El ectronic Vehicle ldentification CROSS- REFERENCE TO RELATED APPLI CATI ONS
This application clainms priority to United States Provisional Patent
Application Nunmber 60/689, 050, filed on June 10, 2005, and titled
ELECTRONI C TOLL MANAGEMENT, hereby 5incorporated by reference inits
entirety for all purposes. TECHNI CAL FI ELD This disclosure relates to
el ectronic vehicle identification. BACKGROUND 10Transportation facilities
such as roads, bridges, and tunnels produce tolls often representing a
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hazard to notorists as well as to toll booth operators. 25Sone toll booth
systens may have a program r equitomyricaal Faempt ori st rent and then attach
to the windshield of the vehicle a radi o transponder ;that conmuni cates via
radi o frequddy WisiFlosggiey &elghiess ta oleotbepin ¥rPR#S§4e However, such
prograns §ggHt{E185EVELS to seek out the programand to register for the
program These progranms nmay nmake it nmandatory for a notorist to nmake a
credit card deposit and create an gubRERbiG debit account arrangenent,

which may effectively elimnate drivers wth credit problems. These
pridgr ans al Sam@pdritelt ivar tfeciigditisshaved 6% xosdEni Pyddassungndf trave

e0 Sl SR FRALATP L o 0BG T BROLTRLAEGSL S0 e
I nvest i imgramarecanchamn eyt atte spartd oiypseicd parl itthespr oghamlarge number of
automobiles, trucks, and buses stopping at tollbooths to pay a
toll daily can cause significant problems. For example, such
15 .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 gallons of
20 fuel may be wasted as vehicles idle. Environments may
experience an increase in pollution as idling and slow moving
vehicles emit pollutants (particularly carbon dioxide and carbon
monoxide), which may pose a sigﬁificant health hazard to
motorists as well as to tollbooth operators.
25 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

receiver units at tollbooth plazas. However, such programs

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



100ne problemw th existing technology for identifying vehicles is
therefore that a transponder unit is required in each vehicle that is to be
identified. SUMMARY The present disclosure describes at |east one nethod of
15identifying a vehicle that enables automatic and el ectroni c handling of
paynent of tolls by vehicles passing a toll facility, without requiring the
vehicles to sl ow down or to have a transponder. The nethod nay constitute
at least part of a toll system Such a systemautomatically identifies al

or 20spkstaaii al ‘t‘ljleééhﬁﬁcf)giilﬁs e Ch&se t Patmfaksdhe Ao la htiddilsy, tand
bills the owner of each identified vehicle for the incurred toll fee.
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10 One problem with existing technology for identifying

vehicles is therefore that a transponder unit is required in

each vehicle that is to be identified.

SUMMARY
The present disclosure describes at least one method of

15 identifying a vehicle that enables automatic and electronic
handling of payment of tolls by vehicles passing a toll
facility, without requiring the vehicles to slow down or to have
a transponder. The method may constitute at least part of a
toll system. Such a system automatically identifies all ox

20 substantially all of the vehicles that pass the toll facility,
and bills the owner of each identified vehicle for the incurred
toll fee.

. An existing technology for identifying vehicles without a
transporter is license plate reading (LPR).

25 A problem with existing LPR technology for identifying
vehicles in a toll system however is that, due to the high
number if vehicles passing through a typical toll facility, such
technology typically has too high an error rate for effective
use.

30 For example, the error rate for a typical LPR system may be

approximately 1%. While such an error rate may be acceptable
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the I oss of 1000 or nore toll fees a day). Addi tionally, typical LPR
systens often exhibit a tradeoff between the nunber of vehicles identified
(i.e., those vehicles for which the read result exceeds a read confidence
threshol d 10for presunption of correct ID) and the error rate. In an ideal
world, this tradeoff would be reflected in a binary confidence conti nuum
where the system al ways produces a read confidence | evel of one when the
read result is correct and a read confidence | evel of zero when the read
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continuum having a broad range of confidence levels ranglng, for
example, from a level of one or near one (very likely correct)
to a level of zero or near zero (very likely incorrect). The

20 system, therefore, is often required to set an arbitrary read
confidence threshold for determining which read results will be
deemed correct. Once the read confidence threshold is set, any
read results having confidence levels above the threshold are
deemed correct énd any read results having confidence levels

25 below the threshold are deemed incorrect. Setting the read
confidence threshold too high (e.g., at .95 or higher)
significantly decreases the possibility of an error but also
excludes many correct read results, thereby reducing revenue.
Conversely, setting the read confidence threshold too low (e.g.,

30 .3 or higher)increases the number of reads deemed correct but
also significantly increases the number of errors, thereby
increasing costs by introducing errors into a large number of
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In one particular inplenmentation, to obtain a |ower vehicle identification
error rate (and obtain a higher automated 15identification rate), the tol
system uses two vehicle identifiers to identify a target vehicle.
Specifically, the toll systemcollects inage and/or sensor data for the
target vehicle and extracts two vehicle identifiers fromthe collected
data. The vehicle identifiers extracted fromthe collected data 20may

i nclude, for exanple, license plate information, a vehicle fingerprint, a

| aser si ' ' signature for th arget vehjicle. .In one
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identification error rate (and obtain a higher automated

15 identification rate), the toll system uses two vehicle
identifiers to identify.a target vehicle. Specifically, the
toll system collects image and/or sensor data for the target
vehicle and extracts two vehicle identifiers from the collected
data. The vehicle identifiers extracted from the collected data

20 may include, for example, license plate information, a vehicle
fingerprint, ‘a laser signature, and an inductive signature for

| the target vehicle. In one particular implementation, the first

' vehicle identifier is license plate information and the second
vehicle identifier is a vehicle fingerprint.

25 The toll system uses the first vehicle identifier to
determine a set of one or more matching vehicle candidates by
searching a vehicle record database and including in the set
only those vehicles associated with records having data that
match or nearly match the first vehicle identifier of the target

30 vehicle. The toll system uses the second vehicle identifier of
the target vehicle to identify the target vehicle from among the
set of matching vehicle candidates.
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15pl at e readi ng al one. In particular, the toll system accesses the
records of the matching vehicle candi dates and searches for one or nore
records that have data sufficiently simlar to the second vehicle
identifier of the target vehicle so as to indicate a possible 20match. If
no possi ble matches are found for the target vehicle anong the set of

mat chi ng vehi cl e candi dates, the toll systemnay increase the size of the
set by changing the matching criteria and may once again attenpt to
identify on@hen tbeefpessi behimhbchdsntofibbeisalgeényehprde from anong the
| ar ger ,25set of, matchi ng vehicle candidates. 1f _still no passible matches
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by regextiregellyatictwravehickeatification results for a larger
proportion of vehicles than would be obtained through license
15 plate reading alone.
In particular, the toll system accesses the records of the
matching vehicle candidates and searches for one or more records
that have data sufficiently similar to the second vehicle
identifier of the target vehicle so as to indicate a possible
20 match. If no possible matches are found for the target vehicle
among the set of matching vehicle candidates, the toll system’
may increase the size of the set by changing the matching
criteria and wmay once again attempt to identify one or more
possible matches for the target vehicle from among the larger
25 set of matching vehicle candidates. If still no possible
matches are found, the toll system may enable a user to manually
identify the target vehicle by providing the user with access to
the collected data for the target vehicle and access to
databases internal and/or external to the toll system.

30 If one or more possible matches are found, a confidence
level is determined for each possible match. If the confidence
level of a possible match surpasses an automated confidence

5



15identifiers be successfully matched for successful vehicle
identification. Mdreover, the identification process may be faster because
the matching of the second identifier is limted to only those vehicle
candi dat es having records that successfully match the first vehicle
identifier. Human operator 20intervention is also kept to a m ninmumthrough
use of nultiple confidence | evel thresholds. In one general aspect,
identifying a vehicle in atoll systemincludes accessing i mge data for a
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identification. Moreover, the identification process may be
faster because the matching of the second identifier is limited
to only those vehicle candidates having records that
successfully match the first vehicle identifier. Human operator
20 intervention is also kept to a minimum through use of multiple
confidence level thresholds.
) In one general aspect, identifying a vehicle in a toll
| system includes accessing image data for a first vehicle and
obtaining license plate data from the accessed image data for
25 the first vehicle. A set of records is accessed. Each record
includes license plate data for a vehicle. The license plate
data for the first vehicle is compared with the license plate
data for vehicles in the set of records. Based on the results
of the comparison of the license plate data, a set of vehicles
30 is identified from the vehicles having records in the set of
records. Vehicle fingerprint data is accessed for the first
vehicle. The vehicle fingerprint data for the first vehicle is
6



20bei ng found that include |icense plate data that exactly match the

| icense plate data obtained for the first vehicle. Conparing the

| icense plate data for the first vehicle with the license plate data for
vehicles in the set of records may include conparing the |license plate data
usi ng predeterm ned 25matching criteria. The predeterm ned natching
criteria may be changed to increase the nunber of vehicles in the
identified set of vehicles. Changing the predeterm ned nmatching criteria to

i ncr eaggadd® cwnties DlagehiolLFdm dihe fident ivdiadisat gkniehiecl es may be
conditioned on a failure to identify any 30vehicles in the set of vehicles
as the FIPERTREHI I S iRasERr oh vuAls 6F thte sdmed ivehicdesvéni cl e
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for theddta sfoyetie| Birghevéluigsle sigrmmparathtvel tinythienolebdelgat a obt ai ned

by _usi ng. aser. to.scan.the first vehicle. .The |.as 5si.anat ure_data may

i nél udeg%n%é%?mﬁ%? ed%t?a a%o%\(jtel}%e‘éeg“eﬁ ectjrrbnqlé:e psreorfi eirevoeiutgﬁ S| rg?’evehi cle,
an axl evelplle ofn ttige faetstol ehdlvd Eleanics aiddat gl afs ke friinst vehicle.
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first vehicle with license plate data for vehicles in the set of
records may include searching a vehicle record database for
records that include license plate data that exactly match the
license plate data obtained for the first vehicle. Comparing

15 license plate data for the first vehicle may further include
performing an extended search bf the vehicle record database for
records that include license plate data that nearly match the .
license plate data obtained for the first vehicle. The extended
search may be conditioned on no vehicle identification records

20 being found that include license plate data that exactly match
the license plate data obtained for the first vehicle.

) Comparing the license plate data for the first vehicle with
the license plate data for vehicles in the set of records may
include comparing the license plate data using predetermined

25 matching criteria. The predetermined matching criteria may be
changed to increase the number of vehicles in the identified set
of vehicles. Changing the predetermined matching criteria to
increase the number of vehicles in the identified set of
vehicles may be conditioned on a failure to identify any

30 vehicles in the set of vehicles as the first vehicle based on

results of the comparison of vehicle fingerprint data.



signature data or inductive signature data for the first vehicle with | aser
signature data or inductive signature data for vehicles in the set of
records. ldentifying a set of vehicles fromthe vehicles having records in
the set of records may 20i nclude identifying the set of vehicles based on
the results of the conparison of the license plate data and the results of
the conparison of the | aser signature data or the inductive signature data.
I dentifying the set of vehicles based on the results of the 25conpari son of

license pl atderdatryiard & ReHea tin of tbhe eoppan ey ehrther! aseludd gnature
data or inductive signature data nmay include determ ning a conbi ned
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r esul t&C ke FWhFads dmagte e thes dirsitgiabérdedat a or i nductive
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10 The inductive signature data may include one or more of an axle
count of the first vehicle, a type of engine of the first
vehicle, and a vehicle type or class for the first vehicle.
Each record in the set of records includes laser signature
data or inductive signature data for a vehicle. Identifying a
15 vehicle in a toll system may further include comparing laser
signature data or inductive signature data for the firét vehicle
with laser signature data or inductive signature data forlv
vehiclés in the set of records. Identifying a set of vehicles
from the vehicles having records in the set of records may
20 include identifying the set of vehicles based on the results of
the comparison of the license plate data and the results of the
comparison of the laser signature data or the inductive
signature data.
Identifying the set of vehicles based on the results of the
25 comparison of license plate data and the results of the
comparison of the laser signature data or inductive signature
data may include determining a combined equivalent matching
score for each vehicle having a record in the set of records and
identifying the set of vehicles as a set of vehicles having
30 combined equivalent matching scores above a predetermined

threshold. Each combined equivalent matching score may include



i nductive signature data may include determ ning a conbi ned equi val ent

mat chi ng score for the vehicle in the set of vehicles and determ ning that
t he conbi ned equi val ent matching score is above a predeterm ned threshol d.
The conbi ned equi val ent 15mat chi ng score may include a wei ghted conbination
of a laser or inductive signature matching score and a vehicle fingerprint
mat chi ng score. | dentifying the vehicle in the set of vehicles as the
first vehicle may include identifying the vehicle as the first vehicle 20
if the goppeghisal udikgitiel de J iRgerPUmtindakdiker sibaatiurst vehicle
with the vehicle fingerprint data for the vehicle in the set of vehicles
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human operator confirnms the match. The human operator may confirmor reject

the mat ehamgtermsiatR Ahelepurtear st tonpdius Fetehe ToeHE datagt 6hethe first
. vehi cl gopnch @ 1.gnahl ing the huimh Qperatgy Fﬂr‘s‘%}t Q/re%ﬁtcl‘@ ‘b%séduéﬁr_the_

interface to Indicate rejection or confirmation of the match. Identifying

t he vehreseltis ohehetcaipamisan exf dsha heeliialst Aisigieripr imdy datel adé
identifyi icl ) e first vehi.cle.i fide | eyel of the
ng't% ch igh%]g%%g@h%sﬁ%ﬁe’ﬁﬁar%%&an%i%%éoonfgmc%enﬁiageer%te}’%ﬂ%%e%s\%% gl%gn ¥a human
oper at ot ndunitbvd ysiglentute adatdanasehimmdlsndes ddtedninrsing ehicombibpdaccessi ng
the inmage data for the first vehicle and the recard for the vehicle in the
St of PaRbTHLet A TRIMS SHRTE Crom I ot o @by SRAGFEERn ( he
set of yghi&besSrmbnime dndStevehtshsi v enplilvaigdhedudmmaopebatoist 0

access the inmage data for the first vehicle, enabling the hunman operator to
access PREVE ek REPIDTAHERSR RIS d he ThE Cb?m]?’é’(ﬁf?c?sq,u’a"ﬁ}eé‘ﬁabl ing the
hugan ORSE&h Phgt Scdid AhapliNeIlue AISPLi & fRadh i G & naskll ¥e
identification of the first vehicle as the vehicle in the set of vehicles.
The hurmaRdepeide o? iRt bee arpiptletng ocssrrriaANd § dahidhe tHagremidré in the
set of ﬁgggﬁig 8sotde first vehicle by enabling the human operator to
access data stored 1 n databases of external systens. | dentifying the
vehicl e in théeseifpingetiheleshiele hin fihstsaemiehmmldndudds denstfying
the vehigle Py onblingayehheles Ldenl | hheatdon Uher | Mued 38810

si gnatur &, Tnductive Srghature, and itage dat & | nanother géeneral
aspect , ianthppavapasidan ofletihe fyeéhbebe vEingdptinta datd Systtd ifdecktides an

| TRge ngﬁgé edgyéﬁethe vehicle fingerprint data for the vehicle in the

set of vehicles indicates a match having a confidence level that
exceeds a confidence threshold. Identifying the vehicle in the
set of vehicles as the first vehicle may include identifying the
25 vehicle as the first vehicle without human intervention if the
confidence level of the match exceeds a first confidence
threshold and/or may include identifying the vehicle as the
first vehicle if the confidence level of the match is less than
the first confidence level but greater than a second confidence
30 threshold and a human operator confirms the match. The human
operator may confirm or reject the match by enabling the
operator to perceive the image data for the first wehicle and
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5configured to capture inmage data for a first vehicle. The apparatus
further includes one or nore processing devices comunicatively coupled to
each other and to the inmage capture device. The one or nore processing
devices are configured to obtain license plate data fromthe captured inage
data for the 10first vehicle and access a set of records. Each record in
the set of records includes license plate data for a vehicle. The 10 one
nore processing devices are further configured to conpare the |icense

plate th the 1] i.cen | at e dat r vehicles
in theglgé}?l%?é r%lg%rﬁs and)\i?%lacttoeﬁ W L Y %gll g‘s“ﬁ%nﬁ‘ﬁ@rg@ﬁﬁq 8s
havi ngin@toxds 1eyj edHaetomfccﬁmmaaisLonThﬁ &elte ehtedhicles is identified
based fg%res lts of the c arjson of the |icense plate data. The one or

nore p e'?}?ece‘éeréi‘r § Jr Hete it ifuvedicdegcass heehilsFE
fi nger@éhﬂélé’&ﬁa@yfﬁ{cﬁd& [iderte pefinfy GnelfiRndeibcbe EhoeiRLEbafatgsT or

the first vehicle is based on the captured I nage data or the first
vehi cl &f tine eprlistenas e‘-em‘@c@ﬁslt&ga deidded salesal Sbauobhegmedtt andccess

h I th t hi onpare the
veni of SeppRdcodtit Mol T Uofaf R 4 e SRerR EPHOBHRLRE {1 hger pr i nt

data fbdentif iehithe vehidie o tﬂ{e \mﬁjgﬁl e@gu@ug bgrea*cbfa?étslﬁgf utﬁﬁl cle in
t he 15set of _vehicles as e flrst vehi cl e based on results o e
conpar TEB#° AR FhS rf%’é?ﬁﬂ% ifRhighsy and the yggogdoderarBeovrBicle

i npl eneAt @hé Ofs: asKd FRAHILS BHL 1HBSE! 'di%;:a't%xdﬁ%@" h\ahﬁhwy @&E&fy

DESCRI PTION OF THE DRAWNGS 20FIG 1 is'a k dragram of -

|np|en%%?éY¢%ﬁp¥ﬁ igh the set of vehicles as the first vehlcle by
enabling the human operator to access the image data for the
first vehicle, enabling the human operator to access the record
for the vehicle in the set of records, and enabling the human
operator to interact with a user interface to indicate positive
identification of the first vehicle as the vehicle in the set of
vehicles. The human operator may be enabled to manually
identify the vehicle in the set of vehicles as the first wvehicle
by enabling the human operator to access data stored in
databases of external systems.

Identifying the vehicle in the set of vehicles as the first

vehicle may include identifying the vehicle by combining vehicle

) identification number (VIN), laser signature, inductive

/ signature, and image data.

In another general aspect, an apparatus for identifying a

vehicle in a toll system includes an image capture device

5 configured to capture image data for a first vehicle. The
apparatus further includes one or more processing devices
communicatively coupled to each other and to the image capture
device. The one or more processing devices are configured to
obtain license plate .data from the captured image data for the

10 first vehicle and access a set of records. Each record in the
set of records includes license plaée data for a vehicle. The

10



el ectronic toll nmanagenent system FIG 2 is a flowchart of an

I npl ementation of an electronic toll managenent systemrelated to

hi ghl i ghted vehicle identifier nmanagenent. 25FIG 3 is a flow chart of an

i npl enentation of an electronic toll nanagenent systemrelated to paynent
managenent . FIG 4 is a flowchart of an inplenmentation of an _

el ectronic toll nmanagenent systemrelated to paynent managenent. FIG 5 is
a flow chart of an inplenentation of an 30el ectronic toll nanagenment system

r el at ednkooiRinbi-Bgpaddesssnyeablicaki 8%e further &FfFifurtey %oblc%iﬁa‘i!'eagr am
of an inplenmentation of an electronic toll managenent system 7

is a flb® dAgeRsef PaAtenPhrbAefitnt Fba 6frah etkielenvith dile n'iari@g@l@ent
systemyfighal 8dcLor¥ENLChesPLdenh! EhealbeNor reoordd Guly {duf{4,0W ghart of

an i npfenentation o an e roni ¢ managenent  syst em re £0
vehi cl ofi gehticlesatiom. the vehicleBl kavihg9feaseda :trt owhhee st dﬁ an

P TEOLALLEY Obu"-APLECLLRILS oL IRISURIEN Sistom ol aLad Lo venicl e
i ndi cathel cbapakesent 6f PEEALLEPHWEESERLPII 8ta. The one or more
processing devices are further configured to access vehicle
fingerprint data for the first vehicle. The vehicle fingerprint
data for the first vehicle is based on the captured image data
10 for the first vehicle. The oné or more processing devices are
also configured to access vehicle fingerprint data for a vehicle
in the set of vehicles, compare the vehicle fingerprint data for
the first vehicle with the vehicle fingerprint data for the
vehicle in the set of vehicles, and identify the vehicle in the
15 set of vehicles as the first vehicle based on results of the
comparison of vehicle fingerprint data.
The above and other implementations and features are

described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
20 FIG. 1 is a block diagram of an implementation of an
electronic toll management system.

FIG. 2 is a flow chart of an implementation of an
electronic toll management system related to highlighted vehicle
identifier management.

25 FIG. 3 is a flow chart of an implementation of an
electronic toll management system related to payment management.
FIG. 4 is a flow chart of an implementation of an
electronic toll management system related to payment management.
FIG. 5 is a flow chart of an implementation of an
30 electronic toll management system related to mailing address
verification.
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15FIG 1 is a block diagramof an inplenentation of an electronic tol
managenent system 10. The system 10 is configured to capture a vehicle
identifier 31 of vehicle 30 interacting with a facility 28 and to notify
external systens 34 of such interaction. For exanple, the system 10 may
allow a 20toll road authority to capture a vehicle identifier 31, such as

| icense plate infoimation, froma vehicle 30 traveling through the tol

road and then to notify | aw enforcenent whether the captured vehicle
identifier chgs. [ revi ousl v .hi ghl.i ghted by _| aw

enf or cenment .gﬁ%i‘ST el?o%‘lﬁ%%]gg(g% arEyos ear#fd&aales"%nct %lr(r)éln geaﬁayrrent froma
party adsotrahid wolh nimeayehéwt espRdmsed on the interaction between the

vehi cl e 30 ?gg the,faci%Lt& 28. For_exanple, the system 10 can capture

li cense pl at't®t nf of fra®i brHOV r oA 5L vehid sl e baddoty AF BRe regi st ered
owner gfiebheoMebi €be1 Jﬁaﬁaﬁéﬁﬁnm&%ém&r@/%@imet he owner, over a
communi cations channel such as the Internet, an account for naki ng paynent
o5 di spderhgfigayhent. The tol | managenent system 10 can send a bil
requesting nt.fr rty 32 usin mai.l i.ng_address that has been
verified agg?ﬁs ) ojﬁée %ﬁ%‘?egﬁn%lf%/i%% Hudr sﬁe"%eglutraé:&sp ?%ea?yst em10 is
capabl elettachboatothl hynagphet Ngysitem Sre AgR] Ao tidivabi cl e 30 triggered
by the.ﬁehkc%e iﬂteraoting with the facility. Such inmage capturing can be
acconpf-F§Hed 0§ hg°F hage- processi ng technol ogy without having to install a

radi o transpoadesal ecare REl PLERVEESIL | B anry eliflhenthe i6heskr gpic tol |
managenent system 10 includes a toll 210managenent conputer 12 which can be

ctnf i gBLEECFANACFSEE i BRRedement LeHiewl TedatathimevebiciiRough one conput er

12 is shawp;F9Rg:PEnOre conputers can be configured to inplenment the

di scl osed techniques. The conputer 12 is coupled to a facility 28 that may

charge a febikerr¢heeencei sgnplish imecHeacidiiqus Erawpiings dhdiBatkacility 28

include, etghgm%ggg[ity (managed by toll authorities) such as toll road, a
e, a

toll bridge, unnél , parking
DETAILED DESCRIPTION
15 FIG. 1 is a block diagram of an implementation of an

electronic toll management system 10. The system 10 is
configured to capture a vehicle identifier 31 of wvehicle 30
interacting with a facility 28 and to notify external systems 34
of such interaction. For example, the system 10 may allow a

20 toll road authority to capture a vehicle identifier 31, such as

license plate information, from a vehicle 30 traveling through

the toll road and then to notify law enforcement whether the
captured vehicle identifier matches a license plate previously
highlighted by law enforcement.

25 The toll management system 10 also can manage payment from
a party associated with the vehicle 32 based on the interaction
between the vehicle 30 and the facility 28. For example, the
system 10 can capture license plate information from a vehicle
30 and identify the registered owner of the vehicle. The system

30 would then provide to the owner, over a communications channel
such as the Internet, an account for waking payment or disputing

12



facility, or other facility. The fee may be based on the interaction
between the vehicle 30 and the facility 28. Exanples of interactions that
may involve a fee include a 20di stance travel ed by the vehicle through the
facility, a time period the vehicle is present in a facility, the type of
vehicle interacting with the facility, the speed at which the vehicle
passes through the facility, and the type of interaction between the
vehicle and the facility. 25The facility 28 can process vehicles including

aut onohi @, traek, S er, vehicl.es. For se Qf,expl anation

t he sygééﬁﬁﬁﬁ shows éxgghg g’ aCI ?tfyf eﬂh%@r%@?iﬁﬁgaﬁghgé;gingle vehicl e
30 and e iyins yegimandd fricith thee paetiiyc3e 32ingowewat lihg aidesss

i npl e tati.ons, the discl,osed techniques could be 30configured to operate
with gﬁ%h%f 7 LSREhIVETET 150t S9RATIRTg ORet RToROTEr "ABL NP aRffTEFRs spanni ng

di f f er esbugeogr apitiec Jy@dald AMSis capablEN®H ahltomaﬂaaﬁm‘@?t cEPERELES b2
includes an inmage acquisition nodul & 24 configured to detect” the presence
of Sa veliage, caddif rehdisd coB Ombrd doseges bof thive veblicd e inbhadadoingrd t he
i mage( sy {19 iﬂ?g -RLocess] . I for further rocessing., The
nodul e ﬁh nﬁ?ﬁ%nc u éﬂﬁﬁaggﬁ%@%dﬁgg%i%ﬁéggﬁﬁﬁﬁéﬁﬁhbggegggﬁm?gﬁs%%%sical
envi r oneeing | imags -girddesiss ngs eedchiroll ogyamilthoutohaopen- eoadneppl i cati ons,

i mge isition e ment my be unt.ed ahove the rgadway, on existing
structﬁ%%%“%rt%ﬁPﬁﬁ? §é15hﬁTU 5§HPH%§§?C§8nénoﬁeﬁ?P63 ©10appl i cati ons may
use equi prerthdmi¥dstdni 0t J18s ndalgemen@adyay «as 19ekhc1kans- hasseo (or

tol | boot h-styl e) applications may use equi pnent nounted on physi cal
stPuct J‘l‘aééa%%‘éer%te ‘%&th%né,z MhsCEa ¢agf ber configyredodnt 8 eyet piHewtedount ed

over heask- Qf dehtha iRRAWRYnLS The 1itIRIG HACHY %tn';;g%e@%! €s24ng8y, 1 D¢l ude

i magi ng conponents such as vehicle sensors, caneras, digitizing systens, or
ot her INPHTENTITDITITE eagelsoconddgudedetd tihplpmeséntbeofiiacieded| e and

Pha, S o LIRS 208 S\ BISAPLY € GAELTH 56 LIRSS O
may charge a fee for interacting with the facility. Examples of

15 a facility 28 include a toll facility (managed by toll
authorities) such as toll road, a toll bridge, a tunnel, parking
facility, or other facility. The fee may be based on the
interaction between the vehicle 30 and the facility 28.

Examples of interactions that may involve a fee include a

20 distance traveled by the vehicle through the facility, a time
period the vehicle is present in a facility, the type of vehicle

J interacting with the facility, the speed at which the vehicle
passes through the facility, and the type of interaction between
the vehicle and the facility.

25 The facility 28 can process vehicles including automobiles,
a truck, buses, or other vehicles. 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 techniques could be

30 configured to operate with one or more vehicles interacting with

one or more facilities spanning different geographic locations.
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200ne or nore of the foll ow ng: (1) Laser/sonic/mcrowave devices -
t hese devices, commonly used in Intelligent Transportation Systens (ITS)
applications, can recognize the presence of a vehicle and provide
information regarding the vehicle's size, classification, and/or speed.
25These sensors may be configured to provide additional information about
the vehicle which can be used in identify the vehicle and its use of the
toll facility, including trip tinme and conpliance with traffic | aws.

(2) Loops - e e n_det ect, the presence and t.he 30vehicle type by
recognizingT%Ee§§%gs@%§%§% g%%t%ﬁm%%g%%slﬁs¥49 Shi P8 88§ ®enbedded in the
road. kogpsstahohemodelle as4 acheEkdprdd HMrdetsaphitdd n®ensers. Loops
can al so _be used as,a 14 primary source of data Co detect vehicles,

cl assi F§RVERFel RETUEFE g0 QBrPER , 1uarrHrolitde wattigle spgfataryagd: a
(e.qg., tggsg\qagg(gﬁetgfaﬁni@éééy S?ér%%%%énﬁ% szrgargoxl %Etﬁx%@t rol program

such as Di anond Consulting' s | DRI Bucki nghanshire, 5United
KiSngdoRyocessing . ( 3¥hqhredighe badmae mgoebude tiwege sengdisd.tien enit a

contin s the ro ) nd detect the presence, of a vehicle
based §§§§PQ§§E}$%%§|6%Q ?%Ftéé&%géﬁii%ﬁﬁ%??%ﬂﬁ?%ﬁngéﬁgg iy *Be“888d in
i nst al Fari eramphef efor abpén-tSad hapwied @k I Nt dintld Reefi=stybe | anes.
(4) Optical sepsors - vehicle my be recognized using caneras to

cont i nGEUSPYERbNTEBrPE MBYRt T IPRVE dhfalPF B Th My &K iiskdngat i ng t he

presengerQbtar¥ghbs! 6n JhesesSARIBS AP0 basdised J-regard i mages for
vehicle identification. 1 nmeras can be used to capture inages of vehicles

alfd t hePPligahiPhy| AYY cher sedeiprenit gnoygred ansie badide the boadwes to
?ﬁgeraég @eyfhictgnégﬁ§ééégg rS&Eih6§b§§3§ﬁ§§%f3%ﬁﬁﬁ?&%%i%ﬁ%b ngﬁégd on an
ge of alicense plate. meras nay be amal og igital, and nay capture
one oregoipmenhgesunfedanh plehsidal structures beside each lane,
instead of or in addition to equipment mounted overhead or in
the roadway.

15 The image acquisition wodule 24 wmay include imaging
components such as vehicle sensors, cameras, digitizing systems,
or other components. Vehicle sensors can detect the presence of
a vehi;le and provide a signal that triggers a camera to capture
one or more images of the vehicle.. Vehicle sensors may include

20 one or more of the following:

(1) Laser/sonic/microwave devices - these devices, commonly

j used in Intelligent Transportation Systems (ITS) applications,
can recognize the presence of a vehicle and provide information
regarding the vehicle’'s size, classification, and/or speed.

25 These sensors may be configured to provide additional
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

30 vehicle type by recognizing the presence of metal masses using a
wire loop embedded in the road. Loops can be used as a backup
to more sophisticated sensors. Loops can also be used as a

14



20Di gitizing systens convert inmages into digital form |If anal og caneras
are used, the caneras can be connected to separate digitizing hardware.
Thi s hardware may i nclude a dedi cated processing device for

anal og-to-digital conversion or may be based on an input device installed
in a general - purpose 25 conputer, which may perform additional functions
such as image processing. Lighting can be enployed to provide adequate and
consi stent conditions for inage acquisition. The lighting may include

StT0DePrehatoNLLANENSoE | hHEhNAL! 800 TRYCPELL LIMNI A Jollthebn the

visiblé spectirumor in the infrared spectrum str s are used, they
may betriggeger edmbyasnpand prowiddevelehetée essgmsonls)dat@ her. gsenbessdsuch
as lig sensors_may_be required to control the inmage acquisition nodule
5 andopr SR8 oo REPEK, SFathPpe Pl 8 ffart nfoimuaer Gt FEAEEER modul o
24 has soapt usediamegascohstbeinghs cIBRIs® heyspagess MByckidivmeided to an
inage-%roce sing 5nmodul e 25. The i mage- processi ng nodul e 25 may be | ocat ed
i P t heUB4REY ELHBPBM) as t he i mage acquisition modul e 24 and the i mage

conput er 12,(3)NTrbLEHRL BehRCALLONrs OL £nERELLARALLPY Ry thigse J ocations. The
nodul e 25 can procesS a single image for each vehicle or nultiple inmges of

each v@ﬁh@ﬁ@?ouépbﬁémngcﬁﬂsshbhiorq@dwaﬁnaandydﬁteGheth¢¢gﬂ23ﬁgmﬂ Sift Ron
modul e 245890/ 80 BUSLOBASLEGULLSIPOLS (8- Bne BESHT ACHn:d Uhadicgt | onal

requi renents). & es are-used, each | mge hay “be processed,
and t heensesul maynby heedohmpatiadtallavibhsedhéve cohantic tihe Aeainedey of the

process han one inmage of a rear |icense 15plate, or

i geslBFgggPﬁigggkglﬁggigeiﬁn?ﬁcense pl ates, may be processed and the

resul ts conpanedptocdet geflkBest hevanst1ei k&l yoEepbsbgalian yuiRer and/ or
confidence | evel. Image processing may, include identifying the

di st i nGaMERRAg EPeSPREERUBHEAY VBANEFRT (E1ggest AE Fhe ke ati®nf a vehicle)

Wi thi nchbegk8Rg8qiandiA4aRREYELEE-1B8856: 2l URES1e ANALYSIS (e ddic! ude
optical character recognition (OCR), tenplate matching, or other analysis
t echni §4€8. can beTheedokp managénthegeysfem tehkajei héeuwtlel istatdorsyst ens

capabl e of supstaat bah! ¥er G8Lat LOPRLLGESSEN95LOCEE e He 1) and their

identifying characteristics. For example, they can be used to
generate a vehicle identifier such as a vehicle license number
based on an image of a license plate. Cameras may be analog or
digital, and may capture one or more images of each vehicle.

20 Digitizing systems convert images into digital form. If
analbg cameras are used, the cameras can be connected to

} separate digitizing hardware. This hardware may include a
dedicated processing device for analog-to-digital conversion or
may be based on an input device installed in a general-purpose

25 computer, which may perform additional functions such as iwmage
processing. Lighting can be employed to provide adequate and
consistent conditions for image acquisition. The lighting may
include strobes or continuous illumination, and may emit light
of light in the visible spectrum or in the infrared spectrum.

30 If strobes are used, they may be triggered by inputs from the

vehicle sensor(s). Other sensors such as light sensors may be

15



25site where inmages are' acquiredto reduce data communi cati on requirenents.
In an inplenentation of |ocal inmge processing, the results nmay be conpared
to a list of authorized vehicles. If a vehicle is recognized as authori zed,
i mges and/ or data may be di scarded rather than forwarded for further
processi ng. 30l mages and data can be forwarded to a central processing
facility such as the inmage database 14 operating in conjunction wth the
billing engine 22. This process may involve a conmputer network, but nmay

al so i nclude physical nedia from another conputer |ocated at the inage
acqui sinagy rsict &o( icoptroflathki tipags) acGenet al by, modh e ot ol gaviiele
tenporq&%!. %}ored an conputer at the inmage acquisition site in the event

the netWork" thuﬁ§§gllgble. | mages received at the central site may not

have been popgessdd. iAByeUBRHOEESE8EnT HBEES CAD BLs hadpth ed s iere idzed
above. The data resulting frominmage processing (renote or central) nmay be
separ at&® Vgl RS - c khegemrgss mayabehiervesded 102 ppt | MRRIORIOSESSHNG or

j ugi sdigeldQR- speci hLtar fiden Y, tdi t. t he
i 1 g oman 2835, T8 {has REebRLa Tl hOBRES TRV 1€ Moo il et
confi dedoe |[loveltsomapsbéhkl dgggd fogquadilt { onaddplecks simd).thad dinsigenal

Droce SRR, hocl yie, Lof exalpler dot oL 1l ag et et LaliLple | moes
conpar igatiensesulrhe. mbliviendy taf! peceBar Act hghy - ey AGIF LRIPAri sons
of the results of optical character recognition (OCR) on the |license plate
i mage. "Ieﬁ‘l&%@t R&r Mt EAprle, iMRgernagetaThnEshbel pr cdeRNA Y VRS nore
2Qgpeci@idctadrah gl bEMenkohnb§e0dBLAE 8t LG ERSEuPL 3 £/ HEhilliMess
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 accuracy- of
the process. For example, more than one image of a rear license
15 plate, or images of both front and rear license plates, may be
processed and the results compared to determine the most likely
registraﬁion number and/or confidence level. Image processing
may include identifying the distinguishing features of a vehicle
(e.g., the license plate of a vehicle) within the image, and
20 analyzing those features. Analysis may include optical
character recognition (OCR), template matching, or other
analysis techniques.
The toll management system 10 may include other systems
capable of substantially real-time processing located at the
25 site where images are”acquired to reduce data communication
requirements. In an implementation of local image processing,
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.
30 Images and data can be forwarded to a central processing
facility such as the image database 14 operating in conjunction
with the billing engine 22. This process may involve a computer
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types or styles (such as plates froma particular jurisdiction). These

al gorithns may consider the validity of characters for each position on the
license plate, the anticipated effect of certain design features (such as
background images), or other 25style-specific criteria. The processed image
may be forwarded based on prelimnary processing results, or nmay include
processing by all available algorithms to determ ne the highest confidence
| evel . Prelimnary data may be conpared to other data available
to 30i ncreas thg confidence |evel, Such techniques include: (1) Conparing

{i

OCR pr ote%Y Wnd8 | 3 2P FRGL Ui RS iGed @ 3 &of PREERSE pl ate
nunber scavbit & thecdidd i g tﬁ?{étﬁﬁﬁ%é;ra&fuﬂﬁ%i?ag?rsqme' glie g ur Eﬁ%’%f%%fg S

nmot or vehicle registration authori Conpar i ng "ot

obt ai ne#® ¥ r orFeRIFDE LY atinfreriapidmcdnda itempngcti las stelied! ensaze) to
known c ISt e  cl.e reqgi.ster.ed. under the regisiration
nunper ?ﬁ%@%\%eﬁ‘t bt{;/}?? ﬁlg{%{/staéﬁﬂl%ttlhoen relg:(?gﬁ‘lnzé: ej &P’iegl({i:i Eglleoﬂe Yotk
mubt i pl s j uraeai tbhlons. (3) Comparing the registration and ot her
data to records fromother_sites (e.g., recaords of the same or simlar

vehi cl e 10ustPREGT HeTCGHRET 12§ e"sh%rfxfr}feras]ar?ét%ﬂayoﬁ%ihiﬂet keesane

facilityrétesid®l AdPSInprocessed HmdPAANH RIS ia%g‘?EQE. phegata
against_stored |lists of vehicle fingerprint data. The use of vehicle _
fi nger pAPRYe datBY clataesel t demt ffow dinage ipy afeseyiinged Hemotrer ex 15det ai |

bel oW. central) @awwaéééyaf@.t?% ggqéyecv&m%%g%rrl ga b%t%o%%mmé’éts
override the results of automated processing.

10 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

15 multiple images of a vehicle are available and independently
processing the images and comparing the results. This may '
include character-by-character comparisons of the results of
optical character recognition (OCR) on the license plate image.
In another example, the image(s) may be processed by one or more

20 specialized algorithms for recognizing license plates of certain
types or styles (such as plates from a particular jurisdictidﬁ).

J These algorithms may consider the validity of characters for
each position on the license plate, the anticipated effect of
certain design features (such as background images), or other

25 style-specific criteria. The processed image may be forwarded
based on preliminary processing results, or may include
processing by all available algorithms to determine the highest
confidence level.

Preliminary data wmay be compared to other data available to

30 increase the confidence level. Such techniques include:

(1) Comparing OCR processed license plate data against
lists of valid license plate numbers within the billing system
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I f additional processing provides a result with a particular confidence

| evel, the resulting data then can be 20forwarded to the billing engi ne 22.
If the required confidence |evel cannot be attained, the data may be kept
for future reference or discarded. The billing engine 22 processes the

information captured during the interaction between the vehicle and the
toll 25facility, including the vehicle identifier as determ ned by the
i mge processing nodule 25 to create a transaction event corresponding to
an interacti;p between the vehicle and the facility. The engine 22 can

€ C .
store tHe X' dNSaPFEIPEFERE PHTASHLCLERY  Barabesevalsl ety Lemisdawditmay ment
pr ocessiutthorfi®s .30exanpl e, the billing engine 22, alone or in conbination

w th a customer nmanagenment nodul e 26 (described bel ow), produces paynent
requests bas@d ofoMparingnesberodasrenbtaimhe fromnsawidon sdverte data may

i ncl udeg ALV I r ased .a.vehicle' resence at ecifi.c points
or facirr e Gofariel 1Rachias L Tah & BESE it et aatiiah | on
i "ol viafy thef aehbliictly. régdseetrednaadbi-00heVesd s €adk 16n Gamided and bil | ed,
5f or exa | e,. %% gne ﬁ% more of the followng nethods; . (1) Deducting
paynent: TR & aldo iRt S¥ELEMy shBItEY FRecwRihred ol Wikrdidrigp@tatar . For
exanpl ewlthelki Kuirigadatabage 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 105?3ns§€@@éﬁi€9eﬁb§:rﬂgééﬁéaté@ne¢@@t¢thﬁx:qﬁgannu rstcaim@isent  may
Gonerat oy & bater ACPI (Al Lenfranr SFothRe M et T S ai ng a
néd | i ngsdadr esbedefpeéditiom anveheckame edagl rat i whineadie.came

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

15 detail below.

(5) Manually viewing the images or data to confirm or
override the results of automated processing.

If additional processing provides a result with a
particular confidence level, the resulting data then can be

20 forwarded to the billing engine 22. If the reduired confidence
level cannot be attained, the data may be kept for futuré
) reference or discarded.

The billing engine 22 processes the information captured

during the interaction between the vehicle and the toll

25 facility, including the vehicle identifier as determined by the
image processing module 25 to create a transaction event
corresponding to an interaction between the vehicle and the
facility. The engine 22 can store the transaction event in a
billing database 16 for subsequent payment processing. For

30 example, the billing engine 22, alone or in combination with a
customer management module 26 (described below), produces
payment requests based on the transaction events. The
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15(3) Presenting an electronic bill to a predefined account for the vehicle
owner, hosted either by the conputer 12 or a third party. (4)
Submitting a bill to the appropriate vehicle registration authority or tax
authority, permtting paynent to 20be collected during the vehicle

regi stration renewal process or during the tax collection process.

Billing may occur at regular intervals, or when transactions neet a certain
t hreshol d, such as maxi numinterval of time or maxi num dol | ar amount of

out st andifyg. 4l S her.-fees. er.s be able to_aggregate
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a vehicle 22 (e.g., owner of the vehicle), a public or private authority

r e$pondiM eXap itanRyemdst cat mowe fodcithiet fo28owangomhthodser . The cust oner
managenent ul i o i natiaqn of hard .apd.sof t ware nodul e
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configured to han intéractions such a ‘agenent
nmodul e VAu,cle diveput emepagarent. mida ex26Gblandthepby MEihgpleEessssag grodul e

26c. T ule 26 .enmploys secure access techni qgues such as_encryption,
firewal sr{r% %asussv\aod?& “oF t&y"'ﬁefmt 38ﬁfﬁ“ﬁ‘%e§.e°?ﬁ§ gegoﬁﬁf’hnﬁﬁﬁb‘é}@n‘?mﬂﬁ%ul e 26a

al | ows usengisucacdS account record can include a reference to one more

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

(2) Generating a paper bill and sending it to the owner of
the vehicle using a mailling address derived from a vehicle
registration record.

15 (3) Presenting an electronic bill to a predefined account
for the vehicle owner, hosted either by the computer 12 or a
third party.

(4) Submitting a bill to the appropriate vehicle
‘registration authority or tax authority, permitting payment to

20 be collected during the vehicle registration renewal process or
during the tax collection process.

) Billing may occur at regular intervals, or when
transactions meet a certain threshold, such as maximum interval
of time or maximum dollar amount of outstanding toll charges and

25 other fees. Owners may be able to aggregate billing for
multiple vehicles by establishing an account with the computer
12.

The customer management module 26 can allow a user to
interact with the toll management computer 12 over a

30 communications channel such as a computer network (e.g.,
Internet, wired, wireless, etc.), a telephone connection, or
other channel. The user can include a party associated with a
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10notorists to create an account with the system 10, associate nultiple
vehicles with that account, view transactions for the account, view imges
associated with those transactions, and nake paynents on the account. In

one inplementation, a user responsible for the facility can access billing
and col l ection 15information associated wth notorists that have used the
facility. The di spute managenent nodul e 26b may permt custoners to

di spute specific transactions on their accounts and to resol ve disputes

usi ng ter or Lrdep i .k sput - 20axi HAurd ng billing
situaf%%ﬁéﬁggﬁg 3§Hé%é Sgbg%agfhgﬁ% ?%26 vépéu%ﬁp%?%%ét%élﬁﬁ'an aut omat ed
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section_of a contrglling/billing authority bsite, Custopmers can file a
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In the photo franme), the bill can be forwarded for at |rqa§arty eval uati on

sfich asishdpiay dmtexractionse stigh @sr enl pRepynt asanagaBephote e [2&how t hat
h ' ' lond L1l ed ]
the CUSTANEL., S %1%51%?%%’e5% \Q@%lu'l'% Q%gyghﬁi %Pgﬁﬁéﬁft%i‘oc&é | Gnctthile

managenent “can us€ encrypted Sécurl | ext "and T nages are sent
over a&onplier wetwer R6( engloyisheeknrer aetesastaghhighest swerigtds

encryption. Proof qf presence inmages can be 20, epbedded into the dispute
r esol (IO RIGHRMNIECHEVG L85 R SVBEEr 671 ECREF eFREPRIZUSE - The payment

processi ng MRAYRREE RabgdeefiUuRPduarabibhy al 06wpr @sessi sgcpaysent s
manual [y or el ectronically, depending on Sthe remttance recejved. For
égam|@tqqi%mtcr,e@fﬁet fan@sgamt 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
responsible for the facility can access billing and collection

15 information associated with motorists that have used the
facility.

The dispute management module 26b may permit customers to
dispute specific transactions on their accounts and to resolve
disputes using the computer 12 or third parties. Disputes may

20 arise during billing situations. The module 26b may help
resolve such disputes in an automated fashion. The module 26b

) can provide a customer to access an “eResolution” section of a
controlling/billing authority website. Customers can file a
dispute and download an image of their transaction, the one in ’

25 question. If there is no match (i.e., the customers aﬁtomobile
is not the automobile in the photo frame), the bill can be
forwarded for a third party evaluation such as arbitration. In
the far wmore likely case, the photo will show that the
customer’s automobile was indeed billed correctly. Dispute

30 management can use encrypted security in which all text and
images are sent over a computer network (e.g., the Internet)
using high strength encryption. Proof of presence images can be
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in the formof a paper check, then scanning devices could be used to
convert the paper information into electronic format for further
processing. On the other hand if electronic paynent is enployed, then
standard el ectroni c paynent techni ques can be 10used. The paynent

processi ng nodul e 26¢c can support billing nmethods such as traditional
mai | ing, electronic paynent (e.g. using a credit card, debit card, smart
card, or Automated C earing House transaction), periodic billing (e.g., send

the bi | R Bint%u%teeEih%gu{é@o?eéeilﬁbheﬂ Bohftesdol thn As Qfher) . 15The
paynment processi ng nodul e C can support discounts and surcharges based on

f requermdiecsiromsggeateerholl .of payment, or time of facility usage. The
paynent pro SSIn nodul e 26¢ _al so can su t thods
SR eEEofPaetud me Al o BB PR O R T e
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external 25systens 34 using one or nore communications techniques
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nMessagienp IsypstdEmhetr stbiheiardlieleerrands. phymene tapheigneatcam,bext er naI

t 34 | ude | f t [ 6, t al t 38,
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provi defes:rlis fduraNGsale 18)s ke Bhad6 mand iaghoeekaBdosge Uphitergeeyg 48. The
external systems 34 can involve private or public organizations that span

one or Yo Jesgiespiti CaGeatehis SaER ag§metht 687 % efF oS BB ri es, or
ot her QﬁQQﬁ%HQ}QKQEQP%EbQQ%ctlon),perlodlc billing (e.g., send the

bill monthly, quarterly, upon reaching a threshold, or other).

15 The payment processing module 26c.can support discounts and
surcharges based on frequency of usage, method of payment, or
time of facility usage. The payment processing module 26c also
can support payment collection methods such as traditional check
processing, processing payment during renewal of a vehicle

20 registration (with interest accrued), electronic payment, direct
debit bank, credit cards, pre-payment, customer-initiated

) payments (as often as the customer desires), or provide discounts
for different purposes.

The toll management computer 12 communicates with external

25 systems 34 using one or more communications techniques
compatible with the communications interfaces of the systems.
For example, communications interfaces can include computer
networks such as the Internet, electronic data interchange
(EDI), batch data file transfers, wmessaging systems, or other

30 interfaces. In one implementation, external systems 34 include
law enforcement agencies 36, postal authorities 38, vehicle
registration authorities 40, insurance companies 42, service
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The toll managenent conputer 12 can interface and exchange information with
| aw enf or cenent agencies 36. For exanple, as vehicles are identified, the
conput er can submt substantially real-tinme transactions to | aw enforcenent
systens, in formats 10defined by the | aw enforcenent agencies. Transactions
al so can be submtted for vehicles carrying hazardous materials or
violating traffic regulations (e.g. speeding, weight violations, mssing
plates), if the appropriate sensors are in place(e.g. |laser/sonic/mncrowave

detectors_a describgd above, weight 15sensors, radiation detectors).
Al t er n&EPYAAFTS) &t c FAPRBEDR YsS¥akene  4onpnd el hewe Yandiaeagad ity bat ches,
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cert ai NePhCéPFaREs ifantifitedartie tempwedi ctan i sukbeitngubetightt iby 1kaw
30enf or.cgieRt maT C authorities nmay w sh to he instantly
notified of the nggtgfwgﬁﬂé’gétﬁﬁée%i%? O’i%‘?{‘be’isntrﬁﬁért)‘%mst'hé% RETAE Syas

d&t ect dgfanedhbyl bbat Lan, enfol-¢dsert regdneied | 2%anstheaded stheagonput er

12 canynoL] %.kge upst ant.i al real -tjnme nobile units associated with | aw

enforcenen#g I agdg?¥dﬁ?h+%igéwﬁ%ﬁ?%%ﬁﬁnh%%ﬁ?@ﬁkﬁmﬁ%ﬁﬂ&&ﬁﬂ? Ritghl i ght
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court %ggging plates), if the appropriate sensors are in place(e.qg.
laser/sonic/microwave detectors as described above, weight

15 sensors, radiation detectors). Alternatively, vehicle records
can_be compiled and forwarded in batches, based on lists
provided by law enforcement agencies. .

The highlighted vehicle identifier database 20 can be used

to store the lists provided by the law enforcement agencies.

20 The term “highlighted” refers to the notion that the law
enforcement agencies have provided a list of vehicle identifiers
‘that the agencies have indicated (highlighted) they wish the
toll facility to monitor. For example, when a motor vehicle is
stolen and reported to police, the police can send a list of

25 highlighted vehicle identifiers to the database 20. When the
vehicle highlighted by the police travels through facility, the
imaging processing module 24 determines a vehicle identifier
associated with the vehicle and determines through certain
interfaces that the particular vehicle is being sought by law

30 enforcement. The law enforcement authorities may 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~
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6or other event. This could, in turn, help keep illegal drivers off the
road and i ncrease revenue to the state. The toll managenent conputer 12 can
interface and exchange information with postal authorities 38. Since the

di scl osed techniques would require toll authorities to convert from
"Oreceiving paynent by drivers at the tinme of travel to receiving paying in
arrears, it is inportant that bills be sent to the correct driver/vehicle
owner. To mnimze the possibility of sending the bill to the wong person,

the co ter_12.supports addres ecaonci liatian. For..ex re a bil
is mai %%,ﬁﬁ%%%%' cgﬁzb%t%?&&%?ﬁzlrzir TS rf%ta]taélf He asé’g)fé"s%l%gfg %\E/nggétgy a notor
vehi cl eimlepasbieat umbt € essddis el rneissh oy i detbdnentdin .paat abidaviéarity.
The mot or vehicl e dat abase can then be updated with the nost accurate
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r 8gi st patPomenuetont t i €Bhit®. cqikd s eigh stwenti drelqutiemn tildsegad grovede an

interf e n information related to th wners of vehicles, the
omner58555%@%r%§%§5?§%h%?aﬁ %é?s 76570 (ﬁégﬁ%ﬁ§€ﬁ§§, or other infornmation.
Al ternativelye tbls nmahadgamdhoncoanuber acr easaedintyoigle tbhdr dxpashyedat a

providers rather than through an interface to puplic tor, vehi cl.e records.
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returned correspondence.
correct driver/vehicle owner. To wminimize the possibility of
sending the bill to the wrong person, the computer 12 supports
.address reconciliation. For example, before a bill is mailed,

15 the computer 12 .verifies that the address provided by a motor
vehicle department matches the address provided by the postal
authority. The motor vehicle database can then be updated with
the most accurate address information related to the vehicle
owner. Since this occurs before the bill is mailed, billing

20 errors can be reduced.

The toll management computer 12 can interface and exchange

) information with vehicle registration authorities 40. The
registration authorities 40 provide an interface to exchange
information related to the owners of vehicles, the owners’

25 addresses, characteristics of the vehicles, or other
information. Alternatively, this information can be accessed
through third-party data providers rather than through an
interface to public motor vehicle records. The accuracy of
records in the various databases used by the computer 12,

30 including vehicle ownership and owner addresses, may be verified
periodically against third-party databases or government
records, including motor wvehicle records and address records.
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The toll managenent conputer 12 can interface and exchange information with
i nsurance conpani es 42. | nsurance conpani es 5coul d highlight vehicle
identifiers in a manner simlar to | aw enforcenent authorities 36. For
exanpl e, the highlighted vehicle identifiers database 20 can include

| i cense plate nunbers of vehicles with an expired insurance indicating that

such drives would be driving illegally. The conputer could 10notify | aw
enforcenent as well as insurance conpani es whether the highlighted vehicle
has been detected using a particular facility. The toll managenent

conput &hig2masnhehpeehacee ahde exedbiige ok roMnsegivigyister eddgesFor exanpl e,
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facility.
The toll management computer 12 can interface and exchange
service providers 44. For example, the computer 12 can support
16 batch or real-time interfaces for forwarding billing and payment
collection functions to billing service providers or collection
agencies.
The toll management computer 12 can interface and exchange
information with financial systems 46. For example, to handle
20 bill payment and collection, the computer 12 can interface to
credit card processors, banks, and third-party electronic bill
) presentment systems. The computer 12 can also exchange
information with accounting systems.
The toll management computer 12 can interface and exchange
25 - information with the homeland security agency 48. The office of
homeland security can automatically provide a list of |
individuals for use in the highlighted wvehicle identifier
database 20. For example, registered drivers that are on a visa
to this country can be automatically highlighted when that visa
30 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
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As descri bed above, data captured fromthe toll site flows into the inage
dat abase, and is retrieved fromthe i mage 5database by the billing engine.
In anot her inplenentation, the toll conputer detects, for each vehicle, an
interaction between the vehicle and a toll facility, captures inages and
generates a data record. The data record can include date, tine, and

| ocation of transaction, a reference to the inage file, and any 400t her
data available fromthe sensors at the facility (e.g., speed, size). The

i mage asseh [ e-pro LE ; j enerate a
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i nf or reg¢hioriiecean be added to the data record. (This 15process ny occur after

transmission to the central facjlity.) The data recor d ipage file can
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For exanples; Shese mmkdle A [ ventcle.

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

15 process my occur after transmission to the central facility.)
The data record and image file can be sent to the central
facility. The image can be stored in the image database, and
referenced if (a) additional processing is required to identify
the vehicle, or (b) someone wishes to verify the transaction.

20 If the confidence level is adequate, the data record can be '
submitted 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 submitted to the
appropriate state registration authority or a third-party

25 service provider to determine the owner and establish an
account. This process may be delayed until enough transactions
are collected for the vehicle to justify issuing a bill. If
confidence level is not adequate, additional processing may be
performed as described elsewhere.

30 The technigues 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
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of control from back-end processes to vehicle inmaging. The inmaging process
may be initiated by an event, including the 5presence of a vehicle at the
toll site. I n anot her inplenmentation, the systemmay be used to
nonitor traffic and nanage incidents. For exanple, if a drop in average
vehicl e speed is detected, the conputer can send a nessage to a hi ghway
control facility alerting controllers to 10the possibility of an incident.
Aut hori zed controllers may communicate with the equi pnment at the toll site

to vie '$§g§ f h ]y nd deternmi-ne i.f a response is_required.
The opaeéréa I oné%f“(at%}r?é}et %fe%r%ﬁ@np%sfgﬁg%@sdi’saél%ipwg nddHith reference
to Fl GhdébpdnddBRlYGoR2 die arddutwrchamorokexanplap! erentantpnoefnel £odw oni C

toll agenent. systemrelated, particularly a process 100 for nanagi ng
hi ghl %t‘gbﬁm XN RS 19 PTECESESE ded VBl EdEetMaPiRY st efRe34. To
i | T ustf@dind oSt X Y e 1inilty 28350 abhabehaw entongeagninagenci es 36

generate a l1st of highlighted 20vehiclé identifiers (e.g., license plate
nBnber)esgner idfers visdling s @igibebyolde sigenci es and that the agencies 36

wi sh to be notjfi such .vehi cl es.have been identified using a tol
facility 25}? ﬁ%dtggeng\pﬂt%«@'@rl.eq‘fi‘tc?%ﬁéﬁnns% | 8&’%9?825“"’% Rl Paﬁgeﬁovehi cle -
25i dentorditess fraoifiiac pard ywesugfe dndidenesf or cereakanpeaci €8 36drdph DHe
i npl ement ati on, .these vehicle identifiers can be stored in the vehicle

t
i dent i?‘feeﬁa%eat‘}aﬂé?s";ezﬁﬁetﬁd Sth SEFEETE Y §8EsSPREUEFhe CBBt 883<e® 20 can be
updat agkdBaddecAGLNGI ARl tdbitew1agwahl t9S aaddit hgnabntpbo1oBE I QY i n

real -time and/or in batch node. 30The | aw enforcenent agenci es accessed by

t'Be Cd%&ﬁnﬂﬂsﬁﬁﬁﬁiity 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.

The operation of the toll management system 10 is explained
with reference to FIGS. 2-5.

15 FIG. 2 is a flow chart of an implémentation of electronic
toll management system related, particularly a process 100 for
managing highlighted vehicle identifiers 20 provided by external
systems 34. To illustrate, in one example, it is assumed that
law enforcement agencies 36 generate a list of highlighted

20 vehicle identifiers (e.g., license plate numbers) of drivers
being sought by the agencies and that the agencies 36 wish to be

. notified when such vehicles have been identified using a toll
facility 28.

The computer 12 obtains (block 102) highlighted vehicle

25 identifiers from a party such as law enforcement agencies 36.

In one implementation, these vehicle identifiers can be stored
in the vehicle identifier database 20 for subsequent processing.
The database 20 can be updated by the agencies with new as well
as additional information in real-time and/or in batch mode.

30 The law enforcement agencies accessed by the computer span
across multiple jurisdictions such as cities, municipalities,
states, regions, countries or other geographic designations. As
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across multiple jurisdictions such as cities, nunicipalities, states,

regi ons, countries or other geographic designations. As 26 a result, the
conputer 12 can process vehicle information across nmultiple jurisdictions
and on a national scale. The conputer 12 captures (block 104) an

i mge of a vehicle triggered by a transaction event based on an interaction
bet ween 5the vehicle 30 and the facility 28. For exanple, the inmage

acqui sition nodul e 24 can be used to acquire one or nore inages of a

vehi cl ea aseswlt y avred sodtpiegh @ fRe ?Iro)ée%%c Rehs et QhEOEQQQio%;@%ﬁDeééTages

can be stﬁre in the'imge database 14 for further processing
i mge- pl'd hg HoditHe Bpns Gashere s gt iveeAnisgads .can be applied to the

captured i mages 4 I Si dat abase 14 ., _.The

conputer 12 detef%ﬁ%ggﬁigﬁgg%ﬁf%g%mh(égﬁ%%lgggaeﬁpiﬁwggebggeﬁ B Fee

capt ur edrigarred R sestarmplse,c o ievenss Bd sprevhousl Yntbhect 188 SdFwaassi ng

nodul e ply Jm Sanal ysi,s techniques to the raw imges in the

ingge Jé?%%%%gﬂ%f%¥¥L§§gf§%513§Féﬁfgﬂhﬁﬁque§°€aﬁxéwpﬂacttBeI%%@ﬁ%e nunber

from oneul aitirior magRa Hi2a ddre 8as@sBlALS AbqhlieaVBRLCLE: ndbE fXi4drt od
abase

vehicle identifiers can be stored in the vehicle identifier da 18 for
furthefﬁéfb€5§§Vﬁ§?a?o?ﬁét%ﬁﬁﬁﬂ#bﬂh¥2ugbn§aié§l@@twcRughsysaacemﬂhred

vehi cl erdsgent ifHce Widahiddheh gy | hiicle.j ti.fier. For, exanple,
the conputer 12 can cq%bareaé capfg?gggl¥§ekgé %Fggg ﬁ%k ?S?r%%f¢ﬂ%

vehi cl 4Ry Mreacessiagady thenimhga-biroerseingmieduleonst he hi ghli ght ed

rebLs) SRS RIS /b R I R BB LA 0
help reduce the size of the database 14.

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

15 analysis techniques to the raw images in the image database 14.
These analysis techniques can extract a license number from one
or more images of a license plate of the vehicle. The extracted
vehicle identifiers can be stored in the vehicle identifier
database 18 for further processing.

20 The computer 12 compares (block 108) a captured vehicle
identifier with the highlighted vehicle identifier. For

| example, the computer 12 can compare a captured license plate
number from the vehicle identifier database 18 with a license
number from the highlighted vehicle identifier database 20. As

25 discussed above, automatic as well as manual techniques can be
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
associated with the highlighted vehicle identifiers wishes to be

30 notified. This information can be stored in the vehicle

identifier database 20 or other storage mechanism. On the other

27



onputer 12 detects a match (block 110) between the |icense nunbers,
LLe;h?thﬂgcks (block 112) how the party associated w th the highlighted
vehicle identifiers wishes to be 30notified. 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 conmputer 12 resunes executing the
process 100 beginning at block 102. If the party indicates that it w shes
to be notified imediately (block 114), then the conputer notifies (block

118) b5t aryt e ,eCeuULrenc f ch..ln this exanple,. the _

con%uté?ﬁggn]ﬁzf?gggléﬁ g%fg%ggﬁén?hgfcgﬁégé%fcﬁi|ﬁF§¥W§iéﬂ%&ﬁfﬁgﬁieaght{Hg
i eeeniNi begilomgngeeknbfjuek Do20ver a conputer ne :

using f eI : 0 be 10notified i medi ately (bl ock

d, 4 .daes _not w sh { ¢ e
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i fi camiestiamedly bllbskaatisgn ehelr eHef LBRGuELE L85 e dd k 118
POt:Lhéfrgtion, Iy.rgde;)ined c??ter?a can incl ude gaI%er?ng gﬁbf%dégjaed
ngﬁber %F ﬁﬁ?@ﬁégPSHdt?ﬁeﬁc§éﬁ6?ﬁgetﬁ@ aanehels. t olh avinienfeoramrient tie bat ch

rode.  1aRpSecheaRT Y, 1S HRe-akLbhesl (Bhogk 13 ol maich or the

12
mat ch has been stored fofr l[ater n I cati 0 the conputer
resune$UORECHLIAG Lpr beadsti06 heghgnivhge BésdH| @shnddoathildhs 3 dcud Gl

chart Qﬁ'%@e&”ﬁlggﬁﬂﬁ@ggoﬂegLo%L?Ctronic
On the other hand, if the party does not wish to be
10 notified immediately (block 114), then the computer 12 stores
(block 116) the match for later notification upon satisfaction
of predefined criteria. In one implementation, predefined
criteria can include gathering a predefined number of matches
and then sending the matches to law enforcement in batch mode.
15 : Once the party has been notified (block 118) of a match or
the match has been stored for later notification (block 116),
the computer 12 resumes executing process 100 beginning at block
102.
FIG. 3 is a flow chart of an implementation of electronic
20 toll management system 10, particularly a process 200 for
managing payment from a party associated with a vehicle that has
3 interacted with a facility. To illustrate, in one example, it
: is assumed that a toll road authority decides to employ the
disclosed techniques to handle payment processing including
25 billing and collecting tolls from vehicles using its toll road.
The computer 12 captures (block 202) an image of a vehicle
triggered by a transaction event based on an interaction between
the vehicle and a facility. This function is similar to the
process discussed above in reference to block 104 of FIG. 2.
30 For example, the image acquisition 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
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20tol I managenent system 10, particularly a process 200 for managi ng
paynment froma party associated with a vehicle that has interacted with a

facility. To illustrate, in one exanple, it is assumed that a toll road
authority decides to enploy the disclosed techniques to handle paynent
processing including 25billing and collecting tolls fromvehicles using its
toll road. The conputer 12 captures (block 202) an inage of a vehicle

triggered by a transaction event based on an interaction between the
vehi cl edatrabasd aod |idzy . £ulttifed deiy gy Symichar i&lgg&bﬁr&%?ﬁgﬁ di scussed
above in reference to block 104 of FIG "2. "30For exanpte, the image
acqui si‘?‘?‘é‘?i?m%ﬁrl e 24 can be used to acquire one or nore inages of a

icle 30 i t thr . l, roa . _These i mages can, be
Stored i n (e oS I i Ren bR 202 5 cSBF Rl by e R T ex
i mage- d?%%%%ﬁrhgihﬂ)dlﬂp&md image .The?méerr}fuheltiaaghﬂgt fangb[\§§r?]13ig)i@g&|@8 c2)04) a
i i 1 {1 d th t i mage. is functio
o et B IR A b ve TerRereEenblorh B9 boRE 0B o F1 G
2. For Eanptamplidie thegeafe04aetidies iidmoauda 63ncha Héegséf-&’t gtract a

|'i cense _number from one or nmore inmages of a license plate o he vehicle.
Tlhese \F@Tr:n['lrc,ar i rtGeSEr SUEhehEraroee or mhwevahagee dfeatli¢e@rsalat abase

18 for guidiess piecessiing.e 10%he £LOMMLEH 134daL eEMLDES (B! 0Ck 200); a party
associated with the vehicle identifier by searching a registra _
e e eVl e o
;qggm I:: ergﬁqﬁﬁu\éﬁgag ﬁ(()frel%t(:aegfmﬁﬁletso (%288 e?ﬁf%eatﬂﬁrﬁi}ég?%?%?%%er of
t he vehtidihe tdes yehdicde videhtifier by searching a registration
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 ‘
15 determine the registered owner of the vehicle associated with
the vehicle identifier. The computer 12 is capable of accessing
vehicle information from one or more vehicle registration
databases across multiple jurisdictions such as cities,
municipalities, states, regibns, countries or other geographic
20 locations. 1In one implementation, the computer 12 can maintain
a copy of registration information from multiple registration
) authorities for subsequent processing. Alternatively, the
/ computer 12 can access multiple registration authorities and
obtain registration information on a demand basis. In either
25 case, these techniques 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
payment from the party associated with the vehicle identifier.
30 The request for payment can depend on paywment processing
information associated with the registered owner. For example,
the registered owner may be sent a bill based on a periodic
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the vehicle identifier. The conputer 12 is capable of accessing vehicle
information fromone or nore vehicle registration databases acrossnmultiple
jurisdictions such as cities, municipalities, states, regions, countries or
ot her geographic 20l ocations. In one inplenmentation, the conputer 12 can
mai ntain a copy of registration information fromnmultiple registration
authorities for subsequent processing. Alternatively, the conputer 12 can
access nmultiple registration authorities and obtain registration

i nfor I de .S,y ei.ther 25c + . these techni |l ow t he
conpu?gégﬁg ?g' fbd§§§9§gﬁﬁ%ﬁ%ﬁﬁ%ﬁ<ﬂﬁﬁa fbﬁmgggﬁggeﬁuFPPﬁFg ?ﬁgygg?ﬁtions,
and t husaphedeservether esroan@enmait onal scal e. The conputer 12
checks (bl ock 208) whether to request paynent fromthe party, associ ated

with the vehfcFBSi geletserl? st MR dthato PayRpREnt ScERTBEPEAI on
paynenyppseresshNg +ndQr et an, ASSOCit &S Wild) $L8hedneWpgE Ly For

ERY
exanpl e, the registered owner nmay be sent a biIILgB ased on a periodic basis
(6. g.,aasachipyedasish  thherehipiedaddmsid iamimtseldasonbébr teavhadtion ot her

arrang . 1§ _the uter, 12 deternines that payment is yequired (bl ock
210), %ﬂ%ﬁkft %§q€%%§§g%%§cﬁﬁpﬁﬁﬂ)arﬁﬁﬁﬁﬁé%f X npgﬁéeBErF9n5%§sociated W th
t he vefenkeratdéntsingrtbadedi@inl heail aisatideo R ceh@itlueASodi scussed above,

a request for pa t can be nerated using traditional il service
techﬂiﬁi@gLBPngFggg? T1E% %hd%% SHRIFZRIE BEYPEREC paPReRPOUthe®inount

of thethil bitancagpensean ohf MARLAAN S ARINe Y 2R8/ckEENCRVEREnEOsUCh as
the nature of the interaction between the vehicle and the facility. For

eWanpl 8uchhast EBAsBREREN @ drte chirt ¢idfiteiare between the vehicle and

the facility. For example, the transaction event can indicate
that the vehicle traveled a particular distance defined as a
distance between a starting and ending point on the toll road.
Accordingly, the amount of the payment requested from the
15 registered owner can be based on the distance traveled.
On the other hand, if the computer 12 determines that
payment is not required (block 210), then it forwards (block
212) the transaction event to another party to handle the
payment request. For example, the toll authority way have
20 decided that the computer 12 can handle image processing
functions and that toll billing and collection should be handled
by a third party such as external systems 34. In one
implementation, the computer 12 can interface with service
providers 44 and financial systems 48 to handle all or part of
25 the billing 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
beginning at block 202.
If the computer handles payment processing, the computer 12
30 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
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that the vehicle traveled a particular distance defined as a di stance
between a starting and ending point on the toll road. Accordingly, the
anount of the paynment requested fromthe 15regi stered owner can be based on
t he di stance travel ed. On the other hand, if the conmputer 12

determ nes that paynent is not required (block 210), then it forwards

(bl ock 212) the transaction event to another party to handl e the paynent
request. For exanple, the toll authority may have 20deci ded that the

conput ep azldc@ﬁeh@nghsmégaggngggﬁ@ﬁé'rﬂaauy@% ONSa@nsk Ty tQ] Ihalighki ng_and
col l ection should be handled by a third party such as external systens 34.

I n onehl&éﬂ@ﬁbﬁpétp@hleﬁhéoéoﬁpU@é&Ona cahsi ai setaeed iithdveserbliece provi ders
44 d h | f, 25 the bill d
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paynen rocessing ona s3cTT on

formar@a@mbutapmbbedsmagtdepéhalﬁgnpﬁtEHelﬂemﬁﬁuaﬁseeMé&éﬂvdaltfﬂbrfunctions
of process Eglnning at block 202. |[f the conputer handl es paynent
proces SFAGP het nBETBFteS 38pFBReREREIEH| BRKASIRY NG 2K Maftdkidhonse from

t he pa%@éc@&%ﬁﬁbabanéhthpEB@eg§Bh§'évéﬁeatbé tefﬂné%%bfﬁﬂ&&%ﬁ”&éﬂ” on,
t he blllgn% dat abase 16, Tn conjunction wth e billing engine 22 and the

cust omthendRggeErett nBHel eomButeancar ased h@nﬂbﬁdtga@ﬁ¢i¢nﬁizﬂﬁYmﬂﬂH ection
functi Qus.. 4 ?& di.seussed @QQ%E the payment processing nodul e 26¢ can

support el ectronic of manua paynent processi ng depending on the rem ttance
recelved F@ncﬁenappyegnthhasobpehepr&aesaedpxbyodk 206 ac cdwntedngrutdeand| i ng

@Ctrq_ ment essing over ofput er . net wor k Suc ch as the Internet.
The conpu%é § ﬁg %&ﬁglg PPSﬁFt?8§angé9ﬂéﬂ9 %gd%} éﬂ%%‘as a check.
Once a paynemtichag beea pnewesnadt(bEogk ZﬁﬁleméhEaﬁﬂﬁmU$£¢eﬂéﬂék&@§ynES
EXECUt%gglp%g%g%%mégg gggkgalgg,a;anggslgg%y process 300 for managing
payment over a communications channel from a party associated
with a vehicle that has interacted with a facility. To
15 illustrate, assume a toll authority responsible for a toll road
employs the disclosed techniques and that a registered owner
wishes to efficiently and automatically make payments for using
the toll road.

The computer 12 provides (block 302) an account for a party

20 associated with the vehicle identifier. 1In one embodiment, the
computer 12 in conjﬁnction with the account management module

). 26a can provide a website for customers to open an account for
making electronic payment over a computer network such as the
Internet. The website also can permit the customer to access

25 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
communications channel from the party to review a transaction
event. For example, the account payment module 26a can handle

30 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
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FIG 4 is a flowchart of an inplenentation of electronic toll nmanagenent
system 10, particularly process 300 for managi ng paynent over a
comuni cati ons channel froma party associated with a vehicle that has
interacted with a facility. To 15illustrate, assune a toll authority
responsible for a toll road enploys the disclosed techniques and that a
regi stered owner wi shes to efficiently and automatically nake paynents for
using the toll road. The conputer 12 provides (block 302) an account for a

party 20associated wth the vehicle ideptifier. In, one . enbodi t he
conpu%?f%ff iﬁrcgﬁfﬁﬁ@FF&ﬁnwﬁPﬁogﬁéngcggﬁn?uﬁ%ﬂﬁﬁﬁﬁéﬁﬁﬁﬁggﬁiégggéhgén
provi d@iapshsi.te for custoners to open an account for nmaking electronic
paynent over a conputer network such as the Internet. The website al so can
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i nformati on. The conputer recel ves 304) a request over a
comMmuniedattiedn s oc renélrahisantctibe paehy tenr éncbwda imagsacti drheevent. For

exanpl e, .the account paynent npdule_.26a can _handl e 30t hi.s reque
retriéﬁ?ﬁéﬁf? a%%@o&eéﬁgﬂF gﬁFB ﬁﬁ%?ﬁn?ésgocig%%ﬁP%ﬁt@i%ﬁéi'cug%ﬁﬁgr's
accourtatlar @Bkt be kilchiypgctatabpsenlt. s&bareetragyRtss IdhOrdRi+4 ahecan i ncl ude
i mge data of a particular transaction involving the custonmer's vehicle

and t H&4F oot KPR To APTIBR1E2L4EREsPTBFBERI S0BYCR RS tdfditon event
to theRanky 1345048k t(ﬁ?‘Mﬁ?”@i&lﬂhg@F LEBg Ega{??ﬁhsmigf&ﬁ@%ﬂﬁkn@fﬂ&f ed to

the transaction~evént can inclu i mages of e vehicle and the vehicle

itdent idvegr thie dnteuneénse plate). Such
The computer 12 determines (block 308) whether the party
agrees to make payment. For example, once the customer recelves
the information related to the transaction event, the customer
can review the information to determine whether to make payment
15 based on whether the vehicle shown in the images is the
customer’s vehicle.

‘ If the computer 12 determines (block 310) that the party
agrees to pay, then it processes (block 314) paywment from the
party by deducting an amount from the account based on the

20 transaction event. For example, if the image information
indicates that the transaction event data is accurate, then the

) customer can authorize payment such as by submitting an
electronic payment transaction.

Oon the other hand, if the computer 12 determines (block

25 310) 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
handle a dispute request submitted by the customer using online
techniques. The module 26b can handle specific transactions

30 related to the customer’s account including involving a third

party to resolve the dispute.
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data can be encrypted to permt secure transm ssion over the Internet.

St andard commruni cati ons protocols such as hypertext markup | anguage (HTM.)
can be used to transmt the information 10over the Internet. The
conputer 12 determ nes (bl ock 308) whether the party agrees to nake
paynent. For exanple, once the custoner receives the information related to
the transaction event, the custoner can review the infornmation to determ ne
whet her to nake paynment 15based on whether the vehicle shown in the images

is the custonee' § yefeht. has beed fpidtas £MPUIRILK? 3dahebrw Regisphosk 310)
t hat the gart% a]grees to pay, then it processes (block 314) paynent from
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20t ransggt HRYi ANERY - afOb1 %@L, 1f the image information indicates that
the transaction event data Is accurate, then the custoner can authorize
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rnanager:r&gt nodul e 26b, can handl e a dispute request, subnitted hy the
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third Eart to resolve the dispute. Once a paynent has been
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R e p e L e R
traveled through the toll authority, these techniques help
ensure that payment is sent to the correct address of the
registered owner of the wvehicle.

The computer 12 determines (block 402) that a payment

16 request is to be sent to a party associated with a vehicle
identifier. As explained above, for example, payment requests
may be generated based on a periodic basis or on an amount
threshold basis. |

The computer 12 accesses (block 404) a vehicle registration

20 authority for a mailing address of a party associated with the

vehicle identifier. For example, the computer 12 way access one

or more databases associated with vehicle registration
authorities 40 to retrieve information such as the mailing
address of the registered owner of the vehicle.

25 The computer 12 accesses (block 406) a postal authority for
a mailing address of the party associated with the vehicle
identifier. For example, the computer 12 may access one or more

- databases associated with postal authorities 38 to retrieve
information such as the mailing address of the registered owner

30 of the wvehicle.

The computer 12 compares (block 408) the wmailing address
from the vehicle registration authority with the mailing address
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5tol | managenent system particularly a process 400 for reconciling mailing
addresses fromdifferent sources. To illustrate, it is assuned that a tol
authority has decided to enploy the disclosed techniques for processing
paynent related to the use of toll facility. Since the disclosed techniques
10 invol ve processing paynent sone tinme after the vehicle has travel ed
through the toll authority, these techniques hel p ensure that paynent is
sent to the correct address of the registered owner of the vehicle. The

conput 12 determ nes ock 402) that a paynment 15request is to be sent
to a paridF dd€ofste ﬁ§$h°51§¥hicf8ri@§ﬁWg* er thage HEPEIARE, for

exanpl ehPauiENhg eddeskseBRYrBR g88etabedubRSL: Do acPeldiQdifiRAasiss or on
an amount threshold basis. The conputer 12 accesses (bl ock 404) a vehicle
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dat abases assocl at regrs i On au to retrieve
i n$ or metddore ssesh mas chhe thenl ihgraddesss (blobe 4eg) Speymshtoviieim afhd he

vehi cl e. 25The conputer 12 accesses, (bl o¢ck 406), 6 a postal authority for a
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exanpl ades £ aid-pldl 2 -BRY tAECHS St ANCaQENBPL By . daf@basSeiARSOGiRl ed with
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of the qEHEET d@ Rmersg0shet hechrhiupe. discussqhealovgp i@ harmleonpar es
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10 the registered owner.
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
from the postal authority. For example, the computer 12 can
15 update databases associated with vehicle registration
authorities 40 with the correct wailing address retrieved from
the postal authorities 38. Such techniques may help reduce the
likelihood of mailing a bill to an incorrect mailing address
resulting in an reducing time for payment remittance.
20 Once the vehicle registration authority has been updated
(block 412) or payment requested (block 414), the computer 12
J executes process 400 beginning at block 402 as explained above.
FIG. 6 is a block diagram of an implementation of an
electronic toll management system 600 that provides vehicle
25 identification by extracting multiple vehicle identifiers for
each vehicle that interacts with the toll facility. The toll
management system 600 includes a toll management computer 612.
The toll management computer includes an image database 614, a
billing database 616, a vehicle identification database 618, a
30 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
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fromthe postal authority. For exanple, the conputer conpares the mailing
addresses fromthe two authorities to determne if there is a discrepancy
bet ween the database information. If the conpUter 12 determ nes (bl ock 410)
t hat the 5addresses match, then it requests (bl ock 414) paynent fromthe
party associated with the vehicle identifier using the mailing address
accessed fromthe postal authority. For exanple, the conputer 12 can use

t he techni ques di scussed above to handl e paynent processing including
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mat ch, fadilien apaatwasi bl oderdld)s Wiy ehivabd alegiesdr ahdoa pattprity with
the mailing, address fromthe postal authgrity. For exanple, the conputer 12
“can 1 R bl R sttHat 6 4% \ﬁ'fﬁ ﬁé’eur %@F%Pgncgﬂ?ﬂ%ﬂ_ﬂ es 40
Wi th tée) GOr & Chomiich i Ak SlAFaSs SHaldrved Jdemd eqpostal authorities 38.
Such techni ques may hel p reduce the likelihood of mailing a bill to an

i Bcorrect rEkInptERdYf esrCh exkgnay Withim rddudiald mame IFBEnpaFrHeren
e U g e 2, Oce. Lhey VBN Gl S0LSLLAR AU Lap s baepsypoat o

(bl ock or  payment requeste he conmpute execut es
pr ocess. 40fh hegrinhdulanl e ciko M0 2nam asupdra reghabioare 6121, GEh6 iwage bl ock

di agram of. an i nopl enent at j on, of | ectronic toll nagenent system 600
that pProvARREEe Vehtcl Eh‘ﬁ%”rﬁ%rﬁq f(%{:l%ﬁeqaoﬁ? b xt%ect‘fe;@c tiple vehicle
i denti{a&nsif DEao6h gebisdse tded, idHLnacd s Whded hetidllle fidenkityer The

toll managenent Séstem 600 includes, a toll managenent conputer 612. The
t ol | r%"a%éﬁﬁ%%t 2Onphe b hbint P Ene dre ddtab 9% BFTS SEELPPNg dat abase

616, any&ii&! &24 dephdficaldé Ofr-dadabase fldi& S atld dhiedmeehi cl e
identifier database 620, a billing engine
management module 626, and the toll facility 628 typically have
attributes comparable to and illustrate one possible
implementation of the toll management computer 12, the image
15 database 14, the billing database 16, the wvehicle identification
database 18, the highlighted vehicle identifier database 20, the
billing engine 22, the image acgquisition module 24, the image
processing module 25, the customer wanagement wmodule 26, and the
toll facility 28 of FIG. 1, respectively. Likewise, the vehicle
20 630, the party associated with the vehicle 632, and the external
systems 634 typically have attributes comparable to the vehicle
30, the party associated with the vehicle 32, and the external
systems 34 of FIG. 1.
The vehicle identification database 618 includes an
25 extracted identifier database 6181, a vehicle record database
6182, and a read errors database 6183. The functions of the
databases 6181-6183 are described in more detail below.
The system 600 is similar to system 10 and is configured to
provide, for example, reduced vehicle identification error rates
30 by identifying each vehicle through use of wmultiple vehicle
identifiers. Two such identifiers are designated as 631A and
631B. A vehicle identifier is preferably an identifier that
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622, an inmage acquisition nodul e 624, an inmage processing nodul e 625, and a
cust oner managenent nodul e 626. The toll nmanagenent conputer 612

comuni cates with or is integrated with a toll facility 628, which
interacts with a vehicle 630 and a party associated with the vehicle 632.
The toll managenent conputer 612 al so communicates with external systens
634. S5Exanpl es of each elenment within the toll managenent system 600 of

FIG 6 are described broadly above mﬁth respect to FIG 1. In particular,
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facilityratfhddfd ByGinkgd esfreidsvelsy mokukewsss, bb.bedvehl 6her20630; sdies party
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have at®%iBif.eedsfaratle to the vehicle 30, the party associated with the
vehicle 32, angdde-@dehaly i Dhgs odd kalpPe b IheeMebigl e

identifjcatron dat abase 618 includés an 25extracted identifier database
6181, al%rrﬁ:cﬁneen étcﬁ)rldtqmmba@@t@le@fométaoneaﬁ ar vehscdat abede F188. The
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The system 00 'S simiar to system 10 provide,
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Lo Ceciinde ut e Hodid LR ' RY St nb Ol EERBLp R OmSE R iAG S AL

identiféﬁﬂeﬁfﬁﬁaly81s techniques. A license plate number may include
15 any character but is typically restricted to alphanumeric
characters. License plate information typically may be used to
uniquely identify the wvehicle.
. Another example of a vehicle identifier is a vehicle
detection tag as described in U.S. Patent No. 6,747,687, hereby
20 incorporated by reference in its entirety for all purposes. The
vehicle detection tag, hereinafter referred to as-a vehicle
fingerprint, is a distilled set of data artifacts that repregent
the visual signature of the vehicle. The image processing
module 625 may generate a vehicle fingerprint by processing an
25 image of the vehicle. To save on processing time and storage
needs however, the generated vehicle fingerprint typically does
not include the normal “picture” information that a human would
recognize. Accordingly, it is usually not possible process the
vehicle fingerprint to obtain the original vehicle image. Some
30 vehicle fingerprints, however, may include normal picture
information. A vehicle fingerprint typically may be used to
uniquely identify the vehicle.
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uni quely or substantially uniquely identifies the vehicle but may be an
identifier that helps in the identification process by distinguishing the
vehicle from other vehicles w thout necessarily uniquely identifying the
vehicle. ldentifiers 631A 5and 631B nmay be part of vehicle 630, as
suggested by FIG 6, but need not be. For exanple, identifiers 631A and/or
631B may be produced by inage processi ng nodul e 625 based on
characteristics of the vehicle 630. As described previously, one exanpl e of

a vehicle 10p4 dgnt isfiiered ese_pl i.ntar [ a.vehicle such as
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pur poses. vehi cl e detection tag, reina 5 as a vehicle
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30vehicle fingerprints, however, may include nornma cture rnformation. A
vehi cl 9HFErF iqrnsifsires mpreapdseirased thanumehiely identifycateowehi cl e.

through license plate information matching. The vehicle
fingerprint may include, for example, portions of the vehicle

15 around the license plate and/or parts of the bumper and the
wheelbase.

Another example of a vehicle identifier is a vehicle
signature generated using a laser scan (hereinafter referred to
as a laser signature). The laser signature information that may

20 be captured using a laser scan may include one or more of an
overhead electronic profile of the vehicle, including the
length, width, and height of the vehicle, an axle count of the
vehicle, and a 3D image of the vehicle. In one implementation,
the image acquisition module 624 includes two lasers for a given

25 lane, one that is mounted over the lane and another that is
mounted alongside of the lane. The laser mounted above the lane
typically scans the vehicle to capture the overhead pfofile of
the vehicle, and the laser mounted alongside or above of the
lane typically scans the vehicle to capture the axle count of

30 the vehicle. Together, both lasers are also able to generate a
3D image of the vehicle. A laser signature may be used to
uniquely identify some vehicles. For example, vehicles that
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In one inplenmentation, a canera in the imge acquisition nodule 624
captures a single "still" image of the back of each vehicle that passes the
toll facility 628. For each vehicle, the imge processing nodul e 625

recogni zes the visual cues that 5are unique to the vehicle and reduces them
into a vehicle fingerprint. Because a |license plate is a very unique
feature, the inage processing nodule 625 typically maxim zes the use of the
license plate in creating the vehicle fingerprint. Notably, the vehicle

fingerprint.also includes other parts of the vehicle 10in addition to the
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one or ‘M é’rl(?f lﬁn%@@?ﬁ@ﬁfieﬁl g@??oﬁ?%?g%ﬁ tee dfettak FeHiTHRIEIGR udi ng t he

| engt hacticdish thandehet Bt a8f , t BReY8RbELE, nap Bl &&Puy Ofaddresyvehe!l e, and
a 3D i maggg, of the vehicle. In one inplementation, the i mage acquisition
nodul e Y624 Gilc Piides 1PwEOMgs e sCpBptangpe entQ Siimie bneldertifiy theunt ed over
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nount ed_'abovs ?hegl ane ty%i cgﬁgmsggﬁgk?ﬁgé%ﬁi% eEE [E;a%ap ulrag]ﬁ]%ﬁgggr head
pidf i | esofuntigiey &hi thet webithe basensavaft ewi@bongsddei crtiaboveof the

| ane typi ga . st vehiscle.to capture the ax] e count, of 30t he

vehi cl )é:ﬁll oge éfi,gslbot ?ﬁFagrel?lgchXeaﬂ n %Wéet‘?)a%elrfé?];‘f ealm{s‘ﬁ“?arﬁxj’é‘ of the
vehi cl éhak magebesugadt toedeagrhenasetet 6r Unbgriedy tediTey same: Viehiac! es.
For ex |e§ \é hi cl e tha% 37 hs;\ve been nodjfied to have a distinctive
shape ﬂgﬁs} ¢ GRFqRERPSF d8ht FETEE) byfathas¥ehsf it the. type of engine

uged in the vehicle, and the type or class of vehicle. In one
15 implementation, the image acquisition module 624 includes a a
pair of vehicle detection loops, an axle detection loop, and a
camera trigger loop in each lane.
Once the two or more vehicle identifiers are extracted by
.the image processing module 625, the image processing module 625
20 stores the extracted vehicle ideﬁtifiers in the extracted
vehicle identifier database 6181. Ideally, the computer 612
would then be able to uniquely identify the owner of the vehicle
by choosing a vehicle identifier that uniquely identifies the
vehicle (e.g., license plate information or vehicle fingerprint)
25 and searching one or more internal or external vehicle record
databases for a record containing a matching vehicle identifier.
Unfortunately, extracting a vehicle identifier is an imperfect
process. The extracted vehicle identifier may not correspond to
the actual vehicle identifier, and therefore, may not uniquely
30 identify the vehicle. BAn incorrectly or partially extracted
vehicle identifier may not match the vehicle identifier of any
vehicle, may match the vehicle identifier of the wrong vehicle,
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Anot her exanple of a vehicle identifier is a vehicle signature generated
using a magnetic scan (hereinafter referred 5to as an inductive signature).
The inductive signature of a vehicle is a paraneter that reflects the netal
di stribution across the vehicle and,-therefore, may be used to classify the
vehicle and, in some circunstances, to uniquely identify the vehicle (e.g.,
if the netal distribution of a particular vehicle 10is unique to that
vehi cl e because of unique nodi fications to that vehicle). The inductive
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An i ncorgesLil Y7 08) Parfﬁ by ﬁa&si@fﬁér@&e&%ﬂ Cldniveridd ehtamysnot match the
vehicle itdentifier of any vehicle, may mat'ch the vehicle identifier of the

wrong veblbeeted pandraherdted Yokl vk kdent s jextaastesbrget Ran one

Veh|C|e11cense plate number and a vehicle fingerprint. In another
implementation, image data and inductive sensor data are
15 collected and the vehicle identifiers extracted are the vehicle
fingerprint and the inductive signature.

One of the two extracted vehicle identifiers is designated
as the first vehicle identifier and used to identify a set of
one or more matching vehicle candidates (block 720). Typically,

20 the vehicle identifier that is deemed to be the least able to
accurately and/or uniquely identify the target vehicle is

J designated as the first vehicle identifier. For example, if the

two extracted vehicle identifiers were license plate number and
vehicle fingerprint, the license plate number would be

25 designated as the first wvehicle identifier because of the lower
expected accuracy of vehicle identification through license
plate matching as compared to fingerprint matching. The one
or more matching vehicle candidates may be determined, for
example, by accessing a vehicle record database and finding

30 records that contain vehicle identifiers that match or nearly

match the first vehicle identifier.
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To increase identification accuracy, the conputer 612 of the system 600
inplenments a nulti-tier identification process using two or nore vehicle
identifiers. 5FIG 7 is a flow chart of an exenplary two-tier
identification process 700 that may be inplenmented to increase the accuracy
of vehicle identification. Imge and/or sensor data is captured for a
vehicle that interacts with a toll facility (hereinafter referred to as the
"target vehicle") and 10two vehicle identifiers are extracted fromthe

captured dabacebktneksdd0dsr bheOBe hdPé aRRdIAPL e NE I3RGE gdREa k?
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e

concurrently by changing (e.g., loosening) the criteria for
matching and additional attempts are made to identify the target

15 vehicle from each of the one or more larger sets prior to
resorting ‘to manual identification.

In some implementations, the toll management system may be
purposeﬁully designed to identify a larger set of matching
vehicle candidates during operation 720 to, for example, ensure

.20 that the expected lesser accuracy of vehicle identification
through the first identifier does not erroneously result in
exclusion of the target vehicle from the set of matching vehicle
candidates. For example, if the first vehicle identifier is a
license plate number, the license plate reading algorithm may be

25 intentionally modified in, for example, two ways: (1) the
matching criteria of the license plate reading algorithm wmay be
loosened to enable the algorithm to generate a larger set of
matching vehicle candidates and (2) the license plate reading
algorithm may be “detuned” by lowering the read confidence

30 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 require a matching
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Once the set of one or nore matching vehicle candidates is determ ned, the
target vehicle is identified fromthe set based on the second vehicle
identifier (block 730). For exanple, if 12 vehicle candi dates were
identified as matching a partially 5 extracted |license plate nunber, the
target vehicle is identified by accessing the vehicle fingerprints for each
of the 12 vehicle candidates and determ ning which of the 12 vehicle

fingerprints matches the extracted vehicle fingerprint. If no match is
found el ¢le grrctictadianitige dadonf iad e atthicgs Belsgernanubpr 10f delaei fi cat i on
of the j Vs sed.. | n _angther i npl [ n rger
R A B o I T
successvretelyler caitidrircentlly bt chiargimg ively,, theogeadngpnthdentéteria for
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i nst ancey AR |thassaPliatle reatlifptdydrting mepdyds §bséned to only
requ'reéﬁbéggé%ﬁfi&Jgétch the first vehicle identifier. This can

15 provide ‘increased speed if, for example, the extracted second
vehicle identifier is time—conéuming to match against other such
identifiers or if a large number of other such identifiers
exists (e.g., millions of identifiers for millions of wvehicles
in a vehicle database).

20 In another implementation, two or more second identifiers

‘are used to identify the target vehicle from among the set of

matching vehicle candidates. Each of the second identifiers -

must match the same candidate vehicle to within a predetermined
confidence level for successful vehicle identification.

25 Alternatively, the degree of matching of each of the two or more
second identifiers may be weighted and a combined equivalent
matching score may be generated. If the combined equivalent
matching score is above a predetermined threshold, the
identification is deemed successful.

30 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
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vehi cl e candidate to match a subset or |esser nunber of the characters in
the license plate nunber extracted for the target vehicle. Additionally or
alternatively, the read confidence threshold nay be | owered to enabl e
previ ously suspected 5incorrect reads (i.e., partial or |ow confidence
reads) to be included in the matching vehicle candi date set. The
two-tier identification process 700 provides greater identification
accuracy over a single-tier/single identifier identification. system by
requirin thatt%ﬁg vehi ¢l e identifiers 10be successfully matched for

i

successTtACY d¥ fieddGlisn ioeptddier, iehalpporessared araweiFivi de
gr eat ervd dentdfdrcat it 130eed oy éﬂe@t@ﬂqgleﬁgﬂﬁgg‘éﬁmaggb@i%% r%%&séfé:r?éw yghicle

identifier to only those vehiclé candidate I ng recor
successfehd gl argitdantife dris sthareing eondddeirkilemordhascenatd 5pox ovi de

i ncreasgk i QL .exanple, .the extracted second vehicle identifier is
ti rre-consu(%pné tloéen%t{lg%’lagqaiq%gﬁc&eﬁér )si&h Pﬁeﬁf{??‘Pg?s €i§°4r ge nunber
of 5 ot hevelsiucle i idinttifiiens exieSts 168ed sifnbkueBsanll ideatsd iwrscd or

mllions of vehicles in a vehicle database). 20l n another inplenmentation,
two or THHEFHCHY ifudRiiohtdry ofe SuBey Ps praehgneg Epctharkriewehicle from

anong tdieyrituf JRE Ghigh@ el Qalqu‘flgﬁg;gd%%e§' nE§CHe 0L s LG S8 1y .
identifiers nust match the sanme candidate vehicle to wthin a predet er mi ned
conf i deleeenssy @late infozaestion .velifc be cionbnnifli egui val e’ Ald erinaidg vel vy,

t he de f thisng . of of: the t or.ngore, second jdentifiers may be
wei ght gci arﬁ% oaﬁ?o%il%eél%g&%i%\%a er’lftotrn%flc\éllaﬁagégg?%tﬁ%? b2 Bernstdteh. 1f the
cafrbi netiasmdsfallemndrihehiligescer @lbscahav¥ernapt edenetdhaed-é i eshol d, the

ide_ntifcioc ll N cies deerIed syccessful . .30l n one inpl ementation, each second

vehi cl € |'gf:aﬁf|r¥| er 928§ éné‘& the: LASEn P JBALEEF e3 70 MALEICS HR 4 anges

from 1 danfli@entenevkICoEr o5pends colibifeiBbeli d0ded ROFERERPNES AL an
would be 7%64+7%9=105 and the identification would be considered
successful.

15 In another implementation, two or more first vehicle
identifiers are used to identify vehicles in the set of matching
vehicle candidates. Each of the first vehicle identifiers for a
possible candidate vehicle must match the target vehicle to
within a predetermined confidence level for the possible

20 candidate vehicle to be included in the set of matching vehicle
candidates. Alternatively, the degree of matching of each of

) the two or more first identifiers may be weighted and a combined
equivalent matching score may be generated. If the combined
equivalent matching score is above a predetermined threshold,

25 the possible candidate vehicle 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
vehicles in the set of matching vehicle candidates. Rather, the

30 second identifier is used to generate a new and smaller set of
matching vehicle candidates as a subset of the set determined
using the first identifier, and a third identifier is then used
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exact match. Each vehicle identifier is also assigned a weight value from1
to 10, wth greater weight val ues being assigned to vehicle identifiers
that are considered nore accurate in uniquely identifying vehicles. If, for
exanpl e, the second 5vehicle identifiers are a |aser signature and |icense
plate information, a weighting of 6 nmay be assigned to the |aser signature
and a greater weighting of 9 may be assigned to the |icense plate
information. If a conbined equival ent matching score of 100 is necessary
for an FeewRigvelyi ttenoifie tee st gkis uateissialfrand thie kubeaseopl at e

i nfor i C . a.confidence |level of 7 and the_|aser signature also

rratchgg% %g&éf@%n?l&g%%g% ?agr\l/d; dao S ik Y&t FqdPAEBRREARL ORI ng score

woul d beut T 9vdlbebe didde: i fientd faeatiqm wolld e sarshgeredusycersst ul .

151 n anot?er in%l)l enentation, two or nore first vehicle identifiers are used
y e

to identt CrRYY welhe ke cadifitan mpd diiec ltargstdiveéhiede Each of the
L ! ot e f . . v & =ach of
i BSt vedi he1y deabndif & fiog %%M%&%lﬂé%dﬁ%‘&ﬁpg}éét ﬁg%%xg% €

target vehicle to within a predeterm ned confidence leve i ble
20candi & oL epiie | @r terte §imsludeshiial e Helesati fafermmt cnngetehhetRer

candi d ive t egree .aof .mat chi.nq of, each of the two or
nor e fﬁ@l?dg%é\%%ﬂ%’s 4n%cyh ﬁf\ﬁg}%m@ﬁ% é’egﬁr?aienéﬂieéﬁ&if%ﬁifén%sn%%‘ﬁi ng
score ney deEngemes atted. o ddte dDRitied reRflWaeralat Rl bbRdsSERE8uys above
a predetermned threshol d, 25the possible candidate vehicle is inclTuded in
t he setmag’f&lh%?%h‘—i”h R G deing Facdaiquessmsichdhs pedagedt aetohs the

saoond fitentddéelon SonalLeAd die WRlGuGlRddIRRS Y e LRr gRbeyehi cl e from

among the vehicles in the set of matching vehicle candidates. her, the
30second B MR eton s thteFadncgshaest d=a dedwravidieshmistiog set of mat chi ng

vehi cl &@ndhdat 85 S the Wkl Hedh8 eheliagd using the first
identifier, and a third identifi er i sb'%ﬁ%ﬁ%use&%%%'
FIG. 8 is a flow chart of an exemplary two-tier

identification process 800 that may be implemented to increase

15 the accuracy and/or automation of wvehicle identification.
Process 800 is an implementation of process 700 wherein the
first identifier is a license plate number and the second
identifier is a vehicle fingerprint. 1In particular, process 800
includes operations 810-830, and associated sub-operations, that

20 correspond to and illustrate one possible implementation of
operations 710-730, respectively. For convenience, particular

. components described with respect to FIG. 6 are referenced as
performing the process 800. Howéver, similar methodologies may
be applied in other implementations where different components

25 -are used to define the structure of the system, or where the
functionality is distributed differently among the components
shown by FIG. 6.

The image acquisition module 624 captures image data for

the target vehicle based on an interaction between the target

30 vehicle and the toll facility 628 (block 812). In another
implementation, the image acquisition module 624 additionally or
altérnatively captures sensor data including, for example, laser
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to uniquely identify the target vehicle fromthis subset of matching
vehi cl e candi dates. In yet another inplenentation, nmultiple vehicle
identifiers are used to successively reduce the set of matching vehicle
candi dates and the target vehicle is 5uniquely identified fromthe
successi vely reduced subset through use of one or nore final vehicle
identifiers. In yet another inplenentation, each of the nmultiple vehicle
identifiers is used to generate its own set of matching vehicle candi dates
t hr ough natchin% gpd near_mat chi ng, t.echnigues, and the reduced sgtlis t he
10i nt ePSBBPHBE BPIAPT OFOR nESHRYertithod sEtSs TAPS S GsERee modute

i mpl emeptabboAaing heicealus el s6d dzastai,etﬁwn'd&dlgr,siﬂtg: a&:e@ienati on of the
above-described techni ques. FIG 8 is a flow chart of an exenplary
t wo- t | EPTPYBREI PT cBRT bl br btears 80Dl attnyieh et terfent 81t 6PBncr ease

15t he C r i j i i il i @R, yProcess 800 is
an i rrp?gf %‘tea%;?lgggjé %’?ﬁ“‘ég‘?zé 7%%%%%%%“%%e C% rst&%lﬁg'lr}]{t %P'illt)ar' is alicense
plsat e Aphibenadhy, t hiee stuoge pdertssimy nehd o b Tlelda nger Peicetrnihe a
particul ar,.process 800 jngludes operations .810-830 d associ at ed
- opdF At FoRe S PAGFE 20Rbr F b port Forart THHIS dmbrd pdarh aace-
i mpl engAt ahbeRedf iAPLEAEHORSIIAO-TRE, 1 hLfd 9etd Ml ofind AodkQRY EREERES,

particul ar conponents described with respect to FIG 6 are referenced as
per f or RERGTRHBS pPBReE sVEBLC L fioTkiRatuss atd, mtHbdot odi%ss SraFPBEe - appl i ed

I n ot herLEPLRARHE AL L QRS YHET 81 5 MDARGNSh? SrU SRt O defi ne
t he strugture g? the system o%&h %ﬁ%gt %ﬁ?hnctlona ityagg ?is?ributed

did f er entlf pragengorhdatanponents shown by FIG 6. The i mage .
acqui si tionmodyl e 624 capfures | e data for.the target vehicle based on
an inter actngg g% %é%rt?:gétsa?%]é?SS v%h?ac?ateuraen% TS o etaf acy Itlgltey 628

(bl ockitidgdy. dhhalbnsthel4i apd esediad | the diierddmge Bopiss planenddubhe 624
addi ti gna or alternatively_captures sensor data_ jncluding, for_ exanple,
| aser lgcghéiﬁﬁtﬁﬁﬂfﬁ ot %ﬁt§%ﬁ§ ré%Eﬁ .S%Tﬁ?%%ﬂagéréﬁ%§§§§@%ﬁeﬁnﬁaﬁe 625
obt ai ngol i crASRgPhEHE HahButéNCéidli Mlso f oAU L, s racted vehicle

15 fingerprint and other signature data, such as, for example, the

inductive signature and/or laser signature, in the extracted
identifier database 6181.
The computer 612 accegses a get of vehicle identification
records from the vehicle record database 6182 (block 822). Each
20 of the vehicle identification records associates an owner/driver
of a vehicle with vehicle identifier data. The computer 612
) compares the extracted license plate data with the license plate
data in the set of vehicle identification records (block 824)
and identifies a set of candidate vehicles from the vehicles
25 having records in the set of records (b1ock 826). The
comparison may be done using matching or near matching
techniques.
The computer 612 accesses extracted vehicle fingerprint
data for the target wvehicle (block 832). If the vehicle
30 fingerprint has not already been determined/extracted from the

captured image data, the computer 612 calculates the vehicle
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conplete or partial license plate nunber and state, for the target vehicle
fromthe captured i mage data (bl ock 814). 50ptionally, the imge processing
nodul e 625 al so may determne a vehicle fingerprint for the target vehicle
fromthe inmage data. In another inplenentation, the imge processing nodul e
625 may determ ne other vehicle signature data, such as, for exanple, |aser
and/ or inductive signature data, fromthe i nage data 10and/ or sensor data.
The conputer 612 stores the captured inmage data in the i nage dat abase 614
and st driesyddyerient raact eddriccennte peatieldatangarphenexinache dextdertticldd er
pl.icable, the toll managenent conputer 612 al so stores

dat abase 6181. |If a
t he ext"r%ﬁt? \Pé{‘ﬁncqpléﬂf?fiw;?lsien?lﬁﬁd other signature data, such as, for

exanpl e, therdd iR SidanakiuesaBd/ 9enkiaser rshgaabrife ddcd heextracted
identifier databasé 6181. The conputer 612 accesses a set of vehicle

i dent | fYRHtdIoh meddidseat of chadidatel vehécded Wt abasesBus2idl ock 822).
Each 2 i . denti ficat d - o f
agh 2Q0f-1he el & dlentd fi6atien Le5ards 8890ci ) 85, g, png(d dri ver o

a vehic Iclel ata. e conput onpares the
ext r acteshgdamensthepvatta dat & inglelrptrtiet! deeas€opl ahe tatrget nvélinecsettof

vehi cl e .identificatj.on recqrds | ock 824) and._identifies set. of
cand A VR TE TR ERa R e fRo 035 by PRECH BEBF Yo Re ho Lokt o
recor dssyd)l .0ckrf2 Qomplite: £ PIRAKIGEAR 1 FAK sbendonants BREeMREENETY & d1RAr
mat chi ng techni ques. The conputer 612 accesses extracted vehicle

fi nger prangetdateridhe freachFetthpekieerd tebPEckhg3gprPRrieAR QBHIRS e
308 | ngerAlildile % AL AIHE 2 DGRA k! %awed&ﬁfgpg%@ﬁiéiem the captured

i mge data, the conputer 612 cal cul ates the ve fingerprint and stores
t he veliigigerdpmigdr platat vatdhies exdtthdot ed predetkemidendt chhéideatabase 6181.

R e I
vehicle, and the owner/driver of the candidate vehicle is deemed
to be the owner/driver of the target vehicle.

15 FIGs. 9A-9C are a flow chart of an exemplary two-tier
identification pfocess 900 that may be implemented to increase
the accuracy of vehicle identification while minimizing the need
for manual identification of vehicles. Process 900 ‘is another
implementation of process 700 wherein the first identifier is a

20 license plate number and the second identifier is a vehicle
fingerprint. In particular, process 900 includes operations
910-930, and associated sub-operations, that correspond to and
illustrate one possible implementation of operations 710-730,
respectively. For convenience, particular components described

25 with respect to FIG. 6 are referenced as performing the process
800. However, similar methodologies may be applied in other
implementations where different components are used to define
the structure of the system, or where the functionality is
distributed differently among the components shown by FIG. 6.

30 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
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5correspondi ng vehicle identification record (bl ock 834) and conpares the
vehicle fingerprint data for the target vehicle to the vehicle fingerprint
data for the candidate vehicle (block 836). The conputer 612 identifies the
candi date vehicle as the target vehicle based on the results of the
conparison of the 10vehicle fingerprint data (block 838). If the vehicle
fingerprint data natches wthin a predeterm ned confidence threshold, the
candi date vehicle is deened to be the target vehicle, and the owner/driver

of the gandi & lsche is rLdri of  t-he, target
vehi cl e. 1?!% ) \é’%\% é%lgr'e gqﬁ %ﬁgghg??goﬁggngﬁgg%?aéég %-r%a}lerdat%
i dent i fuseat ifor prlocess 08 ibhdtideny ibbchnpbrnent ede t vehel€aserdhe accur acy

of vehicle i.dentification while gigni m IES t he need for nanual

i dent i FrEABSH 6f NFERTCPEED BRYcBESUEH ARPERBINE i Sre i LER RS

pr ocessiatl iwkangiimgt kel hesynkdentbbher 1b8gen 20hk tenssumd atddunber and
the second identifier is a vehicle fingerprint. In particular, process 900
i Nl udeEgFeradiswRsd ppad3profideasséenaosd slipo opay de¢ onsed thmt corr espond

10 and doddizhi! @aeae R9atkhl o FRLCPROLALLENLAT, OPGLaL T ORe (LA 130
respectively. For conveni ence, particul'ar conponénts descri be Wi th
respectvehd clleGar@l ahe refldr éacediay pesf suohngst htopracansl80Gkhdlovever,

sim | ar_nethod i es be lied in gther inplepentations where

di ffer ewne‘tlggt%nﬁ?n%%[esv E‘g\é&&d%?‘g GBFFAeC nERS YERITHe ARY Her arde%or

wher e tdaeof WRRidcaBaledt Witk @hst ehuted differently among the conponents

shown by FIG 6., 30 The inmmge acquisition nodule 624 captures inmage and
séhsor dat a ¥ MRSt REGEESFERBCREdnbe 0B k5 may fommaddi Hecerss arlatd or

exanmpl &eald icﬁQ@:%&%%ﬁ:%%ehhéhagépHHEQ, 00k 800, T 0&Y 1 & TRILEH Plrp lilift tar get

vehicle. Qther sensors may capfure additional data used for
cl assi fireat ithe icaptuiredcampgr dhtaheandhopt bon&bly edteppieines |ddwr scan may

be use ter:m i a i ngl udi t he .height, w dth,
- | engt ﬁf,eth(%?ﬁ % %(%?ﬁt% ?ugﬁzgg\?glﬁ?g?%gé?%gn}sifgté%afr%r oﬁg(? e elgé%i;lssea 5o may be
used t dladet didiionds dava .r eFatredxbaplibe thansmsge oprdes sebny thehilar geis

vehicle _and the toll facil.i 628 such _as, for exanple, the wejght of the
ve%i cl &% ﬁgesggegugpn?ﬁg%gﬁggpgg Bﬁﬁt?rﬁﬁ% o?fﬁ‘é ggtél?‘& R STEARRE W h t he
vehi cl eore of the captured images. The license plate read algorithm
may read the captured images, for example, in a prioritized
ordgr based on visibility of the plate and its location in the
image. The license plate read results may include one or more
20 of a license plate number, a license plate state, a license
plate style, a iead confidence score, a plate location in the
) image, and a plate size. The image processing module 625 also
may apply a visual signature extraction algorithm to generate
the vehicle fingerprint for the target vehicle. The visual
25 signature extraction algorithm may be similar to that developed
by JAI-PULNiX Inc. of San Jose, California and described in U.S.
Patent No. 6,747,687. The computer 612 stores the captured
images in the image database 614 and stores the license plate
read results, vehicle fingerprint, and other vehicle
30 signature/classification data in the extracted vehicle

identifier database 6181.
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10The image processing nmodul e 625 performs a |icense plate read on the
captured inmage data, creates a vehicle fingerprint fromthe captured i mage
data, and optionally determ nes other vehicle signature/classification data
fromthe captured sensor data (block 912). For exanple, the inmge _
processi ng nodul e 625 15may use an automated |license plate read al gorithm
to read one or nore of the captured images. The license plate read
algorithmnmay read the captured images, for exanple, in a prioritized order
based on vi st linageofpdditedd gl nithlid $A0cRleminRst et ABgEndhe |icense
plate read results may include one or nore 20of a, license plate nunber, a
| i cens&gREE S itages havemmopidac any martdale sy compilggaceeadore, a
plate lacatian idy i 1M AN A PSS Z6a The dimage RLopesslng modul e
625 al so may apply a visual sidgnature extraction algorithmto genérate the
vehi cl erdhimgler pthinck @lahe 1T get peatiiiclle orThempletal r258i gaatLte

ti I ith be simlar.to that devel oped by JAI-PULN X Inc. of
San JosE AR B AT TR e {Pgst pREERE R0 D08, PE798RIS e
conput espeidd isdrOreEl. tde Waptirathl NRESK M1 dhe JnTRee akabage 614 and

stores the |license plate read results, vehicle fingerprint, and other
vehi cl e 30silgndtaiteicdl Qisigamukateh wrach Hesulite Eomr &deed igenrel platentifier

dat abasgufkl and U BQE RIS ASSIUL TR A S AeLagvags whether the
captured inmages have provided any partial or conpléte read resul'ts for the
| i censeantatre dhusge san ottt nf6 tthe dearapets dle olehidlleockcdtd). 1f no

i I I ) id h t i mages,
b ceod R Sl TR SR e (PP P AT aSEE PRESE T on pr osess

940. (either partial or complete) license plate number (as read by

the license plate reader) (block 921).
The vehicle record database 6182 includes records for all
vehicles previously recognized and potentially includes records
15 for vehicles that are anticipated to be seen. The vehicle
record database 6182 is typically populated through a
registration process during which a driver/owner of a vehicle
signs the vehicle up for automated toll payment handling. The
driver/owner of a vehicle may sign a vehicle up for automated
20 toll payment handling by driving the vehicle through a special
registration lane in the toll facility 628 and providing a
! customer service representative at the facility 628 with his or
J her identity and other contact information. The image
acquisition module 624 and the image processing module 625
25 capture the license plate number, the fingerprint, and other
identification/classification data (e.g., the vehicle
dimensions) 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
30 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
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If partial or conplete read results for the license plate nunber and state
of the target vehicle were provided by the captured i nages, conputer 612
searches the vehicle record 10dat abase 6182 and read errors database 6183
for the exact (either partial or conplete) |icense plate nunber (as read by
the license plate reader) (block 921). The vehicle record dat abase
6182 includes records for all vehicles previously recognized and
potentially includes records 15for vehicles that are anticipated to be

seen. « Vehi r t 182,15 j.call o] through a
regi stgagfell%%%o%és g’&%h??% %ﬁ%ﬁn 'd%lh\?erc 5) %‘ﬁ}%ggro%lg g%éﬁé’[eéeis sjimg(_:;a t he
vehi cléatp droif sartgmatdeta ddr phmerhikandbhdgatoaptsi veridswmeitof a

vehi cl e may sign,a vehicle up for autqmated 20toll paynent handling by

dri vi ng’% %/Veﬁ%i/a@%%g??aéi%&% InEgreerRLRbR LARSS| ARE hePUoTT

faci gy €28 and MNP £ UEHARIeSBFVhACLERERSENLRLLYS &a the
facility 628 with his or her identity and other contact™information. The

i flage Rl sivelbivfodig s Shtbdnnh thehordgéep) oceséi ag avdetr AABRE R Senapt ur e
the |i .l ate [ fi QLN an t her.

| dont | RO as&}s%?ﬁeoé‘%{‘%%ﬁr aéé‘t%g%(lg.lé. ?ChFhS‘g"\?g P Ve rerB%0d of the
user' sb¥ehig} ereifdtl ierdia pvalicledn aveees fuheyf aetlipt yrheSconhecesehi cl e

and owner identification data is stored_in a new vehicle identification
recor \cllg]]a%s%%%a‘f’eaduﬁt"??%q??et% A _F%?er EENFERFEF e EnBCTWHEA THIrt Ver .
Al ter ngdh¥ele/ , £ i fHHpIEI OWRRTa TR RBIH 8F gRa¥EPEFLEaERT £ BUA OB | fatlep! |
payment handling by sinply driving through the 47 facility 628, w thout

sPoppi Fepm THee cpitad drmgapng esnspagdadatr aanddssenser thesa fwra t he
vehi ol foansh QUL {0 ddantida e AN e LAMErbYnLeagng Eig | | cense
pl ate 1 mage an OOlkI ng up the read results 1n a aata ase of an external
syst enow@ar/driver. ‘
In another implementation, the computer 612 is configured
to obtain greater accuracy in identifying an unregistered
15 driver/owner by looking up the license plate read results in a
database of a vehicle registration authority (or other extermal
system) and requesting a corresponding vehicle identification
number (VIN) from the vehicle registration authority (or other
external system). The computer 612 uses the VIN to determine
20 the make, model, and year of the vehicle. The make, model, and
year of the vehicle may be used to determine the length, width,
) and height of the vehicle. The computer 612 may then determine
a successful match of the target vehicle with a wvehicle
registered with the vehicle registration authority not only by
25 comparing license plate data but also by comparing vehicle
dimensions (as captured, for example, in a laser signature
and/or an inductive signature). Typically, the computer 612
will consider a match successful if the license plate read
results for the target vehicle match the license plate data for
30 the vehicle registered with the vehicle registration authority
to within a predetermined threshold and the vehicle dimensions
of both vehicles match within a given tolerance.
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5(e.g., vehicle registration authorities). If an owner/driver is
identified, the conputer 612 bills the owner/driver. Once a billing

rel ati onshi p has been successfully setup, the conputer 612 officially

regi sters the vehicle, generates as necessary the vehicle fingerprint data
and ot her signature/classification data 10fromthe captured i nage and
sensor data, and stores these in a vehicle identification record associ ated
with the identified owner/driver. I n anot her inplenmentation, the

conput er 612y oRBf I guKred,t anabiaLR Breat eehacTaInaey ba hskedt iford ng an
unr egi stered 15driver/ owner bi'/x | ooking up the license plate read results in
a dat alsasendfe a brelieteamningi shealeoathut Wofthy o Behert et il system

and requesti.ng.a car ponding.vehicl.e i i £ [ ugbgip X0 fromthe
vehi cl g’ ls?qrbgt ie&r?%%%t gglegg’lié rltgltlﬁ’eﬁgg%g%%g?ﬁsgg?@m. The conputer 612
uses t kptdhdd ddetfeom ae320tdwerupkintateded orandddédiopflillyeo¥ehi cl e. The

make, nodel, and year of the vehicle may_ he._used to.de ] t th,
wi 8t h, SfEmRighelsr Pie aFeRPEIRY ‘Fﬁ‘@ é’%ﬁﬁﬁ}@rr%ﬁar%y&%ﬁ%}ﬁg%%t%fgn% ﬁ%ga
successfdl - fBfL Y 1R thar galarrehiaglee nWilghradyedi eremr egesderedran th the

vehicle registration authority not only by 25conparing |icense plate data
but al scehic ko nstantid hratiione Teionss GRTrespordpidr E], VPBECERANPTE R n a
| aser sj e ﬂ[}?{or in 8 L SigNatUr e vo ¥ PheakikYe .t hei¢enputer 612
Wil | cgt!n%lgéea%% ma c’hmgg%g'ésg?ﬁ y;é%itﬁe Iicensggpl ate read results for the
target wledd cd everatadte ‘tshelimererismplmtye cdwngef 6€ 8bet nehiehechasrbefit er ed

with the yehjcle registration. hority.taQ withi e rm.,ped threshol d
arlf thé"‘?fi’r#’c? v oq}}%ﬁsﬁrﬁéj’ofw%tkh \?erhci?/g}e&g‘@frt%a?g%e%st@% %%gﬁgim\}gn t ol er ance.
The makgshi@oe! i datdh fieait idfn arateiidd enamyway byedehfioilesxanpl e, to

determ ne the | ength, w dth, and hei ght of t vehi_cl.e Lt her accessing
this i MFHtienyr dhs ST E&D &e#%‘ﬁ §t§%&sﬁg‘?’éta§h at abase or,

addi ti 0@} &¥ndhe SRkd &igiidpialate hyimatesSiN g drheowphirdlserr eyor dsrdat abase
6182 to retrieve the I'ength, width, and height data frig one ar. mre -
vehi cl eexaiept ¢ f | etinm Yhe reRraan s piiay 189ni ¢ l'ha\?i“%ghfaﬁg kane
ma‘ge, mdel. s pod year as the target vehicle. Gven that a vehicle's

di mensi ons may change if the vehicle has been . L. o
In one implementation, the computer 612 identifies a

vehicle in part through use of an electronic signature that
includes a laser signature and/or an inductive (i.e., magnetic)
signature. When a vehicle transacts with the toll system, an

20 electronic signature is captured for the vehicle. The image and
measurements of the vehicle created by the laser (i.e., the

) laser signature) and/or the magnetic scan (i.e., the inductive
signature) are compared against known dimensions and images of
vehicles based on vehicle identification number (VIN) that were,

25 for exaﬁple, previously captured by the toll system or by an
external system. By comparing the electronic signature image
and dimensions to known dimensions of vehicles based on VIN, the
search for a matching vehicle and associated VIN may be
narrowed. If, for example, an LPR for the vehicle has a low

30 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
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10nodi fied, the length, wdth, and height accessed fromthe vehicle
identification records may vary by vehicle. Accordingly, the conputer 612
may need to statistically determ ne the appropriate di mensions for
conparison by, for exanple, taking the average or nedian |length, w dth, and
hei ght 15di nensions. I n one inplenentation, the conputer 612 identifies a
vehicle in part through use of an electronic signature that includes a

| aser signature and/or an inductive (i.e., magnetic) signature. \Wen a

vehi cl e transact i.th the toll s gtenb'an Oelﬁétéonic siggature is

capt ur &P T8+ cPE FRESFriGE SARa Tekhr BIEHEECH Ct AEIVENET e created
by the dasfisidns and HaaRsehgaliaRal ¥he) RRELAE:t B8 Tagheit¢ sgan (i.e.,
the inductive signature) are conpared agai nst known di nensions and i mages

of vehi®deghing stelowleeid] on déentiifyaposantdnbera fURNITt Vielioke e, 25for
exanpl &, By £y QS aPt whed by o he. 1ol aaxabsgg%léx 9ﬂnﬁ§t§£§@:{o@§/stem
By conparing the'electronic Signature inage and di nensions t nown

di sensiionomfectehicddesesaded to doMreidhte vekdrth fdentifatehiog vehicle and

associated VIN be narrowed, If, for ex le, an LPR for,the, vehicle has
2 T ow JREEHITHenceT SHEI 5yt PR GIOMASRL: VEPYRLT LT aoBF T HE bifi ol o has
been capiinredutd hukRlll versaR TRENMEFITRtdcdakabaseds astHeseapbee@bove,

of known di mensi ons and i nages for vehicles and 49 associated VINs and

cross regikeEr e dand idiicetion dadipgrig-ore dheeAirenscandataageadagai nst the
dat aba iyd j chi higl e VI N Ok sLdenti e

mat chi ﬁlgeg\/%h% )c?dg{écga?]i(ﬁd(;g:f) ggml ﬁsrigo*ﬁe @e’%d 'egpo?gégg? g%é¥59§é8§é+%i%)

prievi odsy Sitne grutettatesadysésul tis tshogmd dot anekrrbe rdentrdfivathenceator ds.

oL LS ML ST MBI S B Lol Ll DUt el vehicle
the |i ciedeser i iate irendecesd thathafas ednvalay ieeneiti¢d. for ahe
dentifigation failure), 10by, the automated systemis storedyip,ap error
captured again at a later date, the computer 612 may
156 succesgsfully identify the vehicle automatically by accessing the
error record in the read errors database 6183, which identifies
the correct vehicle identification record for the wvehicle,
without requiring another wmanual identification of the vehicle.
An error record also may be generated and stored in the
20 read errors database 6183 when automated identification of the
vehicle succeeds based on a near match of an incorrect license
) plate read result. For example, if the license plate number
“ABC123” is read as “ABC128“ and the identified candidate wmatch
set is “ABC128,“ “ABC1l23,” “ABGE128" anh “ABC128” which in turn
25 yields the correct match of “ABC123,” an error record may be
created that automatically links a license plate read result of
“"ABC128”" to the vehicle having the license plate number
“ABC123."
The computer 612 determines whether any vehicle

30 identification records correspond to the license plate read

results for the target vehicle (block 922). If no vehicle
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errors database 6183 that is linked to the vehicle identification record
that was manually identified for the vehicle. Thus, when the sane vehicle
identification data is captured again at a |ater date, the conputer 612 may
15successful ly identify the vehicle automatically by accessing the error
record in the read errors database 6183, which identifies the correct
vehicle identification record for the vehicle, w thout requiring another
manual identification of the vehicle. An error record al so nay be generated
and st atdsht hf 1 dwer 26 emtcﬁfds)rcs;xd&ts@imame wl Fheviendanteanted thentification
of the vehlcle succeeds_based on near_ match _of an incorrect |license plate

read reSUMRUEEH 0 b RS atrh??tle&ﬁ?éje Seedicd r‘t?ﬂ‘ﬁ’é?‘ 9ABC123" is read as

" ABC128" andrhdiesd dif i@t GIHAREL MBILR SRled SeahlBCE8chan 23"
"ABG128" and "ABCl128" which in turn 25yields the correct match of ™ABC123,"

an err dkocp%%mwﬁye becidraiteF th&t smacsrestivdamiar dbi nvcsdatmmgséhcpl at e

hicle, h h | i
" aBc1og e ngt RIT 8o 2 il o Sl Rl ok RRER S heRTY TR on

recor dqoe:@fdsmmmcb:ttbﬁdmi |decange Hit are r@aGhoes Wit $hkofolhewiagge{iyehicle

(bl ock 922 | f no v hlcle i dentification records correspond to the read
resul t s ‘?l%ﬁer eb D Pertf iel Ceissk iRhfded Suhedh TeBrloERSYDE) with

The congud &ﬁhaﬁggctp@fé TR ) I SNAEHISRY GlufDer&N3R9BE ¢h tRasening the
criteria for_a successful match or detuning the 5license plate read

al gori t¥eRiche EReed dataimsofid?er(bm: ndjpe last two characters of
10 the license plate number may be omitted such that if the license

plate number is “ABC123,” any vehicles having license plate
numbers “ABCLl**” are deemed matching candidates, wherein “** ig
a variable); (2) comparing a subset of the license plate number
read result in reverse order with the characters of the license
15 plate numbers stored in the vehicle record database 6182 in
reverse order (e.g., the last two characters of the license
plate number in reverse order may be omitted such that if the
license plate number is “ABC123“, which is “321CBA” in reverse
order, any vehicles having license plate numbers in reverse
20 order of "“321C**” are deemed matching candidates, wherein “#* jig
a variable); and (3) other near match techniques including
comparing modified versions of the license plate read result and
license plate numbers stored in the vehicle record database 6182
in which some of either or both are substituted and/or removed
25 to reduce the impact of misread characters. For example, if the
OCR algorithm does not indicate a confidence level above a
predetermined threshold in a read result of a character on the
license plate, that character may be ignored. Additionally or
alternatively, i1f the OCR algorithm indicates that a character
30 on the license plate may be one of two possible different
characters, both alternative characters may be used in the
extended search.
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perform an extended search by one or nore of the followng: (1) conparing a
subset of the license plate nunber read result with the characters of the

| i cense plate nunbers stored in the vehicle record database 6182 (e.g., the
| ast two characters of 10the |icense plate nunber may be omitted such that
if the license plate nunber is "ABCl123," any vehicles having |license plate
nunbers "ABCl**" are deened matchi ng candi dates, wherein "*" is a
variable); (2) conparing a subset of the |icense plate nunber read result

in reverse order with the characters of the_|license 15pl ate nunbers stored
in the vehi dRe IR Jattlrasetersines woeshse 8rdevePecle, the last two

char act £, 0f £ { 6 4 4:£ SRS R AR ARG R HEr $8a8M $eEulBy Bsrophdted such
that if the [1cense plate nunber 1s ™ABC123", which is "321CBA" in reverse

order, tamgsiehahislaaitar [Hoditemipligatden enrensieidn seevehs ébPook de?4 bf
"321C*_are dee mat chi.ng candi dates, wherein w" i var i e); and
(3) otH%? ?ﬁ%ﬁéhé§¥%1%éﬁ#hé%iﬁé?ﬁqaﬂﬁﬁﬁqagscSﬁﬁaﬁpﬁadﬁnﬁrs?%%év%?éions of
the |i geRseegdatito rqeshdeiol t9sandd ittenNseRladt & dewrheisasionedrotesde

vehi cl e record database 6182 in which sone of either or both are
subst i tWRdRRFBro3%¥noved 25t 0 reduce the inpact of nisread characters.

For exanpl egléfeff'ﬁléxﬁi]aﬁ‘l I iddim;idoes il 1Al CAke R 6@NthEe8LEh8YE!
above a predetermned threshold in a read result of a character on the
| i censesghztle, ledrdt te Hadertidhigadyidye digomeedr Addiet ivehakle or
alternativel y..1f. 1he OCR or,j.t hm i ndi.cat th r Oon the
| censelclE) 3 %f:hca?/t 8 o%%c%%%%'mthﬁoscsolnﬁug i %?L ézr-é%tttrgﬁgjégctgé%g{élgot h

al oer nafiwgecpetmict 21¢ omlyi dre llse ddherd Retdxtlended search. The

conmput er, 612 det erm nes_whet her any vehicl e identif,ication. records
Cor f espBHITETHEE | RER S B 1D (ER g MRtk VEPSELPY or mi ng t he

ext endegysees £hcd Bl 8¢ kedddhlas | forwetygl e iﬂ@@&ﬂﬁ)@ﬁb@@lﬁeéémﬁéréée _
found, process 900 5proceeds to operation 941 of the manual identification

pr ocesstBRAOreprRkedMghicle fimgennyigy teadriqptiopally etbrer VERécsRarch or
the eﬂﬁé’x@té@é‘i&fﬁ#@f&é&i&?'&éé& G UL A Ny TRER ¥ERI Cl e
identification records, the conputer 612 retrieves véhicle
15 candidate with the corresponding data associated with the target
vehicle to identify one or more possible‘matches(block 932). The
vehicle fingerprint comparison may be performed with a
comparison algorithm identical or similar to the one developed
by JAI-PULNiX Inc. of San Jose, California and described in U.S.
20 Patent No. 6,747,687.

‘A possible match may be defined, for example, as a vehicle
fingerprint match with a confidence score greater than or equal
to a predefined threshold and all or gsome of the other
classification/signature data falling within tolerances defined

25 for each data type. For example, if the fingerprint matching
algorithm generates a score of 1 to 1000, where 1 is no match
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

30 height, width, and length, then the height, width, and length of
the vehicle candidate may be required to be within plus or minus
four inches of the extracted height, width, and length of the
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10fi ngerprint and optionally other vehicle signature/classification data
fromthe identified vehicle identification records (block 931). The
conput er 612 conpares the retrieved vehicle fingerprint and optionally

ot her vehicle signature/classification data for each matching vehicle
15candi date with the correspondi ng data associated with the target vehicle
to identify one or nore possible matches(block 932). The vehicle
fingerprint conparison may be perfornmed with a conparison al gorithm

i denti ¢alrger Sietiicde tFort hesaneedeyealopedchy 0#¢-Pblibre [vehiafe San Jose,
California and described in U S 20Patent No. 6,747, 687 A possi bl e
mat ch HePIbe TdEAtAER. PEPTERaMBY ePeadeqMg8nFRI EOFFRTRYIT I M YRIPEHSR th a

confi denee $feRifniheakelbnt RAB ehrgadaleh9cepredefined threshold and all or
some of the other Classification/Signature data falling within tol erances

defined 25f Gheegohpidea 6}pedeFernangapivbethert neppeaelpriaficlimtchi ng
al gori th gﬁ%ﬁﬁt > &y %%% iggli tgd%%g%fgrgﬁéev%hFglggﬁﬁﬁégﬂbqﬂﬁm%poo 1S a

pe fect® en a score-greater equa e required
for a sugeesshiiomighdefdditindngl by conbinbé ethevatéassndtcainprysimgnat ure
data i ncl udes tar%FL vehicl e 30 height, Wdth, and | ength, then the height,
wi dt h, Hfd SRETyBPesH AR MERRC PBIC SREPEEEBINEYhESPEGRI FRPt o be within

pl Us opydduteiied REeRRaebd Ben®sbeactednhesablia WwWibbk ewsh) | engih of the
target "'vehicle for a successful match. One or nore vehicle identjfication

recor dSoRRpURE dd@mmtto fosT cEapERE t doFeRTénes at RATPHBEdi BIY TREH: t he
t g get m\é.%yh(i![r%y sHYE-L R LGS %%s%&%&%ﬁ%%&e“ﬁﬁt BefaAnRPSSifl LafBISh IS

5sufficrent automatically 1 denti icle wthout human
i nt er veastaito mdpemdtest pnevigus lyoniithe d esgeickaltenpreaeeshi nB0score for each

possi bl g _match d c arin he result tq _a.prede i.n ed

ont| QGRS TEEaNgI o B SeRBESET. SiRe meghneahe 1o nakEh B PLOaE, o

det er mirered canmtbaied e qihiev dierfe rbirmitc hatghdaer enfior opadbnpdsgi bte et ch in
a manner, simJar to that described previogusly with respect rocess 700.
SpecPHQ%ﬁﬁ%ﬁé%qﬂ§%ﬁﬂé%h§959¥ff &y 2 T& T %Q‘na?@ﬁl@SnFiHSﬁgéglg9e?a nber

t @5t he ddigaiiyd Ntadtchicig aakd.a Rhivarld Yqui®atieet matching score by
classification/s ture data matching, assign_a weight to each 15q§ta

type, &SRFRIgHAE %t%%aav%eﬁe@aéﬁ&i Fendidengec i ls eofeepy - IE th

combined equivalent matching score exceeds a predetermined
automated confidence threshold, the computer 612 deems the
target vehicle successfully identified and process 900 proceeds
20 to operation 937 for recording the transaction event between the
identified vehicle and the facility 628. If more than one
) possible match exceeds the automated confidence threshold, the
automated identification process may be faulty, and process 900
may optionally proceed (not shown) to operation 941 of the
25 manual identification process 940.
Tf no possible match is deemed sufficient to automatically
identify the vehicle without human intervention, the computer
612 determines whether one or more possible matches satisfy a
lower probable match threshold (block 934). The computer 612
30 may, for example, determine that a possible match satisfies the

probable match threshold if the combined equivalent matching
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conbi ning the wei ghted match confi dence | evel nunbers. If the conbi ned
equi val ent mat chi ng score exceeds a predeterm ned aut omated confi dence

t hreshol d, the conputer 612 deens the target vehicle successfully
identified and process 900 proceeds 20to operation 937 for recording the
transaction event between the identified vehicle and the facility 628. If
nore than one possi ble match exceeds the autonmated confidence threshol d,
the automated identification process may be faulty, and process 900 may

opti onakly,-Hrocesth (Hols SHaw), L8, ﬁ%ep]ngtggl%'% %gz%goﬁzhghﬁrlggggfé'%%tch

i dentification process 940. 0Ssi mat c eened sSufficient
t o aut obresiadly Hukentofer titheuy diicc letwinthedt confadenotetkeashobd. t he

conputer 61 et.erymi nes whet her .one or re pqssible tches satisfy a

| ower pr obabl"r‘g %t%aﬁe%r%%(ﬂﬁs(%qﬁcwaé'%g’) sa Fré‘f&SﬁpGggr PE2RbEHR L ¢y
exanpl echedles 16 N e hid adomp s idile gtk sSakl %E)E%tb?eterggﬁf’éﬁn mat ch
threshold if_ the conbi ned equi val ent matching “score of the possible match

i s5hi ghBkSiRama e proddping ndtlsek 9883hol Fibuall sabecht hanthheg ais omat ed

confidqﬁgﬁl 1 ol f %gﬁg ossi ble.match tisfies.the probable
mat ch t regﬁgfgébﬁhe(ggéﬁﬁ%é#) 1 E%ﬂggﬁkgﬁg%egﬁgrg Sr%?oméﬁ?f%ﬁn% Vi sual
mat ch tingdesief Hloeke 03t Wilsiudle nmt ¢thet bpelbigri alangreLessohd i ch the
conput er 612:§Q:sents one or ,ore of the .im es,g&ithe target vehicle to

o) C

the opef@tor® 9 W BIE dragsiSe S5 OCHE tRgk 8iERc BhPnKEBIChS S8 ated with
t he vehishicss wahitc|@obdstty Makablohadbelethgchargat V@Hécé>1t§er§-€@r

oagratqgﬁﬂﬁﬁgﬁggg%fgggiggn}én rejects eac robable_natch wth a sinple
jects 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.

15 If the match exceeds the automated confidence threshold or
is visually confirmed by the operator through visual match
truthing, the computer 612 creates a record of the event (i.e.,
a record of the interaction between the positively identified
target vehicle and the facility 628) as, for example, a billable

20 or non-revenue transaction (block 937). If the match was
confirmed through visual match truthing, the computer 612 may

) optionally update the read errors database 6183 to include the
extracted vehicle identification data and a link that associates
the extracted vehicle identification data with the correct

25 vehicle identification record (block 938).

Referring also to Fig. 9C, the computer 612 is configured
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

30 complete read results for the license plate number and state of
the target wvehicle (block 913); (2) no vehicle identification
records are found that correspond to the license plate read
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yes or no indication by, for exanple, selecting the appropriate buttons on
a user interface (block 936). The operator also may optionally provide a
detail ed explanation to support his or her response. 15If the match exceeds
t he automated confidence threshold or is visually confirnmed by the operator
t hrough visual match truthing, the conputer 612 creates a record of the
event (i.e., a record of the interaction between the positively identified

target vehicle and the facility 628) as, for exanple, a billable 20or
non- r ev&gefIE b disaditieotaudedcveddpile pftefe pratormiay sonekiaeded hr ough

vi sual t Ut hi t\he ter .6 .Lgnal | a t ad
errors %x; asgﬂ’ﬁélyéggztzé)i'nc 35%9}%81”93?%&%2%/’8%%%’%%; 8¥F§§%t %?leca |IEJ(§ dat a
and a |bhuik tHetcasSicEmaices dved dxi taet etevehl abee genkibileahtboheat saasm t h
the correct 25vehicle identjficatiqn record, (bl ock 938). ferring

al so torﬁc]g?c?"féf Yh&%%ﬁtﬁi@%ﬁ?“&oﬁ‘ﬁ“&&&é‘& £5O%REN E24h Bgﬁ?‘ét or to
nmagual Inotdideitd faadditdal GRinMRlindee thle@elk 124 bhaurger pk-Babok| Qit &g .

ci rcunst ances: él the captured i mages of the target vehicle do not provide

any parthegshal 1%t9e34r>e'admdes(tﬁ=3t snfoprt ReTk pErvebpeamatabederrand
state et vehi I ; vehi ¢l e | Lfication
recordgéfoa&rrtt-‘}iefbt‘oﬁ{]gi t}hu\zgu?mcocdrpfeé[(sa%(?%g%egje?ﬁg ﬁ:i?i)ge%glg g’llya‘?h é)%re egggﬂ‘lﬁ%g%l ts for

t he t amgetchashitdimwdtt eri perdf aratialg tamtédinegnded cekansie ) (bl ock- 924); (3) one
or nore possi,bl e matches are found but the confi.dence |level in the one or
NDre possi blsfg‘errgf%,oz’a%r"’?téﬁ éf‘git@&‘p%f E&nﬂﬁaﬁéﬁlgé(ui 'r‘r?yngg‘c’:‘hi ng scores,
fabl berawidihotdy thie atdenmicedeonfiicdenee phkeghol,d aard (hecpsebabhg mat ch

threshold (bl ock 934); and (4)_  one or nore probable matches are found but a

human OFEF'G d5di3cts PREGITE &Y e 1pROSaBICa e iHOs fRAYLghe It sual

_rrgt Cth' ]Ea[ﬂ!% E@'j)g ddHReK RBGhe The HUBDH10RE 3R AHERIS he ARENALLY
| dentl e
ggth data available from the vehicle records database 6182, read

errors database 6183, and/or databases of external systems 634.
15 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.
The manual identification may be deemed successful if the
manually collected data, weighed against definable criteria for
20 a positive vehicle match, exceeds a predetermined identification
confidence threshold (block 942). This determination may be
j done by the computer 612, the operator that provided the manual
data, and/or a more qualified operator.
In one implementation, if a vehicle cannot be positively
25 identified automatically and no near matches are found, one or
more images of the vehicle are displayed to a first human
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
30 images. Because this manual review by the first human reviewer
is also subject to error (e.g., perceptual or typographical
error), the license plate read by the first human reviewer is
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10vehicle by (1) reading the license plate(s), and (2) observing vehicle
details captured by the i mage acquisition nodule 624, and (3) conparing the
| icense plate data and vehicle details with data available fromthe vehicle
records database 6182, read errors database 6183, and/or databases of
external systens 634. 15License plates read by a human operator may be
confirnmed by conparison with automated |icense plate reader results and/or
multiple entry by nultiple human operators. The manual identification

may be dagsRees U sty Idaddia AL LAKEC WAL dRLA el gheg, agal nst

definable criteria for 20a positive vehicle match, exceeds a predeterm ned
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cannot dmrpespdidiely 2bitdentlifdetaplomet reald vxardsnoaneangapheies are
foynd, one or, nore ima%es of the vehicle are displayed to a first human
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per cept r ] phi.cal errar the |License pl.ate read the first
hunanlégﬁiﬁkﬁéﬁégm%%npggghE%%kgﬁ?PﬁﬁaaafgﬁéggeFolB@P@FﬁangéhéT%%?sthe

| i censenrpl atenuriiihyersepeidiifdsedHay ltikenker plilaiemanmbeyl en8t exéSEScond
Aqgitiqgakgy, if, a dagg ase record having fingerprint data corresponding to
the | i censd’ piat e T FadexXitrs COFrREersri O SheonBRiriBnbared aaythe

per f or niaghgdd. t et fubestrdaldmaR A BYeEnteadcbaguhlindaesepobydRt £ any known
LPR result_or vehicle, the one or nore inmages of the vehicle may be

di spl ayBd 1F DS ddG thgmaieadeviesndt. bynshseEdngthbrmanr sevbereri nspect s
R s e B e g B R e T
ponds to the venhicle based on the
qualified reviewer, may be necessary. In sum, the first human
15 reviewer read is effectively a jumping off point to re-attempt
an automated match. If the automated match still fails,
multiple human reviewers must show agreement in reading the
ligense plate for the read to be deemed accurate.
If the vehicle is not successfully identified, the computer
20 612 creates a record of the event as an unidentified or
unassigned transaction (block 943). If the vehicle is
| successfully identified, the computer 612 creates a record of
the event as, for example, a billable or non-revenue transaction
(block 937). If the vehicle had never been previously
25 identified, the computer 612 may create a new vehicle
identification record for the vehicle and its owner/driver in
the vehicle record database 6182. The computer 612 also may
update the read errors database 6183 to include the extracted
vehicle identification data and a link that associates the
30 extracted vehicle identification data with the correct vehicle

identification record (block 938).
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images. If the read result by the second human reviewer is different than
the read result by the first human reviewer, a read by a third human
reviewer, who is typically a nore qualified reviewer, may be necessary. In
sum the first human 15eviewer read is effectively a junping off point to
re-attenpt an automated match. If the automated match still fails, nultiple
human revi ewers nust show agreenent in reading the license plate for the
read to be deened accurate. If the vehicle is not successfully identified,
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correct vehicle i tification record (bl ock 953%. The agove applications
represent i|Thestgvgtions epshiesthrbdapashdegicsdPsSedSEEciftPqis di scl osed can

be enplf@?ﬁ%ﬂ%#é&é“ﬁhEﬁ#ﬁﬂ%ﬁ?iéﬂg%tﬂaﬂﬁkh%ﬁmchﬁﬁryarb@uina&ﬁﬁpﬁﬁeﬁnd

di scl osé chni ques (1 Ing systens and processes) can be nodjfi ed,
5conbi nedrdwamdol B mware paaf tate eagh ot kerbiggsioareffedbeBr dtP8ted to

prigduce_additional JJMLSTRIAAONS e it @k B shpalaleauea daseri bed

: computer program product, i.e., a computer program tangibly
embodied in an information carrier, e.g., in a machine-readable
storage device or in a propagated signal, for execution by, or
to control the operation of, data processing apparatus, e.g., a

15 programmable processor, a computer, or multiple computers. A
computer program can be written in any form of programming-
language, including compiled or interpreted languages, and it
can be deployed in any form, including as a stand-alone program
or as a module, component, subroutine, or other unit suitable

20 for use in a computing environment. A computer program can be
deployed to be executed on one computer or on multiple computers

) at one site or distributed across multiple sites and
interconnected by a communication network.
Method steps of the systems and technigques described here

25 can be performed by one or more programmable processors
executing a computer program to perform functions of the
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

30 circuitry, e.g., an FPGA (field programmable gate array) or an

ASIC (application-specific integrated circuit) .
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inplemented in digital electronic circuitry, or in conputer hardware,
firmvare, software, or in conbinations of them The 10systens and

t echni ques descri bed here can be inplenmented as a conputer program product,
i.e., a conputer programtangibly enbodied in an information carrier, e.g.
in a machi ne-readabl e storage device or in a propagated signal, for
execution by, or to control the operation of, data processing apparatus,
e.g., a 15progranmabl e processor, a conputer, or nultiple conputers. A

computer pr GYUDLARDEMELLEN cL BX LOLULDICRION A ML ANy

including conpiled or interprete anguages, an can
form iimsdlodieng bas wvays bdnéxampie , pboghageneras andospieeial gporedd |

subrouti.,ne, or other unit suitable 20for use in a conputin nvi ronment. A
conput B AR T e “08h oY 870 “BeNBRE CHF RIS SFOBRET E BRI Do

nul ti pla Eeuiemputlerone ceink®aanydi gt piBUt88oACH P55 Aakdiwi e sites and

i nterconnected by a communi cation network. Method steps of the systens and

t eEhni qde S dd e drrefataséapmbe peprflophbY BYMORE ©F Forandnodedatbl e
' . f ' t he
pr Oces%%fu%xf}%%ﬁutao%.a SR Ec%%ogﬁ.@%hespgf %r%xﬁ@g%%f{?ﬁvg%h €

i nvention by operating on in ta and generati ng od steps
can al gerdye gerd done@xlpyputdnd dpparatusont &hé one et | adre arediery npl enent ed

, i_al | ogi ¢ 30circuitry, e.q. FPGA (fie|d bl
Gai o BN B ASPE S eEatobRoant o PRt et BRCERLIVCR 1)

Pr oces sinpuiidd alllie kakd hacaxeeyt 0@Nbef oBeSRRPULEY B6QFISMN d &CHdKS vy way
of exanpl e, both general and speci al purgose m cr oprocessors, and any one

or'® nor €35 deTo o Sfrarmferi Aater tei gPraboBBnpoRerOr GRpEs dMASE fEQHaTRSSOr
Wil T eeRiiMR i FRRl IHehi QRS d%%@_,d%t.@.f,rﬁﬁlﬁﬁeﬁf?g'ﬁg Yo FEIDEY: 1 daf gadom
access nmenory or both. The typical “elenments of a coOnputer are a
or optical disks. Information carriers suitable for embodying
computer program instructions and data include all forms of non-
volatile memory, including by way of example semiconductor

15 ~ wmemory devices, e.g., EPROM, EEPROM, and flash memory devices;
magnetic disks such as internal hard disks and removable disks;
magneto-optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or incorporated
in special purpose logic circuitry.

20 To provide for interaction with a user, the systems and
techniques described here can be implemented on a computer
having a display device such as a CRT (cathode ray tube) or LCD
(liquid crystal display) monitor for displaying information to
the user and a keyboard and a pointing device such as a mouse or

25 a trackball by which the user can provide input to the“computer.
Other kinds of devices can be used to provide for interaction
with a user as well; for example, feedback provided to the user
can be any form of sensory feedback, such as visual feedback,
auditory feedback, or tactile feedback; and input from the user

30 can be received in any form, including acoustic, speech, or

tactile input.
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processor for executing instructions and one or nore nenory devices for

storing instructions and data. Generally, a conputer will also include, or

be operatively coupled to receive 10data fromor transfer data to, or both,

one or nore nmass storage devices for storing data, e.g., magnetic,

magnet o- opti cal disks, or optical disks. Information carriers suitable for

enbodyi ng conputer programinstructions and data include all forns of non-

vol atile nmenory, including by way of exanple sem conductor 15nenory

devi ces, e. gThe BEFROMnEERROM eamli fhas dermiyedawwessammagneti ¢ di sks such

as internal hard disks and renpvabl e di sks; net o- opti gal .di sks; and

CD- ROM %ﬁ‘iﬁlw H‘?s%s?omﬁtb?%cﬁ}é"‘s‘%‘?maﬁ?%ﬁ\a‘?ﬁﬁ% ac;?‘f‘%e_e pl ement ed

by, or LBGRHRERAL €d. 4N, SPECHaEaPHT BESPeL 00bE Ehd € Uitd Muddd) BO raldeMiedarEor

interaction with a user, the sx_stem.s and techni ques described here can be

i npl emeAeBHOBANE, cONPUt e hARPAFCAt #PBpEayvereri e BiRh HRCHISRT & cat hode

ray. tub _ I Qui rystal dis i O o 5P ARG hical

in%orma? %8ﬁ£t%g$hé&h§erg%ﬁ6 %'géyb%agéigé)ﬁ%ng&p%ﬁ?]iﬁ nga‘gier\%#ce)gsu has a

nouse ous@2baihtackdat| obyamhieh bhewsser tbhaougin owlhteh i mputert adrhe conputer.

O her ki nds of  deyjces can ge usgd to pr?vi:de for i{lt eraction wth a user

as wel | }nFﬁFaSQaW'bF]é,a’Feé‘BB. ERePFBYIEBd°t o ]Pﬂe%%\éeé? T3 0 &Y for m of

sensorychapdhackonSsyghsasnvbaurl chagdhaakierude | ooy feegbaska or tactile

f eedback; and input fromthe user 30can be received in any form including

acoust i €OMBPEEBKS - or TRACEPMBOPAPHE. OL TRESSGEEEAR & PecHRAT YLRFPMESS bed

hefe cag bsnyrr@b%mea&eﬂea@ua 62MRYL: RY1SHstEMELRRtnl 85t HIES & backs end

conponen?’, e’g., as a data server, “or that includes a m ddf ewar e conponent,

e.g., amompphiication setverk.or Exhapleacbldesmausicahiornadetwrifichent, e.g.,

aclient_c ter-hayin or ical | Jnter owser

t hr oughl\xll\,ﬁl gﬁgaguggga%a%r?ﬁt grggg’f)%\% t(higdr\lI ? ﬁp%eﬁ%%afg%%%n%%!&?%%{i nventi on,

or any cowhNnati endotheuthtbaektend, m ddleware, or front-end conponents.

The Conponen%ﬁeogo%ggti Stggé%%% B%nlggg gggngfgggts and servers. A

15 client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having'a
client-server relationship to each other. _
20 Other implementations are within the scope of the following

claims.
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10by any form or medium of digital data conmunication, e.g., a

communi cati on network. Exanples of communication networks include a |ocal
area network ("LAN'), a wide area network ("WAN'), and the Internet. The
conputing systemcan include clients and servers. A 15client and server are
generally renote fromeach other and typically interact through a

communi cation network. The relationship of client and server arises by
virtue of conputer prograns running on the respective conputers and havi ng
a cliepigReMYSLARIES (@nship to each other. 20O her inplenentations are
within the scope of the following clains. WHAT IS CLAIMED IS: 1. A

conput er-i npl enented nethod of identifying a vehicle in a toll system the
met hod, conpri sing. accessing .| e tact. a_vehi.c transagt.i jth a
tol | 531/'st emA Comp%te(r)'ﬁlpgleﬁ]ierﬁtgegf’}e?@ 0\?2 @ﬁégé %g?ﬁllaf: imeirl %élaspgte]?lf %’r%nlg ea/&accessed
i mge dahpridigy: the transacting vehicle; accessing a set of records that
includes first vehicle i dgnti fier data for Vehtio(fll es; executing, using at

| east one pi"‘i‘)_@%ggﬁlﬁtj‘gﬂé%tﬁ ‘ér,a‘éﬁlilcéﬁ%’rsi“’ct%"fig?a ) SyStem% conpare the first
vehicle i de@ﬁthifnhg fird@efid SldedtIRr HAATRACthe A6 X&DIimhge Mtd Porilarddsighgvehi cle
identifier data for vehicles in the set of records, and identify

a set wu¢higtat chi ng vehi cl e candi dates fromthe vehicles having records in

the set of records rei he. identified.set. of ' icle

cand dat os SerietSPPERd: ML ORR bl TRl U TREN o ser o
records; anekecuting, usief acleastgne prooessinpg eesiet, aafalgvaitiohiadg vehi cl e candi dat es,
a vehicle candi date as _corresponding to the transactjng vehicle by:
accessi ng secondSpamteths ﬁrr%}é’ﬁﬁ‘F%IQ‘i"n%@&f datp g}r t]ir‘erltéaris?cé’r‘ﬂgé’@}c“FG’g}V%ﬁF%llr%, t he

second Mgk fdRrifidieid fok Genidlal A theidiar fRbAsf Al 1dentifying a vehicle that is
distinct fromfirst vehicle identifier data,
identify a set of matching vehicle candidates from the vehicles having records in
the set of records, wherein the identified set of matching vehicle candidates excludes at least one
vehicle having a record in the set of records; and
selecting, from the set of matching vehicle candidates, a vehicle candidate as
corresponding to the transacting vehicle by:
accessing second vehicle identifier data for the transacting vehicle, the second
vehicle identifier data being data for identifying a vehicle that is distinct from first vehicle
identifier data,
accessing second vehicle identifier data for a vehicle candidate in the set of
matching vehicle candidates,
comparing, using the at least one processing device, the second vehicle identifier
data for the transacting vehicle with the second vehicle identifier data for the vehicle candidate in
the set of matching vehicle candidates, and
identifying the vehicle candidate in the set of matching vehicle candidates as the

transacting vehicle based on results of the comparison of second vehicle identifier data.

2. The method of claim 1, wherein the first vehicle identifier data comprises license plate

data.
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accessing second vehicle identifier data for a vehicle candidate in the set
of matchi ng vehi cl e candi dat es, conparing, using the at |east
one processi ng device, the second vehicle identifier data for the
transacting vehicle with the second vehicle identifier data for the vehicle
candidate in the set of matching vehicle candi dates, and

identifying the vehicle candidate in the set of matching vehicle candi dates
as the transacting vehicle based on results of the conparison of second
vehi cl g i defpd hie@bd d@tigim 22- The nmethod of claim1, wherein the first
vehicle identifier data conprises |icense plate data. 3.. The net hod of
clai m 2, whehekin thhelzgatigor ¢antpriseoaisosened liscisopliearsading glgadénpiead e r eadi ng
?" gori thm %ﬂgrein C}h loo\é\é}l%(ri%lc%}ls% g?até {%&ﬁﬁggﬁoﬁ{h e%ﬁd@ I%E)&‘]n&?ﬁgéngg?ﬁ!egorl thm

i ncl udes | 00Séned T1°Cense pra natching=criterra or a lowere I cense

pl at e meadingamitdrdenadowtiee fibalsd plaee eadtdndidgareh@itiodd toodnablelgangetionseta of

mat chi ng vehicl e candi dates relative to a |license plate reading al gorithm
desi gn@&aféetiocﬁg}%‘ii‘f%g \ae%&ﬁ%@n@%a refeiite 1o aficense P dae éfgﬁﬂﬁehgw 80 ¥he

met hodhii§! AlifPISand B8 finikid badldakShsen Pl at e reading al gorithm conprises an
al gorithmthat reads a |icense plate nunber of a target vehicle from an

i mage of the target vehicle and conpares the |icense plate nunber read from
i chi g, venrs e Dl hPRLE ScPhdeR LRSI SR it Sk b § 5F P e m
3, Wwheslgbfithih®al rea®nslecepderil st hembemnd aahigor vehivio fiaa abémngd ofttbatargenadtigle

nodi fied to generate a |l arger set of matching vehicle candjdates b

| over i ARl GaTRPAFEARE Lcsps Blatsawmbry RS RG5O KRRV P Pﬁ%“&ﬁ”&é%/‘gr mi ne
whet he(/elﬁclé%qdérﬁ%’ﬁEet'o?nﬁ?c%'ir%'\% REk @R dfiafes ?&Q&@Qf%wvél@cl@. mat ching vehicle
candidate. 6. The nethod of claim3, wherein the 1icense plate reading

al gorithm has been intentionally nodified to generate a | arger set of

mat chi pg vehj cl e, candi dat es g I [ | i S

candi dat e van BreSf S LaRLE Ry IR Btk e ARGl BTl bR e londly .,

i n t henodifRdse gglepdtea Mingdraet cifmacHing gehicly ednididaeesbyrowdringrhe chiad abefideatd cl e
to be included in the set of nmatching hi cl e candj dates. . 7. The nethod of

cl ai m treshaldrusediby s algositng o, deterayipe Weéﬁ?ﬁam%dr regyhisrdceigratedas cl e

fi nger prd&pofidt PofadhattMfg VERDR AGAdide.vehi cl e, the vehicle fingerprint data
for the transacting vehicle being based on the accessed i mage data for the

transacting vehicle and the vehicle fingerprint data for the transacting
vehi cl ¢ bei a set, of data ifacts co ndi i i ure
Yhat 18 deendemshra ot pat o raR i ARG REREERPERE! Aghrk Gt b Bh AL P,
wher ei modifigdas gagrdthe ldrgdrstt ofadteting velielt tdndelatddlyacquining hBcdnkd plhtevehi cl e
with the first vehicle identifier data for vggicles in ge set .of records

i ncl udBemeaf aispridaje gahiclg dhmaicl opliotirsdar alss nraber Y BRI CHALNS nel ude
first yehischaid faMet bf @{argegbanélb 3or tBX Bldldte e tblfb% ilfldl%&"d i &fei el &F

identifier data obtained r the transacting vehicle. . The net hod of

cl ai m gatopngrehislawngidaicng the first vehicle identifier data for the
transacting vehicle with the first vehicle identifier data for vehicles in
the set of records includes perform ng an extended search of the vehicle

r ecor d7dat albhasmethod of elai dswhdraih thaedcostevdhidisidentéfisrebmptistenvehicleer dat a t hat
nearly match the first vehicle idenEifier?gata obt ai ned for the trﬁgﬁacting

vehi cl Eneypantaaiadapig twasictne Kidg okdils SRedrdn 43k errdresacirnmtiieat i on
recor dgeiRehagd baundhthatq indigk _ldfgfa fhd ﬂgé Ttraﬂs%gﬁx?g Fehidetd tﬁ!r:] %hiéi@ffﬁ%%?ﬁﬁt exactly

match the first vehicle identifier data obtained for the transacting
vehi cl data farghe Firsactmghwstictf beitgad sot 8f data artifacts corresponding to a visual signature

that is deemed unique to the transacting vehicle.

8. The method of claim 1, wherein comparing the first vehicle identifier data for the first
vehicle with the first vehicle identifier data for vehicles in the set of records includes searching a
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wherein conmparing the first vehicle identifier data for the transacting
vehicle with the first vehicle identifier data for vehicles in the set of
records includes conmparing the first vehicle identifier data using
predeterm ned matching criteria, and further conprising changing the
predeterm ned matching criteria to increase the nunber of vehicles in the
identified set of vehicles. 11. The nethod of claim 10, wherein changing
the predeterm ned matching criteria to increase the nunber of vehicles in

the i deafidif k&drS@katiabe 17 héc%kﬁ,sthdt%&m%gﬂ AR ifhiicf aath ‘tﬁa@eiéétly defdithy any
vehicles in the set of vehicles as the transacting vehicle based on results

of t hefisongaele sdentiber datcaniaingdlor tiedrangasting veldeledat a. 12, The met hod of

claim1, further conprising accessing |aser signature data, wherein

the | aser signature data conprises data obtained by using a |aser to scan

t he transacThagethelioftiaim Si@heraih&oﬂiphlhmgjthefﬁrﬂ |Valillﬁ]lel&ntiﬁhﬁdl&i fbrttlh:e | aser

signature data includes o nor.e Hf g ver g% electro rofil e of
jer flta lrc

the tr§AS3eingphiskhvith éhe wehicle et é%&eﬁﬁbo Jetr igcludesy a 3D
i mage gfrrddifnd LAORARIH Q&réﬁett}' thd ehicle %ordTJh@abﬁ?et 3P EEcOHds SlaR iUk first

further conprising conparing the | aser signature data for the transacting
vehi cl gehigle idanti§errdagd tgl}afatearle maérthah¢ Grst Vdml@ idegtifier datpeobdainedolior thecor ds, and
wherein_identif o] veh cles ds in
the. selabremizbshisld R i il sERF oy HE R GF el ERSAE 2 e
resul t seiag fdund thnifRdidesrst \anclehdelfﬂffes tiatuel’mt ek tly devdhi the @rst deliiele adedtifire
results of the co ari son, of h | aser signature data or the inductive

si gnat d#ta obigingd farg e?ﬂ@*ﬁﬁ%ﬁ@ claim1, further conprising accessing

i nductive signature data, wherein the inductive signature data
conprises data obtained through use of a |oop array over which the
transaé®i ngThehictiod opelsges, 16. The nethod of claim 15, wherein the

i nd i i d I d h
B O M

vehi cl @rst yaﬁcle IiddhhﬁSlsdaftanor bigicles ﬁi‘tﬁasét Ioﬁ gecurRiidlwles cdrﬁpariﬂg&hﬂﬁtsh@dncﬂé CI ai m
urt her conprising conparing the inductive signature data for the

15,
transa&epﬁger\f’éFﬁ%Fr@RKF‘%WW&?&%“%F@WH?&“@ data for vehicles in the set

of records, fafdr comprising changing the predetermined matching criteria to increase the number

of vehicles in the identified set of vehicles.

11.  The method of claim 10, wherein changing the predetermined matching criteria to
increase the number of vehicles in the identified set of vehicles is conditioned on a failure to
identify any vehicles in the set of vehicles as the transacting vehicle based on results of the

comparison of second vehicle identifier data.

12. The method of claim 1,
further comprising accessing laser signature data,
wherein the laser signature data comprises data obtained by using a laser to scan the

transacting vehicle.

13.  The method of claim 12, wherein the laser signature data includes one or more of an
overhead electronic profile of the transacting vehicle, an axle count of the transacting vehicle,
and a 3D image of the transacting vehicle.
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wherein identifying a set of vehicles fromthe vehicles having records in
the set of records includes identifying the set of vehicles based on the
results of the conparison of the first vehicle identifier data and the
results of the conparison of the inductive signature data. 18. The net hod
of claim1, wherein identifying the vehicle candidate in the set of

mat chi ng vehi cl e candi dates as the transacting vehicle includes identifying
the vehicle candidate as the transacting vehicle if the conparison of the
second vehicle identifier data for the transacting vehicle with the second
vehicle identifier data for the vehicle candidate in the set of matching
vehi cl Bt.canthedaetbsd phdaioatzs a mat ch having a confidence | evel that exceeds
a confidenc hr eshal d. 19. The method of claiml erein. identifying
Che veni of e EHAOBRFS e O PRETEC oS dTo b B e stist St |

t r ans apkdrRgn¥eid ddtefor vehivide i theleilolf faebilg, ddde vehi cl e candidate in the set

of matchi ng vehicle candidates as the transacting. vehicle w thout human

i nt er vent i ohereintidentifiang p aehné ¥elnglgeiropithe pehiglet kayingdeensdisinghg et 6t

confid e - ' W We\-09 the
e ol G e e B e T e oS Par EOf e

t r ans avthialgidestificr|datai and Ithedesulisehé ttei doyipagsarhe thehsarlsignetarddatmorshé n t he set

of ”Ht%QiQﬁ,Vehiﬁle andi dates as the transacting vehicle if the confidence
level BAUSHS SHRPWFE $al2 | ess than the first confidence threshold but greater
than a second confidence threshold and a human operator confirnms the match.
21. The nethod of claim20, further conprising enabling the human operator
to contirm or rellscnethpdohgpighl.py: enabl i ng the human operator to

perceive the aCCﬁﬁﬁ&%o&r&?@ﬁgqeée‘glsiﬁgfndha?vetsﬁﬁﬁﬁﬂgHe.itQ,g vehicl e,

enabl ing the human operator "to pertelve one or nore reference inmages
associ at ed w t h whacwdhd inllectivangnetateedatacnprises date nbtbined through Usanbia

operator to interac ith a user.interface to indicate rejection or

confin 8??8??8?“?&%%?%@3%%%?%6 W Hod of claim20, wherein identifying
the vehicle candidate in the set of matching vehicle candi dates as the
transacting vehicle includes identifying the vehicle candidate as the
transat®ing vehi Eremethod peclaighi 3, gdsecan thegyrquchye sigeatyrgdals indudes 8¢ Phan t he
first i S

| dent 1 1 R A o R P e el g

t he i megpéclelfyipa of class foethertmnseatng nehislehi cl e and the record for the vehicle
candidate in the set of records. 23. The method of claim1, wherein
identifying the vehicle candidate in the set of matching vehicle candi dates
as theytransehbthed ¥eElhieh €5,i ncl udes identifying the vehicle candi date based
on vehicle identification nunber (VIN, |aser signature, inductive

si gnature, Bihers sompsisthgcamparingthe mductyg Hgrptwe datadpming traggaeling wehickewith f vi ng
a set i j andt on.4 he results of the conparison
of theQ@P§5%§gﬁ%€€%§ﬂ%g%ge@g%g?ﬂ§é§§i g%?l y?ﬁb mul ti pl e vehi cl e candi dates
as cor r espowbiérnig identifyieg tisetrd achicleg fromithe vehideskingretdids mgbeibat of of t he

conparison of .the.first vehicle identifier data. K 25.. An appar at for

| dent 1 TPy M ERidenling e s of vyt boed v Meg Pl SR LLeCaRBITEl R rage
capt ur ey idestiG@fatadindi el feful Gt ®nipitigsh skah@inliaétiva sivdbiued gatd.r ansact i ng
wth a toll system and one or nore processing devices

comuni catively coupled to each other and to the i mage capture device and
configug ed X i . : i i y ain
First bani of & MARRERPALe 1, PRAGn A HEAL LI CARTAL Dk s

t r ans aethicigcanglidatdses the transacting vehicle includes identifying the vehicle candidate as the

transacting vehicle if the comparison of the second vehicle identifier data for the transacting
vehicle with the second vehicle identifier data for the vehicle candidate in the set of matching
vehicle candidates indicates a match having a confidence level that exceeds a confidence
threshold.
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access a set of records that includes first vehicle identifier data for
vehi cl es; execute, using at | east one processing device, an algorithmto:
conpare the first vehicle identifier data for the transacting vehicle with
the first vehicle identifier data for vehicles in the set of records, and
identify a set of matching vehicle candidates fromthe vehicles having
records in the set of records, wherein the identified set of matching
vehi cl e candi dates excludes at |east one vehicle having a record in the set
of records; and select, fromthe set of matching vehicle

candi dates, a vehicle candidate as corresponding to the transacting vehicle
by: 19.  The method of glotned 8, wiprein adenti fyyeghihe vehicldeandidate in thaset of oratahing

transactl t he second yv.e bel r
dont PTG cRosdis b PR ARG PR 0 S S b o SR Bl Sl M P b8 o,
accessbNga®Beg wdhwl%maﬁdheatbﬂmhe frisdactitatehicty wahotg hinghe mandmbahﬂhe n the set
of natchlqg vehi cl e candi dat e conparing, using the at

| east 6Pt P%ﬂé?@Pﬁéwd@VQtﬁmegﬁ@i§@66ﬁ3d9§ﬁﬂ%?%mkhent|f|er data for the

transacting vehicle with the second vehicle identifier data for the vehicle
candidate in the set of matching vehicle candi dates, and

i dent i 20i ngThéimethetliof tleing ddivickatie identifyieg Ehetvehiftlemambmtngl the kétolf ematchingi dat es
as the_transac hicl e based, .0 ri.s nd

vent or aEERARE AR A TR GrSatR G PR h S i Pl s SRR RE SR i B S i
stori ngf ﬂia&hin@%mmh@;bh@s h9Hhit traattipsvehivad Lf thmﬁﬁﬁafmab Ilcﬁidl éfahemarahd ne,
cause the machi ne to _perf orn105¥rat|ons conpri si ng gﬂgﬁipeSSIng i mage

data cist thasdhasfirstaenfidenss thragholt bt gesples dhanasecqndegalidenc Ks9di3di ng to a
vehi cl g b6 Bf&ngﬁkhnﬂnﬁaﬁl system obtaining first vehicle identifier

data fromthe accessed image data for the transacting vehicle; accessing a
set of records that includes first vehicle identifier data for vehicles;

S PG E AR LR EIR——G TR A

A9 PR Yat a for
vehi cl egedt thethgclsBy: of records, and identify a set of matching
vehi cl e candi dates fromthe vehlcles havi ng records in _the set of records,
wher ei n t heChapbpg fiycihagnagOpergtor fPerfiKgthe éﬁ‘ieﬁeé‘ ipgagiidafedheliasid®e at | east
one vebiglig having a record in the set of records; and sel ecting,
fromthe set of matching vehicle candidates, a vehlcle candi date as

cor r espondi egpbliog thedumaampartdr hgperehivedree qunore reference images associated with

the vehicle candidate, and
enabling the human operator to interact with a user interface to indicate rejection or

confirmation of the match.

22.  The method of claim 20, wherein identifying the vehicle candidate in the set of matching
vehicle candidates as the transacting vehicle includes identifying the vehicle candidate as the
transacting vehicle if the confidence level of the match is less than the first and second
confidence thresholds and a human operator manually identifies the vehicle candidate as the
transacting vehicle by accessing the image data for the transacting vehicle and the record for the

vehicle candidate in the set of records.

23. The method of claim 1, wherein identifying the vehicle candidate in the set of matching
vehicle candidates as the transacting vehicle includes identifying the vehicle candidate based on
vehicle identification number (VIN), laser signature, inductive signature, and image data.
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accessing second vehicle identifier data for the transacting vehicle, the
second vehicle identifier data being data for identifying a vehicle that is

distinct fromfirst vehicle identifier data, accessi ng second
vehicle identifier data for a vehicle candidate in the set of matching
vehi cl e candi dat es, conparing, using the at |east one processing

devi ce, the second vehicle identifier data for the transacting vehicle with
t he second vehicle identifier data for the vehicle candidate in the set of
mat chi ng vehicl e candi dates, and i dentifying the vehicle
candidate in the set of matching vehicle candidates as the transacting

vehi cl 8.bas€be wnthpé ofitlpign bf whdnein adamp frinsoset of mewbingd/ chishi ewhdidpdebased per

dat a. the results of the comparison of the license plate data comprises identifying multiple vehicle
candidates as corresponding to the transacting vehicle based on the results of the comparison of

the first vehicle identifier data.

25.  An apparatus for identifying a vehicle in a toll system, the apparatus comprising:
an image capture device configured to capture image data for a vehicle transacting with a
toll system; and
one or more processing devices communicatively coupled to each other and to the image
capture device and configured to:
access the image data for the transacting vehicle;
obtain first vehicle identifier data from the accessed image data for the transacting
vehicle;
access a set of records that includes first vehicle identifier data for vehicles;
execute, using at least one processing device, an algorithm to:
compare the first vehicle identifier data for the transacting vehicle with the
first vehicle identifier data for vehicles in the set of records, and
identify a set of matching vehicle candidates from the vehicles having
records in the set of records, wherein the identified set of matching vehicle candidates excludes
at least one vehicle having a record in the set of records; and
select, from the set of matching vehicle candidates, a vehicle candidate as
corresponding to the transacting vehicle by:
accessing second vehicle identifier data for the transacting vehicle, the
second vehicle identifier data being data for identifying a vehicle that is distinct from first
vehicle identifier data,
accessing second vehicle identifier data for a vehicle candidate in the set
of matching vehicle candidates,
comparing, using the at least one processing device, the second vehicle
identifier data for the transacting vehicle with the second vehicle identifier data for the vehicle
candidate in the set of matching vehicle candidates, and
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identifying the vehicle candidate in the set of matching vehicle candidates

as the transacting vehicle based on results of the comparison of second vehicle identifier data.

26.  An article comprising a machine-readable medium storing machine-executable
instructions that, when applied to a machine, cause the machine to perform operations
comprising:
accessing image data captured by an image capture device, the image data corresponding
to a vehicle transacting with a toll system;
obtaining first vehicle identifier data from the accessed image data for the transacting
vehicle;
accessing a set of records that includes first vehicle identifier data for vehicles;
executing an algorithm to:
compare the first vehicle identifier data for the transacting vehicle with the first
vehicle identifier data for vehicles in the set of records, and
identify a set of matching vehicle candidates from the vehicles having records in
the set of records, wherein the identified set of matching vehicle candidates excludes at least one
vehicle having a record in the set of records; and
selecting, from the set of matching vehicle candidates, a vehicle candidate as
corresponding to the transacting vehicle by:
accessing second vehicle identifier data for the transacting vehicle, the second
vehicle identifier data being data for identifying a vehicle that is distinct from first vehicle
identifier data,
accessing second vehicle identifier data for a vehicle candidate in the set of
matching vehicle candidates,
comparing, using the at least one processing device, the second vehicle identifier
data for the transacting vehicle with the second vehicle identifier data for the vehicle candidate in
the set of matching vehicle candidates, and
identifying the vehicle candidate in the set of matching vehicle candidates as the

transacting vehicle based on results of the comparison of second vehicle identifier data.
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