nmore vehicle identifiers. FIG 7 is a flow chart of an exenplary
two-tier 25identification process 700 that nay be inplenented to increase
the accuracy of vehicle identification. |Inmage and/or sensor data is

captured, éﬁ?{%#ﬁgk% grjéngal%t Iy nEgr%&cﬁ S-m‘ﬁg&?\ﬁﬁe tS%Ih Hsof-agitd taye( herei naf ter

referred* Arel vehicle identifiers are
ext ract edoi:lremmeﬁhandatmam@ahldaeau&)(tblfgeks 7axhragtrdonte i the ERBATR i on, only

image data is col|ect and th identifiers extracted are a
li cense If) HWEHuaftbe (ggc % T {Le i ﬁmg(raﬁfl nt. In another WO

2007/ 007194P@r~1e1bszeﬂ@/wmmqua@meame:tlﬁondentrﬁg@raa%% dardIrateti ve
SGES%F dg% I,‘L-rﬁ e%haq_%ehgffyg'a%deubggrﬁd figeneie¥td ackedsare the
veni e

e’inductive signature. One of the two xtracted
vehi cl e oﬂenir MOeBSmasclnteag gkt elle Seandifetepr Selamkni’éle - | JBMPRLEY - and used

t dent t khbock 720
0 iden )%Lg "ﬁehlctleotl.figlq@:l. reﬂ?x%}‘."?%}%éﬂ@dveg'ﬁé a&-rHeandhgdatas o hboc ) -

Typi cal | Y, eni C ntif IS deened to be the |east able to
accur at ehycaratedly anildoel ynichedri LgentiEn dbgeEanaat deBifse dési gnated as the

first Veﬁégl%alt%‘%f%' SfLRL - f:‘[:z%; SLANPL &, i ddntlifeed Ot Waexkeasied ifekhel e
identifiers re license at e nunber and vehicle f'p@%]%rp“r{\}? thfé i cense
pl atie nuﬁberelem%e@evﬁbwb%d{d@&téél?% weres 1 GR ¢ RE A G et ecause of

t lhe | oveg,, ﬁ%f’&cﬁz‘%@e%ﬁﬂﬁécyclféf 1¥8bh&d idenhlibeatvardt be ough li cense
pl ate matc

as conpared to fingerprjnt t.chin Theo ol“ggre
mat chi ng d\?éhﬁ%@"eede&‘ﬁgrp‘aét EXrsfay e@éca‘étjeq?ﬁtﬁgderf%%cause ©
expected accuracy of vehicle identification through license
- plate matching as compared to fingerprint matching. The one
15 or more matching vehicle candidates may be determined, for
example, by accessing a vehicle record database and f£inding
records that contain vehicle identifiers that match or mnearly
ma£ch the first vehicle identifier.
Once the set of one or more matching vehicle candidates is
20 determined, the target vehicle is identified from the set basged
on the second vehicle identifier (block 730). For example, if
12 vehicle candidates were identified as matching a partially
extracted license plate numbexr, the target vehicle is identified
by accessing the vehicle fingerprints for each of the 12 vehicle
25 candidates and determining‘which of the 12 vehicle fingerprints
matches the extracted vehicle fingerprint. If no match is found
within a predetermined confidence threshold, manual
identification of the vehicle may be used. In another
implementation, one or more larger sets {(e.g., supersets) of
30 matching vehicle candidates are determined successively or
concurrently by.changing {e.g., loosening) the criteria for
matching and additional attempts are made to identify the target
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exanpl e, by accessing a vehicle record database and finding records that
contain vehicle identifiers that match or nearly match the first vehicle
identifier. Once the set of one or nore matching vehicle candidates is
20determ ned, the target vehicle is identified fromthe set based on the
second vewiockersodwnt i fier (block 730). For exanpl e, iPci/Bsvahonbe

candi dates were identified as matching a partially extracted |icense plate
nunber, the target vehicle is identified by accessing the vehicle
fingerprints for each of the 12 vehicle 25candi dates and determ ni ng which
of the 12 vehicle fingerprints matches the extracted vehicle fingerprint.

1 no mateh;sef e\é('chhbf] amoro%@eafrrﬁ@f@qaegeélM%raefe@@old manual

|dent|f|cat|on of the vehicle may be used. |In~another "i npl enentation, one
or nore lesgerinettp menyal bdguriddesfien. 30mat ching vehicle candidates are

determ ned suggegsiael 1eﬁen€m%rreeﬁéytm ﬁQﬁQélérﬁlﬁlt(% tem l2@5@RI Ng) the

criteria for natchlng addi tional attenpts are made fo identify the
t ar get 4$>urms2@®?71/30@i¢f9ap€¢/Qq:;z?@oe#@nzam@r%m e¢le % gR-EREM of the one or

mor e gl ar gk, 8¢k Se &%dl%at%? B85S IRGrh P SR tbdeﬂzf fd:&@bhon. eddhsone

|nplenentat|ons management system may b gﬁlposefully designed to
i dentify téilaItaFB%remct@Fi HRERST RGCTYRRY (dfe veRial gt tddiFaki Uper ati on 720

to, for eXxalplf, ciRNSUns. ! Qa&nﬂﬁa@xess;%d Re38hedb LY aey¥uff Mehicle
identification through the first identifier does not "erroneously result in

excl usi orexsflushen tef g Fanget erahishrt Feow dheopehndt Matghiasi wis-cl

candi dat ggngh@hcEXAMHE: ekgmfvﬂ.e fiigf $he VEINSH Qehdend i fdiiksen 1Pld cense
pl ate nunber, the license plate reading algorithmmy be intentionally

modi i ed JiTensar PtmpEbernotigydceps RintenXPRfing AHECrEFIR Y PFe
license plakatiead NP rikig@lbd i MbrbexdROsenedot fapnahlie the al gorithmto

generate 2l ongeT 2k, q0 MBI T Mool E cand gl e AR (2] e d cense
loogened to enable the algorithm to generate a larger setb of
matching vehicle candidates and (2) the license plate reading

15 algorithm may be “detuned” by lowering the read confidence
threshold used to determine whether a read result is included in
the matching candidate set. For instance, the license plate
reading algorithm may be loosened to only regquire a matching
vehicle candidate to match a subset or lesser number of the

20 characters in the license plate number extracted for the target
vehicle. Additionally or altermatively, the read confidence
threshold may be lowered to enable previously suspected
incorrect reads (i.e., partial or low confidence reads} to be
included in the matching vehicle candidate set.

25 The two-tier identification process 700 provides greater
identification accuracy over a single-tier/single identifier
identification system by requiring that two vehicle identifiers
be successfully matched for successful wvehicle identification.
Moreover, the process 700 may provide greater identification

30 speed by limiting the matching of the second vehicle identifier
to only those vehicle candidates having records that
successfully match the first vehicle identifier. This can
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15al gorithm may be "detuned” by |owering the read confidence threshold used
to determ ne whether a read result is included in the matching candi date
set. For instance, the license plate reading algorithmmy be | oosened to
only require a matching vehicle candidate to match a subset or |esser
nunber ofkyd Ber@Reharacters in the license plate nunbecTesdesaotses for the
target vehicle. Additionally or alternatively, the read confidence
threshold nay be | owered to enable previously suspected incorrect reads
(i.e., partial or |ow confidence reads) to be included in the matching
vehi cl e candi date set. 25The two-tier identification process 700 provides

greater AR LHBELALLAGPUERCYs ORI 3x8hPOL SteClkaragian bdoaid | er
identifiTation systemby requiring that two vehicle identi f&lers b
successfwiiclentdhpdlfinr decténafeAnsyEANEg| &0 "W PPREET O RO E6Ter, the

process 90,I1a oBLOYk U6 & Galkge kRl brCathan silepeasubariesi ting the
mat chi ng of the second vehiclé identifier to only those eh‘lgﬁlﬁ candi dat es
havi ng rexintds (ehat . sueddsepupEyidertdifiens ¥ SHENERPEI & iVFantrfTier. This

-can ¢ WO 2007/.QQ4194P&TL V2QQ6/ 002435 provi de increased speed if, for

exanpl e, the extracted second vehicle identifier is tinesconsymng to match
agai nst ot herlns gaRtheentiFlistestarien, FYCaP e MImMAS o8 bTHE~4G¢E
identifigrs @xfts (8e@riryihel 0ASqef Jetigbtbf f056 dmngnthd iseso6f vehicles
5in a vehicl e database). ., ..l n another inglenent fign, fwmo or nore
second | HeREhIMENEnAREe (SR LBtREentFASP e PRI TRICHRAPE! e F1°8M anong t he
set of npLehinecrehhs! akandidatigse Raclvief tbheiweicpnd predaitdriiierd nust

mat ch the sane candi date_vehicle t? rﬁt i,n_a géquﬁgngggg 10confi dence
| evad? f oPoREAIRNSST dEVGLHERT SUCTERPT T CHEI GRS AP HatTVvery, the degree of

mat chi nga9fesaphivafiyt hend ik ieemoEenseaning bdeatdt ief shraywhenweght ed and
i val oREoTI AR IEABTE T 508 b e A T SRS O e

matching score may be generated. If the combined equivalent
matching score is above a predetermined threshold, the

15 identification is deemed successful.

In one implementation, each second vehicle identifier is

assigned a match confidence level number that ranges from 1 to
10, where 1 corresponds to no match and 10 corresponds to an .
exact match. Each vehicle identifier is also assigned a weight

20 value from 1 to 10, with greater weight values being agsigned to
vehicle identifiers that are congidered more accurate in
uniquely identifying vehicles. If, for example, the second
vehicle identifiers are a laser signature and license plate
information, a weighting of 6 may be assigned to the laser

25 signature and a greater weighting of 9 may be assigned to the
license plate information. If a combined equivalent matching
score of 100 is necessary for an identification to be deemed
successful and the license plate information matches to a
confidence level of 7 and the laser signature also matches to a

30 confidence level of 7, the combined equivalent matching score
would be 7#647%9=105 and the identification would be considered
successful.
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15identification is deened successful. In one inplenmentation, each
second vehicle identifier is assigned a match confidence | evel nunber that
ranges from1 to 10, where 1 corresponds to no match and 10 corresponds to
an exact match. Each vehicle identifier is also assigned a weight 20val ue
from1l towlRoouswivagr eat er wei ght val ues bei ng assi gnedrigeoscakaes e
identifiers that are considered nore accurate in uniquely identifying
vehicles. If, for exanple, the second vehicle identifiers are a |aser
signature and |icense plate information, a weighting of 6 nay be assigned
to the |laser 25signature and a greater weighting of 9 may be assigned to

the license phkatgnbiedr TRbheRent {t RonG0ER6 QM (RAYI ¥k &DIvdMELaI Ng score of
100 is necessary for an identifjcation to be deemed successful and the

li cense plIenEifpess mtd sicrabentdentd Iy ¥ontqigends e etetoPt 73t M% | aser
Si gnat ur e,eali$0 eNBLGdEE te@ . ap308 WY ilgRNeeréevwriniele 7iadha raepbi fed a

equi val ent matching score would be 7*6+7*9=105 and the identification would

be consi RGSSdPiAcERREGREe VRl SR A7 TORPT e 82088Y OUB4¥sEe t° |

anot ker i \Ri@RERt BEd @ terhiMReQr cd®F Richke St eMahirelethedepiddibees are used to
identify vehicles in the set_of matching vehicle candi dates. Each of the

first velfadopianteiHicers tPoPe aliivsien) & ciifdisght 85 VM SIS Tt ch t he
target vehirdigates 5vvizi1fﬂe&rnati)£v@13¢,t aihE Begr&O M danerihg\wH ehon dhe possible
e

candi date vehicle to be includ in the set of matching vehicle candi dates.
Al ter nat i ¥ F¥or RE BRGr £d76F AATRMTHGTS e de IELERESY P DR ABPRMSG st
i dentifi esquir@yche wei@iihgdsaste anpombi geskemddal ent tiatchbbgedcore nay be
gener at ed. Lfahhe conbi_ned 10eguiyag§pt napch%gg score iiggbﬁvf a _
pr ed® er ntRET 2 RPE ST BT PBh ECPES st PR ¥ Y RFSSE VFERT 72 ¥ FHetlded in the
set of matwhipagsyphé dedidadedadieicle is included in the set of
matching vehicle candidates.
In another implementation, the second identifier is not
used to uniquely identify the target vehicle from among the
15 vehicles in the set of matching vehicle candidates. Rather, the
second identifier is used to generate a new and smaller set of
matching vehlcle candidates as a subset of the set determined
uging the first identifier, and a third identifier is then used
to uniquely identify the target wvehicle from this subset‘of
20 matching vehicle candidates. In yet another implementation,
multiple vehicle identifiers are used to successively reduce the
set of matching vehicle candidates and the target vehicle is
unigquely identified from the successively reduced subset through
uge of one or more final vehiecle identifiers. In yet another
25 implementation, each of the multiple vehicle identifiers is used
to generate its own set of matching vehicle candidates through
matching and neaxr matching techniques and the reduced set ig the
intersection of all of the determined sets. In yet another
implementation, the reduced set ig determined using a
30 combination of the above-described technigques.
FIG. 8 is a flow chart of an exemplary two-tier
identification process 800 that may be implemented to increase
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I n anot her inplenentation, the second identifier is not used to uniquely
identify the target vehicle fromanong the 15vehicles in the set of

mat chi ng vehi cl e candi dates. Rather, the second identifier is used to
generate a new and snaller set of matching vehicle candi dates as a subset
of the s&yodfymirdsned using the first identifier, andcaxbivossbasdentifier is
then used to uniquely identify the target vehicle fromthis subset of
20mat chi ng vehicl e candidates. In yet another inplenentation, nultiple
vehicle identifiers are used to successively reduce the set of matching
vehi cl e candi dates and the target vehicle is uniquely identified fromthe

successi eley aveddged Sidset atbeightnuse PénNe 9ReAPI i ddtAah, vehicl e
et anot her 25i npl ementation, each of the nultiple vehicle

identifiers. In f I )

i dent i f i %@"ie Sué%l o a@eﬁ@?é‘?‘é&?ﬁa&%%e\fr%@ﬁa?%iszr\?éﬁi Eh® candi dat es
t hrough nmit:Ghi BgeRiWER@aAsNAt Thidigsd ABE GuedheaNEntihend efbecad set is the
intersectjpon of . all, of the,determ ned sets. In yet another inplenentation,
the reducdfFEefifs ifeer ﬁ‘éﬁe USSR 3BE onbith ERFBAC B2 h 8786892 - s cr i bed
t echsi quecliudes ofdfati®nkssaofdy char bhsobciditcaxeipl dbaradtwent| ethat

identification process 800.that nmay be i npl enented_to increase 46 WO
2007/ 0071?5156??%’1‘32‘%6‘7“%0221%%5?%%88&88 ) GPPATPTHERGIOR B8F vehicle

i denti f i cgeirenioRs oresy3800r&Spadt livaplye NeERdAtdRReal cidOC @700 avher ei n t he
first identifier.is.a li ate nu nd the second identifier is a

veni ol o (TRBEFBPERTCSHAE BRI, FEUt dvs PR boBRs B0 | REF JRE "6HEFAI fons

810- 830, mmdcamdngitdteeproubssperal | tosevehatsiadiaespeotitbddoghdsihdistrat e

convn: et SrE TP B Sl A B3 e RSB B ¢ are

r ef er encercauspar fordefiget hbe priooessir800f tHoweystemsi on |wirersethedol ogi es

may functionality is distributed differéntly among the components
shown by FIG, &,

The image acquisition module 624 captures image data for

1B the target vehicle based on an interaction between the target
vehicle and the toll facility 628 (block 812). In another
implementation, the image acquisition module 624 additionally or
alternatively captures sensor data including, for example, laser
gcamming and/or loop sensor data. The image processing module

20 625 obtains license plate data, including, for example, a
complete or partial license plate number and state, for the
target vehicle from the captured image data (block 814).
Optionally, the image processing module 625 also may determine a
vehicle fingerprint for the target vehicle from the image data.

25 In another implementation, the image processing module 625 may
determine other vehicle signature data, such as, for example,
laser and/or inductive signature data, from the image data
and/or sensor data.

The computer 612 stores the captured image data in the

30 image database 614 and stores the extracted license plate data
in the extracted identifier database 6181. If applicable, the
toll management computer 612 also stores the extracted vehicle
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10be applied in other inplenentations where different conponents are used
to define the structure of the system or where the functionality is
distributed differently anong the conponents shown by FIG 6. The inmage
acqui sition nodul e 624 captures image data for 15the target vehicle based
on an i nt woeoevondbet ween the target vehicle and the poiiB2imoidseiy 628
(block 812). In another inplenentation, the inmage acquisition nodule 624
additionally or alternatively captures sensor data including, for exanple,
| aser scanni ng and/ or | oop sensor data. The inmage processi ng nodul e 20625
obtains |license plate data, including, for exanple, a conplete or partial
| i cense plfatgenminber aaddosheat esidmarui-beddar,geticn ek Cl@rf eRandhe eapt ured

i mge dat 814) . tionall t he iage processing nodul e 625 al so
may det er%nggégﬁ%(/eerﬁl %lgt%%gaé}cgﬂlyngaf’%’rﬂ Eflt%‘gl"&?ﬁetlwmec%mﬁ%ﬁdt he i mage
dat a. 25| Adanoifiear idapkbasatetslan, the inmage processi ng nodul e 625 nmay

determ ne oth vehi Si ture data, such_as, far exanple, |aser and/or

i nductive si gﬁgl%eur%mggg & $rORTRESPiey e Halh 5?118‘/'%1'9 é‘gﬁggjrfjcf%?tt&.onThe

conpuser &tRosdorieont hbecegtivled rerage diadadakh e 3Bi1cargeHat akasg 614

and stor e%ft ?gee‘;(ethriafit,ed license plate data in the extracted identifier
81.

dat abase IFTa PP AR e T I RE 1PBI TeFRhTE g BRENT 5 AP eP "o FXRYBT st or es
t he extraefed wahicdleewivi200v0@7 1804RPET7 k32008 00843 2chbitgesr pribnt and

ot her sig , ch_.as, .f.or _exampl.e, .the inductive, signature and/or
| aser si gggﬁé%adi%ﬁ?%t ﬁ%g‘&?treadctléﬂ’ ePﬁ%rﬁr?afﬁeefiaH%t‘é’tfg’%é&ﬁlgi?e PeBRput er
612 access@taaimdtheoketehf ctehiclent déhichtiicanibh ecaradsisl (bmpdhadehi cl e

recong dabahasg.fl82.L0L ock. 822) . Fach of, bhe,vehicle f dentification

records associates an own i VEr of a ve R 8RR EEntifier
dat a. Thehsvipatzacogds tonpmr eett hé setamct ¢dlddlcarse .pl @he data with the

l'i cense plahsafalad vt £ | ddentification records (block 824)
10and i dert]‘tihlil.es a set o% %Og%dﬁgé%ég%%ﬁ%éﬁgsoﬂ%eﬁrt ﬁ“&g%h% es
echnigues.

The computer 612 accesses extracted vehicle fingerprint
15 data for the target vehicle (block 832). If the vehicle
fingerprint has not already been determined/extracted from the
captured image data, the computer 612 calculates the vehicle
fingerprint and stores the vehicle fingerprint in the extracted
vehicle identifier database 6181.

20 The computer 612 accesses vehicle fingerprint data for a
vehicle in the set of candidate vehicles by accessing the
corresponding vehicle identification record (block 834) and
compares the vehicle fingerprint data for the target vehicle to
the vehicle fingerprint data for the candidate vehicle {(block

25 836) . The computer 612 identifies the candidate vehicle as the
target vehicle based on the results of the comparison of the
vehicle fingerprint data (block 838). If the vehicle
fingerprint data matches within a predetermined confidence
threshold, the candidate vehicle is deemed to be the target

30 vehicle, and the owner/driver of the candidate vehicle is deemed

to be the owner/driver of the target vehicle.
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having records in the set of records (block 826). The conparison may be
done using matching or near matching techni ques. The conputer 612 accesses
extracted vehicle fingerprint 15data for the target vehicle (block 832). If
the vehicle fingerprint has not already been determ ned/extracted fromthe
capt ur ed woB@pnsasa, the conputer 612 cal cul at es t he poanBologodizsger pri nt
and stores the vehicle fingerprint in the extracted vehicle identifier

dat abase 6181. 20The conputer 612 accesses vehicle fingerprint data for a
vehicle in the set of candi date vehicles by accessing the correspondi ng
vehicle identification record (block 834) and conpares the vehicle
fingerprint datackoroAdfre haeget £yvehidHaett 6f t4e ewehptaey fuvdgeipsi nt data for
t he candi d@tqﬁ.vehi gl e (bl ock 25836).. . The conputer 612 |[dentifies the

candi dat e” VBRI "dFE*5E"} REFEPGet OV Hidd BaBR2dBePRECF LS L8673 The

conpar i soth®faddheave i vehficngei@ndilfidat dof Bk B38Imidingt BRe iddac! e

fi ngerpriPt dat a gatghq:s. within a ]{)regﬁtﬁrn‘i ned confi dence threshold, the
candi dat e"VelIPEa | $I gt G 6B Lt RERESIgRt  FEPERFEI 290 dFq2PREST

ownerd dr i iegpledfentheicand gabeeyeh @l ahegedeaimd figsbeiddia idwaeriglrd ver of
the target, vehicle., WO 2007/007194PCT/ 1132006/,002435 ., FIGs. 9A-9C
are a ro%'/\.?"%ef'unégret pg‘?t%r{l RS RpPary® W—etcf)é‘% f‘gﬂfﬁﬁgﬁﬁﬁaﬁ ¢h VW&SE@S 900 t hat
may be i nfilregmeptrédtt 0 Impaeaseuldre, aneeeagys@f inehidée domatibheati on while
mnimzin ne for manual. identification of vehicles. Process 900 is
anot her S%W%:bg'r?éngg?iaognsogfl ag?%cse%?s"%a\%ﬁ%?sei g ﬁ%?pcinﬁle%?i?l? ris a

| i cense pibtwstvaibernammbsshblsetmptbncaiéatidn erf iopeaavidic|i@oft7agerprint. In

particul 90Q. i.n¢l . ratli - nd a iate
Do S or aressidtifply 70 kd: SIS QR SRtk E3paR Tl HRREH IS
i mpl ement @ttilprregbeoperatfiifns 6 740e 73 erkdred pot evdbyniforiheopveresnce,

partiCU|a§06¥3”@BQ89é§,(¥¥ﬁ3ﬁ59e9ethodologies may be applied in other

implementations where different components are used to define
the structure of the system, or where the functionality is

15 distributed differently among the components shown by FIG. 6. |

The image acquisition module 624 captures image and sensor

data for the target vehicle (block 911). Roadside sensors, for
example, trigger cameras that capture front and rear images of
the target vehicle. Other sensors may capture additional data

20 used for classification/identification of the vehicle. For
example, a laser scan may be used to determine laser signature
data including the height, width, length, axle count, and
vehicle dimensional profile. Sensors also may be used to
determine data related to the transaction between the target

25 vehicle and the toll facility 628 such as, for example, the
welght of the vehicle, the speed of the vehicle, and transponder
data associated with the wvehicle.

The image processing module 625 performs a license plate

read on the captured image data, creates a vehicle fingerprint

30 from the captured image data, and optionally determines other
vehicle signature/clasgsification data from the captured sensor
data (block 912). For example, the image processing module 625
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with respect to FIG 6 are referenced as perform ng the process 800.
However, simlar nethodol ogies may be applied in other inplenentations
where di fferent conponents are used to define the structure of the system
or where-the functionality is 15distributed differently anong the

conponent Wosliovim7tdy FI G 6. The i mage acqui si PCDIB20WANL4ES 624
captures i mage and sensor data for the target vehicle (block 911). Roadside
sensors, for exanple, trigger caneras that capture front and rear inages

of -the target vehicle. Qther sensors may capture additional data 20used for
classification/identification of the vehicle. For exanple, a |aser scan may
be used tw@ydakerim nfitdonseed Siphaide @184 arddir kugoap:-Hrheoheeghtonaniodt h,

| ength, axle count, and vehicle dinmensiopal profjle. Sensors al.so nay be
used to dSEEr AENEISIARREPEPAs HIRGSE t habEr i 8#13%%ﬁﬁ€gna{‘$l%r’tt}imget

25\é_eh: cl ena%n@egbeiaﬁ@:cdapiﬁaﬁéchimﬁﬁ sgﬁhemplfetp(rj igxampieritheedel ght_ 01;] t Ee
vehicle, the speed of the vehjcle, t r ansponde at a_assogci ated with the
vehi cl e. ©rder bafed 9pagdsiPy 1;sysioﬁg%grﬁd% i gpé{‘f Wtéoilijc%ﬁ: pl at e
readson tihegeapt wrediicenge paite remeakresuB sy ahyclechidegenprontmdf rom t he
captured i magg[,dat a, ng optional |l y_deter er}s% otger veh';cl e

si gnat ur @t PaddFFrtamiahe B oM LHESREDIRIPES Eehstr 2dAtS™HT ock 912).

For exanpietet beyiapge rpaacesstiinpnmeduteré2% $43at¥Qocation in the

2007/ 007194 PCT/ I\/%(QOG/ Clo 435, may use ,an automated |i ced‘nu?e Q]lzgt elsroead

al gor i t hm™eF%r e B8 Gh&@ 61 Snbt&° o 1 e REPt R & F P rBg e e 17 &

cerise plate
read al gaidt Appiaya reatall heigepiutee dxi pagEe N fogoekianplte, generatpri oriti zed

order based on,visihility of t lLate,and .its.location,in_t i mage. The
" celse itk dopbaie Pusisererind ot BaesBhet ronePiey Cane ki e e
nunber, aidmaense @taixetdtatelgaridtense i atimidhyl ey thatededvelpdaddence
score, a,pl _ i in_the i e, angd. l.at [ [

processi n*%’ ?‘% u%gﬁ%z’tj%gjlcs'oo%m%%pp Vv ’ae?/?:'é%’a lgi glﬁ%t%e(r%ec rgg ?a%?igtg'ﬁs ’

al gori t hreatengeNer a8 7410688 . v ethie lenpuhgergrd mtofes ithwe ceatygeedvehicle. The

vi sual images in the image database 614 and stores the license plate

15 read results, vehicle fingerprint, and other wehicle
gsignature/classification data in the extracted vehicle
identifier database 6181.

The image processing module 625 determines whether the
captured images have provided any partial or complete read

20 results for the license plate number and state of the target
vehicle (block 913). . If no partial or complete read results
were provided by the captured images, process 900 proceeds to
operation 941 of the manual identification process 940,

If partial or complete read results for the license plate

25 number and state of the target vehicle were provided by the
captured images, computer 612 searches the vehicle record
databage 6182 and read errors database 6183 for the exact
{either partial or complete) license plate number (as read by
the license plate reader) (block 921).

30 - The vehicle record database 6182 includes records for all
vehicles previously recognized and potentially includes records
for vehicles that are anticipated to be seen. The vehicle
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signature extraction algorithmmay be simlar to that devel oped by
JAI - PULN X I nc. of San Jose, California and described in U S. Patent No.
6, 747,687. The conputer 612 stores the captured inmages in the inmage

dat abase 614 and stores the |license plate 15read results, vehicle

fi nger pr ivih 20080@1 9t her vehi cl e si gnature/cl assi fi cat ipon/msmdaooe43st he
extracted vehicle identifier database 6181. The i nage processing nodul e 625
determ nes whet her the captured i mages have provi ded any partial or
conplete read 20 results for the license plate nunber and state of the
target vehicle (block 913). If no partial or conplete read results were

DLOVi dedr?&of&‘@iaﬁ:@aﬂﬁgé egh goMREE By ED0ES HoPAapsdaredagh ca oper ati on 941 of
t he manua

identification process 940. If ar%%fl or CQG£Ie e igad results
for the reghvig@tirat BrOTRimMBEriafdisich & F 1Y TEget™ venCEré er e
provi dedsp%né e, 3Rh4E B ifTBEeS autaiBtEE kobl 2pspaithrandhimawehitbée recor d
dat abase 6182 and read errors_database 6183 éor the gxactt&%ikggr parti al
or conpl BFEYET/QEREe0h| AN GABereY a8 9 4d VBt He UB E&AsE BTGt € r eader)

(bl ogk 924)1 3Qkhecvehhel g egordidaiqhane vehb2ié ntirodes a expercdslfor al |
vehi cl es previously recogni ze ang pgggﬁpiallx i ncl udes. %%9295 for
vehi cl esTEAASLERE BN LPRE pit ddet 5OhE B S h 820 T FE©Y

2007/ 007 L94P5ré A BROQS L0 0243% Jeaeat dvd aimhase £ 62 8Ri tiys sRgpwtEt Ihispopul at ed

through a registration praocess during, which. a driver of a vehicle
si gns t hé‘ei?eh?%‘?telttypafl?)roglﬁ%ﬁﬁpga%o+$¥]%:§1?ﬁéﬁf1' hall‘rslhae{ ﬁﬁg% The dri ver/ owner

of a vehiheheisByi®i gddaly L laRduphé ofm=uet @rateds Bimodpagn&dft handl i ng by
dri%gng %Qgtﬁggiéﬂéafigéggéﬂbf%é%pgﬁkﬁér, the fingerprint, and other
jdentification/classification data (e.g., the vehicle
dimensions) of the user’s vehicle while the vehicle traverses
thé facility 628. The vehicle and owner identification data is
stored in a new vehicle identification record associated with
15 the newly registered vehicle and owner/driver.

Alternatively, a driver/owner may register a vehicle . for
automatic toll payment handling by simply driving through the.
facility 628, without stopping. The computer 612 captures image
data and sensor data for the vehicle and attempts to identify. .

20 the driver/owner by reading the license plate image and looking
up the read results in a database of an external system 634
(e.g., vehicle registration authorities). If an owner/driver is
jdentified, the computer 612 bills the owner/driver. Once a
billing relationship'has been successfully setup, the computer

25 612 officially registers the vehicle, generates as necessary  the
vehicle fingerprint data and othef signature/classification data
from the captured image and sensor data, and stores these in a
vehicle identification record associated with the identified
owner/driver.

30 In another implementation, the computer 612 is configured
to obtain greater accuracy in identifying an unregistered
driver/owner by locking up the license plate read results in a
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registration lane in the toll facility 628 and providing a custoner service
representative at the facility 628 with his or her identity and ot her
contact information. The imge acquisition nodule 624 and the inmge
processi ng nodul e 625 10capture the |icense plate nunber, the fingerprint,
and ot her wiodmotidofiegat i on/ cl assification data (e.g., thkeryvebismbassli mensi ons)
of the user's vehicle while the vehicle traverses the facility 628. The
vehicle and owner identification data is stored in a new vehicle
identification record associated with 15the newy registered vehicle and
owner/driver. Alternatively, a driver/owner may register a vehicle

for autonpiheatel s RAYRBAL1BaRcHidteaBY of | ARINGEEYVIRY ddnepughtdhaifacility
628, wi thout stopping. The conputer 612 captures image data and sensor data

. { > a
for the VOFCERE AMY ZRWBRHLRT 1B GHEREPPYIDEE YERAPTS et IS WAEL DY FRadi ng t he

license phaberi (ROH andn 8K REhidl  hegl earhiieaublithdity qotabasa of an
external system 634 (e.qg., vehicle registration_ authoriti es%. J f

an
owner / dr iS&erPeL | FEHE i e dTRE HPTBOHSGL 812 62D tPR VIR O RREFF B ISer . Once a

bi | l'isng rgleatibRashhdud1gs ahgepesti cresnbul by gal uprhé haeQnpoeer, 26612
officially registers the_vehicle, generates as ,necessar%l H;e vehi.cl e
finger pri¥feTdRfatBnd"GER LG Re e FAs 1S AR o P Y R PonTIHE  capt ur ed

i mage anchfensghtlad @ t@ndeBl OIS thes Botpuitesy gk Chey itdent déteatimn record
associated with the identified owner/driver. 30l n another _inplementation,
the conpit §M°EE35TY TRTPgF et Fa35ELi HeRT TR & “HcR UTSIYPn i denti fying an
unr egi st efeefl siteir¥@rvinmenhebyehDald Aggtiptideidd aanserphatetr eally masults in a
51 WO 2007/ 007194PCT/ 1B2006 08%%35 dgt a?as of a vehicle r.eg\iestrati on

aut hBr i t yPUBPPRer S RAFCR YR EmP 2 ind 72 e SPPRE™ H'E 5PPas

pondi ng vehicle
identifi caiinictibhsbids (dbbMuréd pnidrhexueple) el egilsbentdigmatutdority (or

ot her exterdy%l sxs;e@d .“I'rhe gonnut er, .61ﬁ use‘,%_tbetv{la l\(llgmougg]t:eém ne 5t he

make, modB1S CEng"y EAGT VERET YRR 1 THYP HEREY  nbHBI SO Ra Y edr” of t he

vehi cl e nellbeocustdet a tetehmwmerddrdullengtthe Wiidehse apichteerghd of the

arget veRrEoreh B Arars TORARChEE e EEET ke BB e O

aut htir i t ychotvebntbye byediGtempdrwilh |ltheenmskiplategdatvaibiam akthobittonpari ng

vehicle to within a predetermined threshold and the vehicle dimensions

) of both wehicles match within a given tolerance.

The make, model, and year of a vehicle may be used, for

example, to determine the length, width, and height of the

20 vehicle by either accessing this information from a public
database or from a 3™ party database or, additionally or
alternatively, by accessing the vehicle records database 6182 to
retrieve the length, width, and height data from one or more
vehicle identification records corresponding to vehicles having

25 the same make, model, and year as the target vehicle. Given
that a vehicle’s dimensions may change if the wvehicle has been
modified, the length, width, and height accessed from the
vehicle identification records may vary by vehicle.
Accordingly, the computer 612 may need to statistically

30 determine the appropriate dimensions for comparison by, for
example, taking the average or median length, width, and height
dimensions.
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di mensi ons (as captured, for exanple, in a |aser signature and/or an

i nductive signature). Typically, the conputer 612 will consider a match
successful if the license plate read results for the target vehicle match
the license plate data for 15 the vehicle registered with the vehicle

regi stratymonstb@rity to within a predeterm ned thr eshmtxosanzizs he vehicl e
di mensi ons of both vehicles match within a given tol erance. The neke,

nodel , and year of a vehicle may be used, for exanple, to determ ne the
| ength, wi dth, and height of the 20vehicle by either accessing this
information froma public database or froma 3rd party database or,
addi tional |y of calet empbérhetﬂ-lay;,lohy doe eswipaget el dldiek &éf¥esc@r ds dat abase

6182 to re ve the th wdth, - and t Qr nore
vehicle V8 ﬁ |15’atp?5 ‘f’ IS V&5 P sPorfa ﬁ%%%ﬂg%e%gi‘%%ﬁﬁang 25t he sane
make, nodatludsd ayeaseﬁsSidzmthmegedeKehlaml énd@tviore tlhae. a mpeimieElie) s

di mensi ons cha if_th hicle f eggth, wdth,
and hei gﬁf‘gg%%%%es‘ed%g?’an?t‘hg‘ i E an;'a r?’??’ rca o#oﬁgcoi%%dnay vary by
vehi sl e. efecordhiing Isygnahmecampuaptuﬁzﬂ ﬁmytheevieinmls%t afhetinsgel pnd

30det erm ne_t he appropr nsi a BYe. f Qmeexanpl e,
t aki ng t f&*5Ve e‘?‘mer&s 5P {: %nﬁ ﬁggét%f% gﬁ% A%t( d?mensﬁons WO
2007100718496&:]@%&&8/&00%&:1 mheneagmﬁmnﬂat (bre- 1 hbecHrpifttédres12

identifies a v e) clgel Do }ggéec{% Qygh; | mf?lf dﬁﬂeﬁéf&ﬁg %ﬂﬁclﬂﬂé@b‘ﬂre t hat

i ncl udes SA%PAEEF sifgRat ot ran | uctive (i. netic) signature.
Wien a vekhttkes ramrsdcbs vihidrlchddentifsyadtiom n‘aﬁb%l(é’éﬁ okt éﬁeﬁ'ﬁat ure is

caplyred 0" %Qﬁplvehlrpgles?&m 'J@Qﬁr@@‘%murtgﬁ.@néﬁs&fm by i cl e cr eat ed

by t e Iaser aser signature) and/or the nagnetic, scan (i
t he i nduekiesngl grustteme) BY ecUmpRpaRedtg A LS TRASGKS HHREHER o %Nnd |mages

of vehiclgs Baged; Qs ebi £héml daRchbical i N Rurbees (34 bhativeree

gsearch for a matching vehicle and associated VIN may be
narrowed. If, for example, an LPR for the wvehicle has a low

15 confidence level, but the electronic signature of the vehicle
has been captured, the toll system may access a database, as
described above, of known dimensions and images for vehicles and
associated VINs and cross reference the electronic signature
dimensions and images against the database to identify the

20 matching vehicle VIN or identify potential matching vehicle
candidates/VINs. The read errors database 6183 links previcus
incorrect read results to correct vehicle identification
records. For example, when automated vehicle identification
fails but manual vehicle identification succeeds, the captured

25 vehicle identification data (e.g., the license plate read
result} that led to an “error” (i.e., an identification failure)
by the automated system is stored in an error record in the read
errors database 6183 that is linked to the vehicle
identification record that was manually identified for the

30 vehicle. Thus, when the same vehicle identification data is
captured again at a later date, the computer 612 may
successfully identify the vehicle automatically by accessing the
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10f or exanple, previously captured by the toll systemor by an external
system By conparing the electronic signature i mage and di nensions to known
di mensi ons of vehicles based on VIN, the search for a matching vehicle and
associated VIN may be narrowed. If, for exanple, an LPR for the vehicle has
a | ow 15cwafzoetenem4 | evel , but the el ectronic signaturecpietdsmomedi cl e has
been captured, the toll system nay access a database, as descri bed above,

of known di mensi ons and i nages for vehicles and associated VINs and cross
reference the el ectronic signature dinensions and i nages agai nst the

dat abase to identify the 20matching vehicle VIN or identify potenti al
natchiru;em&hkckecdmﬂuﬁndaheSfééd¢hrfBBe d&ﬁﬁbaﬁerGE?Bda%?ﬂ@asedéﬁﬁﬁfﬂdsnks .
previ ous i_ncorrect esu ts tQ correct ve e j.dent ation records.
For exanplé, cﬁﬁﬁ??%uﬁ 8d1 Rt e S gt%Sﬁ ?Qﬁl“? Bﬁ ®manual vehicle
i denti fi edkhent stepeadsg hhetlapimahadl Zﬁy@fulaflleatﬂ@mdff n:natvmcd@t a(e.g.,
the license p%gte read resHI

t)y that |ed to an &
i dentificati ofi™fariUr &7 °By“t HePadEd ?e%leréefftt&ﬁ] f‘% 88 i %l’? error
recosd i ndaldeereatk etatabasda&mmmeﬁlaﬁt&m:adl idéhiftkﬁd:aﬂ:ﬁloﬁhﬂf Wt cl e
manual | y ntified,for Ovehi cl e. Thus,

|dent|f|ca§ﬁ89 record thg mgs t ? f

when the % F P I ABRPTE | Tht Bﬁaﬁa‘Paa 9 oéaﬁ?ujrlécifrgﬁﬁ 059 at er

dat e, theletaepueed wekhlmray Bmcm&submlal, y:u:' dﬂm ifiyehdre pleliechenisart omatical |y
by accessj 03 200 7 P / 2006/.0024 [.I.or ord in the
r)éad er?glr}%%&%?gb see% 3\#%81@ 8% |esl eﬁglg%‘?‘? & 18%*%%'%% Al
identificatd ds rsBOYaB f"or‘ABthEza/,e'hl“@Be;sz tshutARenzs T iwkd chnidt herromanual

| denfyi fi G '1%@ Phe 1S ALER! GhEen At ShBOILS SCQUT2LSP0 JIYHe,gpngr ated and

stored i
created that automatically links a license plate read result of

“"ARC1L28% to the vehicle having the license plate number
“ABC123."
The computer 612 determines whether any vehicle
15 identification records correspond to the license plate read
results for the target vehicle {block 822). If no vehicle
identification records correspond to the read results, the
computer 612 performs an extended search (block 923).
The computer 612 performs an extended search by changing or
20 loosening the criteria for a successful match or detuning the
license plate read algorithm. For example, the computer 612 way
perform an extended search by one or more of the following: (1)
comparing a subset of the license plate number read result with
the characters of the license plate numbers stored in the
25 vehicle record database 6182 (e.g., the last two characters of
the license plate number may be omitted such that if the license
plate number is “ABC123," any vehicles having license plate
numbers “ABCL**” are deemed matching candidates, wherein “** is
a varilable); (2) comparing a subset of the license plate number
30 read result in reverse order with the characters of the license
plate numbers stored in the wvehicle record database 6182 in

reverse order (e.g., the last two characters of the license
54



Sread errors database 6183 when automated identification of the vehicle
succeeds based on a near match of an incorrect |license plate read result.
For exanple, if the license plate nunber "21/2BCl123" is read as "ABCl128"
and the identified candidate match set is "ABCl128," "ABCl23," "ABGl28" and
" ABC128" wahieohoo7reat urn 10yi el ds the correct match of PCABRO®ANI43AN err or
record may be created that automatically links a license plate read result
of "ABC128" to the vehicle having the license plate nunber "ABCl123." The
conputer 612 determ nes whet her any vehicle 15identification records
correspond to the license plate read results for the target vehicle (block

922). If i i i fi ; . ‘h < o
the)Conﬁggﬂ¥¥g%g£%§r#9%&%&&%83%£éﬁk LRGOLESoRiHRsRABE it he twad results

orms an extended”search (bhpck 923).. The conputer 612
per f or nslarensea phdbe wwdhech 1By “2HEPG ngWBEcR Ot DoSEAFRY tHe *EVFIEFia for a

successtJl o[R! o, OloflEtiu BdiHg 11&rnsepphal aniadsalgardehee For exampl e,

the conputer 6 may perform an” extended search by one or nore of the
f ol | owi ngrdgx Jofc GRRAET 1y axes dosved gratohang| expdWdirar ¥ iATH&r T eatf resul t

W thythe, ::?aﬁ;tlgrs Q%dt&ﬂ loitE@Psx?eanl Ha@ cAURDEIS: filelr efciuminge 25vehi cl e
record dat abase 182_ e.g., the last two characters of the Iig nse, pl ate
nunber neyngREcing nEHE e VerRAPDS O A 1AERRES RATE RETHATTS T ABEL123,

any veni ﬂ@énvé;@gz!agel LGRNSE RkBLEa NUMHeIS veABELS *reckie Geeimaenalehi ng
candi dat es, erein "*" is a variable); (2).co arln%Fgésubset of, the

|icense phatleliqiumsae SDrelddaresnl Poth Faey SFRECHY Y °oF HE"SK5 act ers of

the |icepse phale cRUMDRESoiS I festdad hakabiete. r aear dxdaplhade 6882 in
reverse order_ (e. the last twy characters of the |icense

- twe WO
20079 0079@3@9%%?@0@‘1%% ipAleate AFSPLLACPEY efYE 0FERT fay be onitted
such t haprifetdnineaetneficile iAuahbesad xsABE1E8"s akldivehtes SrB2ZhEBA" in
reverse order, any vehicles having |icense . plate.nu LS.l se order
of "321Clicenpe Ri@&fedtial c?h%?g?‘cé‘:gﬁd}% s ,l%ﬁﬁ]ef?%i n%’%ﬁf’éﬂ%l%r%l&abl e); and
(3) ot hep1BeanatiBtealy,t £€hheER Rhgbrtiing inddpateng-hasdif Fearagdesi ons of
the license

vehi cl o PRcEPA HATRESB R Ib2Th SRR Sbricof i her o Beth are
substi t utckdractéor, betbveltématdducehitrctiansaseyobe masdedd Efar acters. For
exanple,ekgeggga search,
The computer 612 determines whether any vehicle
identification records correspond to the read results for the
target vehicle after performing the extended search -(block 924) .
20 1f no vehicle identification records are found, process 900
proceeds to operation 941 of the manual identification process
940 (block 924). '
Referring to Fig. 9B, if either the search or the extended
search lead to identification of one or more vehicle
25 identification records, the computer 612 retrieves vehicle
fingerprint and optionally other wvehicle
signature/classification data fxrom the identified vehicle
identification records (block 931). The computer 612 compares
the retrieved vehicle fingerprint and optionally other vehicle
30 signature/classification data for each matching vehicle
candidate with the corresponding data associated with the target
vehicle to identify one or more possible matches(block 932). The
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100CR al gorithm does not indicate a confidence | evel above a predeterm ned
threshold in a read result of a character on the license plate, that
character nmay be ignored. Additionally or alternatively, if the OCR
algorithmindicates that a character on the license plate nay be one of two
possi bl e WOf2e¥edr94 15char acters, both alternati ve charearisns/onmys be used in
t he extended search. The conputer 612 determ nes whet her any vehicle
identification records correspond to the read results for the target
vehicle after perform ng the extended search (bl ock 924). 20If no vehicle
identification records are found, process 900 proceeds to operation 941 of

the manuglent st £ fnfdih9nt PESHRRS s3MO0ndP| L IbePLdrned witnRef€rring to Fig.

9B, if either the search or the extended search |lead to identification of
one or nCEPFELRFRT & lsrdEhni ientlicsn PeCHIHLaTt he Eiaitefe PRt ri eves

vehi cl e fyngal PeimNix@RcOPsE 0fal libsat hedl vehingheasd anald gégl@as i ki, cation
data fromthe identified vehicle identification records (block 931). The
conmput er BBESNEMPar®es4’n&87 et ri eved vehicle fingerprint and optionally

ot hes vehi cl ea30siHMAlURBLER 3RS} TdeCabEPRedatrdrf 8fafacd) ABt £hidiacaehi cl e
candidate with the correspondi ng data associated with the target vehicle to
i dent i fy [dRESEPTHRY @568 Wbl Fet@Rdderes coprgagyeatne then ¢fpequal

2007/ 007 %A BCH- 4432000/ @8243Rcmehingl 8111 NIYREl BE edmakikson may be
performed with a conparison algorithmidentical or simlar to the one

devel opePI5FSIAF *BUN/RIPRRIVEF B4R Fesblncaithdrntaleridegestsiited in U S,
Pat ent NEoxbeddH, &&h t5PepOoSBbP|aplen IBHRe rdgférndntf Rateiapl e, as a
vehicle fingerprint match with a confidence score greater than or equal to

a pr¥defi T HPR SIRASHaLRE &l FOXe O6mk BT %02 oPRete 1 is no matc
cl assifi caid apnbsi Phai weerdat andtadH,i Bge 4 Hddrkobesanae s ndaf dnedndzar each

data type,, ERb SXAT SechloLholl nostprint LG 108 9oLi Ly ogperates a
the other classification/signature data includes target vehicle
height, width, and length, then the height, width, and length of

15 the vehicle candidate may be required to be within plus or minus

| four inches of the extracted height, width, and length of the
target vehicle for a succeszful match. One or more vehicle
identification records way be deemed to correspond to vehicles
that possibly match the target wvehicle,

20 The computer 612 determines whether a possible match is
sufficient to automatically identify the wehicle without human
intervention by determining a combined equivalent matching score
for each possible match and comparing the result to a
predetermined automated confidence threshold (block 933). The

25 computer 612 may, for example, determine a combined equivalent
matching score for each possible match in a manner similar to
that described previocusly with respect to process 700.
Specifically, the computer 612 may assign a match confidence
level number to the fiﬁgerprint matching and, optionally, to the

30 clagsification/signature data matching, assign a weight to each
data type, and calculate a combined equivalent matching score by
combining the weilghted match confidence level numbers. If the
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and 1000 is a perfect match, then a score greater than or equal to 900 may
be required for a successful match. Additionally, if the other
classification/signature data includes target vehicle height, wdth, and

| ength, then the height, wdth, and I ength of 15the vehicle candi date may
be requi keagl2de@eddees t hin plus or mnus four inches ofecimezoasoesast ed hei ght,
width, and Il ength of the target vehicle for a successful nmatch. One or nore
vehicle identification records may be deened to correspond to vehicles that
possi bly match the target vehicle. 20The conputer 612 determ nes whether a
possi ble match is sufficient to automatically identify the vehicle w thout

human i nt er.v.ent.i on Q%ﬂg%&e%gkgﬁ b (ﬁggiﬁgggggﬂﬁghgaing score for

each pos%@%?%EﬁBFgﬁlanézconparln tc%?EESU t to a predeterm ned aut onated
conf i densecdrtateshobut {dsnvek tB883holthe thEcopmiter 612 #RARS FBF exanple,

det er m Ne. &, GOTRKICH. Sl AALEH LIBILRI08 ;5 58 Ot (260886 b ROgELBGUAAI Y TN 2
manner siMdar to that described previ ously W th respect to process 700.
Speci f i ctd | gperalidouodPutior Geeonding dieghranyrrtdlenc BRETU&TEE=FRVEI® nunber

to the 11a06rnsint (DRICN Maaetle ORLHARY! bYe. L af hGr80than one
classifica |onfS|gnature ata mat ching, "assign a weight to _each data type,
and cal cobetidole vehbherrasssi vhe exttavateni aerSidsnecpERTALR n§™t he

wei ght ed | &tQV8l PRI Say! be 1H8:112§, YN process 900
2007/007?@%&%#%%@%%%%%#%52435 c%nbined 3guivalen§§hatchi%€ core exceeds a

pr edet er meneebtapneday ok e2ned denk eshares kel g0t Foripit deens t he

target vehicle ;uGeesstaldon ipd8BLsd i e and process 900 proceeds to
operation 937 for recording the transaction_event betmeeﬂﬁ%gﬁcgagentified
X

rdi ng .
vehi€l e and tHe Moa@PPFillePRECP LapieenstaAubhtc{fd¥sih 8% feds the

aut omat edqeQpi #Aeneevihi €8 §lidhohbenaidxo Tat egvésiendr f itbat campyteecess my be

faulty, and process 900 may opti onal | roceed. (not. shown), t eration 941
of the mAhateiITHORE WRREYRAT FPGCRES™ Pofﬁf?l%KP??%%?Fb?%F%%%?g i s deened

suf fici enbubp petiamaki Gatdly drieshbly (Yidckebde) e Wihoutphuemel2
mat ches Sa¥1 STSF EPOREF - OIBEonErth 1 BPESRBLa T a Fo0h o TRe comput er
612 1gmy, phebagXanplteh drtesidlwe ifthahe acpdsisiel eqnitalersanzséhing t he
15probable match threshold it the combiaed eAubvehs Yedmbeli fifon
threshold but lower than the automated confidence threshold.
If at least one possible match satisfies the probable match
threshold, the computer 612 enables an cperator to perform

20 visual match truthing (block 935). Visual match truthing is a
process in which the computer 612 presents one or more of the
images of the target vehicle to the operator along with one or
more of the reference images associated with the vehicle or
vehicles that probably match the target vehicle. The operator

25 quickly confirms or rejects each probable match with a simple
yes or no indication by, for example, selecting the appropriate
buttons on a user interface (block 936). The operator also may
optionally provide a detailed explanation to support his or her
response.

30 If the match exceeds the automated confidence threshold or
is visually confirmed by the operator through vigual match
truthing, the computer 612 creates a record of the event (i.e.,
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score of the possible match is higher than the probable match threshol d but
| ower than the automated confidence threshold. If at |east one possible

mat ch satisfies the probable match threshold, the conmputer 612 enabl es an
operator to perform 20visual match truthing (block 935). Visual match
trut hi ng WO mopromess in which the conputer 612 presertCsigos/0014350re of the
I mges of the target vehicle to the operator along with one or nore of the
ref erence i nages associated with the vehicle or vehicles that probably

mat ch the target vehicle. The operator 25quickly confirns or rejects each
probable match with a sinple yes or no indication by, for exanple,

sel ecting, tx%%oéapcs@nfueaaﬁt M1 4005, @,@t@eéﬁeahé BBEH&‘F&}»( hlieski #R3B) . The

operator also nay optionally provide a detalled explanation to support his
or her re@porseveiztie end hbe clrablés¥ds2d h@sauferetearrdenf  dehd@ ™ Rr eshol d

or is vishally. f@&gﬂderr%Q'aH¥aé€ﬁ?olpR%ﬁééﬁr9§ﬂEOuthi ym@tﬁ@tc&m&@ truthing, the

conputer 612 creates a record of the event
2007/ 007 TgmedTingd Ppuswb0zissr h medelr Brafhire ﬂth@e@%{@ﬂqt@ﬁ bt i@ t he

posi til vely,J;,dgniif @hatt%rgﬁg YN Ce'r%o@? éggo sacgmlwa%)ﬂa@e fryy exanpl e,

a billable or non revenue transaction t he mat ch was
confi r recextirestgh Velsigdle ﬁé@%t#ﬁ%qmﬁhpﬁgdaﬁqu?néoﬁph%Qﬁ e ARSI ANSTonal |y

update thgd ead L sreﬁl,%@@a%r&%%%caelwCdaltgewwﬁ @ 1actegk vehicl e
identification data and l'i nk that associ ates the extracted vehicle

|dent|f|C%&h¥§ﬂedb@%Fﬁmﬁﬂ$th@nc%ﬁQQ§ﬁ:(9éﬁ?%ﬂ%§3|dent|f|cat|on record (bl ock
938). Referripgralsthd @i1kbdeoWig.t Be, CORRWSRIHURLZ 652 canidogpi@ek-ckDt 0 enabl e

an operator to manually identify the_target vehicle

0 to enable an operator to manually identify the target vehicle
(block 941) under the following circumstances: (1) the captured
images of the target vehicle do not provide any partial or
complete read results for the license plate number and state of
the target wvehicle (block 913); (2) no vehicle identification

15 records are found that correspond to the license plate vead
results for the target wvehicle after performing an extended
search (block 924); (3} one or more possible matches are found
but the confidence level in the one or more possible matches, as
reflected by combined equivalent matching scores, fall below

20 .  both the avtomated confidence threshold and the probable wmatch
threshold (block 934); and (4) one or more probable matches are
found but a human operator rejects the one or more prcobhable
matches through visual match truthing {block 236}.

The human operator attempts to manually identify the

25 vehicle by (1) reading the license plate(s), and (2) observing
vehicle detalls captured by the image acquisition module 624,
and (3) comparing the license plate data and vehicle details
with data available from the vehicle records database 6182, read
errors database 6183, and/or databases of external systems 634.

30 License plates read by a human operator may be confirmed by
comparison with automated license plate reader results and/or
multiple entry by multiple human operators.
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(bl ock 941) under the follow ng circunstances: (1) the captured imges of
the target vehicle do not provide any partial or conplete read results for
the license plate nunber and state of the target vehicle (block 913); (2)
no vehicle identification 15records are found that correspond to the

| i cense pl@t@7t@ad results for the target vehicle af tren/ipmod@messsng an

ext ended search (bl ock 924); (3) one or nore possible matches are found but
the confidence level in the one or nore possible matches, as reflected by
conbi ned equi val ent matching scores, fall bel ow 20both the autonmated
confidence threshol d and the probable match threshold (bl ock 934); and (4)

one or more prRAbasE, P EIRS A8y bW BUl adedutaitcoBeL AN & Ehect s Lhe
e matc

one or nore pro es throu vi'sual match truthing (bl ock 936). The
human opsamtarliacrdiptised Giarmnuaﬁi?mfii@maﬁl’?ttql%fll”@@éﬁl EFEEIR3(19% r eadi ng

the Iicepsg, ol ata( %311@{@ n(a?t)chobéﬁéaé&hg avgbb&é@eﬁ%@ul saeapiucadiby the

i mage acqu Srtion 624, and aring the license plate data and
vehicle dené;¢qnqm thrﬁéhQ@anﬁﬂoﬁbI%43%on1 AE JRIEIEAEAER Y P&t abase 6182,

read; errgeg Sgaﬁ%ﬁt’er &/ orndatahases ehaexhRiakdsysd B34,

30Li cense p?ates re uman operator may be confirmed by conparison
with aut dﬁh@ecﬁﬂd/@é’néem@#fat@aﬁééééﬂ PREAYCE -and/ or nultiple entry by

nul tiple hune ‘{H;\Qﬁ’l%r 3he iémeé&tl\&ZOQE/QWﬁQEgémw Be2#3brely The

manual identiflcation g e deenmed successful if the nan aJ%¥ col l ected
data, weigmedifind pytonefierilve 206 periety SALELRHATS FEWEhi ¥ “fat ch,

exceeds @opkefelpidnorednd dedtidiieCakk Of Rl ens ea tiireshabdart bl ock 942)
This determ nation may be

10 reviewer. The first human reviewer inspects the images and
manually specifies the license plate number that the first
reviewer believes corresponds to the vehicle based on the
images. Because this manual review by the first human reviewer
is also subject to erxor {(e.g., perceptual or typographical

15 error), the license plate read by the first human reviewer is
compared to an LPR database to determine whether the license
plate number specified by the first human reviewer exists.
Additionally, if a database record having fingerprint data
corresponding to the license plate read exists, a fingerprint

20 comparison also may be performed. If the first human reviewer
read result does not match any known LPR result or vehicle, the
one or more images of the vehicle may be_displayed £o a second
human reviewer. The second human reviewer inspects the images
and manually specifies the license plate number that the second

25 human reviewer believes corresponds to the vehicle based on the
images. If the read result by the second human reviewex is
different than the read result by the first human reviewer, a
read by a third human reviewer, whe is typically a more
gqualified reviewer, may be necessary. In sum, the first human

30 reviewer read is effectively a jumping off point to re-attempt

an automated match. If the automated match still fails,
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5done by the conputer 612, the operator that provided the nmanual data,
and/or a nore qualified operator. In one inplenentation, if a vehicle
cannot be positively identified automatically and no near natches are
found, one or nore inmages of the vehicle are displayed to a first human

10r evi eweWoO ZIpE00Fi94 st human revi ewer inspects the i mgeviRag/mmasal |y
specifies the license plate nunber that the first reviewer believes
corresponds to the vehicle based on the i mages. Because this manual review
by the first human reviewer is also subject to error (e.g., perceptual or
typographi cal 15error), the license plate read by the first human revi ewer
i's corrpamexitﬁplammﬁa d:atvabasm tnmatetehbm dieragmehbein tfemdingenise pl ate
nunber s CI fied Jl;% % st_hu eV|devver exists. Additionally, if a

dat abase &?BF’S RV g Fi é%rﬁ?‘? CdBF S BIFLESSRETHY to the Iicense plate
read exists, atfimgerpiicit 20 mrmxrcbsesf@l]s;o ideyt bei gbr ftbenednputfert he
first hu revi ewer_ read does ot mat ch.any, kno LPR result or
vehicl o e CEREETE HOPE T Hegbe T SRRV ] EH DT A E S ayed o & Second
humas reuiresmeligna'@etmxsandlhurraﬂdcﬁvaeMr TS peet sehhreld meges and manual |y
speC|f|es the |license n r_that the cond 5human reyi r

bel i eves élézrcreggp%nd% :Td%n% g“@%ﬂ&?}e cﬁ’agu%e onﬁ?hgr?%a es. FFOJ?%e&rAgad resul t
by the sedenévhubems  évrewsampbe disf baidabld h*a:nnbhereawdler égghsadiyicrhe first

human revj,guer. 997{ead1fb3éh% %éh{&eh%”%”néx?é’r' DL p:{;e LTl ypicall'y a nore

qual i fied Teviewner necessary man 30r evi ewer
read is eﬂfdmmfvecﬂy Ehe] @mppngex)fa‘lzpmam creﬁtreeaanewnmhmieaut omat ed mat ch.

T the a%h&ma%ﬁ!cm?{oqb kbl Eg%'ﬁie 2007/ %7&%%;&45%%99?40%435

mul t I'pl e 'human revi ewers must ow agreenent 1 n readi I cense plate
for the rgdsd viebibte demmmed databpadee. 6182 THe tdwpuehrcﬁiez iad spowaguccessful |y

I dentifi % tt*ée Q%&%r@égscé%b%%ea6£§%| Ocﬁ%%ﬁg.%i‘g t%’ee%%l(tﬁ?éc

uni denti f or unassi gned transaction e vehicle is
vehlcle identification data and a link that associates the

extracted vehicle identification data with the correct vehicle
15 identification record (block 938).

FIG. 10 is a block diagram of an electronic toll management
system 1000 that enables electronic handling of payment of tolls
by vehicles passing a toll facility without requiring direct
communication between the system's lane transaction system and

20 the system’s imaging system. The electronic toll management
system 1000 is merely one implementation and various other
implementations are either described below or are apparent to
one of ordinary skill. The toll management system 1000 includes
a toll management cowputer 1012. The toll management computer

25 1012 includes an image database 1014, a billing database 1016, a
vehicle identification database 1018, a highlighted vehicle
identifier database 1020, a billing engine 1022, an image and
lane transaction data acquisition module (ILDM} 1010, an image
processing module 1025, and a customer management module 1026.

30 The toll management computer 1012 communicates with or is
integrated with a toll facility 1028, which interacts with a
vehicle 1030 and a party associated with the vehicle 1032,  The
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successfully identified, the conmputer 612 creates a record of the event as,
for exanple, a billable or non-revenue transaction (block 937). If the
vehi cl e had never been previously identified, the conputer 612 nay create a
new vehicle 10identification record for the vehicle and its owner/driver in
t he vehi e¥@200@06mid dat abase 6182. The conputer 612 alrso/Bawys/9pEate t he read
errors database 6183 to include the extracted vehicle identification data
and a link that associates the extracted vehicle identification data with
the correct vehicle 15identification record (block 938). FIG 10 is a
bl ock diagram of an electronic toll nmnanagenent system 1000 that enabl es

el ect ron't&lhm%'ge.gex% RAPIRRL 9514 Qlils® bymmehicelkes passiexgeantdl | facility

wi t hout requirin Irect comuni cation between the systeni s |ane
transact systansstl@dtand 20t he systenmls i magi ng system The el ectronic tol

management systenm 1000¢ i s AP eebNeRN Srivhe sRAtE110Aaangenalti eysteat her
i npl ementations are either described bel ow or are,gﬁparent tQ.0 EGOf

or di nar y16%9 |9f FIRe 1®|drardesgeiesd REreddn 300F MEPLHRTH S 5P “Hanagenent

conpyt er ; 101g, The;Loidr MARIERN ndtBuHeat o2y nolndeseadnagage

dat abase 1014, "a billing database 1016, a_vehicle |d%ntif|cat|on dat abase
1018, a- BRbHvagshildd4verhe Rd lilded: frrahastatdbas e 036> 5 i | 1i ng engi ne
1022, anih@ﬁ@fﬁi%@igﬁ{‘&aéa{kﬂb%agb%@ﬂ flad mirequisidd erhiotiel BlepitiDMr 1010, han
i mage processing nodul e 1025, .and a custoner nagenent .2 1026. 30The
tol | mandgbdertc dORBut BRe I IR REFT RArES “wi ﬁe olg“ags‘? Pﬁ%r’r‘g‘gérgalt%é”d with a
toll facibitve 128, WaEChuddumRraghiaéidnia meahie| ¥02503@ndnthea qeadt y

associated with the vehicle 1032. The 6Q .W2007/ 4 320061002435
o1 1O manSBEREHEY CORSUEBPLADHY JRYE CORRITIEH: o T St ar

€s external systens 1034.
Exanpl es j0fugesdt£lon@epbs it rimphentotdt ivenafetenttahisranrdd®ditof FIG 10

described_broadly, ab it h to F ol fF
?g?| ﬁ;ﬁ%éggghfégﬁhp%pgr%%%ﬁ%?ﬁ?ﬁ%gggggé,t%m hgﬁlgﬂg dé&agégéﬁﬁﬂ.%he €

vehicle identification database 18, the highlighted vehicle
identifier database 20, the billing engine 22, the image

15 processing module 25, the customer management module 26, and the
toll facility 28 of FIG. 1, respectively. Likewise, the vehicle
1030, the party associated with the vehicle 1032, and the
external systems 1034 typically have attributes comparable to .
the vehicle 30, the party associated with the vehicle 32, and

20 the external systems 34 of FIG. 1.

The TLDM 1010 includes a lane transaction system 1020, an
image acquisition module 1024, and a video server 1030. The
image acquisition module 1024 typically has attributes
comparable to and illustrates one possible implementation of the

25 jimage acquisition module 24 of FIG. 1. The image acquisition
module 1024 includes a vehicle imaging system (VIS) 1024A and a
vehicle image capture computer (VIC) 1024B.

The toll management. system 1000 may be configured to
automatically identify only transponderless vehicles that are

30 deemed “violators”. A violator is a vehicle that does not
provide for payment for transacting with the toll facility 1028
at the time of the transaction. For example, a violator may be
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dat abase 1014, the billing database 1016, the vehicle identification

dat abase 1018, the highlighted vehicle identifier database 1020, the
billing engine 1022, the image processi ng nodul e 1025, the custoner
managenent nodul e 1026, and the toll 10facility 1028 typically have

attri but ewocwnp@rell e to and illustrate one possi bl e popieownbass on of the

toll managenent conputer 12, the inmage database 14, the billing database
16, the vehicle identification database 18, the highlighted vehicle
identifier database 20, the billing engine 22, the inmage 15processing

nmodul e 25, the custoner managenent nodule 26, and the toll facility 28 of
FIG 1, r@%&ﬁﬁ&:géf@&é&-lels‘sk%%§€letﬁifatv%ﬂhg& 1at9§lpaﬂ'atc¥.1§§§0f6ﬁed Wi th

the vehicle 103 and the external systens 103 pi cal have” attri butes
conpar ablvd thgut her eiliswe £98, P%ﬂ%efﬁaptfyth% s‘btlllatfééevﬁ’th ft°t¥eeii@m"l:¢e 32, and

20t he extgipakngysd %5%/ 38l afl Ge Yo11 facilis Ek%llga}ﬁﬂgnghugﬁl@e ! ane

transaction system an image acquisition nodule 1024, and a_vid

server 103@enthal | aRgpindc§hntiis wassaibee 1@2¢hﬁyﬁ%hl fapilasyaend | but es

conmpar ablt@lattomag%é |dé}b'itt%at al g9 QRe PSS gDk £ 43P e%ﬁgt@éno%a%gém@n@& mage
acqui sition nodul e 24 he |nage acqui sition nmodule 1024 incl udes

a vehi cl SYSHEH @O%Mreﬁemﬁeh@mAsﬁha adlﬁi%n@ltef?:%g?e EAFEREECRBPUL er

(VIC) 102481 IHseiw!dn waRRIEABM 4y $hEMLA 00 ITRY < Pen COYd QuEednt O
automatically identify only transponder| ess vehicles that are 30deened

"vi ol at oridrageaagayt Higen Boguientide nerdt neo skl riget Ly r evvmRirake piitdent f or

tr ansact | Mot Ret Nes t@lalb1bachdhd M 1HR280At of RB.ALEBL-Of thenbLanggetion. For
exa a viol ator dé be 61 W?2007/007194PCT/ 1132006/ 002435 a

tran pond‘@rqeé’s§e’v"\§‘?i'fc11 % A&t PRI obg A  Po IR Patt P1a4A°P028 wi thout  **

provi di ng:ﬁaalrsa@ay@ierﬁde@ftﬂfmedtw ltHean@nBYerdiac®X8APEPst of QBB NGidw pay
cash at the tg facjlity or aving an active fipancial account that is

accessi blaew Fﬁém{" O:b[rrlag'eagﬁpl:‘?%egm the image acquisition module 1024

through use of the matching process described in detail below.
The lane transaction system 1020 is a system that includes
15 one or more computers and sensors configured to capture
transaction related data for each vehicle 1030 that passes
through the toll facility 1028, The trangaction related data
“includes any data relevant to the transaction between the
vehicle 1030 and the toll facility 1028, such as, for example,
20 the identifier for the lane used by the vehicle, the type of
transaction, the time of the transaction (e.g., the transaction
time stamp), vehicle classification data {e.g. the number of
axles of the vehicle), the transponder information, if
applicable, of the vehicle, the fare charged, and an indication
25 of whether or not the vehicle has committed a vioclatiomn.

The lane transaction system 1020 is configured to
periodically send a lane activity report or file to the video
server 1030. The lane activity report includes a
chronologically sequential list of data entries or transaction

30 entries. Each transaction entry includes transaction related
data for a transaction between the facility 1028 and a single

vehicle., In one lmplementation, the lane transaction system
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5that may be debited by the toll facility. The toll managenent system 1000
is, nevertheless, still distinct froma conventional toll systemin that
the | ane transaction system 1020 and the i mage acqui sition nodul e 1024 need
not directly conmunicate with each other to enable identification of

vi ol at or syo Rat/beiss t he 10vi deo server 1030 is confi geceasioas/ovedssh each
violation transaction identified by the | ane transaction system 1020 with a
violation i mage captured by the i mage acqui sition nodul e 1024 t hrough use
of the matching process described in detail below The |ane transaction
system 1020 is a systemthat includes 150ne or nore conputers and sensors

configured to cagpt etransa t.lo relat d,.d f.ar, ea 030 t hat
passes t h?oUgit "%ﬁ E%‘%Ha”f %h%oﬁlgens‘%c ?’o% reﬁ@at eggd%ta

i ncl Udesd@jﬂ)bldaﬁlatﬁ.plewaﬂtest ca ﬁhy: 4g aanfaatl bhlddthasenst dietasdedcte 1030 and
the toll faC| | i 1'1 1028, such as, for exanple, 20the identifier for the | ane
used by #he*V¥Hicle, the type of transaction, the tine of the transaction

(e.g., the trmEmsacti shows nm skanp)t ofekincksespbosl flepgt seridda (e. g. the

b f | f th lLe th i f
Pon s canressht oo GERRIES i) phd i ARRenA S d R BB L OBl T
whet her extmﬂt tthe ov &hé Thde h ais geonpi ¢f debna chrohatemieally sequEmEipane
transact I‘,lo St em 1020 LS confi 89&1? %t‘} %E&?Qéﬁ&lciﬁgs‘é&da aydraRgeactivity
?‘fl Geo sérver

report o 5 CheVi ane actrvity report includes
a chr onotmgns@d:ﬂlyms edtientheltdlilsfaoi Lkt 4088t r i Bae drinstapddckd™n 30

entries. Egch ransact o e[% 1&1'0”%1%% yrapsaad i gigebated data for a

transactlonb en ‘the fac a single vehicle. In one
i Mpliementabhenctidre ehaness ranes adtinéma@ys}ll@iiﬁsa%%@'W%‘F}.QEPCTl1820061002435

1020 sendgohiie a083CEEYLLY 4P Iphabol NEatisdee: sfTeiiigBCaa day of

multiple tines a ay as a at file that is attached to an e- mail. FIG 11
shows andégtvazsd gt durekenpleimill BAtO%ctivity

Entry 1110 is an exemplary entry corresponding to a
successful transaction {i.e., a non-violating transaction). The

95 ~entry 1110 includes various data fields that include
transaction-related data. The data fields include: (1) a
transaction type data field 11l0a, which indicates the
disposition of a transaction or a lane action (e.g., a violation
transaction, a paid transaction, and an unpaid transaction that

20 is, nevertheless, not deemed a violating transaction because,
for example, the vehicie'is a government car); (2) a location
data field 1110b, which identifies the location where the lane
transaction took place {(e.g., an identifying number
corresponding to a particular toll plaza where the toll

25 transaction took place}; (3) a transaction date data field
1110c, which identifies the date at which the transaction took
place; (4) a time data field 11104, which identifies the time at
which the transaction took place; (5) a vehicle classification
data field 1110e, which identifies the class of the vehicle,

30 number of axles, and/or dimensions of the vehicle; (6} a fare
due data field 1110f, which indicates the amount that was
chaxged by the toll facility for the transaction; (7) a fare
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S5report 1100 generated by | ane transaction system 1020. The extract 1100

i ncludes a group of ten chronol ogically sequential |ane transaction
entries, each entry corresponding to a vehicle transaction with the tol
facility 1028. The first and last entries (i.e., entries 1110 and 1130) in
t he gr oupwefo@@nransacti on entries are "l andmark tranBelI82006/002264 i eS.
Landmark transactions and | andmark transaction entries are discussed in
further detail bel ow Entry 1110 is an exenplary entry correspondi ng
to a successful transaction (i.e., a non-violating transaction). The
15entry 1110 includes various data fields that include transaction-rel ated

data. Thgzz =4t éa’é% de?.d H&EH% ] 1]c%h %nh&é&é‘%tﬂh%”a&.é{@& f};ﬁ%&ﬁ £¥e&£’e 1110a,

whi ch i ndicat ed 1 SPOSI a transaction or I"ane attion (e.g., a
vi ol at i orvefrighsafey d:ranaapamdgtwmmm bpll aﬁadzlémtunp’eﬁ)dat pawserttt i on t hat

20i s I t, «d | at] clJ S
exanpl o, 08, fcy ST, il Ihhibhe S RBRThL OLDREREY Ol |y 1110m,
whi ch i derthifileste eyt ddet Eone whers st hesh ayrymiengnsaredisn ceudk pl ace (e.g.,

anl enti n r rej.c L4l z ere the
q25t a#mggtfggn@(t?og%%p ggg%' i%@ etng l’a a%tl %n é%]{“g éstﬁlgtgffa% d 1110c,
V\/m ch i defriteilfdi 2310 he viddicd ardid s ttlhe enadmachiabnisved Fhece; (4) a tine

data fieldLhioth Middhe 2eoh! [hh e ELP b Wl plchdigukl apsgct lon t ook

pl ace; ( a ve assi |cat|on at a which identifies the
cl ass of hank aeh@’emie isghennBerh ofs ok, Oﬁr\?ﬁvemﬂ-céi’weﬂﬁm@étoﬁa?%e vehi cl g;

(6) a far%sﬁ%ﬁ‘: Qgﬂ% ;{g ekﬂsailoé £ MU ORN BT LRI RS bgs@émmcht hata VV\\%S

char ged by acility for the transactlon 7) a fare 63
200710007 194 RgTni & 0OGIewPadsT phe tida authertv) 11689 W lclin AEFedttes t he

amount paj4gl. Ry £k be. Hfél'cﬁ'l&lﬁ% &ﬂ@é?ﬁ%%h@gfi"ést Qhﬁehﬁlﬁ&{élaﬁaﬁbb&ﬁﬂu (8) a |

paynment nethod data field i ndi cates the nethod used by the

vehi cl e tiFrqpaybife e &age. gay lé%svﬁtﬁém‘éw(e Fr-edPt CEeiF card number

or a transponder number). Entry 1120 is an exemplary entry
corregponding to a violation transaction.

15 Referring back Lo FIG. 10, the VIS 1024A of the image "
acguisition module 1024 1s a system that includes both computers
and zensors configured to capture image data and optionally
gengor data for each vehicle that passes through or transacts
with the toll facility 1028. The VIS 10244 may include any

20 and/or all of the sensors and imaée capture devices described
previcusly with respect to the image acquisition modules 24,
624. The VIS 1024A is configured to send captured vehicle image
and sensor data to the VIC 1024B. The vehicle image and sensor
data typically includes time stamps (time and date information)

25 indicating when the data was captured by the VIS 1024A.

In one implementation, the VIS 1024A includes cameras,
light gensors, and lasers. The light sensors continuously
monitor ambient lighting and update the cameras multiple times
every second to ensure that the cameras optimize picture quality

30 by regularly adjusting as necesgsary to any changes in ambient
light. The lasers detect wvehicles as they pass through each
lane and trigger the cameras as the vehicles exit the lane.
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S5paynent, and transponder paynent); (9) an account issuer data field 11101,
whi ch indicates the entity that issued the financial account fromwhich the
fare may be withdrawn (e.g., a bank account issuer such as "Bank of
Anerica", a credit card issuer such as "Visa", a transponder account issuer
such as ayd&oxoorgiani 2" transponder issuing aut horitypcraBogapss an account
identifier field 1110j, which identifies the financial account from which
the fare may be withdrawn (e.g., a credit card nunber or a transponder
nunber). Entry 1120 is an exenplary entry corresponding to a violation
transaction. 15Referring back to FIG 10, the VIS 1024A of the inmage

acquisitpo dule 1024 is a s t . ydes of b Lonpiker ¢ and
sensors %%%? {%‘&Feawgl%‘?ptoﬁlraec%ﬁ%g{:%%atgggéopt| gtr%a\tn% sensléor data for
each vehtu¢ erddvapfpels essttimieugh ore tvedricdetsasdash the toll facility 1028.

T ves aozts WY LOgLE IS, BOALRR00 Ay et Blnd HRuRENEST Sedide) Mde C2PT U1 @

devi ces descrii béd previously respect to the 1 mage acqui sition nodul es
24, 624. vahecM Smafe4datis agonf pytiierplly seatsenpiairedroenitd ¥ Pnage and

sensor d o.,th - £l e and sgnsakidata typically
i ncI%desa{J?‘%’ sttoa%g{ﬁ%%&rréf}%n&mgg?%eﬁﬁosr%rrrlgg?g% 25i ndi cat? ng when the data
was capt atecadsy neldsV| S:d 02 Atorn oire iupdecredt RIGR, dRRR W S 1024A

i ncl Udesir%%%?f&%sorl Eg?‘r%sl gﬁaf(ﬁ%%sﬁsgggiit%%eﬁéta]_herﬂé ghtaSepsors

cont i nuous nonitor a ghting and update the caneras nultiple tines
every seconthde desuesanild. rthaniemertRraierRPoe Hit® dretEISy230 by

regul ar! v, 4l 4k ga8sc SHh ERe ANadgd1aREeSchdbamBantad i ght . The
| asers detect veficles as they pass throu%h each | ane and trlrgs%er t he
camd® as §8Ptweed edcPeboetion Radfgaeingsihere the image and serSox

data was captured {e.g., a lane identifier).
After receiving image and sensor data for a passing vehicle

and storing it in an image/sensor file, the VIC 1024B may send a
megsage to the video server 1030 informing it that the file is

18 - available for delivery. The VIC 1024B may send the captured
image/gsengor file to the video server 1030 in response Lo a
request received from the video server 1030. After the video
server 1030 indicates that it has safely stored the requested
image/sensor file, the VIC 1024B may optiomally delete the

- 20 image/sensor file from its data stores.
Fig. 12 shows an exemplary set of image/sensor files 1200

containing image data received by the video sexrver 1030 from the
VIC 1024B. The set of image/sensor files 1200 includes ten
files, each of which is represented in Fig. 12 as a thumbnail of

25 the stored image with an associated unigue file name. Each
image/sensor file of the set of image/sensor files 1200
corresponds to a single lane transaction entry of the lane
activity report extract 1100. For example, the image/sensor
file 1210 corresponds to the landmark transaction entry 1110,

30 and the image/sensor file 1220 corresponds to the landmark.

transaction entry 1130.
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WO 2007/ 007194PCT/ M2006/ 002435 Each | ane nmay have one canera that takes one
or nore images of the rear of the vehicle as the vehicle passes. The VIC
1024B is a conputer system configured to receive vehicle i mage data and,
optionally, sensor data fromthe VIS 51024A, to conpress the inmages and
sensor dawa Wa/a07isd mi ze storage needs, and to store theriBrmg@oass sensor
data in image/ sensor files having associ ated data. The data may i ncl ude,
for exanple, a unique inmage/sensor file identifier, a tinme stanp indicating
when the image and sensor data was 10captured and a | ocation indicating
where the image and sensor data was captured (e.g., a lane identifier).

After recei vige IFR0% o308 380501 aLa LOL R JBRASEOSG URNELEaGAM 8l 07 I N0 it

in an |nage/sens may sen a nmessage to the video
server 16G3@ toforerivg nesehges thenf,i bbeividBagatrvedbl|idH0er &elivery. The VIC

10248 ey, senduile GaR! YL OROGESH0E didiha! foblitydd dBOCAEWReo1030 1N

response “t request recéived e Vi deo server  1030. After the video
server 1G{éﬁvend1m gdathandicattasheabbhyus ol &bt BEC rd@d8seed/ ¢thdde/ sensor

{11 ey e VL. 10245 pRk QoL o0l LS ok L Hna20kemtplseRsor.dddig rom i s

data st ores hows an exenpl ary set mage sensor files
1200 contnmnagmgemt'rm;@Sdaea feoeibred viigeo eewicded03erinat €080¢romthe VIC

10248, Thews8l Ll d oSt ses0k:dd |asnl 200 Jnghudes, e di €5, each of uhich

is represe unbnal of 25the stored imge with an
associ at esbnfngyue 91 Ic@hﬁamse e dodmgbe serpyait iph| @f dihe NECsE248 -

| mage/ sengor yibl £, £2Q8 s60RLLSAANAS, ! Qlécé'é}gﬂcﬁrbﬁ%élrﬁnﬁégéé@@s entry of

the lane activity report exttact 1100. For exarr?1 he 1 mage/ sensor file
121010cor risspokibie Yﬂeﬁ%@em{ﬁﬁrrhﬁ’%@ tthass et oirte s Py‘@iljd’z@o Pdregre-

i mage/ sensqy ;LLLen 1228 e@rresponds to the | andmark

As described in more detail below, the synchronization ox
matching of image/sensor data with transaction entries is based |
in part on the time entries associated with the image/sensor

15 data and tﬁe transaction entries. Accordingly, synchronization
of the intermal clock of the VIC 1024B, which assigns a time to
the image/sensor data, with the internal clock of the lane
transaction system 1020, which assigns a time to each
transaction is desirable. By periodically resetting the

20 internal clock of the VIC 1024B to coincide with the setting of
a network clock (not shown) known to be synchronized with the
internal clock of the lane trangaction system 1020, the video
server 1030 is able to minimize the clock offsets between the
image time stamps generated by the VIC 1024B and the tramsaction

25 time stamps generated by the lane transaction system 1020.

The video server 1030 is typically a computer system that
is configured to receive a lane activity report from the lane
transaction system 1020 and to receive image/sensor files from
the VIC 1024B of the image acquisition module 1024. In ancother

30 implementation, the wvideo server 1030 is configured to recelve
lane activity reports from more than one lane transaction system

and/or receive image/sensor files from more than one VIC.
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transaction entry 1130. WD 2007/007194PCT/ 1132006/ 002435 The VIC
1024B also is configured both to send nessages to and to recei ve nessages
from the video server 1030. In particular, the VIC 1024B nay send status
nmessages to the video server 1030 that indicate the status of the VIC 1024B
and/ or t kep eavd7ods conponents of the VIS 1024A. The Perasz02uBispay recei ve
managenent nessages fromthe video server 1030 that enable adm nistrators
interacting with the video server 1030 to configure or otherw se control

t he operation of the VIC 1024B. The VIC 1024B al so nmay receive clock
synchroni zati on nmessages 10fromthe video server 1030 that instruct the VIC

10248 10 resey | L5l otELRl GhAGKes cypscnfly (SSatEhSda  tp FRbedetal | el ow

t he synchronization or nmatchin ' sor data with transaction
entries gl Hagedachipdrt reporheby ipersdngr Lesand SGELEPEE MHERYEhe

| mage/ Se{ﬁ.ﬁag{sa%%qg%xa% - {18 L z%ag:f:k{(‘%%aﬁgééﬁﬁﬁl eﬁ@.ggrﬂil NHeY report.

synchronization™o I'nterna I'ock of the VIC 1024B, which assigns a
time to Afied nhgetsensortiom adepkifiquse hpve cpern aEFdERSDF ke VESFR

transact| Qe Wy LGNS 58 of| fBL i LBGN 1k kben is
des?fabl%. % %&??L §F?§@ﬂ§ e??%%g tﬁeOZOinternaI Q%QC of the VIC 1024B
to coi ncfike witth eheh setanasgtdpn emetidiok the ob30Y RGLI¥hBWTERRSW to be

synchroni zed gfidh §8e,,4 il 6rAgLe £1OCkHbrat DEnd ARG ARG asE | Gorsyst em 1020,
t he vi deo sew%%g?'l%goa?s able to nininf%eathe clock of fsets between the

i mage timeamRkmpshgenibien aerprt hE3VIC TESER BRI ORaFRETE 0N 58t i me

stanps geperaibd By Fheed angt papeaciiL) syl em 102@strates alhe video
server 10307 1's typically a conputer systemthat is,configured to receive a

| ant® act PYPEssT d38Pt LPF OTRISTE LPn8r VR fc FFBRSRSSI S EB T2t o recei ve
| mage/ sepspfedidiRE nkl RIS of CmdfeAR0dort He1bsBge: aeghi siélariomdul e 1024,

'n another SOI R ementation te VL9en SEYEE 10901 Setnidgyrad to receive
ry, an . illustrates a proce
identifying a violation image/sensor file for each violation
transaction entry.

15 Referring to FIG, 13, the video server 1030 identifies the
transaction entries in the lane activity report that correspond
to violation transactions (“violation transaction entries”)
(1310). The video server 1030 may identify the violation
transaction entries as the transaction entries in the lane

20 activity report that meet a predetermined set of criteria.

For example, a transaction entry in the lane activity
report may be identified as a violation transaction entry if it
satisfies a set of validation criteria. Notably, multiple sets
of different criteria may be concurrently used to define a

25 violation transaction entry.

After one or more violation transaction entries have been
identified based on the set{s) of criterla, the video server
1030 may validate each identified viclation transaction entry by
(1) reviewing the purported violation transaction entry for

30 anomalies and (2) by examining for anomalies the transaction
entries corresponding to transactions that occurred within a

configurable window of time preceding and/or following the
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| ane activity reports fromnore than one | ane transaction system and/ or
recei ve i mage/ sensor files fromnore than one VIC 66 WO

20071007194PCT/ 1132006/ 002435 The video server 1030 is typically
configured to process the lane activity report by parsing it and assigning
uni que tr WOsHEYI0B4| dentifiers to each transacti on enPEVIB206{002433 eport .
After the transaction identifiers have been assigned, the video server 1030
typically synchroni zes or matches an i mage/ sensor file with each
transaction entry in the lane activity report. FIGs. 13 and 14
illustrate operations perfornmed by, for exanple, the video server 1030 to

match tran I ri 1 i S fileas tLcul FIG 13
illust ra&é%%gg&iggpﬁ(}%:lggggf%%%%ér&g? eg??%@ or ggpgn%%%%gggt%en entries
and corr epoddi hige gruomestefl vihelg/isen syansidtuionf entepokw nekaP¢ on

transact iv%’li%”t]ftye and. F‘I""? b%%ﬁléﬁ,%g)at es a process 1400 for identifying a
viol ation |magé sensor fife Tor each violation transaction entry.

15Ref erri ng t @bPl G A8 setriver vi b mear verid@30li denei fikestt R ERansacti on

entri.es i he. I Vi r.f. Lhat 0., Ml ion

transact i%ﬁé ?‘l\%?(?fa%tgn\f’%l%éﬁégc i‘%‘r?lggt&?lﬁg‘éﬁ%@?%g%ﬁ’.e Tﬁ:g’l \ill%)dep server

1030 nay dedenmiihy, tfrer wxelal e orvhethesast lame arft theslare thensraksdtt i on

entries i g E@B@ n?agﬁ%te' \éhilélai&ﬁp%d& hhe MBI RéﬁC&?é kDY S~ of
or ex l'e, ans e |

criteria. anp atr action entry int ane activity report
may be i domlatied eshirlhgisobat Virlatomssachn omnheaslihyi 1ane myvi 59T es a set of

val idatio jat.er ] £1p! e if Le Lerd y be
é}Taerﬁlte, génelg%gef%xﬂmlﬂ%o B eaChegMaidl b Efemsta%haﬁ beray b

concurrently used to ne a 25vidl ation transaction entry.

one Br na® \fioal axawpler @ndateroirre ity rediftrrefearmbee Mt AXdBSbased on t he

set (s) of golidellRicidentdeonserMey 130830, fBhmaldedateeathrihgentified
violation transaction_ent r¥f % (1) reviewing the purported violation
t ransact i G¥igHer pxiorizmm AR8maPtres @S biaphindigat ad iy ffEPNERBREET es t he

transacti gle itk 85. CRIVRERRNAEAT LD shbBASACARTehRati QL CWLbEL: Ybt hi n a
configurable wi ndow of tinme preceding and/or follow ng the
transaction entries may be identified simply as €ransaction

15 entrieg having violation disposition data fields 1120n set to
indicate a violation. If such anomalies are found, the
purported violation transaction is likely an exror, and the
video server 1030 may reject the purported violation transaction

~ as not valid.

20 The video server 1030 alsc way examine for anomalies the
transaction entries corregponding to transactions that occurred
within a time window (e.g., 5 minutes) preceding the purported
viclation transaction. For example, one of the preceding
transaction entries may indicate that an-early read occurred

25 within the five minutes immediately prior to the purported
violation., The video server 1030 may reject the purported
violation transaction entry as not valid because an early read
indicates that a transponder read may have been misasgsociated
with a vehicle.

30 The video server 1030 also may examine for anomalies the
transaction entries corresponding to transactions that occurred
within a time window (e.g., 5 minutes) following the purported
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WO 2007/ 007194PCT/ 132006/ 002435 purported viol ation transaction (1320). If
any anonalies are found, the purported violation transaction entry nmay not
be valid (i.e., it may be an error). The video server 1030 may review all
or a subset of the 6data fields of a purported violation transaction entry
t o det er s rboisaexanpl e, whether a | ane of the | aneCTiBessa043HN system
1020 may be unhealthy and, therefore, may be deemi ng non- violating

vehicl es as violators. An unhealthy | ane nay, for exanple, generate
conflicting data regarding a transaction such 10as, for exanple, a
detection of a different nunber of axles during vehicle entry into the | ane

as that debestash dubhbgevah .cl @ceXbiadsi Lhg &ﬁrtéhe %ﬁéwi I ndi cated by
transponder i nformation, Neverthel ess, in anot i npl enent a | on, violation

t ransact FOAMEHITIO%s SREGL ¢ Mede ARAEPRES SihaY b%n% ﬁ@ﬁsé@ﬁ?*{‘—)nﬂaﬂlﬁl &8 havi ng

vi ol at i oBsdispesiinien daaaddebdsaddOmaet to indicate a violation. If
such anonumlies_are found, the purported violation transaction is |likely an

error, and t I"f%f‘%ﬁrdéﬁcg%?%%llfogélﬁﬁ?t%r@ d&e PRR FuMPEEPt Biclatsioat i on

transact kpanssctioh ¥atites 2Qheevihdeossararen 03930 1al3e gay-fxp:ne for
anonal i es, t he transiﬁﬁlon entrles correspondlng to transacti ons that

occur r ed WA IPHPLA% STMFShied. ranseqhisg: esyrincededi aech he pur port ed

viol ati omalidmsaCtiioDatfal @%alRkeio®Nehial, (he: Pr ecedlngeidansacti on
entries hat a arI read occurred 25within the five m nutes

cate n
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t r ansact Fosnsanttions tedre gslpord hg tos tpra@@atcbomﬂ hatheéesi r:ed Wi thin a
time windowe & prodell MRTksEE! LM NG She purporfed o o
transaction entries may be used to achieve greater acouracy in
identifying the image/sensor file that corresponds to or matches
15 the validated violation transaction entry.

The group of transaction entrieg, for a validated violation
transaction entry, may be selected as all transaction entries
starting from the first transaction entry corresponding to a
“landmark transaction” (i.e., a landmark transaction entry) that

20 occurred before the validated violation transaction entry and
ending at the first landmark transaction entry that occurred
after the validated violation transaction entry. Accordingly,
the group of transaction entries selected for each validated
violation transaction entry typically includes the validated

25 violation transaction entry, two landmark transaction entrieg,
and one or more other transaction entries, where the two
landmark transaction entries surround or bracket the validated
violation transaction entry and the one or more other
transaction entries in the group. FIG. 11 shows an exemplary

30 group of transaction entries 1100 that includes two landmark

transaction entries 1110 and 1130 that bracket or surrcund the
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WO 2007/ 007194PCT/ 1B2006/ 002435 vi ol ati on transacti on. For exanple, one of
the followi ng transaction entries may indicate that a |ane has reset itself
so as to mnimze cascades of anomalies. After successfully validating the
one or nore violation 6transaction entries, the video server 1030 selects a
group of WBAMGYEcal |y sequential transaction entri BETARPIHAZBS val i dat ed
violation transaction entry (1330). The selected group of transaction
entries includes transaction entries corresponding to transactions that
both precede and follow the 10viol ation transacti on, and thereby, enables
the violation transaction to be placed in its proper context. Through a

mat chi ng pEdkest tdiestysreabiiareentrhes sl etkedroupuUanefutiiansaet i on entries

may be usggsif. ARNieuE er__accu in identifying the 1 nage/sensor
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transaction is easily matched with its corresponding
image/sensor file because both are easily identifiable as the

15 first transaction entry and image/sensor file to be captured
following a lengthy 10 second “dead” time. Similarly, the
transaction that precedes the lengthy 10 second dead time is
also a landmark transaction because its transaction entry and
image/sensor file are also similarly easily identifiable as the

20 last transaction entry and image/sensor file preceding the
lengthy 10 second “dead” time. Referring to FIG. 11, entry 1110
may be, for example, a landmark transaction because it follows
10 second “dead” time, and entry 1136 may be, for example, a
landmark transaction because it pPrecedes a 10 second “dead”

25 time. -

Other examples of landmark transactions include

transactions that involve visually unique vehicles or vehicles
that have been positively identified. For example, a
transaction involving a multi-axle vehicle (i.e., a vehicle

30 having 3 or more axles), such as a truck, may be a landmark
transaction if the majority of vehicles passing through the toll
facility are cars having only 2 axles. By searching for an

70



rest of the transaction entries in the group, including the violation
transaction entry 1120. A | andmark transaction is a transaction
corresponding to a transaction entry that is easily matched or synchroni zed
wi th an 6associ ated i mage/ sensor file. A landmark transaction, for exanple,

may be aw¢ dsasidion that follows a predeterm ned anperismiedorass duri ng
whi ch no transaction occurs (i.e., a "dead" tinme). For exanple, if no

transaction occurs between a vehicle and the toll facility 1028 for 10
seconds, the 10transaction that occurs right after the 10 second interval
is a landmark transaction because its transaction entry is easily matched

with its corresponding i e/ sensor_ .file.. Th Kk nsaction is
easi |y nEtdfePinpt Flr’il‘g% %g’ 8UPBA ot Hy qfnﬁlglglgae)'lng“g%g?%l’ eﬁ%égc_ause both are
easi |y i ggddd fdeabbe 851d havihfl astidagenshet i watdwsr yhanmultiag&t8ensor file
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follows 10 second "dead. .tLinme, .and entry 0 REnpberigxanple, a
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30hawi ngbad positoirve lyxlidshtifiash throudh rigsk oIn#fRbe- a | andmark transaction

havi ng only 2 aRE B Oy e B S0 1o4RCT 1152006/ 002435
transaction as a landmark transaction if it is preceded by or
followed by a violation transaction or another unusual type of
transaction (e.g. a lane reset or any transaction that does not

15 meet validation criteria). If two or more validated vieclation
transaction entries occur within a time window defined by a
single pair of landmark transaction entries, the video server
1030 may use the game group of tramsaction entries for matching
purposes for both of the validated violation transaction

-20 entries.

In some implementations, the video server 1030 may limit
the size of the groups of transaction entries by imposing
configurable limits on the number of transaction entries and/or
the maximum time interval preceding and/or following the

25 validated violation transaction entry. For example, the number
of transaction entries may be limited to twenty or one hundred
transactions and/or the maximum time interval following the
validated violation transaction entry may be limited to one
minute or five minutes. If only one landmark trangaction occurs

30 within this configurable limit or time intexrval, then only that
landmark transaction is used in the matching process. If no
jandmark transaction occurs within this comfigurable limit or
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imge of a truck fromanong all of the car inages, the imge/sensor file
havi ng an image that nmatches the nulti-axle transaction entry is easily
found. Simlarly, a transaction involving a vehicle having a transponder

al so may be a | andmark 5transaction if the transponder information captured
in the treosagriomdentry may be used to identify the vehimbmins2bs cense

pl ate nunber. |If the vehicle's license plate nunber is successfully
identified fromthe transponder data, the correspondi ng i nrage and,

t herefore, image/sensor file may then 10be positively identified through
use of LPR Not ably, the video server 1030 may not designate a

L ransact iyqpeag, el ARG AENSAGHLEN Lhaldads SECEEIGLAY QT fo! | oved by a
viol ati on"transactior or anot her unusual type of transaction ife.g. a | ane
reset or matyghingrsemtasen t Btnadesidmetrk 1brmetackdbhdadrcomsedi iwrile . 1f two

or nore i 1ol ati r.ans iLon_entries _oeccur Wt hi time w ndow
defi ned \é'%ltggg%lﬁg?%é%as%r’ ggeﬁgaﬁ%rrgn%ﬁ(:cg?%%s%rc on %%tarclcé)g%ﬂh%%g%i deo server
1030 ray magealhe manedpivgpiof tirenpacteoms ent didestityingatiohe nip pireposes
for hoth, e j.date j [ g J4,0N e I . In sone

i mpl grrentlgitfa' %%st:‘gt Ae&v%dggggglr\;gera %8%6%%@%%% tt ﬁ?h(g&{sfle%%b%?l?%e groups of
t ransact iteaneattiens bie -gnpostapsrsmdergim Bdnmatiion is idhe tthensanibirn of
transacti ri i i i V. i d/ or

ol | ow nerFeosshey A egenk 8T SILLLER ke Bl B DD A1 e
nunber ofshomansacthonivagesies may be linmited to twenty or one hundred

transactions apdsol itrrﬂﬁ_e%ﬁ{:Mr{),i @pei QL&@/% QL L OV NG, @ﬁt%lféé dag,ed
vi ol ation transactl on. ent(y my e |_m tea to ‘one m nute or |_ve m nut es. o
I f ol y enealafdghed Wialasiaet FanGetars SOW ingludes addnkehpiiedl e limit ‘or:

i e i Nt eloy3bopbiieth Pl clAbad AL nb S ANAG! 0T b P BHle! flie it chi ng

process. If no landrmark transaction occurs wthin this configurable [imt
or VO 2007F86719 95T Pregedsra (s irl Akl omttamparctieremndoal Andmar k

transact ioigiakecssRbdgndiig FRUGRANREPIOEEShat! bef@rlandpRike 1T angact i ons
are used in the matching process, then the matching process is acconplished

manual | y "WRUEBoRF IR A1 ViAkaplan éraesartidient IRy FRY iifpderantselon,

15 only the beginning transaction entry in the group is a landmark
transaction entry (i.e., the entry corresponding to the first
transaction after the 6-10 second gap).

After a group of transaction entries has been identified
for each validated violation transaction entry, the video server

20 1030 uses the landmark transaction entries of sach group of
transaction entries to identify corresponding groups of
chronologically seguential image/sensor files (1340 and 1350).
The group of image/sensor files for a validated violation
fransaction typically includes all image/sensor files having

25 time stamps between that of the image/sensor file having a
landmark transaction image preceding the violation transaction
(i.e., the image corresponding to the landmark transaction
preceding the violation transaction) and that of the
image/sensor file having a landmark transaction image following

30 the violation transaction (i.e., the image corresponding to the
landmark transaction following the viclation transaction).
Accordingly, the group of image/sensor flles for a validated

72



5i mages to nmake a positive associated with the correspondi ng transactions
(e.g., transponder information in the transaction entries nmay be matched
wi th expected license plate nunbers as shown in the imges). In one

i mpl enentation, the group of transaction entries for 10a vali dated

vi ol ati oy ene@adsd on entry includes all entries cor PETABINGG/ZHSE O
transactions inmmediately following the last 6- 10 second gap preceding the
violation transaction and all entries corresponding to transactions that
occurred up until one mnute after the violation transaction. In this

I npl ement ati on, 15only the begi nning transaction entry in the group is a

l'andmar k ¢ilaBsachi QFaRRldkY ok i@-bgp&%%l@?téygx%kr 8§Ioﬁ?ch‘aﬁjel)&eBQmTL hg; ofder st
transaction after the 6-10 second gap). | fter a group of transaction
entri es HAETREBAed dehtad PEackeredk dth tval iwas@errer af1lsF braimaction entry,

the videasemuek 20LA3QcYsRSihdRd andiBLE: t4AN%2¢chLoN I ries of each group
of transactlggéentrles to identlfy correspondi ng groups of chronologically

sequent i AMYIREFENERhSorlef prewp (rsdodgRdan 35mae/FRESOF duid cohaviegefsensor

files forirageakbdadsthndiabatsothd RAN3AGEEEN 1MRGBh ! ¥rdDGludes al
i mge/ sensor files having 25time stanps between that of the inage/sensor
file havitig®a-l andrfietiransares/FercragEibe'@cedi ng the viol ation

transaction (h. €he R ICUBIP EYHAPRANG Pt thRSoh aRAMBIK higNSACt i on
preceding the violation transaction) and that of the inmage/sensor file

havi ng a 13HEREFKETFHRSELPP o F ity & PPo PPETF TRYSOLHeIXSW & on transacti on
(i.e., thaagergenser respendhidod adkentandn kilir aisaetdRokoki qvd ng the
Violgti 01, L1 anSBELL oM. ing 0RO G145 L IR, Ol RO SE R &5 TOr 2
the time stamp of the image/sensor f£ile corresponding to the
landmark transaction entry and a time that is approximately one
minute after the time stamp of the image/sensor file
corresponding to the landmark transaction entry. The video
15 gerver 1030 may adjust the landmark transaction *“time” and/or.
the one minute duration to take into account any clock drift or
offset (see below) between the clock of the image acquisition
module 1024 and the clock of the lane transaction system 1020,
As an example of a result of operation 1340, FIGs. 11 and
20 12 show a group of transaction entrieg 1100 and a corresponding
group of image/sensor files 1200, respectively. The group of
transaction entries 1100 include transaction entries bracketed
by, that is, surrounded by, landmark transaction entries 1110
and 1130. Similarly, the group of image/sensor files 1200
25 include image/sensor files bracketed by or surrounded by
image/sensor files 1210 and 1220 having landmark transaction
images corresponding to the landmark transaction entries 1110
and 1130, respectively.
After all pairs of groups have been identified, the video
30 server 1030 may optionally estimate the clock offsets between
the internal clock of the lane transaction system 1020 and the
internal clock of the image acquisition module 1024 for each
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W)2007/ 007194PCT/ | B2006/ 002435 viol ation transaction is typically a group
of image/ sensor files surrounded by or bracketed by two i mage/ sensor files
havi ng | andmark transaction i nages. Absent any errors, the inmage/sensor
file group includes an i mge/sensor file having an 5i mage corresponding to
t he val i dMO20FI0BI94L | on transaction (i.e., a "viol ati bOT/iBzagsdBeNSOr
file"). In the previously described inplenentation having only one

| andmar k transaction entry, the correspondi ng group of image/ sensor files
may be determined as all inmage/sensor files 10having time stanps that fal
wi thin the window of tinme between the tinme stanp of the inage/sensor file

cor r espondig £ouHhiey |@AYHR! K #AYSACLT ORI 5Y38Mh A diiTRatdaind S

approxi matel'y one mnute after the time stanp he inmage/sensor file
corres porﬁ’dpﬁb B agte Qoandnar®ur madsingi ofpreret:qaytplerheasnt@@oda%%@e\ﬁéﬁ 1030

ey adj ustoclBen! ALK LEARSAG ONLnbhaBL Badbot. 1o ey Thitddur at i on

to take into account any clock drift or offset (see belo bet ween the
cl ock of time Fheme %fcdiiesivigw wvdaref1b2 haariagt heceERoBfinde | ane

Urangact hanafyek emal0a0ei 08 AbRXATRecAl A-dpaUbicnipheRalipn 1340, FI Go.

11 and 2012 show a group transaction en and a correspondi ng
group of liapdgarkcrgsisacitiens 1208 clesheeffsatl [ForThee grsup BRL¥¥¢hsacti on

entries LOOLNGLuda NS Gt SRRAL | 87 Braslistef lihe Wiakays.osUr r ounded

by, "l'andmark transaction entries 16 and 1130. Sinilarly, e group of
i mage/ seridr dif ferenicren bebiaen e iiRage/ 2RSEA tAPT eBodrlec REBERIS or

sur r oundeBy « LERGRLSAS Qlabdd O3k E0maNsk 420 BavbAdARdMBE keddransact i on

i mages correspondln to t | andmar k transaction entries 1110 and 1130,

resplct i \F@Wmam@fa%ﬁawctaam s RFteFMenpag Helve Beeh PEEIRTS L8R5 HE vi deo

Eor determining a one-to-one matching between the lane
transaction entries and the image/sensor files as described
next. A clock drift also may be calculated by estimating the
rate of change in clock offsets based on differences in landmark

15 transaction/image times at either end of a significant intexrval
(e.g;; hours, rather than the minute or =o within a single
group) .

- Referring to FIG. 14, once the groups of image/sensor files

have been identified, the video servex 1030 may be configured to

20 identify a viclation image/sensor file corresponding to each
validated violation transaction through a matching process 1400.
The matching process 1400 identifies the violation image/sensor
file by establishing a one-to-one correspondence between each
image/sensor file in an image/sensor file group and each

25 transaction entry in a corresponding group of transaction
entries. Notably, by using information contained in transaction
entries both before and after the violation transaction entry in
the matching process, the process 1400 may be able to identify a
violation image/sensor file that matches the wviolation

30 transaction entry with greater accuracy than ig possible through
gimple time stamp comparisons (i.e., through simply designating
an image/sensor file ag a violation image/sensor file if its
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30 server 1030 may optionally estimate the clock of fsets between the
internal clock of the |ane transaction system 1020 and the internal clock
of the imge acquisition nodule 1024 for each 73 WO

2007/ 007194PCT/ 132006/ 002435 group pairing (1360). The video server 1030
may esti @ eootoeial ock of fset for a group pairing, fecragaogpdesssas the
difference between the tine stanp of a |l andmark transaction entry and the
time stanp of the inage/sensor file having a correspondi ng 51 andmark
transaction imge. If the groups each include two | andmark transactions,
the clock offset for the group pairing nmay be determ ned, for exanple, by

cal cul ating the average of the differences between.,the inage ui sition

nmodul e 16‘2%9%rﬂrqeaﬁga Pa“r%ié’ﬁ SAVE Y2t &t f’gﬁﬁgf%{ﬁé’ & gnﬁ%m%garsr %@%ondi ng to

each 10| apgdaesdanty aiSeRé iNivlaRebar tiadegptiiba ehtagk .of f sets is useful for

determ ning a, one-t, e mat chi ng bet n_the_I| ane t[sa@gacégnq:qu,n%ri es and
e

the i mage/ senddi® ilgég ¥s oS Bed ekt A’ P RICH T 10l SE ma

cal cul at eflobytast iimagefigendwa: fatle pbr chargddhhed|wickagfibset s based on
differences in landmark 15transactjon/i e tines at.ei of a

Sl gnbT | CLREnT I ERUaPRErE. o O ars PP PRERTTHE then bPeui¥ i Thin a
si ngl e gran@ark transRefdou iaxryoifl Ghe koupnoé timsgreodps eftriiggge/ sensor
files have been identifie the yideo s r.1 . configured to

20i dent | F")’]tg @?eolbae ilgﬁl??ragaeqc{sgﬂgﬁiséo%m‘—fl?‘:f/gge\é%fbfeg%g% ihg f%o each val i dat ed

vi ol at i orotrremsactingngrbupugh imagel seiseyr Fidees$14Y00. Fhe eeanrHieng process

1400 1 dentl [hespldig, Yol BhdRll TRUBLIEORAL ehirk8aDYs LAADLESH) N i3
one-to0-oNé GO réspondence Detween each | nage/sensor file i n an i nage/ sensor
fil dogrowf bem wwche2bthamsaot iFd6.ehlrgnd the copvRsPoridirag/ eeeify of
Uransact 9 gniLias. MabAblyoo R WShne:idY QERLI 80 RN abhethd n transact i on
entries both before and after the viol ation transacti on entry in the

mat chi ng lpndeays  tnemeapk bele senta0 0 1xyweeldh e mpbeher ity LB vi ol ati on

i mage/ seRsQBmb it & iRl sEREGRES the Yol ation 30transaction entry with
greater accuracy than is possible through ,
Using the beginning landmark transaction as a reference

15 point, the video server 1030 establishes a one-to-one
correspondence between each subsequent transaction entry in the
group of landmark transactions and each subsequent image/sensor
file in the corresponding group of image/sensor files (1420).
For example, the video server 1030 matches the second jandmark

20 transaction entry (i.e., the first entry recorded after the
landmark transaction entry) in the group 1100 with the second
image/sensor file (i.e, the first image/sensor file having data
captured after the landmark image/sensor file) in the group
1200, the third landmark transaction entry in the group 1100

26 with the third image/sensor file in the group 1200, and so
forth.

If the matching process is successful, the result of the
matching process is a one-to-one match between each transaction
entry in the group of transaction entries and each image/sensor

30 file in the group of images/sensor files. FIG. 15 shows an

example of a matched group pairing 1600. A matched pair is
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sinple time stanp conparisons (i.e., through sinply designating an

I mge/ sensor file as a violation inmge/sensor file if its 74

W)2007/ 007194PCT/ 1132006/ 002435 image tinme stanp is the same or
substantially the same as the tine stanp of the violation transaction
entry). wo2oe@oneisfically, as shown in FIG 14, a prbpCEBRIG@I4aENtIfy a
vi ol ation inmage/ sensor file for a validated violation 5transaction entry
typically begins by matching the beginning | andmark transaction entry in
the group of transaction entries with the beginning | andmark i nmage/ sensor
file in the correspondi ng group of I mage/ sensor files (1410). For exanple,

I f the gr, f | andmar transac nenr|e5|sth ro of ten
entries sl(ljrt){%ﬁg ?\t#dn flf‘ aﬁagltnﬁee éﬁmf mage sensx% CFDI e'sl'cc:)lqmL he group
1200 of twankabesorsmmryl wiFhGn Jazmagtalyieehmﬂrfarlle transaction entry 1110

ld b t d t th d le 1210., Usi th
\gg;i nni ﬁgnﬁa(r:] gra?al’\gérf étﬁ’g%@f: gﬁgaeél re gg?%ﬁ@é%%ﬁo i lmat%aésenlaglg se(raver

1030 est atillieshere aviohe> serone LOIC epdandencaldret weeur@%osmbscat@]uent
transactiqgn.e rou lan mark Ir nsactlonré and each subsequent

th
o gt Phe A e b e SO S Pk O e CR e 103 20

For exanpdisrent heawdgaiad cseevnery 1430 thet thage fdemssecbibte | anmdmahk video

201 1 anSactl.on eIIY fdeftoestOELL T80 LSOLT Yodosgided all ot thech andpr K

transact i Of ‘&t grou & "S&€ont T nagel sensor
(i.e, theufd/ost inagetdesmngoriles cirhahengroatsn ¢capt vidéeb aa‘elrmert hes0 andmark

| mage/ sensey uhhhfd it I 13050 r&gt%oﬂgg el did g LapdiRLly Lhansaction entry
in the gromYp f?ﬁg 2%'[ the ?ﬁlr | §EnSOr i E he group 1200, and
so f®rth.anomalous and to indicate why the entries or image/sensor files

have been deemed anomalous.

The video server 1030 may be configured to confirm whether
the matching process was successful (1430) by determining, for
example, whether the following criteria are mebt: (1) the number

15 of transaction entries in the group of transaction entries 1is
equal to the number of image/sensér files in the group of
image/sensor files; (2) each transaction entry in the group of
transaction entries is matched with each image/sensor file in
the corresponding group of image/sensor files; (3) the offsget-

20 adjusted time stamp for each transaction entry falls within an
expected deviation from the time gstamp of the corresponding
matched image/sensor file; and (4) the interval of time between

- transactions as reflected by the time stamps of the transaction
entrieg is within an expected deviation from the interval of

25 time between transactions as reflected by the time stamps of the
image/sensor files. Each of these is explained below.

The video server 1030 may count the number of image/sensor
files and landmark transaction entries in the groups to
determine that they are egual in number. If the video server

30 1030 determines that the number of image/sensor files is
different than the number of transaction entries, the video
gerver 1030 may insert one or more transaction entry |
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I f the matching process is successful, the result of the matching process
is a one-to-one match between each transaction entry in the group of
transaction entries and each i nage/sensor 30file in the group of

i mages/ sensor files. FIG 15 shows an exanple of a matched group pairing
1600. A gmisbeehypair is WO 2007/ 007194PCT/ 1B2006/ 002¢34Ba0bdoesss at ed in t he
figure by the lines connecting or matching a transaction entry with an

i mge/ sensor file. As each transaction entry is matched to an i mage/ sensor
file, the video server 1030 updates a data record associated 5with the
violation transaction to indicate a match between the given transaction

entry and_the i e/sensor .file, If_ the.vid r...20 | LfJ es one or
nor e ano%?%%&olg;gﬁs%‘{ﬂfi%orn THREF{ 9 5’\riei ﬁgﬁéﬁo\gﬁgg% %?Idgg%lg%lé%%e groups,
t he vi dego sefueariz208Re mymbepd af et téresadatianr eor ks erithaghe mawgerreSpondi ng
entries as 10anonmal oys. and,_tq_indigate . h t.ri.es ' / sor
files ha%@a%%fé:’r?nﬁg‘éngﬁl%o Iaghjs e e"l& ege\%?v €0 180(:33?\/13%? 1%&9%&%3131‘%%{3
conf i gur plladehcddielisr im wied heoubheatsd dicagipnotessimgashatigtiesgiaes (1430) by
det er mi ni,ng, f.or ex | e, ,whet her . the fol LN dt e met: (1) the
nunber 1%‘8‘?151‘tr1aoﬁls§8?‘i”’ F et ieécgei:tr_‘le?h:‘égtgerr%%\g%o(?f ﬁlg%s%%ﬁ%%\r?ent ries is
equal totthesauiribes efiditgeikpensed diffmgenpesectyra®iptbe i mage/ sensor
files; (2)_eagh transaction e ' r Tan oy pntries is
mat-ched &%?$Fé§ﬁ:sqfnagg §€ﬂ§b%E%¥P%n?é§u %% ggg?%%ﬁﬁﬁﬁ% %§E5$oqp of
i mage/ sensanpd i [Ths; vi83o témrveif sde ROadjarsradne i vkl dy ARPIT orlkedh
transacti,on_e | gt xpeet Ml By 1 Jo ekt e duraenst anp of
t he corrgg%%ﬁ%%%éc%g?%ﬁ% f%%géﬁggﬁspr f%ﬁgggaﬁg%(4)l%ie i nterval gf time
bet ieen fieesexiilets dstzcfdrdbedvbhiekrs tionEhst Higeof FRe'M@%nsact i on
entries Lge ﬁé"ﬂc%pssxﬂg&éb@%x%%\éhetﬁw Bd Q¥ BRad N avabasticbt i me bet ween
e y e

transactions as reflecte the tinme stanps of th )
placeholder, rather than associated with a lane transaction.

The number of transaction entries may differ from the number of
image/sensor files due to, for example, a false triggering of
15 the cameras of the VIS 1024A. Such a false triggering may cause
an additional image/sensor file to be created that has an image,
for example, of a lane with no vehicle present. If the video
server 1030 deems it necessary to add placeholders to the groups
asgociated with a violation transaction, the video server 1030
20 typically modifies the data record associated with the violation
to indicate that placeholders were inserted and to identify the
inserted placeholders.
The video server 1030 also may determine the deviation
between the time stamps of each transaction entry and the time
25 stamps of each corresponding image/sensor file. Because the
internal clocks of the lane transaction system 1020 and the
image acquisition module 1024 are independent, the clocks, and
thus the time stamps generated by the clocks, often indicate
different times (e.g., due to a difference in clock resolution,
30 a difference in clock drift, and/or a fixed difference in clock
setting). The difference in time between the clocks may be
represented as a fixed offset between the clocks and a variable
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i mage/ sensor files. Each of these is explained bel ow The vi deo
server 1030 may count the nunber of image/sensor files and | andmark
transaction entries in the groups to determne that they are equal in
nunber. 1If the video server 301030 determ nes that the nunber of

i mage/ sen®gr2ofi/0ogw4i s different than the nunber of tragvaRbIcn24entries, the
vi deo server 1030 may insert one or nore transaction entry WO

2007/ 007194PCT11B2006/ 002435 pl acehol ders and/ or i mage/ sensor file

pl acehol ders as necessary to equalize the nunber of transaction entries

wi th the nunber of image/sensor files (1440). The video server 1030 may

i nsert the-pliacehgl &l siridl chilfe SEOUPS ¢ = L ézs:astewer'foéd Tyt hat mnim zes

5devi ati on between the expected i nterva ti me between transactions and
t he expect¥dratef éh@n@é@%@ﬁé@h. tfrer |epragpl%-eﬁ3§@|edf phethd mdiseappse and the

transactin gpLr Mt&h il %@igslalg M ‘%%Qnée?ée&.‘i‘{n %hﬁ?%"@%ycl%teer m ne which

i mage |ikely does no correspond to a |l ane transact using LPR to
obt ai n 10¥¢%EERPenBiRg el adwimariotmadry spaisPe| £5l4 n ﬁﬁéern%ﬁfeﬂ@atﬁ\nmwm@e with

no |igcensge flat ge%@éwher%obel@a& 9%@ @%&éoa%%g%ko?b ghgh gy rather
than associated with a Iane transactio e nu of tranSaction entries

may dif f eadly FpEHRCHIATh entay Fm@eq@@r@sé@rfmag@/éa@sw fifler témanpl e, a
false tri &%{ﬁ)ngyoizhé—%ﬂﬁe%aggiéé ol Jolﬁll?ayilg 1Q244. t@c&&esﬁbﬁﬁlﬂé' ggering

may cause an additional imge/sensor file to be created that has an imge,
for exarrpir‘bag%’ﬁeaswan%lw ttﬁmﬁoswm cloxr preswantions etlh?éYxﬁJd@oS%W)er 1030

deems it necesgatie!OrAdd RLAGEHS AT SrhAsINE B %H9§y3§§:%c's%’éﬁ

violation transaction, the video server 1030 20 tﬁ pi cal nodi |es the dat a
recoft asEMIe{EERSRF tHikeh& Lirof BTN ifo Si-gief flgpat ﬁa@l%ﬁ%@é’ﬁolﬁ&@?s wer e

inserted and ihAgkgeatddy dihe tm&rét%W'(@E%r%E%lon entryl R€n¥i deo server
1030 al so may determ ne the deviation between the tine starrps of each

transact i BrFEHe r PPANT 9% SEEWRT 250 MEY BPLEEL FheofrER ptRT P Rg i nage/ sensor

file. Becassibledi wied e ¢liotksi®f thenbana d kansachd Aram¥ateMed 020 and
t he i mage acrgrw si.tion nodul e 1024 are i ndependent, the cl ocks, and thus .the

time stanPeigeABPatSFIRPIRETE| TIaES/ S6PERR T idi CAEPTPIH A EnEnt| hRAL (e. g.
due to a thd rarentay i proleaek waesedtildeened 30 ddiskiFal enceod Rxahptk, did ft,

and/or a flxe fseLfeéjus @1%& sé%mp of a transaction entry is
different than the time stamp of the matching image/sensor file
by one second or wmore, the video server 1030 may flag the
transaction entry and the corresponding image/sensor file as
20 failing to have matching time stamps and may add a note to the
. data record associated with the wviolation indicating why the
matching process was not guccessful.
The video server 1030 also may determine the deviation
between the interval of time between transactions as reflected
25 by the time stamps of the transaction entries and the interval
of time between transactions as reflected by the time stamps of
the image/sensor files. For example, if the interval of time
between a first transaction and a second transaction as
reflected by the time stamps of the corresponding transaction
30 entries is eleven seconds and the corresponding interval of time
between the same transactions as reflected by the time stamps of
the matching image/sensor files is five seconds, the deviation
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setting). The difference in tinme between the clocks may be represented as a
fixed of fset between the clocks and a variable WD

2007/ 007194PCT/ 1 132006/ 002435 drift. In one inplenentation, the video
server 1030 nmay estimate the fixed offset, for exanple, based on the

di f f er enago pod7bdé7eER St anps of the | andmark transacti orCaBI0Ys/@AISt he
correspondi ng | andmark i nmage/ sensor file. After estimating the 5offset

bet ween the two cl ocks, the video server 1030 nmay adjust each transaction
entry tinme stanp (or inmage/sensor file tine stanp) by the offset prior to
conparing it to the corresponding image/sensor file time stanp (or
transact Lon el il LB S AWLe Lk Nes U ,é%gc§£&@enﬁt efle Ly AARAC i On entry
tinme stanp‘(’ Tsensor stanp) I's significant]ly different
fromt hesemg:e/)sﬁ@r@sms t@ﬂl@gumé toabpd{antet pansuetingh faptvye st anp),
the videg, SELYSl: H03q: ORYa 1P Hilerc kNS, dpld REEAT fo@sSAckaked wid h t he

viol ati on"to T hdi cate the tra ction entry and correspondl ng

i mage/ senrsdeOfa;etrer%rréOa@lom diegahdth hetarEBchéommliie§ précess was not
deengd s i f Justed L igge, stanp of a
traggact :é%%%%{’&ﬂdmg %m%%efr%rﬁ%’ofhgﬁigﬁe% |f%§&§§% wg%%t he mat chj ng

i mage/ se|¢9951$’1:¢ré6 Bypteneak exforrdmer bapreen ttangrdebrise AP mfﬂ)ﬁdrréy flag the
transact i,an. epf g ARd L hee SOX da%eee@aagdlmgle/cﬁswmafalba asa2fabki ng to
have nmatching tine stanps an a note to the data record associ ated
with thevwotbe |wqhﬂaizcamcrﬁfw8t ABt NTHYIFSHEVHr ocEE Radlhbtre&\FEeesst ul .

The vi deq.SeLVery-hQ030 ral $Re ML WehEt PhAS diendenbat it Sebvera: tde i nterval
of tinme between transactions as reflected 25hy the tine stiggs of the

t r afl8act o¥nkekt rofeShenErangasiisy ¢RETSES t {9 lﬁ‘@ﬁ FAFahdiet) G as

refl ect ey cbPreddifEmst apns «f sbhenhgBoSdaRASEE1E] [ @S crhasaextml e, if the
interval of tinme between a first transaction and a second transaction as
refl ecte@™¥Y¥the time stanmps of the corresponding transaction 30 entries is

el even secondgareés aﬂéemaaamsg)@wc@gsi pé efonglletbdl i thee betdweenetvier same

transactions as refl ecte Sﬁl ta s .0f the matc .09 ina&e sensor
files is ¥rPet8cthude ¢ %n Fflo N image/sensor i L8
15 image/sensor file that was matched with the violation

transaction entry during the matching process (1450). FIG. 15
shows the violation image/sensor file 1510 matched with the
violation transaction entry 1120 of FIG. 11. The video server
1030 may repeat operations 1410-1450 to identify the wviolation
20 image/sensor file for each valid viclaticn transaction entry and
associated group of transaction entries and corresponding group
of image/sensor files (1460).
In another implementation, the video server 1030 is
configured to match each transaction identified by the lane
25 transaction system 1020 with other sensor dsta (e.g., magnetic
signature data and laser signature data), instead of with image
data. In this implementation the video server 1030 may identify
landmark transaction sensor data that corresponds to landmark
transaction entries rather than identify landmark transaction
30 images. The landmark transaction sensor data may be matched
with corresponding landmark transaction entries to synchronize
the sensor data with transaction entries as described
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WO 2007/ 007194PCT11132006/ 002435 between the intervals of tinme is six
seconds. |If the video server 1030 is configured to indicate a matching
failure if transaction intervals differ by nore than four seconds, the

vi deo server 1030 may flag both transaction entries and 5correspondi ng

i mage/ senwor20§vdeeig4as failing to provide a consi st ent PCTMBEo06a02465 ti ne

bet ween transactions and nay add a note to the data record associated with
the violation indicating why the matchi ng process was not successful. Such
a difference in intervals of time between transactions may indicate that
one 10 or both of the transaction entries (or inage/sensor files) IS not

correct YouBhelesy ! 0 @1 hBRfE: S %rmehgggl 0f thkA0ACS | B 1o
ete Is able to

After the matching process is e video server
i denti fy ®eve mateha#adh turﬁagéﬁtwrsmdentuéla@ hhéheSimegydirsassotidi | e t hat

vas Tt chad ! odfl%atcal Bhi ANeddiAind bhoB: Aldafi SO LNBLRIEI NG

process (I450). FIG 15 shows the violation 1 nmage/sensor
with the \Arelarkofransaesaon sraesrry 1120 of FIG 11. The video server 1030

may repeat Op%ffééfodh% %%%thﬂé%f&as%e%' £ 1@%&' %k&téa% 29k Sensor

file for each valid violation transaction e assocl at ed group of
transact i ‘GiRNEAEEL R FHE Y OF r BEpRARItigngrBLRY dl‘asl ha@@/mﬁtéﬂlwl( 1460) .

I n anot hef JARLEPEM Bld Q.Ragéﬁgeﬂ/ cq'.e%ri@r vele 103001 Se LA 'St?BE.SQ 1238 mat ch

each transaction identif | ane 25transaction sy with
ot her ser¥é¥regathe (Eepti fﬁrﬁ@n@ﬂ?@% ignsranaidras aped | aseesepeRdr e dat a) ,

| nstead afroiok MBARsdJ@Asok e il KR! SaBNIAY kaNyI SR tileg, ser ver 1030

may identify |andmark transacti on sensor data that corresponds to | andmark

t r an®act | GiFTEALFISR IMaafe FeRpel Fidest i rpd| BirdmePRCt RS d@PPon 30i mages. The
| andmar k d#-388€i b0 28N ar veaif: 18 rhecrdd JdiednW i SQidiespeadhRg: | andmar k

transaction entries to S)inChl’OﬂI ze the sensor data with transact| on entries
as descr|%ﬂﬂjs?§ g the violation or transaction records to the image

processing module 1025 for wvehicle identification and

processing. The video server 1030 typically performs all or

15 most of the above-described functions (e.g.; the parsing, the
viclation entry identification and validation, the grouping, and
the matching functions) using a batch application.

The video server 1030 also may be configured to perform
various other functions, including: receiving status messages

20 from the VIC 1024A (and, in some implementations, from other
VICs) and forwarding the status messages to the appropriate
monitoring system (not shown); providing a web-based interface
that allows administrators to create messages and send them to
the VIC 1024B (and, in some implementations, to other VICs);

25 synchronizing its intermal clock to a network time server and
periodically setting the internal clock of the VIC 1024B (and,
in some implementations, the internal clock of other VICs)
through an automatically generated management message.

FIG. 16 is a flow chart of an exemplary process 1600 that

30 identifies and charges violating vehicles for incurred toll fees
without requiring the toll system’s lane transaction system to
directly communicate with the toll system’s imaging system. For
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W)2007/ 007194PCT/ 1B2006/ 002435 previously. In another inplenentation, the
vi deo server 1030 may match each transaction identified by the |ane
transacti on system 1020 based on a conbi nation of | andmark sensor data and
| andmar k transaction i nages. S5After the matching process is conpleted and
each vi olvad p@mvod7iansacti on entry or transacti on entrychasobemm3associ at ed
with a correspondi ng i mage/ sensor file, the video server typically stores
the identified groups of transactions and correspondi ng groups of

i mage/ sensor files, the identified violation or 10transaction inmage
sensor/files, and the associated | ane transaction data in violation records

or in transactjon records and sends the vjolation or.t tion records to
the i ngOBYmengp%ﬁﬁ@afofgm?g?e%nidflsgrflaeeé;ﬁl ch(tglgfg%q_’ar? processi ng.
The vi degrgeryerark020réygpical by perfarmmalheoprddsmest300. t However,
above-desc¢ribed functi

tions, (e.qg.,.the si ng, _L-he wvi i Ly
i denti fi CAPTHHF SIRFDPIP ‘E%E'ﬁsoﬁgyt R %}F}gﬁ%ﬁdh&g 8%1316];[ ﬁéﬁggg%%%%ntg%%ﬁncti ons)
usi ng a batgd @mHdrenti 6uponents dhe widledosdefire 1080 shksetuney ofe
configured to performvario ot.her functi.ons, in i.hg- receiving status
messiges “28f TR The U1 t@i“ﬁ?zﬁ‘e( ?H&?t%?f’a?o%é’ Mip %%efr.iit%g?lggns, from ot her
VI Cs) andiftoevardiyngmbhe istatatmpoassageshdwm bireFEppridpri atecmdni t ori ng
system (not _sho .. _proyjding a web:pased .i t I
e i st ABPAT RSBy Eh sl all send Ehemrot iy vE 19958 (and, in
sone i nphenegemdntonystee 0ader VICs); 25synchronizing its internal clock to
a network ti server and_ peri odi_c [ [ Loal s Shock of the
VI C 1024B (azg?eiﬁ“?bﬁ%a?%ﬁf@ﬁ%hfggkéﬁs?&%%éggﬁ%gg%g csoc lof ot her VICs)
t hr dogh aelatiednddtiac £bkyeaeneredtied enhhay dmamsanes seigd thecfaqblity a 1 ow

chart of , grae_)(fm)a.r yTREszﬂ?é 4000, LhaLy, 3QiAent khies-andachanges viol ating

vehi cl es incurred tol ees without requiring the toll systenis |ane
t ransact itgansgsten-telakedciata donmuhRBatICHHVERYt APl PRy SERM &9 magi ng

system E%E video server 1030 or otherwise enables the video server 1030
to access the lane activity report at periodic intervals (e.g.,
%5 - once a day) (1604).

The image acquisition module 1024 captures vehicle images
and optionally other sensor data and stores the image/sensor
data in image/sensor files (1606)l The image acquisition module
1024 sends to the video server 1030 or otherwise enables the

20 video server 1030 to access the image/sensor files at periodic
intervals and/or as the image/sensor data is captured (1608).

The video server 1030 receives or accesses the lane
activity report (1610) and receives or accesses the image/sensor
files (1612). The video server 1030 processes the received lane

25 activity report and image/sensor files to select a group of
transaction entries and a corresponding group of image/sensor
files for each violation transaction entry in the lane activity
report (1614). FIG. 13 illustrates an exemplary process 1300
that may be used by video server 1030 to perform operation 1614.

- 30 After a group of transaction entries and a corresponding
group of image/sensor files have been identified for one or more
of the validated violation transactions, the video server 1030
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80 W2007/007194PCT/ B32006/ 002435 conveni ence, particul ar conponents
described with respect to FIG 10 are referenced as perform ng the process
1300. However, simlar mnethodol ogies may be applied in other

i mpl enent ati ons where different conponents are used to define the structure
of 5t he swex20e7/00uv4 where the functionality is distribbeCEmB2okefodmsent|y anong
t he conponents shown by FIG 10. In one inplenentation, the process 1300 is
i npl emented by the toll nanagenent system 1000. The | ane transacti on system
1020 captures transaction- 10rel ated data for each vehicle that transacts
with the facility 1028 (1602). The |ane transacti on system 1020 records the

t ransact i.Qn;: e kMITy: t . t he video
server 1(9%%%%%%2? \j*fi;oga'ggg Iies 5 h/%%b}séiéoyaéfeef\%% ?[%glg %%gqggggé(gs t he | ane
activity vigdektont tymrsiactioni entarw dys peefgrminbenteansatdyipn( ¢804y The i nage -
acquisiti 24 G el ] opt | . y:.0f her sensor
data and ag%aogggg%%sé | mla}fgg? g%ﬁéﬁm&g@agﬁc%ﬁgﬁgﬁsg%g%r%c%ﬁ%ggg%%% ). The

i mage acqliiediet i- onFEdHdUl4e 110Ratxalfds ano ek A Proeeserl4P030haE Wivher wi se

enables the .20yl )lﬁigoxé o/ 8k ¥080; 4 %%C??féﬁ? dgaé?gﬁiéﬁrh%%.fi | es at

periodic Interva nd/or as the image/sensor data I's captured (1608).
The vi deo ser ¥Ver 2930 vedddpied Orolatdensesandretiignecniory vithg v t (1610)

and recei yG5..or 1§§§e§s§%%nff%}1i~é@9% $8980pnd iéxef%uo&@é@étheﬂi%l%@ﬁ@g Server

1030 processes the received | ane 25activity report and | mage/ sensor files

to select141agﬂéﬁa BEcord (i.e,, “a violation record”} (1618): (1) the

group of transaction entries that correspond to and include the

10 validated violation tramsaction entry; (2) the corresponding
group of image/sensor files that include the identified
violation image/sensor f£ile; (3) the matching data identifving
the matched palrs of transaction entries and image/sensor files;
(4) the flags and notes indicating anomalous transaction entries

15 and/or image/sensor files and explaining why they are anomalous;
and (5) data indicating whether and why the matching process was
determined to be successful or unsuccessful,

The video server 1030 is configured to send to the image
processing module 1025 or enable the image processing module

20 1025 to éccess the one or more violation records (1620). The
image processing module 1025 receives or accesses the one or
more violation records (1622) and, optiomally, may present the
information in the violation records to a user for manual
confirmation of the matching process and the identified

25 violation image/sensor file (1624).

The image processing meodule 1025 way include a vicolation
review application that allows a uzer o perform the following
tasks: (1} check the association or matching between lane
trangaction entries and image/sensor files; (2) adjust the

30 matching as necessary (including manually inserting placehblders
as necessary); (3} confirm the correct matching of lane
transaction ehtries and image/sensor files based on timing and
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transaction entries and a correspondi ng group of inage/sensor files for
each violation transaction entry in the lane activity report (1614). FIG
13 illustrates an exenplary process 1300 that nay be used by video server
1030 to performoperation 1614. 30After a group of transaction entries and
a correspameiongergssoup of i mage/ sensor files have beemcraewbdidorssd f or one or
nore of the validated violation transactions, the video server 1030 WO
2007/ 007194PCT/ 1132006/ 002435 identifies a violation i mage/ sensor file for
each validated violation transaction entry by performng a transaction
entry and i mage/ sensor file matching process for each group pairing (1616).

FIG 14 LbLystealas.an exeilany, PLocess, H100oi felolBagbpsdingsh by vi deo

server o perform operation . For each validated violation
transact ifdheentFly inphe Vdehis fydnge iniog®tienc §aF | 3 uried 2L éng KRBGHE or nore

of the oLl gphag difl Aeded G d bl ween cib VEOLAIRN veaseldl Jarkil618): (1)

the group of transaction entries that correspond to and include the

10val i dati€d spetiiy ¢het dbsremition oft#yWwigBAtirReteBITELAGRARY %gr oup of

i mage/ se i t&s haks ks exthe identified violation inage/sensor file; |
(3) tghe %%?‘(E:ﬁllflng data iée%(tg%% ﬁlg the matched pairs of transaction entries
and i mage/ senEBE- i1 sbowg Hn tdxempllagy wrer AetesLReRy Y0 fE2anbyious

transact i Qn R0 €8 chor 4B/ Qe RISLSCPROT: di k@anadst 4Rl ai ni ng why t hey
are anomal ous; and (5) data 1ndicating whether and why the natchi ng process

\ . . Y.
was det ecorkedreriing sqckhe stAnssetirBueRieslsurt FHe: Vitdés9skPYer 1030 is

confi gur gd,LQ,/s6fsbd GitBe bfBgR: PrHOCESEhahd®duhee3ARe ar7oenahduddse i mage
processi ng nmodul e 201025 to access the one or nore violation records

(1620) . Phaatrhed F6eastiny FRidy ET098°h ddiares branfackd8Bs®tHe one or
nore Vi oljahiyensefssy ds 161622}, and, optionally, may present the information

in the violation records to a user for manual confj ian .of t mat chi n
process and t A8 ?’G’E?H]iaF”VeBaE%]%‘?%Itﬁillﬁﬁcl:ﬁ%e‘?kt@fsgﬁ??ir[récqflfgﬁﬁ. ane Thg

i mge pragrssiagerodulse (2035, nays iaveluge a Wil athosaceMirewiappbiaat i on

U o o B Rl R e 5, (%R M) o

files, (2):30j-88t) 1 he t3Qnatehing apenecessss yy (i SCDdAVY Jvaaual |y inserting

placeh0|43%%saction description 1735 (e.g., blank if the transaction is
not a violation); a transaction disposition 1740 {e.g., blank if
the transaction is not a violation); an interval of time between
the last transaction and the current transaction according to

20 the lane transaction time stamps 1745 (e.g., “2” seconds), and
an interval of time between the last transaction and the current
transaction according to the matching image time stamps 1750
(e.g., “2" seconds).

The user interface 1700 may be configured to include a

25 button, ilcon, or other interface element (not shown) selectable
to generate a graph that shows the time stamp deviation between
the image/sensor file time stamp and the transaction entry time
stamp for one or more matched pairs. For example, FIG. 18 shows
an example 1800 of a bar graph configured to indicate the

30 difference in time between the lane transaction time stamp for a
transaction and the time stamp of the corresponding image/sensor
file for the same transaction. If the difference in time is
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as necessary); (3) confirmthe correct matching of |ane transaction entries
and i mage/ sensor files based on timng and WD 2007/ 007194PCT/ M2006/ 002435
i mge content; (4) manually specify a violation inmge/sensor file; (5)

i nput identifying information for a violating vehicle or owner or entity
associ at eWOWHF¢ vi ol ati ng vehicle; and (6) specif pCTARZIGSPIGSi tion of a
violation transaction and a reason for the disposition. FIG 17 shows
an exenplary user interface 1700 that |ists matched transaction entries for
the ten transactions corresponding to the transaction entries of FIG 11
and the image/sensor files of FIG 12. The user interface 1700 includes 10a

mat ched tgmneAct pPBAedfArkar tBAEShIMR],CREENt £ ANSRLT LQBmSIY I ¥nel MBYE/ Sensor
file pair. An exenpl ary matched transaction entry 1710 incl udes a

| ane | dent§99%r ERgstyangpetiopongy di congifgred mogrduchitemhedine stanp 1720
(e.9., "4:b13%haticd 4R BAchARASs LI MBNat BAP Jhbdd (8ol shoke” #h30:34"), a
transaction type 1730 (e.g., "STID AVI"), a transacCtion description 1735

(e.qg., bl ﬁrﬂnﬁﬁet%?raﬂsag’@tlﬁén“%awtéom of draoR) time 15t ®act i on

di spasi ti@FebiddckegBeatdd @BKni fnd N donANSALE] AhdrarBRL, dnayi Bkation); an
interval of tine between the |ast transaction and the currént transaction
accor di nPIBOPREP &S 1 r ansaction time stanps 1745 (e.g., "2" seconds),

and an interva@arofripre, hakeeene tihe @%htm@@,aférie%a@@fhﬁﬂ&%l?urrent
transaction accqrdi n% to the_matching inmage tinme stanps 1750 (e.g., "2"
seconds) . W&y L8 that dffeyc@li9v o HEPhECCERt il edtt ® FHIGde a 25 button,

icon, or @dtwmingt ehé ag@nplaefest {MOmasBavAy *¢kahhe tugengrate a graph
t hat shows t he tiEE s%a% gﬁvi atjon between the image/senso_r file tinme
stamf? and®9Fe ¥t FEREART G OBNERSE1T mensY Srpe Raraisys bFamefs iEchel pai rs.
_Fo(rj _ exar’rpécra]ue ?lzig@m?;fsnmmsgntagmm l'&@@e@%s &lila@r d9f pphereepf bgused to

i ndi cate the i.fferen in_ti et ween the | ane transactiqn tine stanp
for a trafdHeti 8 lﬁ%d’g?lhg:%[ei ﬁﬁ%‘%%ﬂf%%?"%ﬁ&%% §ﬁ5‘8ﬁ§ji‘g}]§q&n€ge}ﬂ§%nsor file
for the shmme ransacitiom mbbfiulbelaid faeienne intdrna® tSock of the lane

‘transaction system 1020,

15 The uger interface 1700 also may be configured to include a
button, icon, or other interface element gelectable to generate
a graph that shows the intervals of time between current and
preceding transactions as reflected by image/sensor file time
stamps and the intervals of time between current and preceding
20 transactions as reflected by transaction entry time stamps. For
example, FIG. 19 shows an example 1200 of a bar graph that
assigns to each transaction a pair of bars, one having a height
reflecting the interval of time between the current and
preceding transactions as determined from lane transaction entry
25 time stamps and the other having a height reflecting the
interval of time between the current and preceding transactions
as determined from image/sensor file time stamps.
If the difference in the heights of the two bar graphs
associated with the same transaction indicates a difference in
30 time above a predetermined threshold, such as, for example, four
seconds, the transaction may be considered poorly matched,

problematic, and/or anomalous. The bar graph 1900 does not show
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WO 2007/ 007194PCT/ 1132006/ 002435 above a predeterm ned threshold, such as,
for exanple, one second, the transaction nay be consi dered poorly matched,
probl emati c, and/or anomal ous. The bar graph 1800 shows that the
transaction | abel ed "transaction 4" has a tinme stanp 5difference greater

t han one wegndi7igand, therefore, may be deened anonalrEUgB2006/002435Bar gr aphs,
| i ke the bar graph 1800, are particularly useful in that they allow a user
to quickly, at a glance, determ ne the accuracy of the matching process and
focus on 10poorly matched, problematic, and/or anonal ous transactions. In
sone inplenentations, the graph reflects tine differences after
CO”Pensaﬁhggt{l%{ 188 o0 £5685: RRUIRER, LAR IALer BBkt CliaTlerofn the ghage
acquisitio Sie 1024 and the internal clock of the | ane %ransaetl on
syst em 1920£0us Tie noFer SeeerdT-a8athyoo showgy bETSRERGUPRd to i ncl ude a

but ton, %9 3@ OthebnaNt erdacrae! engni s%@o@atabé@pédngem@r atax a graph
t hat sho e intervals of tinme between current and 1R§§dl n transactl ons
i

as refl eé‘-ﬁ?éGS%?tiQWgé/ §BR]WIN 14+ e PePAEdEtHYys PERAYT ca5F5ti me

bet wgen qupreniy aflﬁupft%aﬁgaéhglc%@ &éesgﬁépmgf asteREd emited rbypédmnsact i on
entry tine stanps. For exanpl e,

9 shows an e;kﬁglpl e 130@ of a bar
graph t h&higssrgRrias . eaéhk?r%é’éﬁ gherh 40 o £ BRE*ha¥{'hg a hei ght
reflectingabhesi é‘tﬁe\ialtooguié]ﬂﬁr bekweeg: dhs C ultephimndher acediawy
transactions as determned fromlane transactiqn entr d25t| me stanps and
t he ot herth&be g EFHAGRTOFeFF & FGCPRCT R m%‘f'c%/‘? ife bet ween t he
current gpdpReRsetd n@.ﬂdl?@ﬂsﬁﬁ&m&%sa&rdﬂéﬁt[ﬁldiﬁd fromi mage/ sensor file
time stanps. If the difference IE t he hei hts o;m %oﬁﬂ?e gr aphs
assd@i ated wi RATEFEIG MK, BRSSO +i FAF s XT8CFT eFEh &89 R 3017 rre above

a predet eﬂd@'nﬁeﬂléélrtﬁsdﬂ@ﬂldlasm@ micﬂ.@l‘s ex@mrpdl@, v&oiuat:sceconds, t he

transaction be consi dere tch b | G...an Pl eg
anomal ous‘maﬁgzgﬁ’é‘?m@ éléﬁslgﬁ O%'(#E Erdm R L EHRLd SR Pd e
data in the violation transactlon entry {(1626). The image

processing module 1024 may perform this identification using any
15 or all of the methods described previously. Once a violating
vehicle has been identified for each violation transaction, the
image processing module 1025 sends the identified vehicle and
associated transaction-related data to the billing engine 1022
for processing as described elsewhere (e.g., with respect to
20 PIGs.3 and 4){1628) .

The above applications represent illustrative examples and
the aisclosed techniques discloged can be employed in other
applications. Further, the various aspects and disclosed
techniques (including systems and processes) can be wodified,

25 combined in whole or in part with each other, supplemented, ox
deleted to produce additional implementations.

The systems and techniques described here can be
implemented in digital electronic circuitry, or in computexr
hardware, firmware, software, or in combinations of them. The

30 systems and techniques described here can be implemented as a
computer program product, i.e., a computer program tangibly
embodied in an information carrier, e.g., in a machine-readable
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WO 2007/ 007194PCT/ 1B2006/ 002435 any transaction associated with two bars
that differ in height by four or nore seconds. Rather, it shows differences
of 0 seconds, 1 second, 1 second, and 1 second, respectively, for
transactions 1 through 4. Accordingly, bar graph 1900 indicates 5that al
four tran¥®a0PPWs1%re properly matched with respect t®CT®oemiaseri on. Li ke
the bar graph 1800, the bar graph 1900 enables a user to quickly, at a

gl ance, determ ne the accuracy of the matching process and focus on poorly
mat ched, problematic, and/or anomal ous transactions. 10Referring back to
FIG 16, the image processing nodule 1025 identifies the violating vehicles

fromthe vl aBviERAH S@NSOprpd e@ngi?ﬂﬁ ) aRal b¥ecdt QR b

e
transaction-rel ated data in the violation Transaction entry (?62%3. The
i mage pr otR <G OhpE CPRFAELRRYC e RS ANPERERS T ien BPPRE]YON Sugi N any 1501

al I of therdmthes1dascdddradrpr £Viahticksr, B e ttipakatbfislioeeli cl £ has been
identified for each violation transaction, the imge processing nodule 1025
sends t he“THRHETT PECERAi e PN HEC LAt Y tFois #&t PEAIFEIMEPEd data to the

bi I l'igng eng:iga@g@oaznémdimgoe:aﬁgim at deserphadehsayhesss (end icWth
respect to 2%2&5;.% and 4)(1628). The abaove applications represent

i |l ustratfak APfREed g eRg EPer oSeduEeRt i feStardcd baedPEaFrHe

enpl oyed o £ BEmoaPDd ) GRlupeRsnt Fuiddiehr 1hbe Hardtads aspeGhstapte di scl osed
techniquegﬁéincluding systens and, processes) can be nodified, 25conbined in

whol e or et i ®h° 1GEhERVLEGNISRE et APTMEBIE S ePEEEF™ 62BriRiuce

addi ti onadleplgleanentsd idftuted on JHRE cOUBLESE ANGnt REDAISIULSHBSES+dhed here
can he iqglenente in dj, itakuelectronic circuitry, or in conputer

har dWfar e, ?i?qﬁMEFg? Lof ePuhed | AFTOSFOPREE IRfs S3EeEn@®d The 30systens and
t echni quesnigasehhbetkedase aC @bmbeni daYieReAtesbAs. @ conput er program product,

L Somul el BROr A L3nghD! Y, STOdLed 10,30 LALORIBLIQNCRIII ST & 0
can be performed by one or more programmable processors
executing a computer program to perform functions of the

15 invention by operating on input data and generating output.
Method steps can also be performed by, and apparatus of the
invention can be implemented as, special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an
ASIC (application-specific integrated circuit).

20 Processors suitable for the execution of a computer program
include, by way of example, both general and special purpose
microprocessors, and any one or more processors of any kind of
digital computer. Generally, a processor will receive
instructions and data from a read-only memory or a random access

25 memory ox both. The typical elements of a computer are a
processor for executing instructions and one or more memory
devices for storing instructions and data. Generally, a
computer will aiso include, or be 0pérative1y coupled to receive
data from or transfer data to, or both, one or more mass storage

30 devices for storing data, e.g., magnetic, magneto-optical disks,
or optical disks. Information carriers suitable for embodying
computer program instructions and data include all forms of non-
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85 WD 2007/ 007194PCT/ 1B2006/ 002435 storage device or in a propagated
signal, for execution by, or to control the operation of, data processing
apparatus, e.g., a progranmabl e processor, a conputer, or nultiple
conmputers. A conputer programcan be witten in any form of programm ng
5] anguagevo roebaiehang conpi l ed or interpreted | anguag®sT/maege/oe4isan be
deployed in any form including as a stand-al one programor as a nodul e,
conponent, subroutine, or other unit suitable for use in a conputing

envi ronment. A conputer program can be depl oyed to be executed on one
conmputer or on nultiple conmputers 10at one site or distributed across

mul tiple_sites and inferco d._.by. ' | Q3 REL ML Met hod
st eps of VP %t§V%F§ﬁ8Q§hdﬁFggﬁﬁ%§u%€‘ﬁﬁgg%rgg%hﬁg%égggn be(g;ﬁ%orned by one

?r nor e pem?rﬁ?mﬁbgsprag&smoyxewl}% andpfﬁﬁﬁfeaﬂ;p@@rge tGSper f orm
unctions_of the nvent, o t ; Lavante gaResat i ng

out put . W@gﬂ%ﬁuéfé%gsc%ﬁﬁéﬁ%%q%ggggéﬁgFﬁghagﬁ%ggﬁgiqppayatus of the

i nvent i onagaatdentiphdnditlet aad SPe’PM|anduPPBsRON clisksei rE@Rtry, e.g., an

FPGA, (field pr rLayhea o, & aRP! izat hed-sReekhi C
i nt egr at 85"81&?%%% ; gggrﬁo%gféﬁs%?t%ﬁge@%&% hgﬁgxecuti on ‘of a conputer
program incépeelabypumpysof lesdamgiocuberh general and speci al purpose
T Cr 0T 0CeS S0FS AR (@NYo DN AR B PROGE 38 86 8 01 1y Bl Ofnatl g1 L2l
y, a

conput er. GCener processor w Il receive instructions and data froma
r ead- onl Eepbnbayesdescrapedhersc €88 PEnistIepeBEeBoth.2 ATBPYYRT cal el enents

of a conpub.er al ;2 ALYCESS e fRINCYXECHIIRT (cREhoEE I ANTLBBY GNe.cor NDre
menory devicesS for Stofing Instructions and data. General lgz%/t .a conputer

wi | 1103l sdligeiddecyssplbelispkant MPerFoE offH et sPoay iR W aBREieh df or
transfer wgat asto, 5.1 PREPLLAE L1 &DFGiﬂ@ﬁﬁ_y S0k agesdfden gesoliay cat ori ng
data, e.g., nagnetic, magneto-optical disks,, or ,ogti cal é_gq;esks. I.nf ormati on

carri ers sstrpakbelk & WhbSRyFRR USSP ERRPIFGGFarPPRSt YU oS ™ BR T dat a

include @YrhekokiBaHloM@Bri8Es can be used to provide for interaction

with a user as well; for example, feedback provided to the user

15 can be any form of sensory feedback, such as visual feedback,
auditory feedback, or tactile feedback; and input from the user
can be received in any form, including acoustic, speech, or
tactile input.

The systems and technigues described here can be

20 implemented in a computing system that includes a back-end
component, e.g., as a data server, or that includes a middleware
component, e.g., an application server, or that includes a
front-end component, e.g., a client computer having a graphical
user interface or an Web browser through which a user can

25 interact with an implementation of the inventiom, or any
combination of such back-end, middleware, or front-end
components. The components of the system can be interconnected
by any form or medium of digital data communication, e.g., a
communication network. Examples of communication networks

30 include a local area network (“LAN"), a wide area network

{*WaN"*), and the Internet.
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WO 2007/ 007194PCT/ 1132006/ 002435 vol atil e nmenory, including by way of
exanpl e sem conductor nenory devices, e.g., EPROM EEPROM and flash nenory
devi ces; magnetic di sks such as internal hard disks and renovabl e di sks;
magnet o- opti cal disks; and CD- ROM and DVD- ROM di sks. The 5processor and the
menory caW@mWEWatenent ed by, or incorporated in speeCaiBpwpnse | ogic
circuitry. To provide for interaction with a user, the systens and

t echni ques descri bed here can be inplenmented on a conputer having a display
devi ce such as a CRT (cathode ray tube) or LCD 10(liquid crystal display)
nmonitor for displaying information to the user and a keyboard and a

poi nting devi c@iesWehp@si @y BYasenOfad Tﬂﬁ%ﬁéa&ilémswahahséﬁﬁexléser acan
provi de |€fut to the conputer. Qher_ kinds of devices can be used to

provi de O St BPEcPEHE AR SeneEr s KpBPEe Figm @rghppehet @éadback provi ded

to the usgfpithaan betéed ehFoahhSeNsRint 880RAC heribeR . asppd sual feedback,
auditory feedhack, .or tactile feedback; and input fromthe user can be

e
recei ved ?%%WHFBFH] oF iFHEngPAcTRISIaT: 2ripRedlY, VAFtEAceT |99WPHESE. The

syst ens mgﬁmnkﬁmﬁn@mﬁ:heeﬂe%@:l%ncbﬁp@&fﬁphﬁaeﬂwﬂ@ R a conputing
system that, i ncl udes a hack-end conponent, , as a data server, or that

i ncl udes E-IFIFERETE *THPORERLY ?Pg?aChaﬁt%&ﬁﬂl cation server, or that
includes a fr@theengSHRORAREONSE. ke WA thhh W¥He GRIPHL 8F tlf@é/lf%gléwgﬁg{ﬂphl cal
user interface or an Wb browser through which a user can 25interact with
an i npl eneritati'on of the invention, or any conbination of such back-end,

m ddl eware, or front-end conponents. The conponents of the system can be

i nterconnected by any formor nmediumof digital data communication, e.g., a
comuni cati on network. Exanples of comruni cation networks o
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30i nclude a | ocal area network ("LAN'), a wide area network ("WAN'), and
the Internet. WD 2007/ 007194PCT/ 1132006/ 002435 The conputi ng system can
include clients and servers. A client and server are generally renote from
each other and typically interact through a comunicati on network. The
relationship of client and server arises by virtue of conputer 5prograns
running on the respective conputers and having a client-server relationship

to each other. Q her inplenentations are within the scope of the
foll owi nCICABMSEs. CLAIMS: 1. A nethod of identifying a vehicle in a toll
system the nethod conprising: accessing a set of toll transaction

entries, each entry in the set designating a toll transaction between a
vehi cle gnd thent@bd oﬁﬁdéﬁtﬁfmn@hq/ehﬁfé M%‘t&@sfst&rﬁ,%ﬁ%b@@oﬂ?ﬁﬁﬁg:pt or and a
transaction tine stanp, accessing a series of toll transaction

pi ctures, theaesspiinga sabof ipditragsastiph gntsies, egehogntyiis thersebdesigaetingy tollhi ch i s
associ at ne Lct . ; ] i fyl toll .transaction
eniry rompioh BeRbal Lt B Bk 8Pysen ond she1Ebe o Halelon Rotripbiad

t r ansact ihansadgactimptiamp; sel ecting a toll transaction picture fromthe

series; conparing, usi a pr.ocessi ng _devi.ce, the transaction tine

stamp of the #eGFAHH %?P%Pﬁ aﬁ@ﬂ&wﬁﬂw PiEYr et seHchROpSIIAG 2 PIEHEY 6 ¢ he

sel ect ed piclrbs, CAMSTRHiIEIPR afoBlattdSyitiPficture time k@Rt | fyi ng the selected tol |

transaction picture as a violation picture corresponding to the violation

transaction eifeniifyingsetglidrnsactien ontry Gemitheset ahpuiolation transactiongnsrydiasedt he

transact ioﬂ'ﬁnéﬂ}-ﬂ.ac?i'ti)ﬁ@&:ri‘gﬂa(fj uded in the set of toll transaction entries and
e stanps

the picture tin ssociated with the plurality of pictures are based
on i ndependenteledtingladoll transaction picture from the series;

comparing, using a processing device, the transaction time stamp of the violation
transaction with the picture time stamp of the selected toll transaction picture; and

identifying the selected toll transaction picture as a violation picture corresponding to
the violation .transaction entry based on a result of the comparison,

wherein the transaction time stamps included in the set of toll transaction entries and
the picture time stamps associated with the plurality of pictures are based on independent

clocks.

2. The method of claim 1, wherein accessing the set of toll fransaction entries comprises

receiving the set of toll transaction entries from a lane transaction system.

3. The method of claim 2, wherein accessing the series of toll transaction pictures
comprises receiving the series of toll transaction pictures from an imaging system that is

independent from the lane transaction system.
4, The method of claim 3, wherein the imaging system being independent from the lane

transaction system comprises the imaging system not receiving signals from the lane

transaction system.
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2. The nethod of claim11, wherein accessing the set of toll transaction
entries conprises.receiving the set of toll transaction entries froma | ane
transaction system 3. The nethod of claim2, wherein accessing the series
of toll transaction pictures conprises receiving the series of tol
transaction pictures froman inmaging systemthat is independent fromthe

| ane transaction system 4. The nethod of claim 3, wherein the inmaging
system bei ng i ndependent fromthe | ane transacti on system conprises the

i magi ng syst emhefetidRAGTICKEING, Si gnal s fromthe | ane transaction system 5.
The net hod of claim3, wherein the i magi ng system bei ng i ndependent

from t he | ane %hersifs tetimaging yystanpeipgpiderddentfeon thedmedrapyactioRsydem ng an

i nt ernal K ctPin doshol f Qlﬁhﬁﬂ i r: | e
transact icglﬁ?gggeétem dgﬁngl SQQ@B%\%E@%P# tt e t?%ﬂr}ggtéglﬁigﬁﬁ%l ?%%%%@t%@% uded

i n the selockof tiellind transstion sysergrindi es are generated based on the internal
clock of the | gne.transactj.on.system an e pictur j e st anps. associ at ed
W th the pl ar AEEA BF BRcetrb e s AeT el i BedtiPrin! EEe R ERe 38 ook of
t he i magigagersits basatl oft theinfeyisll EIGLK Of the deRitiahsticigh Sysiedhind the bldte tidkl system
the system conpri sing:, an accessing nodul e configqured to: . access a set
of toll wtmpsasorigiedarith the pluralify af Bigturss argemsrtedhaseran e ntemal dodkdf)
transact iw%ln?%?&eﬁ' vehicle and the toll systemand including a
transaction descrrptor and a transaction tine stanp, and access a
series of toll transaction pictures, the series including a plurality of

pi ctures, each of which,is.associated w th icture tinme stanp; a
First e, f PoRereBhor BB e ot ol e B SVem s0Rod¥ i act i on ont ry
fromthe set afaécexdind mbile coifgiis@liot on entry based on the transaction
descriptor; a selecting nodule configured to select a toll transaction

picture fromthe s@pqegsasct Oftouéfaél%% ERigeTsath @Wdﬁﬁe@ﬁ?@'@i@&"&ﬁ*ﬁﬂr e the
transaction t&féﬁsaﬁﬁmﬁhﬁi‘@eﬂdl@hﬁfﬂ@%lf SRRFPHI iR udthE B thhGcRbft ure tine

stanp of the selected to transaction picture; and a second
i denti fi cat i odestoigtor and o irhngetiedtimostagpnandf y t he sel ected toll transaction

picture as a violation pictur rrespondi ta the viglation,transaction
entry based on a r &GP BTet Reoll s plofies, the gdostncludtng 2AnmBYEr
time stanps i pidhwesdadhioftwictistasskiated with 4 pileaaetimeRtadipt ri es and the picture
time stanps associated with the plurality, of ctures are based on

. of pi :
i ndependent cRJERddentificatignamadnie ‘é?ﬁf@“eélt%iqﬁl%g’ a toll trangqom Pt fiem et si ng
modul € 1 S5 GO sdcRoR i Paskd b BRlitaSachbn bikdipiansact fon pi ctures by

receiving the series o transaction pictures froman inmaging system
that is i ndepensdectingmaednl¢ émmfigared to selest adoll pansegtamenyturefoom the serigher ei n t he

that destingfmatnle bufigareg tosclrd adel . |
the i magi o oy SBERAAN SPEEFvR Y] § e B P AT PHnE SRR, o

transaction with the picture time stamp of the selected toll transaction picture; and

a second identification module configured to identify the selected toll transaction
picture as a violation picture corresponding to the violation transaction entry based on a result
of the comparison,

wherein the transaction time stamps included in the set of toll transaction entries and
the picture time stamps associated with the plurality of pictures are based on independent

clocks.
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8. A nethod of identifying a vehicle in a toll system the nethod

conpri si ng: accessing a set of toll transaction entries, each entry
in the set designating a toll transaction between a vehicle and the tol
system and i ncluding a transaction descriptor and a transaction tinme stanp;
accessing a series of toll transaction pictures, the series including a
plurality of pictures, each of which is associated with a picture tine

st anp; identifying a toll transaction entry fromthe set as a

vi ol ati on. tramE@sstepilofdlifi/e,based on the transaction descriptor;

selecting a group. of toll transaction _entries fromanong the set of tol
transaction eWbeicxthe accsepingmedide isqopfigurgdip arress e spries oftplb Hrapsaghigiact i on

entry; . 13 . : aﬁﬁﬁ oA .he series
of toll P%Eﬁ?i f?%%h% g?ﬁ%és égggﬁgﬁ&?ﬁgﬁse e??gg grogg@gﬁm%%ﬁﬁhg$

t r ansact irslependenti fegn therlahe transactioneyst¢nfiyandg a tol | transaction picture from
the group of tgll.n&ansaetion ﬁ{cturea as atgiol %bon icture correspondi ng
to the vi ol at PORCE R ER&ENoIsH 1o, PagBady Sor B tahe pspiosm it

t ransact compises thedmaping Bydtéie ngr retdiviaf sigahls floboths ik inaRsaticn sistsm.

wherein selecting the group of toll transaction entries fromanong the set
of toll transaction entries conprises: identifying a first tine gap
having agpr eﬁ%:ﬁ&ﬁbd‘@ﬂd&’rﬂft‘ﬁh?‘aﬁreﬂﬁzleﬁh TRoIPSISWRE thd Manbd 8faaEueN tine stanps
of chronol ogically sequential toll transaction entries of the set of tol
transacti on emicessang a schef toltansichoh erthiesy cacbpnbmitin thie setolesignatingsatolti on
entries QeeUCE SNRDErOl Ealdead RO dadd 8 ALAR, § LANSARH RO ERLI Yy and
addi ng a oI T4 BN act | on en ry tTotHe group © R e ransaction engries if
the toll triicac@ckmenampi ry i ncludes a transaction tinme stanp falling within
a w ndow of tine beginning at a tine corresponding to .a ti stanp of a
transaction eﬁ%%smgﬁ@&r—%ﬁ%tpb tpgiacHoR H‘Q“‘F‘ﬁe&eisﬁfé‘ﬁtlp‘%lil@ﬁg # plugality pre gap and
endi ng f”‘gicﬁu&i BRDAWHESHRQ Bstobigtel it epit A \¢RE kP, t | me stanp of the ,
identified violation transaction entry. 9. The nethod of claim8, wherein
sel ecti ng t heidgntfyngof toll dlahsactiomendot from tleadct pexsviplabion tragsaefiantantrydaseds t ol |
transacthg q&r%lsnf%khho} conprises adding a toll transaction entry to
the group o ort rgnsa I’on entries if the toll transaction entry

i ncl udes a tr soletiag a@hovp oftols tramsactionl dntrig fiwini Ahongtheisetdd volbirardshctionbegi nni ng
at a time corres on&%ng to the &éaniaction ti.me stanp of the identified

vi ol at i oRtiFHPASSE PR Bis tEng 1gmp Abithe YiRlsipndransactipR &S r espondi ng to a

predet erm ne?’se?éﬂﬁﬂgfa g?(;u dfisll ﬁ&kﬁéti&n‘}ﬁctﬁfe@%ﬁpﬂlbQéﬁés'o%lﬁl}eﬁa%tﬁﬁ {difes
identified violation transaction entry 10. The method of C|alﬁ]8, wherein
sel ect i nhascl en greosglectefl grayip ofttelhivansectianrengriast Ades conpri ses: sel ecti ng

fromthe serig .tolltr i } r j | Cture
correspondi n91@8€%n§ attP g#@%%%ﬁﬁélb@%{éf){;&%% |°§ éfiﬁ’lllf%ﬁng%\?\lngﬁ e ¢ a:S(?enti fied
first tinldgianpicne correspondifigltoipe &idlatlon tiahsdesas enteybypasdiidtingtibe gloap gf oup of
toll transaction pictures if the toll transactjon picture is associ ated
with a pfttangagtiongnisies withihg gropg ofdolliransastign AYBIFSf ti e begi nning at a

time correspopging sfe&cﬁﬁlgthegmw& tb1l &ﬁlsa&tmna%%%n%ﬁgnag\éhe Betldpoip el ect ed

toll transaction picture and ending at the predetermned tine follow ng the

t r ansact iramsactioneengiiesreomptiseshe i dentified violation transaction entry. 11.

The met hod of )44 m.8, cANGLElSD, RREGSS beb il R ofBhd b BRAE! O
transaction time stamps of chronologically sequential toll transaction entries of the set of toll

transaction entries, the chronologically sequential toll transaction entries occurring before the
identified violation transaction entry; and
adding a toll transaction entry to the group of toll transaction entries if the toll
transaction entry includes a transaction time stamp falling within a window of time beginning
at a time corresponding to a time stamp of a transaction entry immediately following the
91



anong the set of toll transaction entries further conprises:

identifying a second tinme gap having a predeterm ned duration of tine

bet ween the transaction time stanps of chronol ogically sequential tol
transaction entries of the set of toll transaction entries, the

chronol ogi cally sequential toll transaction entries occurring after the
identified violation transaction entry; and adding a toll transaction
entry to the group of toll transaction entries if the toll transaction
entry i ngdeadfied first 128 §ASaduhdidg i a st Goregionting itehiaRsaRtivh N6leGiakip dfi Ne
beginning at a tine corresponding to the transaction time stanp ofpthe

i dentifi g%ﬂ@?‘ﬁf‘&@ﬁﬂ@*@%%?@?%ﬁp “entry and ending at a tinme correspondi ng
to atime stanp of a transaction entry i medi ately preceding the identified
second time gap 12. The nethod of claim 11, wherein selecting the group of
tol | trafsact ilhe npitaedofelrin@aphersisselecting thegadupcafitolly trinsaetionreatriss fioss  of

toll transactjaon pi.ctures a.first toll transacti,on piLgiure corre ngding to
the trandaoes B8 et SO Finedionairsrites kR ER t e it #fecBp iy R gop.
sel ect i ngrdup@mtdlganssstiof $nigiks 1fahd tolltARSRALL eMtrPinCludéLbiransadtivon tichd Birh
transactiqQn picture corresponding to the transaction entry i mediately

pr ecedi n_gﬁk%‘_’v}@éﬁtwm 0 oL b6 hes thine afy e gpgesponding Kfhe HngCiqR fime
transact s@npRirdledfitntiRa ViatnQtiRsRtion Shity PEMRG!H @ Bnfd c%h‘éﬁ%ﬁdi‘n% t$ he toll
transaction picture is associated with & picture tine stanp falTing within
a w ndowprsieteimipedagoymoftimgtafter the transaotienciépe sdmpef the idénsifieil gidlatont | ne

st anp asggcia tiotaﬁden ith the selected first toll transaction picture and
ending at a tine corresponding to the picture tinme stanp associated with
the selected second toll transaction picture. 13. A nethod of identifying
a vehicle in g toll system the nethod.copprising; accessing a set of
tol | traiSact FBrmetof iogélﬁlnég’c‘f‘ih“éﬁlpr’;?lei’tﬁpgttgg gxowp ool ARAAGHAR PIOTYTEY |

transact j@iphetween a vehicle and the toll systemand including a
transaction descriptor and a transaction tine sta&;&_ . accessing a
series of t ol beleating segot the gerpis of tntlisansadiion piatiresa tollcirangaotign giopkrar al ity of

pi ctures, each of i i S .,assocjate it h Lcture,ti. t anm: .

Paent 1 1y HECR e WS Rl BhGraitin ehoPA e ochif AfATR: s and
transaction eaddiyg Hrblechneartivh gickuransthe igroip of esibiragzhcion pictures ifskd Wit i ng a
group of toll transaction entries from armng tge .set of to]l transaction

entries HASBELAPIEHE if pyeciaed mithatPicher Yne Famporling afﬂfg%vawﬁo‘é fige

sel ecti NGedAndhOHPa he E&{-ésp&ﬁcﬂﬁgﬁ%e Piowpé Gl s@tnp! ds QT QPw R THe881ckd tdll |
transaction pictures based on the selected group of toll transaction

ent ri es; trapsgction pictuiechadending mtjtha pragietermingd dimstfodowipe thafranstationtindestapmup of
toll tran | | Gt -viglation picture corresponding to the

viol ati oﬁééﬁ%é&heglgg%glhﬁélﬁﬁrﬁggsggh%{{s%ggi ating the group of toll transaction
entries with the group of toll transaction pictures, wherein

sel ecting, the_grou f to]l transactjon entries fr anong the set of toll
t ransact ?bn eh ?1“8@1088&}@1“%@8‘?"113’“‘“ Sel'e%%%’e‘@? grypof Eﬂ‘ﬂ%ﬁ%}@? epirics rm

transact Bxﬂﬂng%ﬁ‘krsiateo‘%‘téll fratlshotldnARERRS Hudbr 88kpAsedeSi gnating a tol |l transaction
between the toll systemand a vehicle that has been positively identified,

t he sel ect ed idshtifyingasseend time gant kayingrecpradétergnined dusatsnacatitione hetweenshanp t hat

s earli g, Ll aiEe LD, 406 LIANSERL NG IRoR L ATRA IS De bt &PGr o
identified violation ansactrorrentry; an
transaction entries, the chronologically sequential toll transaction entries occurring after the
identified violation transaction entry; and
adding a toll transaction entry to the group of toll transaction entries if the toll
transaction enfry includes a transaction time stamp falling within a window of time beginning

at a time corresponding to the transaction time stamp of the identified violation transaction
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adding a toll transaction entry to the group of toll transaction entries if
the toll transaction entry includes a transaction tine stanp falling within
a wi ndow of tine beginning at a tine corresponding to the tine stanp of the
selected toll transaction and ending at a tinme corresponding to the
transaction tinme stanp of the identified violation transaction entry. 14.
The nmet hod of claim 13, wherein selecting the group of toll transaction
entries fromanong the set of toll transaction entries further conprises
addi ng a'ch®y bnd ErdFae b tige RREEHOlRG tHE tidleQtPnpdf d teinkadtion RARYE inuaedigely i es i f
the toll transaction entry includes a transaction tine stanp falling within
a wi ndowPredingthepdeutifiad prgond ime®Pe corresponding to the transaction time
stanp of the identified violation transaction entry and ending at a
predetermned tine followng the transaction tinme stanp of the identified
vi ol ati o2t r afbaniethod o€alainy 11, vilereinsetestingdhaogroipl ehiollftiansagtion piehiresl e in a
toll systen},.t he net hod conpri si ng: accessing a set of toll

transact FOHPRHPT i es, each ent ry in the set designating a toll transaction
3et ween a vehgab@ingmmme_sé@slo_fays&mw pioharesial fing tall fianaasion pichite f .
escriptor and a trapsaction time stanp; .accessin series of to

t r ansact PerespPlding wdhe fransaciion; ety iimmegiaiehy folloping Piqig}ﬁg?da HiSEUmE 895 each of
whi ch i s assoghialig it fhe Seris i 1 PtrdrisHEion piHres a second toli&RAnbdctibR Bickurk Ol |
transaction entry Tromthe set as a violation transaction entry based on

t he tr ansem¢spomdinetodhe pansaction entry imaledigtalnprescdipgilip idshtified $ecomc£frimagap;o n
entries fromanong the set of toll transaction entries based on the tine
stanp of %he violation transaction entry; selecting a group of toll
transacti on paddibg £slif ttameactiog pRairt &sthefgrdupl df téll ansaciongictiies ifdhewllbased on
the selected group of toll transaction entries; and . . .identifying a
tol | traféaerigpipieispsorialsmhyiing RiFgtmiise siempifalliRgiting BidpWOf tiptes as a
viol ati OBehfihg s Ré E&%&? iftolthe bﬂﬁx_ré’ﬁﬂk%fahﬂfhs&dci%&?&&h% sRRbed 1Y
associating thé group of toll transaction entries wth the group of toll

t r ansact t@dhtransagtion @icture and endipgpata tim¢ eparaspengdingfoshq picturg timestaepi on picture
fromthe_group.of..toll .transacti.q i ct 3 a violation picture includes
associ at i 8Cl8 edém%lntie%? %‘?c(t)%lgseﬁ%nsdltgﬁétg%ﬁ?cﬁéfﬁc@?%nsacti on picture in the
group of toll transaction pictures with each toll transaction entry in the
group of toll transaction entries,. .16. The nmethod of claim.15, wherein
associ at ilfg oft RO JifEng g cgaeat?llﬁxst% lgef?kpéﬁm}am&%lwe with each
toll transact hQRsY 4 st bPlIUHBSAction entric® CH! G in tHe SSEQRARIR a to]l

chronol ogi cal order, the toll transaction entries in the group of toll

t r ansact lremsaethen hatwednaseatichnandibe tadl Systemeanddneliding & framsagtiemgeseriptor and a
ordering, _in seqédr?d?%tia‘[%l . chronol ogi cal order, the toll transaction pictures
in the gFB’ﬁsﬁc%(fn Pansact i on pi ctures based on the picture |inme stanps;
associ ati ng easisdiny 4 serieaobtitiraasacaon pi¢tunts theacidsaneuding b pburklity lof
transaction entr;El or der,;, assogi ti'ﬂ1? each toll transaction picture with a
pl ace i nPicHEes sgh of EF9REH S ePIsERIme 8Pt i ng a tol | transaction
entry; and jdenti@ﬁ@tqpﬂoﬁt&aﬁgaczibﬁeﬁ@ £6n98k 10 hd & LHoRMSA HhhABHGT Y ke 2
toll transaction picture conditionéd on the toll transaction enfry being
associ at en thwi tramsactiph dessriptert he tol | transaction entry order that

corr esponds t(sjlécrtlfral %l ASift quolrl E}(aans%gt%n én'ﬁ’?&%?o% 'ax%gné) AR | gﬂsa&?o%om at ed
with the tol | "¢YaNEaA& T8N prcrure.

entries based on the time stamp of the violation transaction entry;

selecting a group of toll transaction pictures from the series of toll transaction pictures
based on the selected group of toll transaction entries; and
identifying a toll transaction picture from the group of toll transaction pictures as a
violation picture corresponding to the violation transaction entry by associating the group of
toll transaction entries with the group of toll transaction pictures,
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17. The method of claim 16, further conprising inserting additional tol
transaction entries in the group of toll transaction entries if the nunber
of toll transaction entries in the group of toll transaction entries is

| ess than the nunber of toll transaction pictures in the group of tol
transaction pictures. 18. The nethod of claim 16, further conprising
inserting additional toll transaction pictures in the group of tol
transaction pictures if the nunber of toll transaction pictures in the

group of toll whermsatdclifg thelggduy ¢Foll Grahsasifont dabiesifivgn MioHEhe oét of edil
transaction entries in e group of toll transaction entries. 19. The

net hod oflraB§aglion qrariesfq@MPKESS. conpri si ng desi gnating the sel ected tol |
transaction e : i I 1 Q0 i e aS+ipRr operly
mat chod condi oz Tont B SBT 2] BB s R i b e P

t he sel edolbitarsadtionthebwesn the toll spatem pndimstchitle thpit baabeen positivaly ideptifidd, thee

associ ated t.o t.ransacti on pigcture bein r.eater than a predeter.m ned
oo oo & Shetidlon rAREASH bRy B-fitteS PPl WER B PRDs BaRbCR T RS,
an i nt er wahsadfiod fife sfagp\Wagndddvun tHeriaasidet vivisiopas@shetion titey;aad | transacti on
time stanps of two chronol ogi cal l %;hti_lequenti al_toll transaction entries;

cal cul ating a2¢dPe 8 PURISHEION FEEY tehe Bfouﬁ’iqfr@lbtéql\ﬁ_@%wnteﬁ@eﬁ Hishe dnsact i ons
based onhhe Rt nd1hdR aAIRFioR tinde WonT 2R R Wigif 8 WiXdoWeGERE b&indify !

pictures, the two chronologically sequential toll pictures being associated
Wi t h t he at stimelepwespbudjng td thy timegtasm ¢idhe seddted: tol trensaciiomansrendingsf a timg

desi gnating the..t hr onol ogi.cal |y seguential. toll nictu and t he two
chr onor ogpePPebblh BR FATRCRH iRt (mBRRHEINAre Mol Bo HaliBBEBE) 10, 1o
conditioned on a difference between the interval of tine and the
correspondi ng interval of ti ei ng ger@eat r than a E)r edet er mi ned val ue.

ne
21. The nft hodhsmehed oholgm Whé’_?b‘%'ieﬁlﬁ_c Heg FgisnorPP el fransAct ot es iFopt ct ur e
f rom t he ,g0u ekt $1bH rhi ABRR AR Mk LoRPridS aBdiik alall irdkaBidnl bl od fg! udes
designating as the violation picture a toll transaction picture aSsoci ated
with a plzesw of toll rensadsion entriga sfthe follrirapisaction enfey nsludehatranseeticadjorstampo a
pl ace in the tall transacti.on.entry qrder associated. w.th the.viglation
Pt ansact foisshipl < VB350 R kit pERbihe Y HRTPGRERE ahire ebiRadt fif
system sfampsofsliccideaiiiedviclathg travBaction easy gl enlihy @ apoafetegmired tine:
access a set of toll transaction entrjes, each entry in the set designating
a tol | tflinvdag fsiraggactian Hmg staam of the Wrpfifisdaie ﬁl‘Pn%%}/“as?céWP&HHy-i ncl udi ng a
transaction descriptor and a transaction tine stanp; and access a
series of toll transaction pictures, the series including a plurality of
pi ct ur es 15eackh wethohpLidentifymg sowhislecid atpH Byderpithe method campsingip; a

from the set 2Eonitd rapr o RSB el Sakt Gy sl S LRI o

descri pt afansagtiGieba®ténoavaiile il the rfll guteadanddncluding a tafdaetdn desgfigtoiandfa t ol |
transaction entries fromanong the set of toll transaction entries based on

the time "SERAPORHAMEFEMP; ol ation transaction entry; and sel ect a group
of toll transgglhof Pidich bERIMFARCHBE pRAIES theeritOnbiuling APAGAIEIGBLPI CLUr es
based on the selected group of toll transaction entries; and a second

i dent i fi pictires cashchflwhictois fassgpaiated with 4 piehws finestamph | t r ansacti on picture
Lrom e 8 ouR 4l AT FFOkERLE R ST S et oup
of toll bhansieaishaion@eickipis; Wi th the group of toll transaction pictures,
selecting a group of toll transaction entries from among the set of toll transaction
entries based on the time stamp of the violation transaction entry;
selecting a group of toll transaction pictures from the series of toll transaction pictures

based on the selected group of toll transaction entries; and
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wherein the second identification nodule is configured to identify the tol
transaction picture fromthe group of toll transaction pictures as a
violation picture by associating on a one-to-one basis each tol
transaction picture in the group of toll transaction pictures with each
toll transaction entry in the group of toll transaction entries. 23. A
conputer programthat is stored on a nmachi ne-readabl e nmedi um and t hat

i ncl udes machi ne-executabl e instructions that, when applied to a machi ne,

cause the mac EUdﬂﬁf)&:igh lltianSietioRpidRird H6maBk W%rc,dp BPtollaraaBction Bictiresdsal M5 1- 5,
8-21, and_ 24, e systemof claim®6, erein the accessing nodule is

confi gur & %ttpna%%@@frﬁ@og@pg & the giqlationdrrasactipR FOBHEY PeecidiPethe S1ovP A t he
set of t Qb wrhdsBARAThRE wifhlthé Sdud bPMIArandRGoh pRAZACT I ON system

wherein identifying a toll transaction picture from the group of toll transaction pictures
as a violation picture includes associating on a one-to-one basis each toll transaction picture in
the group of toll transaction pictures with each toll transaction entry in the group of toll

transaction enfries.

16.  The method of claim 15, wherein associating on a one-to-one basis each toll
transaction picture with each toll transaction entry includes:

ordering, in sequential chronological order, the toll transaction entries in the group of
toll transaction entries based on the toll transaction time stamps; _

ordering, in sequential chronological order, the toll transaction pictures in the group of
toll transaction pictures based on the picture time stamps;

associating each toll transaction entry with a place in the toll transaction entry order;

associating each toll transaction picture with a place in the toll transaction picture
order;

selecting a toll transaction entry; and

associating the selected toll transaction entry with a toll transaction picture
conditioned on the toll transaction entry being associated with a place in the toll transaction
entry order that corresponds 1o the place in the toll transaction picture order associated with

the toll transaction picture.

17.  The method of claim 16, further comprising inserting additional toll transaction entries
in the group of toll transaction entries if the number of toll transaction entries in the group of
toll transaction entries is less than the number of toll transaction pictures in the group of toll

transaction pictures.

18.  The method of claim 16, further comprising inserting additional toll transaction

pictures in the group of toll transaction pictures if the number of toll transaction pictures in
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the group of toll transaction pictures s less than the number of toll fransaction entries in the

group of toll transaction entries.

19.  Themethod of claim 16, further comprising designating the selected toll transaction
entry and the associated toll transaction picture as improperly matched conditioned on a
difference between the transaction time stamp of the selected toll transaction entry and the
picture time stamp of the associated toll transaction picture being greater than a predetermined

value.

20.  The method of claim 16, further comprising:

calculating an interval of time between two transactions based on the toll transaction
time stamps of two chronologically sequential toll transaction entries;

calculating a corresponding interval of time between the two transactions based on the
picture time stamps of two chronologically sequential toll pictures, the two chronologically
sequential toll pictures being associated with the two chronologically sequential toll
transaction entries; and

designating the two chronologically sequential toll pictures and the two
chronologically sequential toll transaction entries as improperly matched conditioned on a
difference between the interval of time and the corresponding interval of time being greater

than a predetermined value.

21.  The method of claim 16, wherein identifying a toll transaction picture from the group
of toll transaction pictures as a violation picture includes designating as the violation picture a
toll transaction picture associated with a place in the toll transaction picture order that
corresponds to a place in the toll {ransaction entry order associated with the violation

transaction entry.
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22. A system for identifying a vehicle in a toll system, the system comprising:
an accessing module configured to:
access a set of toll transaction entries, each entry in the set designating a toll
transaction between a vehicle and the toll system and including a transaction
descriptor and a transaction time stamp; and
access a series of toll transaction pictures, the series including a phurality of
pictures, each of which is associated with a picture time stamp;
a first identification module configured to identify a toll transaction entry from the set
as a violation transaction entry based on the transaction descriptor;
a selection module configured to:
select a group of toll transaction entries from among the set of toll transaction
entries based on the time stamp of the violation transaction entry; and
select a group of toll transaction pictures from the series of toll transaction
pictures based on the selected group of toll transaction entries; and
a second identification module configured to identify a toll transaction picture from
the group of toll transaction pictures as a violation picture corresponding to the violation
transaction entry by associating the group of toll transaction entries with the group of toll
transaction pictures,
wherein the second identification module is configured to identify the toll transaction
picture from the group of toll transaction pictures as a violation picture by associating on a
one-to-one basis each toll transaction picture in the group of toll transaction pictures with

each toll transaction entry in the group of toll transaction entries.

23.  Acomputer program that is stored on a machine-readable medium and that includes
machine-executable instructions that, when applied to a machine, cause the machine to carry

out a method according to any one of claims 1-5, 8-21, and 24.
24.  The system of claim 6, wherein the accessing module is configured to access the set of
toll transaction entries by receiving the set of toll transaction entries from a lane transaction

system.
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