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. TECHNICAL FIELD This disclosure relates to

el ectronic vehicle identification. BACKGROUND 10Transportation facilities
such as roads, bridges, and tunnels produce tolls often representing a
maj or source of incone for many states and mnunicipalities. The | arge nunber
of autonobiles, trucks, and buses stopping at tollbooths to pay a toll

daily can cause signifj robl . 3 : acilities may
restrict the flow g?%?%%%géﬁlg%?rigff@gggécﬁgﬁ?%ﬁaﬁ%ne changi ng,
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a
significant health hazard to notorists as we as to tol oth oggrators.
25Sofre t ol | Yorupospsednyy maferanecaiprivyy amtisey rigyg2hpereesestori st rent
and then attach to the windshield of the vehicle a radio transponder that
comuni cates via radi o frequency*HHHCAECEIRE units at tollbooth plazas.

However, suchqR{&Oda9m duaddi $8140d 2/ @1cS et 8c8R8 OYkni e program and to
regi ster for the ,program These progranms nmay nmake it nmandatory for a

notori st to-RIKEE3“8F&Yt card deposit and create an autonatic debit
account arrangenent, which may effgg%ivel elimnate drivers with credit
probl ens. These prograns al so may ¥e I ci pants based on a

10 Transportation facilities such as roads, bridges, and

tunnels produce tolls often representing a wmajor source of
income for many states and municipalities. The large mumber of
automobiles, trucks, and buses stopping at tollbooths to pay a
toll daily can cauvse 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 woving
vehicles emit pollutants (particularly carbon dioxide and carbon
monoxide), which may pose a significant health hazard to
motorists as well as to tollbooth oﬁerators.

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 communicétes via radio frequency with

. receiver units at t011b¢otﬂ plazas. However, such programs

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



m ni rum anount of travel regardl ess of the actual anount of travel. Thus,
many notorists who travel infrequently travel through the toll road may
receive little benefit after investing time and noney to participate in the
program Tol |l booth systens typically include a | ane transacti on 10system
that records each vehicle transaction with the toll facility and an inmagi ng
systemthat takes pictures of each vehicle that passes the toll facility.

If the lane transaction systemdetects a violation, the |ane transaction
systemtypically sends a "violation" signal to the imging system The

15i magi ng system may respond to the "violation" signal by sending the
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the tol | systeanidstéatre & vandaciomon tdysilene tioradiseetiby xh®mni cate with the
toll typically sends a “violation” signal to the imaging system. The

15 imaging system may respond to the “violation” signal by sending
the picture associated with the violation transaction to a
backend system for vehicle identification and processing. If no
“violation” signal is received by the imaging system from the
lane transaction system after a picture of a vehicle is taken,

20 the imaging system typically discards the picture. Accordingly,
the backend system only receives pictures of wvehicles that
commit violations. Once a violating wvehicle ig identified, the
backend system typlcally refers the wvehicle to law enforcement
and/or attempts to bill or otherwise collect the unpaid toll

.25 fees.

Cne problem with existing technology used in tolling
systems ls that integrating an imaging system with a lane
transaction system may put the lane system at risk due to
increased demand for system resources (especially real-time or

30 near-real-time messaging to the imaging system). Thus, it may
be undesirable or impractical to integrate an imaging system
directly with the lane system. System modifications may reduce
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10system s i magi ng system (i.e., the lane transaction systemis independent
fromthe imagi ng system and need not send any signals, including
"violation" signals, to the inmaging system). Accordingly, the toll system
is configured to decouple the imaging systemfromthe | ane transaction
system and, thereby, 15mnimze or elimnate the need to nodify the | ane
transaction systemwhen installing a new imging system In one
general aspect, identifying a vehicle in a toll systemincludes accessing a
set of toll transaction entries. Each entry in the set designates a tol
transacti on between a 20vehicle and the toll system and includes a
transaction descriptor and a transaction tinme stanp. A series of tol

transact rehighttihvesfi 3 preEsaystefe 1 €OSEnef tRECIX2pior 1T fy of

pi cturesleﬁggﬁ st GByiSe apreci ated with a picture time stanp. A toll
transactioh entry 1s identified from25the set as a violation transaction
entry based on the transaction descriptor. Atoll transaction picture is
selected fromthe series. The transaction tinme stanp of the violation
transaction is conpared, using a pr Qﬁﬁ '@g device, with the picture tine
stanp of the selected toll transact I'tture. 30The sel ected toll
trangacti on pigtetice impletlentatficed asmathad clmst/iconappataie tbatesponding to

the violatjon,trgnsaction entry based. on a r t t Lisan.
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gg TRe; |
transaction sysfem nmay i fcl ude 1 he I maging system not receiving signals
from t he Acxesdinahgacditicofod ysEEMeMHE Pﬁ’ﬁgf-ﬁii‘greéijstf’ef#ﬁﬁé‘ilﬁ’ﬁg? ith§ependent from

the |ane {38980k et MALRTLABY A luidshBes bdigistens yahe milateng, an
internal clock that 1s independent froman _internal clock of the |ane

tran$act iGmigiseerr THeimRiRshRe i ES itreefhRp i PHGe T8 %8et of tol |

transact i Qn @Rt Khes taiggneradwdrRased epstdie internal clock of the
| ane transaction system and the picture tinme staaﬁgs lassoca{ attoﬁﬁ with the
plurality of PPcPBfescHRRfhe~gBner AP HAYLHI oh THE G it &P il “Crock of the

i magi Ng sysdt@M includes accessing a set of toll transaction entries.

Each entry in the set designates a toll transaction between a

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

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

30 The selected toll transaction picture is identified as a



Receiving the set of toll transaction entries fromthe |ane transaction
system may i nclude receiving the set of toll transaction entries in an
e-mail. In another general aspect, identifying a vehicle in a toll system

i ncl udes accessing a set of toll transaction entries. 5Each entry in the
set designates a toll transaction between a vehicle and the toll system and
i ncludes a transaction descriptor and a transaction tinme stanp. A series of
toll transaction pictures is accessed. The series includes a plurality of
pi ctures, each of which is associated with a picture tine stanp. A tol
transaction entry fromthe set is identified as a violation transaction
entry bas®dodatidre dicdansactooregdesdingt 66 .tHA §LouRt Mn tebhatsansaction

entries i l.ected froma t set of toll transaction entries based
on the ti %ﬁ}égfa%éeoceophg 5?%‘?25( iodég%%’?aﬁ%'%‘ﬂ"l&ﬁnentry. A group of toll
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of taoll transaction entries. A tol

pi ctures t sel ected Qu : )

transact i gﬁgg‘?ﬁ)%r eti‘l%%sr Fﬁ%’f)ﬁ’%’i g: elgif?%?ﬁcitl"}é’ngfzb‘ﬂ% Hrampg| Freuarsadty on

pi ctures &beaset cifattiodt proisHeicar eRSPRNiaRE tBe thrcvdral aihOnsdhasact i on

entry by jatl .the, group of .toll _transaction entries with the group
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t he fol | owhdgpdisieadat glesks For exanple, selecting the group of toll
transaction entries may

et o A PEIRID 5 ol ook BRRIEL B0 e T,
time betweepeihigig thssaectioh tdlietsaampscioh ehtoned agickakhl yarkequential tol |
chr onol oo £aTTy Sonuareral- PEieEtEntit A5 ean: o1 P ELFFTHRFASE or e t he
identifiegiq¢Q#Qﬁimgy include receiving the series of toll transaction
pictures f£rom an imaging system that is independent from the
lane transaction system. The imaging system being independent
from the lane transaction system may include the imaging system
not receiving signals from the lane transaction system, The
imaging system being independent from the lane transaction (
system may include the imaging system having an internal clock
that is independent from an internal clock of the lane
transaction system. The transaction time stamps included in the
set of toll transaction entries may be generated based on the
internal clock of the lane transaction gystem, and the picture
time stamps associated with the plurality of pictures may be
generated based on the internal clock of the imaging system.
Receiving the set of toll transaction entries from the lane
transaction system may include receiving the set of toll
transaction entries in an e-mail.
In another general aspect, identifying a vehicle in a toll
system includes accessing a set of toll transaction entries.
5 Each entry in the set designates a toll transaction between a
vehicle and the toll system and includes a transaction
degceriptor and a transaction time stamp. A series of toll
transaction pictures is accessad. 'The series includes a
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transaction entry. Selecting the group of toll transaction entries from
anong the set of toll transaction entries may additionally include adding a
toll transaction entry to the 25group of toll transaction entries if the
toll transaction entry includes a transaction tine stanp falling within a
wi ndow of time beginning at a time corresponding to a tinme stanp of a
transaction entry immedi ately following the identified first tinme gap and
ending at a tine corresponding to the transaction 30tine stanp of the
identified violation transaction entry. The predeterm ned duration of tine
of the first tinme gap may include a duration of tinme between six and ten

seconds. . Selecting the group of toll transacti gn e@%ri es from anong
the set pruxaslitvt PENBEERURSH cRBFR ef (THY-CPUME TS IHETGEe Heftli®hg a tol |
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transaction entry may be a tinme between tQLrtE sg%%nds.%nd%gqg)anute.
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corresponding to the transaction_entry i diately fol.l ow i dentified
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transact%%ntgiff%§§ﬁgggtggnt£§%4d¥%%[ified violation transaction entry.
Implementations may include one or moxe of the following
15 features. For example, selecting the group of toll transaction
entries from among the set of toll transaction entries way
include identifying a first time gap having a predetermined
duration of time between the transaction time stamps of
chronologically sequential toll transaction entries of the set
20 of toil transaction entries, the chronologically sequential toll
transaction entries occurring before the identified violation
transaction entry. Selecting the group of toll transaction
entries from among the set of toll transaction entries may
additionally include adding a toll transaction entry to the
25 group of toll transaction entries if the toll transaction entry
includes a transaction time stamp falling within a window of
time beginning at a time corresponding to a time stamp of a
transaction entry immediately following the identified first
time gap and ending at a time corresponding to the transaction
30 time stamp of the identified violation transaction entry. The
predetermined duration of time of the first time gap may include

a duration of time between six and ten seconds.
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Sel ecting the group of toll transaction entries fromanong 25t he set of
toll transaction entries may further include identifying a second tine gap
having a predeterm ned duration of tinme between the transaction tine stanps
of chronologically sequential toll transaction entries of the set of tol
transaction entries, the chronologically sequential toll 30transaction
entries occurring after the identified violation transaction entry. A tol
transaction entry may be added to the group of toll transaction entries if
the toll transaction entry includes a transaction time stanp falling
within a window of time beginning at a tinme corresponding to the

transaction tgEBe&t oW tofe gh}Subd@@tt!dcl'le@.ré(hé&c?él'oﬂneﬁfﬁ[@@@r‘oﬂna@éﬁqy and
ending at_a time correspon to a tinme stanp of a transaction en
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toll transactlon ctures a first toll transaction picture corresponding to
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time _correspondin the picture tinme stanp associated with the sel ected
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sel ecti nqHﬂ gmthe set of. toll ra{ir}]azacti on entries a toll transaction entry
desi gnat i Yt BPTOR TR AEE PPE AT en the toll systemand a vehicle that
has been posi skvetyinglehk frety dheacial eedeshdrabh gbétwansgaabi,on entry

InC|Udln%.%ﬂhﬁgn§e téé%%gtkggmséﬁgn%égles o? toll transaction pictures a

15 toll transaction picture corresponding to the transaction entry
immediately following the identified first time gap. A toll
transaction picture may be added to the group of toll
transaction pictures if the toll transaction picture is
asgociated with a picture time stamp falling within a window of

20 time beginning at a time corresponding to the plcture time stamp
associated with the selected toll transaction picture and ending
at the predetermined time following the transaction time stamp
of the identified violation trangaction entry.

Selecting the group of toll transaction entries from among

25 the set of toll transaction entries may further include
identifying a second time gap having a predetermined duration of
time between the transaction time stamps of chronologically
sequential toll transaction entries of the set of toll
transaction entries, the chronologically seduential toll

30 transaction entries occurring after the identified violation
transaction entry. A toll tramsaction entry may be added to the
group of toll transaction entries if the toll transaction entry
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earlier in tinme than the transaction tinme stanp included in the identified
violation transaction entry. Atoll transaction entry may be added to the
group of toll transaction entries if the toll transaction entry includes a
transaction time stanp 30falling within a wi ndow of tine beginning at a
time corresponding to the tine stanp of the selected toll transaction and
ending at a tine corresponding to the transaction tine stanp of the
identified violation transaction entry. Selecting the group of tol
transaction entries fromanong 5the set of toll transaction entries may
further conprise adding a toll transaction entry to the group of tol

transaction entries if the toll transaction entry includes. a t%ansaction
time staimcluddy agtRrRAeEPwitABBW TR L3 Lhegi FHitg 8t YH99he
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first toll transaction picture corresponding to the transaction
entry immediately following the identified first time gap. A

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

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

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

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

30 falling within a window of time beginning at a time

corresponding to the time stamp of the selected toll transaction



20sequenti al chronol ogical order, the toll transaction entries in the group
of toll transaction entries based on the toll transaction tinme stanps and
ordering, in sequential chronological order, the toll transaction pictures
in the group of toll transaction pictures based on the picture tinme stanps.
25Each toll transaction entry may be associated with a place in the tol
transaction entry order and each toll transaction picture may be associ at ed
with a place in the toll transaction picture order. A toll transaction
entry may be selected and the selected toll transaction entry may be
associated wwth a toll 30transaction picture conditioned on the tol
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Identifying a toll transaction picture from the group of
toll transaction pictures as a violation picture may include
15 associating on a one-to-one basis each toll transaction picture
in the group of toll transaction pictures with each toll
transaction entry in the group of toll trangaction entries.
Asscciating on a one-to-one basis each toll transaction picture
with each toll transaction entry may include ordering, in
20 sequential chronclogical ordexr, the toll transaction entries in
the group of toll transaction entries based on the toll
transaction time stamps and ordering, in sequentiall
éhronological order, the toll transaction pictures in the group
lof toll transaction pictures based on the picture time stamps.
25 Each toll transaction entry may be assoclated with a place in
the toll transaction entry order and each toll transaction
picture may be associated with a place in the toll transaction
picture order. A toll transaction entry may be selected and the
selected toll transaction entry may be associated with a toll

30 transaction picture conditioned on the toll tramsaction entry

being associated with a place in the toll transaction entry



20cal cul at ed based on the toll transaction tinme stanps of two

chronol ogically sequential toll transaction entries. A corresponding
interval of time between the two transactions based on the picture tine
stanps of two chronol ogically sequential toll pictures also nay be

cal cul ated, the two 25chronol ogically sequential toll pictures being
associated with the two chronol ogically sequential toll transacti.on
entries. The two chronol ogically sequential toll pictures and the two
chronol ogi cally sequential toll transaction entries may be designated as
| nproperly matched conditioned on a difference 30between the interval of

time and the corresponding interval of tine LN dan, a
predet er AFABE V4ttu .Or’fﬁﬁpcg?%%&oexﬁ\en %a%eallﬁegﬁgyg%%f %%%r?lg%{éconds.
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pictures as a_ yiglation _picture may.include desi I 4 S48, MRl ation
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i mpl ementpdictonesfman kel dobeoneéd irolthemanageméhttodystezpsaction
pictures if the number of toll transaction pictures in the group
10 of toll transaction pictures is less than the number of toll
transaction entries in the group of toll transaction entries.
The selected toll transaction entry and the agsociated toll
transaction picture may be designated as improperly matched
conditioned on a difference between the transaction time stamp
15 of the selected toll transaction entry and the picture time
stamp of the associated toll transaction picture being greater
than a predetermined value. The predetermined value may be one
gecond.
An interval of time between two transactions may be
20 calculated based on the toll transaction time stamps of two
chronologically seguential toll transaction entries. A
corresponding interval of time between the two transactions
based on the picture time stamps of two chronologically
sequential toll pictures also may be calculated, the two
25 chronologically sequential toll pictures being associated with
the two chronologically sequential toll transaction entries.
The two chronologically sequential toll pictures and the two
chronologically sequential toll transaction entries may be
designated as improperly matched conditioned on a difference
30 between the interval of time and the corresponding interval of
time being greater than a predetermined value. The
predetermined value may be four seconds.
9




15FIG 2 is a flow chart of an inplenentation of an electronic toll

managenent systemrelated to highlighted vehicle identifier

managemnment .

FIG 3 is a flowchart of an inplenentation of an electronic toll

managenent systemrelated to paynent nanagenent.
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20FIG 4 is a flow chart
managenent systemrelated to

FIG 5 is a flowchart of an inplenentation of
managenent systemrelated to mailing address
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FIG 7 is a flow chart of an

i npl enment at i ondeht bfyeleeat tobl ctiadactabagei@nires ¥ebamii«elgabag 60 vehicle

i dentificat.i,on

30FI

i,s.a flow chart_of,an i

: G 8. . .
el ect r oni & ol FAHERAGSHR AT CEYELR MY & ALBURT PR SHICEPES | ThtiPF

| ement at,i OEB&%' an
i on.

FI Gs 9A- Hesdgaaaihd o aihar trioladion Micemeatatddl akafsaed el pasteard ol |

t t ] .at ed hicle id . F
2 bl ock. TEOFARTER Bl MoPSASH H 1 Ui GF LrSUiRan o BLFure AafEGenent

syst em

tificatign IG 10 is

that cbr€esddndss ta& gr plpcofid thnsasll arapahet &sn geneyabedkeby a | ane
transaction s

| mage/ sensor
el ectroni c tolthendsiagcnertt syst emucicatiagdl émersaltdohEngrgraaitpsonth in

10

15

20

25

30

the accompanying drawings and the

Il lustration of a group of

[ \ FIG .12 i
assoc%.?t}i:%? Wit e Yéoi[%tjacl’r’fs It%\%nﬁﬁ%ﬂmbfen&ﬁyi‘ npl enment ati on of an

degcription below. Other

features will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of

electronic toll management system,

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

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

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

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

FIG. 6 is a block diagram of

electronic tcll management systemn.

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

FIG 8. is a flow chart of an
electronic toll management system
identification.
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transaction entries and correspondi ng groups of image/sensor files. FIG 14
is a flowchart of an inplenentation of an 15electronic toll nanagenent
systemrelated to identifying an i nage/sensor file for each violation
transaction entry. FIG 15 is an illustration of the group of
transaction entries of FIG 11 matched on a one-to-one basis wth the group
of sensor/files of FIG 12. 20FIG 16 is a flow chart of an inplenentation
of an electronic toll managenent system FIG 17 is an exenplary user:
interface. FIG 18 is a bar graph showing the interval of tine
between a | ane transaction entry tine starrp and a correspondi ng i mage
25time stanp for a transaction. FIG show ng the interval

of time betweBH #Préht25hd ﬁrlé’(‘f’eﬂpﬁﬁtl%@nt Fﬁﬁi%@?ﬁa%ﬁlogc%or Ing to image

tine st a%ﬁéc@%ﬁﬁ%@&d':ﬂ%&%&rﬂe&ﬁnﬁgﬁte@m@méw £ NeelsitcdlRpS .
Li ke reference synbols int various draw ngs indicate 30like el enents.
DETAI LEDiBesERf FatdRn- In one inplenentation, a toll system enables

el ectroni c hapgéi ng ot payrent dlagiahl £ byh vablehestypaissi og antol | facility
without requiring the toll system's lane transaction systemto 5directly
conmfini c &LeCHIr PRI T H’é’lflown%‘-i/%“ﬂeém SYPREYt ng system

FIG. 11 is a group of transaction entries generated by a
lane transaction system.

FIG. 12 is an illustration of a group of image/sensor
files.

10 FIG. 13 is a flow chart of an implementation of an
electronic toll management system related to selecting groups of
transaction entries and corresponding groups of image/sensor
files.

FIG. 14 is a flow chart of an implementation of an

15 electronic toll management éystem related to identifying an
image/sensor file for each viclation transaction entry.

FIG. 15 is an illustration of the group of tramnsaction
entries of FIG. 11 matched on a one-to-one basis with the group
of sensor/files of FIG. 12.

20 FIG. 16 is a flow chart of an implementation of an
electronic toll management system.

FIG. 17 is an exemplary user interface.

FTG. 18 is a bar graph showing the interval of time between
a lane transaction entry time stamp and a corresponding image

25 time stamp for a transaction.

FIG. 19 is a bar graph showing the interval of time between
current and preceding lane transactions according to image time
stamps and according to transaction entry time stamps.

lLike reference symbols in the various drawings indicate

30 like elements.
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Accordingly, the toll systemis configured to decouple the inmagi ng system
fromthe | ane transaction system and, thereby, mnimze or elimnate the
need to nodify the | ane transaction systemwhen installing a new i nagi ng
system 10The above toll systemincludes a toll managenent conputer system
having an i mage and | ane transaction data acquisition nodule (ILDM. The

| LDM i ncl udes a |l ane transaction system an inage acquisition nodule, and a
vi deo server. The lane transaction systemis configured to capture
15transaction-rel ated data for each vehicle that passes through or
otherwi se transacts with the toll facility. The transaction-rel ated data

may i nclude, for exanple, theD%M‘R?L}?}S IEARRS B b@n, the time of the
transaction (e.g., the transaction tine Stanpit, vehicle classification data

(e.g. the nunBerowg imdlegeptatimn 26y ébiltl eysterhenabhes porderonid or mation,
[f apol i Gableingfof heyelicle. . anG e Lare ahanged,  The dhang, Lyansact i on

system may be ah exi'sting or a conventiona ransaction Sys

Accor di ngiiFhoihi recuirdngakbet Feakis ausiten’ s ysremtrapsheion Isgsanltidy to send
i okl | Qvedt 9 SuhhiRAek RILNG Y SLEM sggqe%@m% f HEFdnNOL be used.
The imagi ng system or Image acquisition UIe fray operate I ndependent |y

f rom t he Acgegdipghsadtieofodystrshcaands aoehiglinegl §o deerhipiet thecei ve any

signal s firamihBe.dang, %ase&éiﬂ}lesse%ggmioﬁ SeLLy, fL.om the.d

e
transaction syStem 30The |ane transaction system s’ cont’igured t'o
peri odi cainimgencpatelladgasentha feade tachddd vy thepbate tigranisecviateo server.

The | ane Akl I¥edk eRAL 1h BRL Udes. qﬁgﬁ_{l Gllon data for 12 vehicles

t hat have "passed t hrough tEe toﬁ%_f acl uring a given w ndow of tine
(e.d? a day) Thymebeinécaét pysksm dagdpdes a toll management computer

system having an image and lane transaction data acquisition
module- (ILDM). The ILDM includes a lane transaction system, an
image acquisition module, and a video server.
The lane transaction system is configured to capture

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

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

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

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

12



typically includes a chronol ogical list of |ane transaction entries, each
of which corresponds to a single vehicle 5transaction with the tol

facility. Alternatively, the lane transaction system may nake avail able a
dat abase of transaction data or a copy of such data. The i mage

acqui sition nodul e uses sensors, such as, for exanple, |aser sensors, to
det ect passing vehicles typically as 10they enter or otherw se begin
passi ng through the toll facility. The | aser sensors trigger canmeras and
optionally other sensors, which are configured to capture inmage/ sensor data
for each passing vehicle detected by the | aser sensors. Notably, unlike

convent i opalichak! +&¥S iR, F)E.Qged "BALBAAULS T {d1aN FTREYL 'h%t%q ngol 1orecelve

"viol ation" signals direct fromthe ™l ane transaction and need not
di scard piictegr #dndew rqfs ﬁéﬁ@e (¢ 091 .ack 96F) r ecBiptlape sGt—:iWquyg mebert The

i mage acuigiichil 09 mdwa%srfaycﬁf&%lto%lh% ﬂ&?%é%ﬁ@%%ﬁqé wRgghsensor file

for each vehicle that passes throughi or 20transacts w Fe toll faci lity.
Each i mad@<éfSor e3¢t €iwpirRcrerrepongdscor resiiondenyehinlat | east one i nmage

or plscturtﬁ:a@fsabbﬁoﬁ reEAChENgo Ve 18 166 O- Aliﬁex@a@&yéf}/Ofthtehﬁa{BQ‘Ck of the
vehlcle) tionally include sensor data, and al so6 may include a time

stanp i ndi iaﬁgl%e?i’sttﬁé‘ Wﬂiﬂg‘@%@‘@ﬁﬂﬁbiﬁ%\la Zosehsse eattarangaciedpt ur ed.

The VIder&QerramﬁﬁnFQ&Ggﬁ@ht@ﬁﬁiane activity report fromthe | ane
transaction iﬁgten1and may ,recei ve the image/ sensor files fromthe inmage
acqui si tion Bl E“agﬁécwaﬁbt%%? Vel enered ficreorsr sticiies €aeh | ane

transact iexamglt} y1dded Renkapg, @ﬁ@ét\é'ci:hé@@ﬁfg} Wt B1 &g de%glcﬁliﬂ%e/ sensor
flle recei,ved féOﬁ]the |na%e acqui sition nodul'e. Accordin vi deo

serv&r deTErnTRESE LORFIEEVHRR %?Bﬁﬁﬂ%d@%ﬁﬁe%ﬁtw éﬁ‘e‘llltY

The laser sensors trigger cameras and optionally other sensors,
which are configured to capture image/sensor data for each
passing vehicle detected by the laser sensors. Notably, unlike
conventional toll systems, the image acquisition module need not

16 receive “violation” signals directly from the lane transaction
system and need not discard pictures in response to lack of
receipt of such signals.

The image acquisition module may send to the video server
an image/sensor file for each vehicle that passes through or

20 transacts with the toll facility. Each image/sensor file may
include data corresponding to at least one image or picture of
the transacting vehicle (e.g., a picture of the back of the
vehicle), may optionally include sensor data, and also may
include a time stamp indicating when the image and optional

25 sensor data was captured.

The video server way receive the lane activity report from
the lane transaction system and may receive the image/sensor
files from the image acquisition module. The video server
synchronizes or matches each lane transaction entry in the lane

30 activity report with a single image/sensor file received from
the image acquisition module. Accordingly, the video server
determines a one-to-one correspondence between the lane
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transaction entries in the lane activity report and the imge/sensor files.
The video server typically determ nes the one-to-one correspondence between
the | ane transaction entries and the 5i nage/ sensor files by first parsing
the lane activity report into groups of chronol ogically sequenti al
transaction entries separated by, or bracketed by, transaction entries
corresponding to "landmark transactions.” A |landmark transaction is a
transaction having a transaction entry that typically nay be 10easily
related to a readily identifiable captured picture or inmage. For exanple, a
| andmar k transaction may be a transaction involving a nulti-axle vehicle

(i.e., aprehbgbeidnudeibir 88 e MRLE AXtBBky kEpért &l thansaction entry
i ndicates that a transacting vehicle has thrée or nore axles, the

cor r espordPHg/ 9%RRIyE 8RSt he vehicle may be easily sel ected from anong the

captured i mageshbeasiaiese skl dahiey "Bl Qi Vie8f thdefapbusgd i mages are
of cars, which have only two axles. Accordingly, the |ane transaction

dat a may SWETXPEPIRENGR FefreEHsERT leRpoRBrwHIctAPPyeREG Rh EREI LRS ansact i on
entrises 2Qragketssk v ikandpeEicdd pRSACHE AheLbhk eSet B4 BEpbimge/ sensor

files may be parsed into correspondi ng groups_of chronol ogical |y sequenti al

i mage/ sed¥bP FrPERS fachEPral e8t Gt yeFeertriali Feansashiing PRREHRAS k

transact iQpakGBEE8 o, oF brhbeeieasidyy tdemdddiall entPRgesdrbabp&tingspond to
t he | andmar k_25transactions.) Once the groups of transaction entries and

the corr &SpohaRABRYr FFFEs8etitRtel s8nsdrdnatke STREFRCHERE 1FdBnt i fi ed,

transaction having a transaction entry that typically may be
10 easily related to a readily identifiable captured picture or AN
image. For example, a landmark transaction may be a transaction
involving a multi-axle vehicle (i.e., a vehicle having three or
more axles}. If a lane transaction entry indicates that a
transacting vehicle has three or more axles, the corresponding
15 image of the vehicle may be easily selected from among the
captured images because typically the majority of the captured
images are of cars, which have only two axles.

Accordingly, the lane transaction data may he parsed into
groups of chronologically sequential transaction entries

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

25 transactions.)

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

30 corresponding group of image/sensor files. The transaction
entry to sensor/file matching may use the landmark transactions
as a reference point and may match, in order, each transaction
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the video server may match each transaction entry of a given group of
transaction entries with an i nage/ sensor file of a 30correspondi ng group of
i mge/ sensor files. The transaction entry to sensor/file matching nmay use
the | andmark transactions as a reference point and may match, in order,
each transaction entry followng a | andmark transaction entry with each

i mge/ sensor file that follows the inmage/sensor file having the
correspondi ng | andmark transaction i nage. Because of the |ack of
synchronicity between the | ane transaction system and the 5i mage

acqui sition nodule and the inperfect process of capturing

fransact | of: g,egéi it 3 20fahdBITanbRETEL Shichg B OLesRH YPI cal |y

i ncl udes adding place er transaction entries and/or placehol der

i mage/ seriggef Fersor & ides bhat t frklawse thanbreagadsenpanshbls RVERIrfRSs in a
group is BEa A%y t of + 10l BROGASRNS OebihSS di thRe1ack
correspoﬁ%?ﬁgggrod%?{lg%dﬂggﬁe Elégb éerveréfgy_bg configured t%?confirm
whet her tdfe syaebhtmieigvobesweem sthndeass Ftandnctdiac RY seeWREChERS t he

di ffgrency ea\egs}{]sm%nt hBRu 2 AURS 9k Lfifel S BebhO8s &N IdagBundh the i me
stanps of the matching |nage?sensor. Ilesare 15Within a predeterm ned
t ol er anceyampactignerajated Sekyaandlivedrty Phe EEAFLHRE RFIBEheck whet her

the di ffq{ﬁl%‘éil e NRAR NG abiMhe Bl 2Bl gkt "B RREWEEBn | £:1S26! hAAFH:AS

det er mi ne rom {ransaction entrg_tlne stanps and the corresponding
JF

i nt er val Plgfcebphgensinpaedepnaet Friof thechatthithgti kigePERforfile time

20st anps @ sake Qo il 3 Rheded P 1edche! MnGe k8¥ehumber of The video
server may send the matched i mage/ sensor files and transaction entries to

an i Rage PrEEEEERAYT didi%e 161 RRLVRIPRRAGYE ™ Pconput er system  The
i mage processithg Dkl &FRECREE Hd NRNIEABELES elts Monft @swhariext thet vehicle
251 dent i fnila(.:tai}hii(r)xg ggéc?éssﬂ‘]veast gl;cl:cgsasnfa e%grnghg&r?nug} %'ine%ﬁg% E}E]ee
differences between the time stamps of the transaction entries
and the time stamps of the matching image/sensor files are
15 within a predetermined tolerance level. The video server also
may be configured to check whether the differences between the
intervals of time between transactions as determined from
transaction entry time stamps and the corresponding intervais of
time as determined from the matching image/sensor file time
20 stamps are also within a predetermined tolerance level.

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

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

30 the transaction from an individual or entity associated with the

identified wvehicle.
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vehicle identification data to identify the vehicles. After the vehicles
have been identified, the toll managenent conputer accesses the matched
transaction data entries for the identified vehicles and bills or otherw se
enabl es recei pt of paynment for 30the transaction from an individual or
entity associated with the identified vehicle. FIG 1 is a block
di agram of an inplenentation of an electronic toll 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 5of
such interaction. For exanple, the system 10 nmay allow a toll road
authority to GHtuieia wablicelke dii dgnam fd e an3lup Baidntas ibh CENSS pl ate

i nformati o, Il gmea.yehicle 30 traveling through the toll road and then to
notify | aw enforcenent whetver - theS¥turtdd vElf GvetpBe?i¥s er matches a

|icense pteniigwredi bustaptifei ghiehéRe iBenk 8 &NfAr 68MB&kicie 30 The tol |
managenen 0] SQ n. age payment froma party associated with
t he vehi 01{% égtcgglsjédwgénh t%ﬁcﬁﬁﬁé%q dbE?v&%%W‘?Yhéxgé‘ﬁ?%l EYshenadd4 he
faci 19ty @8.suedr igkanpiteiort.he Foy séempll@, C8Re CARtEe 1bi f8PSH1BWAL €

vehicle. e SyRCatERRS: Re caPitie Pohtfe oidner it avertn evmmums cati ons

vehicle. The system V\oulilc}-’yt
channel sligtengs phate nigiorebtian, abewuat vERLcTRKiNErReyTHRY tBLothsPuti ng

paynment. ghe .t9hl t system.,10 can send a bill requesting paynent
fromthe part%ggzr%%@?\ag%;%%gﬁ }Y?lgn% Yeﬁ'?“’zﬁ%ceﬂ‘ﬁgtb% rtReed agai nst

one or nofaptvaeti nghiadr ésient bfif @esnatBhes sy siiiBnke bsacanplheoeli

aut ofgat i Gy 1GRAPLY ' e of the vehicle 30 triggered by the vehi cle
interacti ngé wl%ﬁ tﬁe #]ggﬁwlnie 389%‘?1%3%'@% capturing can be acconplished

usi ng i mage- pFoeesst haameghmehbggysticrhaut ahay ida@ henids takmedt 25¢&i 0
tranSpOﬂQﬁ&m&%ygasséﬁﬂé@e%?%kﬁﬁ)tﬂé‘J%h%% éciflbased on the interaction
between the vehicle 30 and the facility 28. For example, the
system 10 can capture license plate information from a vehicle
15 30 and identify the registered owner of the vehicle. The system
would then provide to the owner, over a communications channel
such as the Internet, an account for making payment or disputing
payment. The toll management system 10 can send a bill
reqguesting payment from the party 32 using a wailing address
20 that has been verified against one or more mailing address
sources. The system 10 ig capable of automatically capturing an
image of the vehicle 30 triggered by the vehicle interacting
with the facility. Such image capturing can be accomplished
using image-processing technology without having to install a
25 radio transponder {e.g., RFID device) in a vehicle.

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

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



The el ectronic toll managenent system 10 includes a toll managenent
conputer 12 which can be configured in a distributed or a centralized
manner. Al t hough one conputer 12 is shown, one or nore conputers can be
configured to inplenent the disclosed 30techni ques. The conputer 12 is
coupled to a facility 28 that may charge a fee for interacting with the
facility. Exanples of 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 nay be based on the interaction

bet ween the vehicle 30 and the facility 28. Exanples of interactions that
may involve a fee include a 5di stance travel ed by the vehlcle Erough t he

faci|ityauthadineeper pech tare tedhi tpadi & 588 RF1G9P a2 HERPThy PAFRE Y ype of
vehi cl e poierachiBg WAk (MehAEi|i ithe 1418 Sapash aeseli o RO
passes t roug the facility, t he t pe of teraction_between the
vehicl e antbnduilbacbbtwgen:ﬂyPhEEha%1¢| @29 E%ﬁ &5¥ $%hicles incl udi ng

aut onmobi Les festh "fCli‘Lnth%orﬁr tﬁ&be(ﬁal)/%mv%heé a Fige &&&Eu@é aexpl anat i on,
the system B

ows a single faCI||téﬁ28 |nteractkggaﬁ4£ ggle vehlcle
30 and adparanceadgsreieedwnithe vRBLGEH dough, thg 1h Dt
|l ementali gnsnd Bendise! 09 kckeabniuescaul dy beciibeepbi gfirehiraeoper at e
with one“or nore vehicles interacting with one or aC|I|g5%§ spanni ng

nor.e
di f f er endingeverisd ¥iFbchls digility tﬁ?u?ﬂ%? ahafigeme conpu er 12

i ncl udes gPSéga&ﬁrcﬁa@ﬁ%ﬁétfm:mw gnd4 o nhipgubediniedetdéot hdtaveenesence
of a vehic re one or nopre imges of the vehicle, and forward 20t he
i mge(s) the Eﬁh¥§ﬁbém€rBE%S%R?&}HﬁgduIe 25 for further processing. The

nodyhe 24 mayphHcddida iyage @e&qwr&bbb@nvmwmﬁemncm entohebitassi cal
?2!5?2233?@{1&3%%% DBy BELTAERT od TnSTETt R TIARIAY Bh i sti ng

system 10 shows a single facility 28 1nteract1ng with a 51ngle
vehicle 30 and a party associated with the vehicle 32. However,
in other implementations, the disclosed technigques could be

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

The toll management computer 12 includes an image

acquisition module 24 configured to detect the presence of a
vehicle, acquire one or more images of the vehicle, and forward

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

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

30 the roadway.

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



25structures or on purpose-built gantries. Sonme open-road applications may
use equi pnment nounted in or beside the roadway as well. Lane-based (or

tol | boot h-styl e) applications nay use equi pnent nounted on physi cal
structures beside each | ane, instead of or in addition to equi pment nounted
overhead or in 30the roadway. The i mage acqui sition nodul e 24 may

i ncl ude i magi ng conponents such as vehicle sensors, caneras, digitizing
systens, 17 or other conponents. Vehicle sensors can detect the presence
of a vehicle and provide a signal that triggers a canera to capture one or
nore images of the vehicle. Vehicle sensors may include one or nore of the
fol | owi NGy Yechbrl ASEIARONC/ MMCEONRY BHSUEE Gy dRESE ARV i8S encOMBON! Y
used in Intelligent “Transportation Systens (ITS) applications, can

recogni zea tiedrigiesapd cousfvigevehs igrmalafdapr oviaterisnhoeargizofor egRiFelig t he

vehicle's , Ss&lfJ IO «Qf Spegd,s hhe
configuréﬂﬁ%%Eppg%?d%kgﬁﬁ?%FoggTa@%#%?gfnﬁ?%gﬁﬁgb%g?gt e%§'h?§¥£gﬁ%ich can
be used iond ¢enmpry ehdheehipélewtrat its use of the toll facility, including
tripgdinme and Gonpliance,Wubhi Lr&fddeL dedBes - these(&%wﬁﬂggscbmﬁgﬁﬁf
sensors can detect the presence and the vehicle type by recognizing the
presence Wwiederalnhebkiarnis TrgnepdBvitien| spprembdddel appkisetiond. Loops
can be usgg, 33c8qRALKUhd BrERERS WNISLLARL AU SRNBLPLF1ad QRS rhaRi QL SO be
used as a primary source of data to detect vehicles, classify vehicles,
trigger CeRRATASNTablee prafvicde’ 9wl e Jrgrifigationr aape/er Sp&Sed on use of
an array ffedd0QRas¥td A, PEBELnE SORLT BloPiROBARY 2Osueh as Di anond

Consulting's IDRI S(r) system of Buckinghanmshire, United Kin%QOW)
10 information abouit the vehicle which can be used in identify the .

vehicle and its use of the toll facility, including trip time

and compliance with traffic laws.

{(2) Loops - these sensors can detect the presence-and the

vehicle type by recognizing the pressnce of metal masses using a

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

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

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

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

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

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

Cameras can be used to capture images of vehicles and their

identifying characteristics. For example, they can be used to
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(3) Through-beam sensors - these sensors may enmt a continuous beam across
t he roadway, and detect the presence of a vehicle based upon interruptions
in the beam This type of 25sensor may be used in installations where
traffic is channeled into toll booth-style |anes. (4) Optical sensors
- vehicle may be recogni zed using caneras to continuously nonitor inages of
the roadway for changes indicating the presence of a vehicle. These caneras
30al so can be used to record i mages for vehicle identification.

Caneras can be used to capture images of vehicles and their identifying
characteristics. For exanple, they can be used to generate a vehicle

identifier such as a vehicle Iicense nunber ba Isregendr a |icense
pl ate. GEmeratemmyveidcdgal8griort dgistg ,a%ﬁdvﬁglsg%gg%%%gsone or nore images

of each VenisCLg oD Gdge? bR0a SYSéase goavert demeges nay Pedipgried Form | f
5anal og Cameras are used, the caneras _can he %%nggcég&t‘%ﬁgpgr ate
di gi ti zi digrifraddwand maphicePREFEWRR%® FFalof fict e "a“dedi cat ed pr ocessi ng

devi ce for apalogsoifligistahsComvansi anages nmrcbdibatall Hyman fhput device

installed in a“general - purpose conputer, whic 9§ mAddi ti onal
funct i onenaiash caBer ARG L0 SFFocBRS| TR TERgHRTT n%ge”%éﬁﬂggéerrpl oyed to provide

adequat esgég%l Qngi 51 entipndiciivens. f amiismhgederguinelvt EBRLIUIFNE | i ghting may
i ncl ude strobes or continuous il | U’Ei natign _€ggdirmy__ eNLbndd@lonobr1 i ght in
the visi Bedlasted; PUAFRTSHIE CRYIPRA FRT S08pdctrum- 11 strobes are used, they
may be tpigaeredshy bRpaK Sdpuemithecd Suedtagled senSogESPrADIREF 8Ensor s such

as light sensors nmay be required to ntr i 1RQe «acHU Siilvagl Nodul e 24
and provieePEsei YRRt 'Pae‘éfi?elrés.om sadi o(::n%llt E{e}ﬁ? age gcqui Sjiti or(ljt nmodul e 24

has ,gapt yregeddmeas of ghting ehincbesetployadagesprrasidse sEAIRT YT 0 an

i mage- processi ng 20nodu) ¢ 25._ The | A5G €$sh N9 Wrdulign?bndraaybe | ocat ed
in the s&RBSIES 6R™ ét%%sifr%ﬂggmggggg% tli%on modul e 24land t{].e i mge

conput er 3421udd s robast er | coatirmeusol 1 luwiawhiAgt | i P FBSE Xtions. The

modul e Zggcigg rqcegiﬁavfé{§i§3éﬂ@%gguﬁoérQ@PQhﬁeﬂhﬁféXéﬂ‘s@Hbtrmﬂe i mges of
each vehi®l &; pehdifig on t he . . . s
1f strobes are used, they may be triggered by inputs Lrom
15 vehicle sensor{s). Other sensors such as 1light sensors may be
required to control the image acquisition module 24 and provide

congistent results.

Once the image acquisition module 24 has captured imaggs of

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

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

25 functionality of the image acquigition module 24 and/or business
requirements (e.g., accuracy, jurisdictional requlrements). IL
multiple images are used, eachlimage 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

30 plate, or images of both front and rear license plates, may be
processed and the results compared to determine the most likely
registration number and/or confidence level. Image processing
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25functionality of the image acquisition nodul e 24 and/ or business

requi renments (e.g., accuracy, jurisdictional requirenments). If nultiple

i mges are used, each imge may be processed, and the results nay be
conpared or conbined to enhance the accuracy of the process. For exanple,
nore than one inmage of a rear license 30plate, or imges of both front and
rear |license plates, nay be processed and the results conpared to determ ne
the nost likely registration nunber and/or confidence |evel. |Inmage
processing 19 may include identifying the distinguishing features of a
vehicle (e.g., the license plate of a vehicle) wthin the inmage, and

anal yzi nﬁaﬁ;hﬂ?@lecfea&%ﬁélffﬂ?d 'esdi@ﬁ/lﬁc_ﬂﬁs&&@ﬁ ORLdGile sCBAT AGiflicle

recogni tion (OCR), | at’e rmatc ot her 5analy5|s t echni ques.
The toll (ﬁaﬁagmthgy@ﬁer@h@w ﬁmﬂﬂw@ledt Wékhiy gthend megpalinel of

subst ant bahlys{8ploihiepLARRRST Nok0FAI LAt shbEIR (pusbere [ mages are

acquired to reduce data conmuni cation requirenments. In an inplenentation of
| ocal i magarpFeriessicRgni toeme(Q B ul FempRREshBaEBRpAT e @1t BT8ST i st of

aut hgri zed yel £liesmnkfudsvehicle is recogni zed as authorized, images
and/ or datg gay be dlsé%rded rather than forwarded for further processi ng.

| mges and dafke derlbeanegeRafedyesen temavalrpledesdigg FERE9My such as

the i mge,dat abase s%s@@ﬁé@éil’}g ﬂteWﬁé"};&%‘c@Qsi&%‘M&aﬁ:Q@ &t lddeng engi ne
22. This process may involve a conputer network t may al so include

phy5|calSﬁéﬂlHh#?%ﬁﬁ@ﬁé?h@?edﬁﬁﬁﬂﬁéﬂ F@dﬁ#@@eaﬂaF%éxFWﬁﬁéC%&%ﬁﬂS|t|on site
(i.e., fagighitémsd®s. CeReLRnp1hBbOLIBLA U GBRaDE P RLBELSSArRE, 0red on a

conputer at” the imge acquisition site in the event the network 20is
unav@i | affihe results may be compared to a llst of authorized vehicles.
If a vehicle is recognized as authorized, images and/or data may
be discarded rather than forwarded for further processing.

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

15 with the billing engine 22, This process may involve a computer
network, but way also include physical media £rom another
computer located at the image acquisition site (i.e., faclility
28} .  Generally, information can be temporarily stored on a
computer at the image acquisition site in the event the network

20 ig unavailable.

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

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

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

20



| mages received at the central site may not have been processed. Any
unprocessed i nages can be handl ed as descri bed above. The data resulting
frominmage processing (renote or central) may be separated into two
categories. Data that neets 25application-specific or jurisdiction-specific
criteria for confidence may be sent directly to the billing engine 22. On
the other hand, data results not neeting required confidence | evels nay be
flagged for additional processing. Additional processing may include, for
exanpl e, determ ning whether 30multiple images of a vehicle are avail able
and i ndependently processing the inmages and conparing the results. This may
i ncl ude character-by-character conparisons of the results of |, tical

, 0
char act epptéewymibaraat ¢OCRcogRithen | { Qs &7pFat et iFRgE. p]r?'ltearjrﬁlf’lﬁ%r exanpl e,
the | MaOghSdndiBe:DRxBROFES AL DalDfs PindiDbe BREGINIEY alger hbus I of

recogni zing license plates of certain types or style such_ as glates from
a parti c&paﬂiﬁlmﬁe@dﬁégpmﬂhm%fﬁésée‘a‘{’%‘ﬁ’rﬁltnﬁrr%"ﬁ:%g/ec FBECL IFF VAP di ty of

char aCteﬁ:%pEQrole% 189S 44@D RN phhBeet i GRASE phat Bruldie japtsdiquabedl . ef f ect
of certain design features (sucﬁ

) 1 as background inagﬁg%?ﬁgr ot.her
styl &- sp8bese cakganishma, nah EPPEEE skl i Fagd i iy he FHed Pased on

prel i m naLynPLOSASSNEn! 888! 1ibenBe PBYLd Nainedani Opimarsskagedyy o |
avai l abl e anprithqB to determ ne the highest cgnfidenge Ieveékier

Prel i nmi ngeytade LardgnbEedbing dFUEH BF RAKEEPHavHITH'e Po Thciease t he
confi dencgh8VgheciByehcheebriAueshenptodieised image wdly bEokpewamipdOCR
processed Ficense pl.ate data agai nst 15lists of valid @1%8359 pl at e nunbers
Wi thin tkResef| PT Ry Sy S BRATBrPERC SR EphFBpriSat 8% U7Y sdi%ton' s not or
vehigl e hRasksdid @y authgviidable algorithms to determine the highest

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

(L) Comparing OCR processed license plate data against

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

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

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

(3} Comparing the registration and other data to records
from other sites (e.g., records of the same or similar vehicle

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

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

30 detail below,
(5) Manually viewing the images or data to confirm or

override the results of automated processing.
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(2) Conparing other data obtained fromsensors at the imaging |ocation
(such as vehicle size) to known characteristics 200f the vehicle registered
under the registration nunber recogni zed by the system in the recognized
jurisdiction or in nmultiple jurisdictions. (3) Conparing the

regi stration and other data to records fromother sites (e.g., records of
the same or simlar vehicle 25using other facilities on the sane day, or
using the sane facility at other tines). (4) Conparing vehicle
fingerprint data against stored lists of vehicle fingerprint data. The use
of vehicle fingerprint data for vehicle identification is described in nore

30det ai |l bel o - ) . =W he | r.data to confirm
or override t ei¥ggﬁﬁggégfg%%$%%%%'dg%gﬁ%%%%%ng?&gﬁg%ggai?ional processi ng
provi despartesuldr wionliidepas tiegdlar thenfesdndegl éalsl thiehecamstd ti ng data
then can be f r.de the billing engine_.2 I rrequu nfi dence

| evel caﬁggwa %&gﬁ¥hgﬁég?l %§3ﬁ§ﬁgln%y e Egp?h?d%e u?ﬁgeggééﬁgﬁgﬁce or

di scar dedevel canifftebbi dttamtnahgithe 22tpmegedeesephefamforwer i on capt ured
durigg t he Lgteéacti%gsgg£%§¥n the vehicle and the toll facility, including
t he vehiEFg FdentiTi er -as determ ned by the i mage processing nodule 25 to
create a transhetididdiegeatgiitc @Y espoadiay) the anfomadriaot Papturadween t he

veicl e god Lhectd aghlily: . Jhe, SnaLIe.22 £AN 3LOLE iR Lgpsacti on event in

a billing base or ‘subsequent payment processing. For exanple, the
billing dagihdtP2 irgfludéngrthea vwedicilaaidentifiiel as clafteomsneddnadérent

modul e 2GLdestrihad.bel g PrAduces, LORAYRILALEUEST Sybaged on the

transaction transaction event data nay I nclude 1 ndividua
chariges lsesedsperding 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
example, the billing engine 22, alone or in combination with a
.customer management module 26 {(described below), produces

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

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

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

26 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 mailing address derived from a vehicle
registration record.

30 (3) Presenting an electronic bill to a predefined account
for the vehicle owner, hosted either by the computer 12 or a
third party.
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vehicle's presence at specific points or facilities, or trip charges based
on a vehicle's origin and destination involving a facility. These
transaction events can be conpiled and billed, 20for exanple, by one or
nore of the foll ow ng nethods: (1) Deducting paynent from an account
est abl i shed by the vehicle ower or operator. For exanple, the billing

dat abase 20 can be used to store an account record for each vehicle owner.
In turn, each account record can include a reference to one nore
25transaction events. A paper or electronic paynent statement nay be issued
and sent to the regi stered owner of the vehicle. (2) Generating a paper

bill and sending it to the owner of the vehicle using.ahnailing addr ess
derived from &lvérbeitinsgipsbialioh s SPRTOREEDE BPBSENTi ng an el ectronic

bill to f.piadefdingd,@acaurt, bercibaeuelirsbe, oyneticchagt pdyeintheo by the
conputer 12 or a third part%ie ) (%%ﬁSubnjtti%%Fa Eill(&gstgg

appr opr i B¢ ecoAificsed Aeping tae ZAhet hSHyEER YK EUEHEr i XY B8 At t ti ng
paynent agriﬁﬁ(gﬂé gekechb ilydnent PEov&d Cl e registration renewal process or

during the tax collection process. SBiILing My _occur at regular intervals,
or vihen trandHetliBasTHE R Bt APEHHT dNBFUEISUH 8% axi num interval of

tinme or Hﬁé%%l{ﬁgﬁﬂsl ﬁée@r@l&étrtaﬁgolldlf;ﬁéﬁftdjdﬂgsﬁ?ﬂl|afm@3m?h¢mér fees.
Owners may be able to aggregate billing for tiple . vehicle y

est abl i sREngBm %@aahwquq%rltaﬁea%%‘ht Sy ganding tﬁﬁec%%xss‘%e%né%‘d
managenept haPded & 26 ogadrald8wba HBRE t® dgatregaceé hitlinghéotol | nmanagenent

conputer 12 over a_copmuni cations,channel such as a .Go t rk (e.g.,
| nt er net MUhFIREE Rﬁhﬁéﬂﬁés?Yeﬁ%F?ﬁilaﬂ%%$é%h5ﬁ8°%%ndﬁhﬁ%gﬁg géml %%ﬁer

chanrgel . 13he user can include a party associated with a vehicle 22 (e.g.,

owner of the vehicle), a public or privat o[ | respapsible for
nmanagenent ofT]?T'nec“fSE(?f“FFt'gaWemgP *‘:o{%ﬁ%"ﬁl %gzesﬁl ggt?hgéi%gu%taoner nmanagenent
nodul e 2@nkBeheidesith chabteakl iremagtmbar dwamaitandlsoftstrre nodul e confi gured

to handle 20custaner Jnjeract QNS SUCh asuAlt2choupbrimageent modul e 26a,

Internet, wired, wirelegs, etc.), a telephone connection, oxr

16 other channel. The user can include a party associated with a
vehicle 22 (e.g., owner of the vehicle), a public or private
authority responsible for management of the facllity 28, or
other user. The customer management module 26 includes a
combination of hardware and software module configured to handle

20 customer interactions such as an aqcount management module 26a,
a dispute management module 26b and a payment processing module
26c. The module 26 employs secure access technigues such as
encryption, firewalls, password or other techniques.

The account management module 26a allows users such as

25 motorists to create an account with the system 10, associate
multiple vehicles with that account, view transactions for the
account, view images associated with those transactions, and
make payments on the account. In one implementation, a user
responsible for the facility can access billing and collection

30 information associated with motorists that have used the

facility.
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a di spute managenent nodul e 26b and a paynent processing nodul e 26¢c. The
nodul e 26 enpl oys secure access techni ques such as encryption, firewalls,
password or other techniques. The account nanagenent nodul e 26a all ows
users such as 25notorists to create an account with the system 10,
associate nultiple vehicles with that account, view transactions for the
account, view i mages associated with those transactions, and nake paynents
on the account. In one inplenentation, a user responsible for the facility
can access billing and collection 30information associated with notorists
that have used the facility. The di spute managenent nodul e 2G may

permt custoners (.0 dispute specific.tra ctions on.their accounts and to
resol ve di spgﬁées ‘j{k’?fpﬁ tHE &tewoi?{%%%ﬁfn?g e e S » T gg may arise
duri ng bigibptige Sdadtationsraddietiods| en 268fe iraycbelt Hreesiokby erssaedivedi sput es

in an autonmated fashi h dul an .provide a cugltlg%rer 0 access an

h T 26b
" eResol ufifLﬁﬁut%%(ﬁsllgﬁog?e accc'e}[gﬁ{%regl ﬁ? ng7 BN g2 Rt Hor Py Eien:

SitE. Custoners
can fil ea&idée sgpuitiegabdltinm| Oathaanohsagertaf mbliels tdkamssachéIm, the one in

question. If.there.is,no match (i.e., the stpners t onobiJ e is not the
AUt ofiobi FESPVE e S B8RP S B bt el PRRBIRE T RO 2B 6 par
eval uat i eanspgedviak: ar bubtatéwrto krectbe drarcareselbtimwl’y seaseon tdfeaphoto wil |
show t hat the custo 5S_aut bi.l e s _d.ndee i r . Dispute
nmanagemeft ’é‘ﬁfﬁsneq/gﬁlérl% et chs%’gt}}:?t‘;\vg}?%lt\ﬁdi c ugi"‘{mll%gsxt%ggngﬁtl%i%nages are
sent ovediapebapuikdonelond kar( engoe dhetHaitretmetyacisiong bhghorst dangt h

encrypti on PLoof ol presence [imges,can be eabeddod ito.bhs laut e

resol uti G EoiMuNi cation as an el ec Bayment processing
nmodube 26 ppbvilesiutgmobibmaln tthe2@hoto piwessi bige griyliernes pmnual ly or -

e'ECtronE%%%£¥deg%ﬁﬁﬁgiQﬂifﬁlparty evaluation such as arbitration. In

the far more likely case, the photo will show that the
customer's automobile was indeed billed coxrectly. Dispute
management can use encrypted security in which all text and

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

The payment processing module 26c provides functionality

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

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

30 bill monthly, quarterly, upon reaching a threshold, or other).
The payment processing module 26c can support discounts and
surcharges based on frequency of usage, method of payment, or

24



the remttance received. For exanple, if paynment remttance is in the form
of 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 el ectronic paynent is 25enpl oyed, then standard el ectroni c paynent
techni ques can be used. The paynent processing nodul e 26¢c can support

billing nmethods such as traditional mailing, electronic paynent (e.g. using
a credit card, debit card, smart card, or Automated C eari ng House
transaction), periodic billing (e.g., send the 30bill nonthly, quarterly,

upon reaching a threshold, or other). The paynent processing nodul e 26¢ can
support discounts and surcharges based on frequency of usage, nethod of
paynent , tiwe 24 faicteiof deecd.i t Prespm@enTherpesAfmg preeEs S6fg2hddul e 26¢
al so_can support, payent, €olhiaeLi o0, TRIGAMS such 25 ckhadithanabnshieck
processi fig: WICEs's nﬁmpaynent urirng renewal of a vehicle registration

(Wi th i npesestsiaecr pedyessiac paymest phyriset reeva oisaebPRiPsnk, credit
cards, pre- nt -initi y iQf babmase t kereyst omer
desires)?eggg%ggﬁf)eqﬁiéggﬁﬁ¥§ﬂ%grQ%?gfggéggﬂ%ﬁ§§%§es%_9T The tol
managenmedebtonputiar ct@dtonmuisc apes- PRIt BRpEPTer dPdita®eA usi ng one or

Tore comupleall ans JEechniauss, Hcespal iRkl h dhereenisduans

i nterfac&s?oOr e systens. exanpl e, comunications interfaces can
i ncl ude compdai&fermttwprkeostfch as the Internet, electronic data interchange

(EDI'), batch gdata fiiyl GahidOsd A SonPBESAN N GomiShefBteDviehhext dmmer f aces.
In one inplenentation, exiernal systens 34 include 15| aw enforcenent

agenci es s¥6Leposifalusiighont 192038, CORRMRIRLLERR sEE S Sut hori ti es 40,

i NSypance, GONPA £5,14% AL ¥bEfirRlca¥h 885 Sirtbrehboanst athesygteass 46 and a
honmel and security agency 48. The external systens 34(§an inggége private or
publi c offganeEarRihs CORBINLPAHL Bie 10F SRR HEEr APRET SEEPI6RS 20such as

states, nLRYLODNRs S €he DRLOHRE! gROGEAPIICdata interchange

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

15 law enforcement-agencies 36, postal authorities 38, wvehicle
registration authorities 40, insurance companies 42, service
providers 44, financial systems.46 and a homeland security
agency 48. The external systems 34 can involve private or
public organizations that span one OY more geographic locations

20 guch as states, regioms, countries, or other geographic
locations,

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

25 real-time transactions to law enforcement systems, in formats
defined by the law enforcement agencies. Transactions also can
be submitted for vehicles carrying hazardous materials ox
violating traffic regulations (e.g. speeding, welight violations,
missing plates), if the appropriate sensors are in place(e.qg.

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

sensors, radiation detectors). Alternatively, vehicle records
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| ocati ons. The toll managenent conputer 12 can interface and exchange
information with | aw enforcenent agencies 36. For exanple, as vehicles are
identified, the conputer can submt substantially 25real-tinme transactions
to | aw enforcenment systens, in formats defined by the | aw enforcenent

agenci es. 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.qg.
30l aser/soni c/ m crowave detectors as descri bed above, wei ght sensors,

radi ati on detectors). Alternatively, vehicle records can be conpiled and

f or war de qQ b 14S1:S+.PrHQVI n ment agenci es.
The hi gh Fgk%?o\%@ﬁ'ﬁgﬁegﬁﬁgfnog{%#gré&djélgakga\gggggOb%/%én gﬁuggég%o store the
| i sts propvodededyoit Rewl eanfe@rdamepsmeaeneigenci es. 5The term "hi ghli ght ed”

refers to th ts : | e t g@gﬂ&je h Lded a |ist
of vehicle i ggﬂn%il#l%grlgs'gtﬁ%%% h"teeﬁlé%\z%eﬂé%é%\%edl ndi Cat 28 ?ﬁ?g %\élﬁged) t hey
wi sh t hetboktofadilis flysts proniided. bForthexXanpkeafovdrmens aoeeriasehicle is

stol gn apg._r t, . i Ge, pol. i . LSt 10hi ghl i ght ed
vehi gl e ?'ggn?igﬁ eﬁlgg%‘glgﬁ%é%atratfggg %&%ﬁgﬁggﬁgr‘%}eﬁ (t:#% %%hlj ghted by the
pol i ce t eafersendntoaghntaes |iave prhvidedigi Adsprot esdilgdenddenteifigrs
determn [ Is 1§l er b a s e i ¢k e, angd determ nes
t hr ough %21? ? atlyﬁgiaf#eglﬁ gggﬁsé{ gltndt%%g&%gr tlﬁ%&w&%ﬂt\:ﬁe{ﬁl ct?ﬁ%g:g bei ng sought by

| aw 15enfroi.éefireilithhéol menrdor cEaenexanileor Whérs mfFow ¥ehi®ledsi nstantly

notified S(Et)lgﬂgar}c?% !oQ‘@e&f td *1:%1‘1% ',. C{:ﬁe ,(ﬂq.cgr-bé(r?rs)endt leiéﬁmofi t was

detected at tf ocation, and'the directiion it was headed. The conputer 12
can ‘Aot i Ay ghhigitrsd aehigle yidewlifiene wobibee dahrbasaddoci Heed s h | aw

enf or cemgih; o4 8 2 1liPRed 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
15 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
was headed. The computer 12 can notify in substantially real-
time mobile units associated with law enforcement. In addition,
20 law enforcement can automatically highlight vehicles based upon
the expiration of a license, occurrence of a traffic court date,
or other event. This could, in turn, help keep illegal drivers
off the road and increase revenue to the state. '
The toll management computer 12 can interface and exchange
25 information with postal authorities 38. Since the disclosed
techniques would reguire toll authorities to convert from
receiving payment by drivers at the time of travel to receiving
paying in arrears, it-is important that bills be sent to the
correct driver/vehicle owner. To minimize the posgsgibility of
30 sending the bill to the wrong peréon, the computer 12 supports
address reconciliation. For example, before a bill is mailed,
the computer 12 verifieg that the address provided by a motor
26



20 | aw enforcenent can automatically highlight vehicles based upon the
expiration of a license, occurrence of a traffic court date, or other
event. This could, in turn, help keep illegal drivers off the road and

i ncrease revenue to the state. The toll nanagenment conputer 12 can
interface and exchange 25information with postal authorities 38. Since the
di scl osed techniques would require toll authorities to convert from

recei ving 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 30 sending the bill to the wong

person, the conputer 12 supports address reconciljation npl e,
bef ore avehriqleg gepariernt MR&BeFip eerad%fe@&?‘f?velsdet%higy %%{%gﬁgrégss provi ded

by a 1ot Qh126-14ENi ehe KIRRAT LERDEL eRjahemstheamdrens be pupddtddd whbyh t he

postal authority. The notor_ vehig¢l e database n i hen uhdated with the
most  acchPatesdACEEE TR SIHREEF ol TR R ¢ ™ Sei%eec%/écﬁll Eﬁg owngzﬁl. Since this

occurs bgfese. t hanbil this Jmiredbebbitd it bellois mwdicbe Pidudad. The
toll managenent conputer 12 can interface and exchange information with
vehi &l e PEEPEY rem B Bet¥didti es 40. The registration authorities 40

provi de an i nigs frane honLuEhaitgeohphiosmatd eanr thiatddceoanfiee P IBEs of

vehi cl es, the owners'  10addresses, .characterisi]j ; e vghicles, or
ot her i nfBEFERR OGP ALER FitS I57?@%{']53‘?’h?norahg%l{)%j?ltl%fgnhgé a@ggessed t hr ough

t hi r d- parbyideta RrovueRssi tiaishan phaniddroughtentfagn éof ggehangubl i c nmot or

vehicle records., The accuracy of records i ri.qus databases used by
t he conp&flgPr‘i?Fl%irﬁgFEﬁ‘ﬁﬁﬁy\}%ﬁi (?fﬂele%gmoeér g’r?f‘lggé%%’ owner addr esses, may be

verishi ed aparkosisaldngragaensititdsi od- phe t yeldatlaases ¥heFover nnent records,
i ncludin tor,_vehic recor d r COLAScarl HeS aBBYsdd p ensure
3ng %ﬁserna éﬁ%&?gstﬁgg ! can a

t he qual 5Pt s an _ S records, and reduce billing errors and
r et ur ned thabugs pondehpert 034t talolvidanagerdier EBAPUEROEE B8n interface

and eXCh%% %rface to public motor vehicle records. The accuracy of
records in the various databases used by the computer 12,

15 including vehicle ownership and owner addresses, may be verified
periodically against third-party databases or government
records, including motor vehicle recordg and address records.
Thig may help ensure the guality of ownership and address
records, and reduce billing exrors and returned correspondence.

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

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

30 The toll management computer 12 can interface and exchange
service providers 44. For example, the computer 12 can support
batch or real-time interfaces for forwarding billing and payment
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information with insurance conpanies 42. |nsurance conpani es could

hi ghli ght vehicle identifiers in a manner simlar to | aw enforcenent
authorities 36. For exanple, the highlighted vehicle identifiers database
20 can include license plate 25nunbers of vehicles with an expired

i nsurance indicating that such drives would be driving illegally. The
conputer could notify |aw enforcenent as well as insurance conpani es

whet her the highlighted vehicle has been detected using a particular
facility. 30The toll nmanagenent conputer 12 can interface and exchange
service providers 44. For exanple, the conputer 12 can support batch or

real - ti ngchALer{&eafud@ncher Marghing Hgi Eéf&!ﬂ:@?y@o@;‘?&’éﬂ%ﬁbr e011 &atiigan
functions to billing service providers or coll'ection agencies. The
tol |l man&gémehESconputer 12 can interface and exchange information with

financi al sys{gEs.4, n!é%?@mml&mphegbaml&é@hkérm% aRshARje ection,
the conputer 12 can interface to credit card processors, banks,_ and

t hi r d- parifafosmetion it FLnapeisle MYSERRS s¥st eHBY TG EPeramPcan al so

exchgnge yiRfopAThdQN Aldl BoREEAUSH NGNSy SbRiRerTRE &4t |in¥RRAGESBIY conput er
12 can interface and exchange 10information with the honel and security
agency A8TefhE e¥q GEOSeSHORR! dfdiSecanit Yoigehrattn Mt EEPrYC diiovi de a i st

of indi viguakarf@ic UsateRst herdd wanhgﬁ%y%ynch@s&Mﬂahbsr dat abase 20.

For exanple, registered drivers that are on a visa to this country can be
aut omat i CAFOFMRFHPR i e dCRARE IR SYFLEES 16expi res. The conputer 12 woul d

then notify thgeofdixen0bgbRARL tthpsReMl 13 YoudB ihbatrd e ahiagbkighied vehicle

identifier assocjated with the person has been detected drivipng in the ‘
countory iIFEPHBRRLPR HELEHD FBeaRelme l5est AERYFH APEEFSt BibodtiSt REFVEHSH . 20As
descri bedhcaRaufid sedirit3PbbhesuddniPithell dhtotigeeafions dento the i mage

dat abase. Sy Sl b eted oM IS LIRGE P abase, Do dhs Ll Ing endlne.
i nt er act idtabakvesn. t rvekbabb: antgasteréd fadiveirs yohoapiver 68 4 neEigas and
generateﬁxgthis country can be automatically highlighted when that visa

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

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

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

30 a confidence factor for each vehicle.

This information can be added to the data record. (This
process my occur after transmission to the central facility.)
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25data record. The data record can include date, tine, and | ocation of
transaction, a reference to the image file, and any other data avail able
fromthe sensors at the facility (e.g., speed, size). The inage can be
passed to the image-processi ng nodul e 25, which can generate a vehicle
identifier, a state, and 30a confidence factor for each vehicle. Thi s
informati on can be added to the data record. (This process ny occur after
transm ssion to the central facility.) The data record and image file can
be sent to the central facility. The image can be stored in the inage

dat abase, and referenced if (a) additional processing is required to
identify the vehicle, or (b) someone wi shes to verify the transaction. 5If

the conf rHendetd epebrilsandcmegee filRecamios PERBIP &% 68"t tted to the

billing engine,, whizg §tﬁ£b@‘sc§;91cb@t @tbfed\nltnhtae a@acgwmatandsé,t @ngé it in the
billing database for |ater bi no account exists %&?l cle
i denti f i sefeseredshilft dal) t%icilrféo&ﬁgrBﬁ?‘F%?tf’éngt AF FFBY TS 5? Bority or

a third- gﬁtxyeﬂ—PéféV'oﬁie(Qf Whilhe! 91 886£1¢Y Reribp uneranadeesimbl i sh an
account . rocess may be del ayed until enough trans ctl on%‘E are
e

col | ect edff §het¢@lﬁﬁélﬁ*ﬁ§?e1‘§‘fﬁ]j&§tﬁ@9q?%%%n Agead F%re‘%"fr cSAti‘dence 1evel is

not adequaigiraddidd enal bpipﬁ?gs%n@qngaywmrp@ahow@db@&ed&scwiman
el sewhere. 15The techni ques described_ above d scrlge th f ﬁata based
on a si nglcecuphmttgtencehl- i %blﬂﬁéﬂgl%&ﬁgﬁﬁeb ]ta ef:h egiTini ng. In

anot her ipLENBALALIORXiE08F We RAibUBCidaS fdescis batuikyeiet@vdet - dri ven

or schedul ed, and may operate . independently of ong an For exanpl e,
t here naWPE@OHBlEftF%vﬁté‘@eo?‘e%b?ﬁ’ﬁ?llof‘r i YeRd prtg%lerscis)%g%ft' vehicl e

i Mmagihng. sEheibEBghRELRE0E8Saet@nibe ithit baded oyl astavisieth, akncl udi ng t he
presencea;?;ogng L%lf% %&o&ggstég; ﬂ% %glayed 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,.

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

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

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

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

30 The operation of the toll management system 10 is explained

with reference to FIGS. 2-5.
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I n anot her inplenentation, the systemmy be used to nonitor traffic and
manage i ncidents. For exanple, if a drop in 25average vehicle speed is
detected, the conputer can send a nessage to a highway control facility
alerting controllers to the possibility of an incident. Authorized
controllers may communi cate with the equipnment at the toll site to view
images fromthe caneras and determne if a response is required. 30The
operation of the toll managenment system 10 is explained with reference to
FI GS. 2-5. FIG 2 is a flowchart of an inplenentation of electronic
toll managenent systemrelated, particularly a process 100 for nanagi ng

hi ghli ghted veticl e tdeatffdwichaz@ §f o degh1byeddBIRAbs SYRI&TRn3s. TO
illustrat i n _one exa i uned that 5| aw enforcenent agencies 36

e, it i ,
gener at e gb]rl s'?ano‘_"ﬁeﬁ‘leaﬁvlp?%'ielé’ti ri‘?zﬁ?%‘ie RardAcrirels g @rgeess il@nderpl at e

nunber s) wénalyingeihdghel ggraDught chy {dwhagenekeso andvihal ¥hexagensi es 36
wshtob hi c| es have been identified using a toll

§ potified en.gﬁggfyg den
facility 287 -TUTHE "comPut er"*1F2561 ath LT ISEERP190)1 thilghregitest thehi cl e
! Ity !
i dent$§ f i elewfaminraepant yagaint e@s 3b ayereiiadCgMeNdt Qﬁeﬁﬁgﬁﬁigiﬁ;-ecﬂ n one
inplenentgé%fqi Egggg.gehicle identjfiers can be stored in the vehicle
i dentifiel  databaSe 20 1B1° sifhdequbticTitodats mpmbrre) daf £bdser20 can be
updat ed byeiie swgghci kg thd higeavias wel lcnibashaddjdnicenal 34 Rfi@mmebi e in
real -tine_and/.or, in batch node.  The | aw_enforcenment agenci es accessed b
SO Qs L ReR3LGL 1 8. e i fd dg iR 11 y
the conputer Span“acros [T 58S | RS deehi dARPEiddRdausHg j2e o
muni ci pal FeeEsitystat es, regi ons, countries or other geographic
desi gpati ons. fﬁ% a &§§é%% the,co uéﬁf 2.C n&g{ocess vehicle_information
. o 12 i i
across 20nultiple Juris | 37 SRESIRY ?§kné?$% ghdigheed vehiclghe conput er
12 capt ur et fdeks 109m an pamrhgeswfh asvehivcbef drdeggat edgdnriast gansact i on
event based Qn aARph BL&ESAGLIAN Qﬁégg*¥éhicle 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
16 as additional information in real-time and/or in batch mode.
The law enforcement agencies accessed by the computer span
across multiple jurisdictions such as cities, municipalities,
states, regions, countries or other geographic designations. As
a result, the computer 12 can process vehicle information.across
20 multiple jurisdictions and on a national scale.
The computer 12 captures (block 104) an image of a wvehicle
triggered by a transaction event based on an interaction between
the vehicle 30 and the facility 28. For example, the image
acquisition wodule 24 can be used to acquire one or more images
25 of a vehicle as it travels through a facility such az a toll
road. These images can be stored in the image database 14 for
further processing by the image-processing module 25.
Compression techniques can be applied to the captured images to
help reduce the gize of the database 14.
30 The computer 12 determines (block 106) a vehicle identifier
based on the captured image. For example, as discussed
previously, the image-processing module 25 can apply image
30



the vehicle 30 and the facility 28. For exanple, the inmage acquisition
nodul e 24 can be used to acquire one or nore imges 250f a vehicle as it
travels through a facility such as a toll road. These imges can be stored
in the i mage database 14 for further processing by the imge-processing
nodul e 25. Conpression techniques can be applied to the captured inages to
hel p reduce the size of the database 14. 30The conputer 12 determ nes

(bl ock 106) a vehicle identifier based on the captured i mage. For exanple,
as di scussed previously, the imge-processing nodule 25 can apply inmge 30
anal ysis techniques to the raw i mages in the i mage dat abase 14. These

anal ysi s techni ques can extract a license nunber fromone or nore inages of
a |i censenplydios dkchhiquerhitel dheThew chagsst 8 Vemhil@rge deiriaS% e can be
stored i he vehigcle | i fule8r Abase 181{adnddiniRBer PRAREeSaEN].

The conpﬁ?%?efﬁﬁgéﬁggrgg gﬁ%%% f%gaéa ca téred vehi cl e identifi%r with the
hi ghl i ghbednaehiislagesdefta fiisensEoplasamil &het ehtofput BF 1 YE5 €8mpar e a
captured_lj - 0 vghirgkevigentd fbentdpieabase 18 with
a Iicensgekﬁﬁgﬁgéghgﬁgﬁ1t e I%§%|?§%?§§:§ghic|e i dentifier database 20. As
di scaissedabfoyves I@uttomafwetizeyr WEPFe&81®@nual techni ques can be applied to
check for a f £eeNMPMi &k hdeglel ecdsrveimiehi ¢l ock 110)
bet ween t he Pﬁ%gﬁgg@ﬁﬁe e%%,?%ﬁgili?p%hecks(bLock éﬁ%%iho the party 15
associ at edentifiatheriphghhe ghted igbcrei gebichs d9PRF ‘i oh°Can identifier
dat abase ;20,01 OLQS LAPAres f1d RELEcbipafe MRIGPBLuL&® license plate

number from the vehicle identifier database 18 with a license

10 number from the highlighted vehicle identifier database 20. As
discussed above, automatic as well as wanual techniques can be
applied to check for a match.

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

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

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

25 or over a computer network.

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

30 oriteria can include gathering a predefined number of matches

and then sending the matches to law enforcement in batch mede.
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the process 100 begi nning at block 102. 20If the party indicates that it

w shes to be notified imedi ately (bl ock 114), then the conputer notifies
(bl ock 118) the party upon the occurrence of a match. In this exanple, the
conputer can notify | aw enforcenment of the match in substantially real-tinme
using wreless comuni cati ons techni ques 25or over a conputer network.

On the other hand, if the party does not wish to be notified i mediately
(bl ock 114), then the conmputer 12 stores (block 116) the match for |ater
notification upon satisfaction of predefined criteria. In one

I npl ement ati on, predefined 30criteria can I ncl ude gathering a predefined

nunmber of nat r t..i n batch
ohes and ghey ﬁSQd% tria)%l dﬁﬁbl OCE 4 S Qf e od

node. Once the party has been not of a natch or the
mat ch hastise @i tshobas lfetﬂﬂ sapsed oty flua@aru wz(ﬂ;lceékonlsf)locﬁchélébnput er 12

resunes exReubnpdc &F OP?%:%S‘LQQS b&%&&':&% Blobdac I‘iogiolgeglnm.ng ELGickid s a

flow chart of an inplenentation of eleCtronic toll mahagenént system 10,
particul a¥93 a process 200 for managi ng paynment fron1a party associ at ed

W the vehiclgrghai has, ifber acdad ¥ bl %ﬁ@éﬂtaxaoﬁoo ld1ustEai&, in one

exanple, it is assuned that a toll roa Ity decides to enploy the
10d|sclo§éﬂjt@éﬁﬂ9§W§§3ﬁﬁsﬁaﬂdl%vﬂﬁvﬁéﬁvlﬁ¥hbés§Wﬁge$ﬁdﬂﬁdﬁﬁ§ billing and

col | ecti nghlRlihs %éi Meohes Mol askSciftdg MARH: a veniciEhengOnuy er 12
captures (block 2 an imge_of a’vehicle triggered by a transaction event

based on ferACEPACTEgh abéﬁﬁ/ééhtﬁhe TRpehi érateat® ainaend i9pmPTRi si¥ uncti on
i s sinmlafs ta@stifed 1onat K @683 Sréll$ GHEsRdi P Wk:ildd sl 86 e&gNes tRe bl ock 104 of

FIG' 2 disclosed technigues to handle payment processing including
billing and collecting tolls from vehicles using its toll road.
The computer 12 captures (block 202) an image of a vehiclé
triggered by a transaction event based on an interaction between
the vehicle and a facility. This function is similar to the
15 -~ process discussed above in reference to block 104 of FIG. 2.
For example, the image 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
database 14 for further processing by the image-processing
20 module 25.
The computer 12 determines (block 204) a vehicle identifier
based on the captured image. This function is also similar to
the process discussed above in reference to block 106 of FIG. 2.
For example, the image-processing module 25 can be used to
25 extract a license number from one or more images of a license
plate of the wvehicle. These vehicle identifiers can be stored
in the vehicle identifier database 18 for further processing.
The computer 12 determines (block 206} a party asgociated
with the vehicle identifier by searching a registration
30 authority databases. For example, the computer 12 can use the
vehicle identifier from the vehicle identifier database 18 to
search a database of a vehicle registration authority 40 to
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For exanple, the inmage acquisition nodule 24 can be used to acquire one or
nore i mages of a vehicle 30 as it travels through the toll road 28. These

i mges can be stored in the i nage database 14 for further processing by the
i mage- processi ng 20nodul e 25. The conputer 12 determ nes (bl ock 204)
a vehicle identifier based on the captured image. This function is al so
simlar to the process discussed above in reference to block 106 of FIG 2.
For exanpl e, the inmage-processing nodul e 25 can be used to 25extract a

| i cense nunber fromone or nore inmages of a |icense plate of the vehicle.
These vehicle identifiers can be stored in the vehicle identifier database
18 for further processing. The conputer 12 deternm nes (bl ock 206) a
party asceciatied whehrddisteshicbensdaft theeveirlscasentifesd Féhtstration
30aut horjty dat.abases, .Faqs. a , t seckhes icle

i dent i filé?é/f‘feglrﬁ‘:?ﬁel‘?/%rﬁcilc leegisden ?f?@&%ggggggs%r fé%?gﬁgear,ch a dﬁbase of
a vehi cl eelibgies tindibiroat Tort ot gnd 0ot roredveRiPhhEgRETFHi%¥t ered owner of

t he vehi ¢l e ,associ at i . | £d:€.ds tifdielhs Theigpmputer 12 is
capabl e SFHEEESs Fﬁﬁggsém%{%tp?%f %lr?%r'ia%lgcr? 5 ?\l(Ej)'rri3 %én}g %or nore vehi cl.e

r egi st r atimohcidstldbdses sioross maELOMS e JOWREsERS 190 RS NEH CIRAE 2P EFes,

Smuni ci pal LU £5,¢ Stahesy ri‘?@h%ént&@fg}{,r I§S bmPider 19€04k aphintalincations.
I n one |np?enen ation, the onputer 12 can maintain a cop% of registration
i nf or mat konoky a¥f mebt.&ptat yayilaf park oirra FEREr PEleP o reg LB SeRRient

pr ocessi g, AL {8 RAL YL ne JRrEOBPUL Eloiky CaR 6GORS BUY] Ik T ogi strati on
authoriti'es and 10obtain registration information on a demand %?SIS. I n
either computer 12 can access multiple registration authorities an
10 obtain registration information on a demand basig. In either
case, these techniques allow the computer 12 to process vehicle
information acrogss multiple jurisdictions, and thus process
vehicles on a national scale.
The computer 12 checks (block 208) whether to regqueast
15 payment from the party associated with the vehicle identifier.
The request for payment can depend on payment processing
information associated with the registered owner. For example,
the registered owner may be sent a bill baged on a periodic -
basgis {(e.g., monthly basis), when a predefined amount hasg been
20 reached, or other arrangement.
If the computer 12 determines that payment is required
(block 210), then it requests (block 214} payment from the party
associated with the vehicle identifier based on the transaction
event. As discussed above, a request for payment can be
25 generated using traditional mail service techniques or
electronic techniques such as electronic payment. The amount of
the bill can depend on information from the transaction event
such as the nature of the interaction between the vehicle and
the facility. For example, the transaction event can indicate
30 that the vehicle traveled a particular distance defined as a

distance between a starting and ending point on.the toll road.
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case, these techniques allow the conputer 12 to process vehicle information
across multiple jurisdictions, and thus process vehicles on a national
scal e. The conputer 12 checks (bl ock 208) whether to request 15paynent from
the party associated with the vehicle identifier. The request for paynent
can depend on paynent processing information associated with the registered

owner. For exanple, the registered owner nmay be sent a bill based on a
periodic . basis (e.g., nonthly basis), when a predefined anount has been
20r eached, or other arrangenent. If the conputer 12 determ nes that

paynent is required (block 210), then it requests (block 214) payment from
the party associated with the vehlcle identifier on the transaction
event . Aécﬂ?ﬁgﬁﬁggéd 5BBVEOULG QquERT BB Ly ABRES %ﬁ%% gﬁmﬁgﬁgherated usi ng
traditi opabidpddecs OhbeCodre U bEANES & tRlcatiEDmh e tteahammes such as

el ectroni c paynent. The anount .of fhe bill can d‘ﬁfnd on i rmati on from

the transacti¥h EFeREREHPYY thethat ST WHESL h2 %5@&8??0 et ween t he
vehi cl e gagnéhe bkl t¥qubaid gwaspk ez1d)he cheansaGidrwaray efdloekn indi cate

30that the vehicle traveled a particul ar di stance defi s a di stance
ot vbon 4521 ShHS FaRRACEIoR A P U BOFTY  oabenie gl vt he

armount ofpasrdﬂ@ntpacser@@tstreqwﬁteeﬁmbmmﬁme ergl aﬁﬁﬁcﬁﬁt@mey ieare be based on
t he di st ce traveled, On the other hand 12 detern nes

he co
that payAEALAT LB PP 08ko3s OfnfeleS FORREEHEIY bl ok 213 the
transact ifQAceY&iy and anat h@dsllpabrluym@ Mdﬂoelébelqnamnndrmuﬂs:meaor

le, the toll. aut t ded th ter 12
handl o | Figs HHUELESEHG PO DR CARE L FE CEBPT bt | 1iEnGoAnd col I ect 1o

ng &nd col | ection
shoubd bdmbasddechtiyna thércbmpartey s2icdaradnextrescalwishstensic®d. I n one

10|np|eneg%%£aeré Jﬁhe EOEP%gégiaﬁzsgg e&é“éﬁpggcﬁaﬁéfé1ai?rgfcﬁart of
the billing and payment-processing funétionality. Once the
transaction event has been forwarded to a third party, the
computer 12 resumes executing the functions of process 200

15 beginning at block 202.

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

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

25 electronic payment processing over a computer network such as
the Intermet. The computer can also handle traditional payment
recelpt such as a check.

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

30 ' FIG. 4 is a flow chart of an implementation of electronic
toll management system 10, particularly process 300 for managing
payment over a communications channel from a party associated
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providers 44 and financial systens 48 to handle all or part of the billing
and paynent - processing functionality. Once the transaction event has been
forwarded to a third party, the conputer 12 resunes executing the functions
of process 200- 15begi nning at bl ock 202. I f the conputer handles
paynent processing, the conmputer 12 processes (bl ock 216) a paynent
response fromthe party associated with the vehicle identifier. In one

i npl enentation, the billing database 16, in conjunction with the billing
engi ne 2022 and the custoner managenent nodul e 26, can be used to handl e
billing and collection functions. As discussed above, the paynent

processi ng nodul e 26c can support el ectronic or nmanual paynment processing
dependi ngiton at lrehiehé titharic dapetrianstteforish ahfe€i LR coffputer 12 can

provi de SRRl L%untéa{;g%ﬁlﬂ 258l HG1L0RLEoRAMIREL £8F QCaBILNgoATEr @

conput er “ne Such as e Internet. The conputer can also handle
traditi oseplqymy rbat distlmgsd sechnigies @méckhat a regditeresf PAPRENt has been

processeg; (bl ﬁglq%c é%g%ﬁl él%%gf QR UL & onlsd: 1183 V) Bfa 18X @RhbAGs H3IC@88ng00

begi nni ng at G 4 1s a flowchart of an inplenentation of
el ecd rontbe ttodl mepdgenent system 10, particularly process 300 for nmanaging

payment - over eC%Bﬂlflﬁ't&ﬁtﬂzoeﬁoQ*ﬂa@@elbrﬂ‘amazpaem L RSSAEI Bhed Bdrtwith a
vehicle that has interacted with a facility. To iIIustEaée assgﬁe a tol
aut hor i t gssesiriesi Hiehfigre yebdrier bipptefiicsys Theth SEPEHF Y acififques and

that a rgg\inénﬁﬂfq.zomeéoﬂ!\ﬁf&%ohowﬁﬁi&{ee%bbﬁuﬂﬂdnaaiﬂg@ﬂiaﬁi: asddulemake
paynments for using 6the toll road. The conputer 12a8rovug%%r(block
|

302) an &d6eotart Hrevigde parisPHdSoérht SF AT St hR R &le®rd@Nth f1°%8r. 1 n one

‘e”bqgi”Eﬂﬁkiﬁgmélectronic payment over a computer network such as the
Internet. The website also can permit the customer to access
and update account information such as payment history, payment
amount due, preferred payment method, or other information.

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

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

20 particular transaction involving the customex’s vehicle and the
tollboocth.

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

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

30 The computer 12 determines (block 308} whether the party
agrees to make payment. For example, once the customer recelves
the information related to the transaction event, the customex
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conputer 12 in conjunction with the account nmanagenent nodul e 26a can
provide a website for customers to open an account for 10meki ng el ectronic
paynent over a conputer network such as the Internet. The website al so can
permt the custoner to access and update account information such as
paynent history, paynent anmount due, preferred paynent nethod, or other
I nformati on. The conputer 12 receives (block 304) a request over a
15conmuni cations channel fromthe party to review a transacti on event. For
exanpl e, the account paynent nodul e 26a can handl e this request by
retrieving transaction event information associated with the custoner's
account fromthe billing_database 16.. The retrieyved infornati n incl ude
i mage dat@ of SL P A ilgﬁPﬁrPa I &L EPBRETHRCO MU HESE NS CGSE offer egl%vehi cle
and t he twalskhooh hwhebiherconpuieiicl2 shnds {blthek iB8849s tiwe theansacti on event
to the party 32 over .t.he comrunications channel. Information related to the
transact iOf -&V&ht® S’aerli"lf’ﬁsrude i mges of the 25vehicle and the vehicle
identifier (iIe.thd imapseepl Bt eetcSuthedatidccinibe) ertetyphedpdxdyper mt
secure transm ssion ov%l t he I nternet. ﬁgﬁoncg(ar 24 omTunein%a%;:ons rot-ocol s

4 8

such®as RPFEFFeXT BRarKk (PSP ahly TS TR SRH S FARSNT T t he

i nf or mat iggIrtevey ddindtihgr apt am@OEh€Eronnphd exccbidntdabaseni westifidl ock 308)
whet her the

el TR R R e T L ik
indicates that the transaction event data is accurate, then the
customer can authorize payment such as by submitting an
10 electronic payment transaction.

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

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

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

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

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

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

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

registered owner of the vehicle.
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can review the information to determ ne whether to nake paynent based on
whet her the vehicle shown in the images is the custoner's vehicle. |If the
conputer 12 determ nes (block 310) that the party 5agrees to pay, then it
processes (block 314) paynent fromthe party by deducting an anount from

t he account based on the transaction event. For exanple, if the inage
information indicates that the transaction event data is accurate, then the
custoner can authorize paynent such as by submitting an 10el ectronic
paynent transaction. On the other hand, if the conputer 12 determ nes
(bl ock 310) that the party does not agrees to pay, then the conputer 12
processes (bl ock 312) a paynent dispute request fromthe party. In one

i mpl ement at i Gfhe chepdiep e delroryartmt (deakil €0Derhein® 1! Fe a dispute

request SuBEdd ad by LOGEHSLAMEI ol 1G.QBLEAted GARAI GUesnicTae modul e 26D
can handl'e“specific transactions related to the custoner's accoth

i ncl udi ngdemsigiigmg &s tenrlaipedt Foeve r £98| GEARPEE dPSYUFRE Teques Once a

payment pLocessedddlack 3ddlodl Bagispst en2@neamdued (bl ock 312),
t he conpﬂ?gﬁgﬁgﬂwésunes execufing %%oé%sg 3%0 begi nni ng at bl ock 304.

FIG 55 | $hueshold &B&EE-of an inplenentation of electronic toll managenent

system partifgi %ro@u@eprpfea%%eéggsfmld&c@n@i |4 ngHiRilki fegadduesses from
different sources. To 25illustrate, it is assunmed that a_toll ﬁ%hority has
deci ded ewthemiisy fomea dhraihigse adfEesni Fuss PREFY R RAEERY ‘f)“a%% rel at ed

to the usen9fid Oldentaeibily rodl B&EmbIE, dirsclofpdedealmingyescedsavohue
processi ng paynent sone tinme after the vethhe has.tra%eled t hrough the

tol | autR8rneye darebaseectrifieseelptBIEEGIE TRAISPAVA8Ht is sent to the
corngct addnesstidfs etk eghstifred iapBefiatifon Backedd alte mailing

address of the registered owner of the vehicle.
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
15 databases associated with postal authorities 38 to retrieve
information such as the mailing address of the registered owner
of the vehicle,
The computer 12 compares {block 408} the mailing address.
from the vehicle registration authority with the mailing address
20 from the postal authority. For example, the computer compares
the mailing addresses from the two authorities to determine if
there is a discrepancy between the database information.
Tf the computer 12 determines (block 410) that the
addresses match, then it requests (block 414) payment from the
25 party associated with the vehicle identifier using the mailing
address accessed from the postal authority. For example, the
computer 12 can use the techniques discussed above to handle
payment processing including billing and ceollecting payment from
the registered owner.
30 On the other hand, if the computer 12 determines (block
410) that the addresses do not match, it then updates {(block
412) the vehicle registration authority with the mailing address
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The conputer 12 determ nes (bl ock 402) that a paynment request is to be sent
to a party associated wth a vehicle identifier. As explained above, for
exanpl e, paynent requests may be generated based on a periodic basis or on
an anmount 5t hreshol d basi s. The conputer 12 accesses (bl ock 404) a
vehicle registration authority for a mailing address of a party associ ated
with the vehicle identifier. For exanple, the conputer 12 may access one or
nore dat abases associated with vehicle registration 10authorities 40 to
retrieve informati on such as the mailing address of the regi stered owner of
the vehicle. The conputer 12 accesses (bl ock 406) a postal authority for a

mai |1 ng aqdpesse ogostt*aq aaﬁﬂarfaﬁowe&egxamgl@ t bRe V&lHih@ri genddd i er. For

exanpl e, the conputer may access one or nore lb5databases associated with
post al aw@ﬁétﬁtﬁ%ﬁﬁhﬂ?eﬁoaﬁé@¢4%§ﬁ§ watBr veltiicds saghse@tiRe mailing address

of ther %Ql'tﬁgff.@ga&%e%lgﬁ EI}E@ JRheet Bpaitling alilife SOMRULEEVIE GRIAPAr €S

(block 408) the nailing address fromthe vehicle registration authority
with the thei PPatplhetdesidbes rifm t FachokedniqueRordy elpoFe@icie, t he

conpyt er 19RER 2R tdie niBH Eh 5% afidnessesn f LHBLB8: [0 BYGhQaatdHs O
determ ne | ere Is a disCrepancy between the database infornmation.

| f the comsulbing 2ndérerafnelng Hisek faroyaymest tHBLEHRREsses match, then it

requests (bl Oéhcélé)e I%Yﬁeﬂé £ mtEaﬁlgé%Iémbﬁ%?q%@t&@n%@&a&éw vehicle
identifier u5|nglt e mai |l ing address accessed fromthe postal authority.

For exanplidockhéldomsueynent cgausstethbolethiilliest R SOFBYER difove to

handl e payeat Qrmsngobn@égﬂﬂm bt | hngrand2cel | 8eliandepaywant. fromthe
regi stered ommgr 0On the ot her haﬁd if the conpuf§§;12 determ nes (bl ock

410)"0t hat theFéadr%s‘sge§ ydosktdiAgrap of an HERLEREatRS ThPEcE?412) the
vehi cl e r@@icst-balé abraukbBahbiveW ysthe 6@ [dHag BHEOVRES vehicle

identification by extracting multiple vehicle identifiexrs for
each vehicle that interacts with the toll facility. The toll
management system 600 includes a toll management computer 612,
15 The toll management computer includes an image database 614, a
billing database 616, a vehicle identification database 618, a
highlighted vehicle identifier database 620, a billing engine
622, an image acguisition module 624, an image processing module
625, and a customer management module 626. The toll management
20 computer 612 communicates 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 management computer
612 also communicates with external systems 634.
Examples of each element within the toll management system
25 600 of FIG. 6 are described broadly above with respect to FIG.
1. In particular, the toll management computer 612, the image
database 614, the billing database 616, the vehicle
identification database 618, the highlighted vehicle identifier
database 620, the billing engine 622, the image acquisition
30 module 624, the image processing module 625, the customer
management module 626, and the toll facility 628 typically have
attributes comparable to and illustrate one possible
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fromthe postal authority. For exanple, the conputer 12 can update
dat abases associated with vehicle registration authorities 40 with the
correct mailing address retrieved fromthe postal authorities 38. Such

techni ques may hel p reduce the 5likelihood of mailing a bill to an
incorrect mailing address resulting in an. reducing tinme for paynent
remttance. Once the vehicle registration authority has been updated

(bl ock 412) or paynent requested (bl ock 414), the conputer 12 executes
process 400 begi nning at bl ock 402 as expl ained above. 10FIG 6 is a block
di agram of an inplenentation of an electronic toll managenent system 600
that provides vehicle identification by extracti rgitgr myl tgr é%m\éepi cle

i dent | fiéfﬁBl@mﬁﬂté&éﬁnv%it&eetPﬁétm?%%%& SCHMRH SEhd“t of 1= Facrlity. The
tol | managemside SuSt ema 600 1iiRe 4gdesvasd Alsl, thaagaient tdepitfdcadi®r 15The
tol | managenent conputer includes_an inmage,database 614,. a billi dat abase
616, a veALepasq dént Fhe éaﬂkﬁﬁgas?%b‘é%‘b‘%%s}g%n?ﬁ%ﬁri gﬁF%%a%eer%"a Ehe

i dentifigk,datahasens28:, ai khkgg £rgiira 832, natuliemage eloguimeiei on nodul e
624, an i1 nmage processing nodule 625, and a cust oner O%Qgg%re%tndrrgggl e 626.
The § ol | PHAARFBHRhCgBtD MUt SRS LU MPRATERES MW (1767 "iS integrated with

a toll faghlita:i638y whish Fmt eractsspiddivalyehikikevwi3e, ate argparly
associated with the vehicle 632. The t.oll nage t e | so
comuni c§B8s Wi W%%Ve?ﬁ%‘?cjﬁffée%%B’%e I%?g‘?fﬁ?gség(?’ gg@g@fef«% eén}%%%%\?\n?t hin the
tol | nmanagesBRt S tepl 25000 miveFhGrowres despardisic: Boohde ywediove with
respect to FIG 1. In partjcular, the taoll .nmana ma‘[;i 4,032, the

i mge dafibakle FPFH ﬁgsﬁ?*a}ﬁe"l‘gw&&%‘ae%%ev W,Eet %%’ vehi %ﬁgp 'ig%enl:ti fication
dat apase s§&8emé s hirglteght ed vehicle identifier database 620, the billing
engi ne 622, the i e.acqui siti.on, 3000 4..Lhe:iRQe processi ng nodul e
625, the custE%rvr%ﬁéae%%ﬁtl% 3?358%2%&;%%# tﬁ%gt%ﬁl facility 628

typi cal | wxawetad tiddnit ésex oipimbalskes1 81 arrd viebigde regeorgh2pddisvl e 38

6182, and a read errors database 6183. The functions of the
databases 6181-6183 are described in more detail below.

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

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

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

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

30 license plate number and state. The image processing module 625
may determine the license plate information of a vehicle from an
image of the license plate by using OCR, template matching, and
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i npl enentation of the toll nmanagement conputer 12, the inage database 14,
the billing database 16, the vehicle identification database 18, the

hi ghli ghted vehicle identifier database 20, the billing engine 22, the

i mge acquisition nodule 24, the inmage processing nodul e 25, the custoner
managenent nodul e 26, and the toll facility 28 of FIG 1, respectively.

Li kewi se, the vehicle 630, the party associated with the vehicle 632, and
the external systens 634 typically have attributes conparable to the
vehicle 30, the party associated with the vehicle 32, and the external
10systens 34 of FIG 1. The vehicle identification database 618

shonudes AmeXbhatyel, [AeRhi L. 19 3088860 ke An¥RlLCIRy ShOThIal abase

6182, and a read errors database e functions of the databases
6181- 6183w ¢hdvackehditi Asnbyrichdtlyl reperibvied] SThalelmteerdo0 is sinlar
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identification error rates b yl ng eac e through use o

mul ti pl e udkivele {drmtiitvi 6he. valwielsuch identifiers are designated as 631A
and §31B. A vehicle. identhlige 4 S,d; rablw .gn i.dentifjgr fhat 20uni quely
or substanti aﬂly u%f qeg% %dgnt%fiég%%tﬁﬁe ve i_ilclg bu%1 ma&e lg an identifier

t hat hel pietiegtipe faems deearilott prodesSs Batalfitstpngi B4 6§ 7 heeXghi cl e from

ot her vehj | i g o] ' -fyq hi ,
dent 11 o BRI g B TR TEog o, AP R Eb 1 M eebe T ey Fi

6, but 25fidglrofebretimyy taganppreinadsari rekaryred3ty1aamd//eRieda8 my be

produced ydHROenPl OLLSS WG P &f2arbased 08 RS ACHRL sbpESsic the
vehicle 630.7 | As descri bed previously, one exanple of a vehicle :
i dentl fi &fhg Fippebntonitare Phidinatehdfler LhreAMase, PEARERSA%9a 30 |icense

pl at e nunpefuiane2s5t@le gelBeat 8B06,dHiRAE8S 81k PRIHE P In-JRY s U84 &l ne the
license plate information_of a vehicle froman inmage of the |license plate

by using ¥9¥e PEnPRArEMIELERi nEP SAYE OBt REvPoentaPgsFine &WhPERERIC A | cense
pl at e nunheyasMywe et U4 caB¥nER AL vehi BUE #ihdeyplkat | tpiest iy cdsgs t 0
al phanurre_ri C ,chsrgct ers. License plate information tg'gi C%én”@% be _used_ to
uni quel y *¥erf ot ne's STFERL. Fer “BRAHIE OBt “BEY éhi i BH fier is
a veld cl erddrig@ibeON AdprASngesLritad uBubl 5, fdat ebksi¥ie GréddsS8he her eby
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vehicle fingerprints, however, may include normal picture
information. A wvehicle fingerprint typically may be used to
unigquely identify the vehicle.
20 In one implementation, a camera in the image acquisition
module 624 captures a single “still” image of the back of each
vehicle that passes the toll facility 628. For each vehicle,
the image processing module 625 recognizes the visual cues that
are unique to the vehicle and reduces them intc a vehicle
25 fingerprint. Because a license plate is a very unique feature,
the image processing module 625 Lypically maximizes the use of
the license plate in creating the vehicle fingerprint. Notably,
the vehicle fingerprint also includes other parts of the vehicle
in addition to the license plate and, therefore, vehicle
30 identification through matching of vehigle fingerprints is
generally congidered more accurate than vehicle identification
through license plate information matching. The wvehicle
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vehi cl e detection tag, hereinafter referred to as a vehicle fingerprint, is
a distilled set of data artifacts that represent 10the visual signature of
the vehicle. The image processing nodul e 625 nmay generate a vehicle
fingerprint by processing an i nage 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 woul d
15recogni ze. Accordingly, it is usually not possible process the vehicle
fingerprint to obtain the original vehicle inmage. Sone vehicle
fingerprints, however, may include normal picture information. A vehicle
fingerprint typically may be used to uniquely identify the vehjcle. 20In
one i npl eierdatiion, nay cardude) nfeheRamede . apejthionsi 8R HRRINSE1622 captures a
single "slilly JIRge.Ql.d 18.08CkBjo:qRcKCE Al biiRbepasgRerEhe tol |
facility Yi:i ﬁbr each vehircle, the 1 mge processing nodul e 625 recogni zes
t he vi susheelmset.hat are unique to the vehicle and reduces theminto a

vehicl e 2571 NG RLLNLRRGAUFC, AL LANS G aRhal £i s 13 Weruniidue feature,
t he i mage processing nodul e 28 typically maximzes the use of the license

pl at® i nstymetineg geheraedd clsdngi agtasey meannGhersipaitrs TS FPngerpri nt
al so i ncludes, grher; f thesvellgl &ilRapdel tifFrihacihie drhstensg plate
and, the?%f%ﬁgfgfé ﬁgﬁéééﬁﬁden???ication%?h?ough mat chi ng of vehicle

fi nger pr bat saptsigenesahy ya damsicderard Wi dNEEEER 47 (FaRobe T 2@

i denti figation 4 hnaughohicenssipbabe i Qmatien fmilekiing. clhe vehicle 40
fingerprint may include, for exanple, portions of the vehicl und t he

|icense peagehand/dsh, part siediohthefbERparehifder na viHeE 548t %h%‘t 0er exanpl e
of gy vehigle.identid hespi Snfye/ @i 6he RShNRL U engeneriapadnastatgon, | aser
scan (hereinafter referred 10233 555 oma A0a" H&)raclle £8P qilgnature
i nf or mat tBA %mﬁﬂe,ﬁgﬂulsltlon module 624 inclu g
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 profile of
16 the vehicle, and the laser mounted alongside or above of the
lane typically scans the vehicle to capture the axle count of
the vehicle. Together, both lasers are also able to generate a
3D.image of the vehicle. A laser signature may be used to
uniquely identify some vehicles. For example, vehicleg that
20 have been modified to have a distinctive shape may be uniquely
identified by a laser signature.
Another example of a vehicle identifier is a vehicle
signature generated using a magnetic scan {(hereinafter referred
to as an inductive signature). The inductive signature of a
25 vehicle is a parameter that reflects the metal distribution
across the vehicle and, therefore, may be used to clasgssify the
vehicle and, in some circumstances, to uniquely identify the
vehicle (e.g., if the metal distribution of a particular vehicle
is unique to that vehicle because of unique modifications to
30 that vehicle). The inductive signature may include information
that may be used to determine one or more of the axle count (and
likely the number of tires) of the vehicle, the type of engine
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be captured using a | aser scan may include one or nore of an overhead

el ectronic profile of the vehicle, including the | ength, w dth, and hei ght
of the vehicle, an axle count of the 10vehicle, and a 3D i nage of the
vehicle. In one inplenentation, the imge acquisition nodule 624 includes
two |asers for a given |ane, one that is nounted over the | ane and anot her
that is nounted al ongside of the |lane. The | aser nounted above the | ane
typically scans the vehicle to capture the overhead profile of 15the
vehicle, and the | aser nounted al ongsi de or above of the lane typically
scans the vehicle to capture the axle count of the vehicle. Together, both
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(her ei nafdemerpnefetggst tflocpsimredaiddetéve. si gnature). The inductive

si gnature of vehicle is a paraneter that .reflects the neta
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Unfortunately, extracting a wvehicle identifier is an imperfect

15 process. The extracted vehicle identifier wmay not correspond to
the actual vehicle identifier, and therefore, may not uniguely
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,

20 or may match the vehicle identifiers of more than one vehicle.
To increase identification accuracy, the computer 612 of the
system 600 implements a multi-tier identification process using
two or more vehicle identifiers.

FIG. 7 is a flow chart of an exemplary two-tier

25 ldentification process 700 that may be implemented to increase
the accuracy of vehicle identification. Image and/or sensor
data is captured for a vehicle that interacts with a toll
facility (hereinafter referred to as the “target vehicle”) and
two vehicle identifiers are extracted from the captured data

30 (block 710). In one implementation, only image data is
collected and the two vehicle identifiers extracted are a
license plate number and a vehicle fingerprint. In another
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vehicle identifier database 6181. Ideally, the conmputer 612 woul d then be
able to uniquely identify the owner of the vehicle 10by choosing a vehicle
identifier that uniquely identifies the vehicle (e.g., license plate
information or vehicle fingerprint) and searching one or nore internal or
external vehicle record databases for a record containing a matching
vehicle identifier. Unfortunately, extracting a vehicle identifier is an

i nperfect 15process. The extracted vehicle identifier may not correspond to
the actual vehicle identifier, and therefore, may not uniquely identify the
vehicle. An incorrectly or partially extracted vehicle identifier may not
mat ch the vehicle identifier of any vehicle, nay match the vehicle
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vehicle fingerprint, the license plate number would be
designated as the first vehicle identifier because of the lower
expected accuracy of vehicle identification through license

- plate matching as compared to fingerprint matching. The one
15 or more matching vehicle candidates may be determined, for
example, by accessing a vehicle record database and finding
records that contain vehicle identifiers that match or nearly
maéch the first vehicle identifier.
Once the set of one or more matching vehicle candidates is
20 determined, the target vehicle is identified from the set based
on the second vehicle identifier (block 730). For example, if
12 vehicle candidates were identified as matching a partially
extracted license plate number, the target vehicle is identified
by accessing the vehicle fingerprints for each of the 12 vehicle
25 candidates and determining which of the 12 vehicle fingerprints
matches the extracted vehicle fingerprint. If no match is found
within a predetermined confidence thresheld, manual
identification of the vehicle may be used. In another
implementation, one or more larger sets (e.g., supersets) of
30 matching vehicle candidates are determined successively ox
concurrently by changing (e.g., loosening) the criteria for
matching and additional attempts are made to identify the target
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5as the first vehicle identifier and used to identify a set of one or nore
mat chi ng vehi cl e candi dates (bl ock 720). Typically, the vehicle identifier
that is deenmed to be the |l east able to accurately and/or uniquely identify
the target vehicle is designated as the first vehicle identifier. For
exanple, if the 10two extracted vehicle identifiers were license plate
nunber and vehicle fingerprint, the |icense plate nunber woul d be
designated as the first vehicle identifier because of the | ower expected
accuracy of vehicle identification through |icense plate matching as
conpared to fingerprint matching. The one 15or nore matching vehicle

candi dat es, be determ ned,. for exanple, by accessing.a vehicle record
dat abasevgﬁgg%? n%oﬁ“g eraggo?gsﬂf%é)tnec%ﬁ?xhé vlé%?gfesef feﬁt% PFefS that match or
near |y matebrthey fig slnvebi tdentiddptitiowr. Once the set of one or nore

mat chi ng vehi¢cle candi dates s .20determ ned, the target vehicle is
Tent] 1 e fr O T B LpEERt e O TRt E R S BRock 730).
For exanpueposéfillw eleisdhred andiidi@hestwer dardent 841 etf astobimhi ng a

partiall xtracted.lJcens | at e _nunper e, target vehicle is_ identified
by abces SPRb e THIER BT THEHth PPRTSCIS TBhchoor Foh S edblen dtan

25candi dahes the sgicetriinlagsehischuebced hef d2hvehe cldaerfbifdeaipiamt s mat ches
the extracted vehicle fingerprint. If no tch is found within a

br edet f HPEGUIBCHT dares PRPREHORT, SaR it FHeRbEriEl Fsaubt The vehi ol e
may be usedlubhcmmol hde capienertdcilonfroneher sgoref Imatgbing etahifcdeg. |
super set $),,gf 4 300R! ChIN0 YL £l e .GARdL dpLes, L8 UFL Srdlee; stgaessi vel v or
concurrenth %y changi ng %e. ! I'doseni ng) the criteria for matching and
addi wi ondlicensenplateamemipade the ildephsé yplate trapgong 43 gorithm may be

intentionally modified in, for example, two ways: (1) the

matching criteria of the license plate reading algorithm may be
loosened to enable the algorithm to generate a larger set of
matching vehicle candidates and (2) the license plate reading

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

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

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

30 gspeed by limiting the matching of the second vehicle identifier
to only those vehicle candidates having records that
succesgfully match the first vehicle identifier. This can
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vehicle fromeach of the one or nore |larger sets prior to resorting to
manual identification. In sone inplenentations, the toll managenent
system may be purposefully designed to identify a larger set of matching
5vehi cl e candi dates during operation 720 to, for exanple, ensure that the
expected | esser accuracy of vehicle identification through the first
identifier does not erroneously result in exclusion of the target vehicle
fromthe set of matching vehicle candi dates. For exanple, if the first
vehicle identifier is a 10license plate nunber, the |license plate reading
algorithmmy be intentionally nodified in, for exanple, two ways: C) the

matching criteria of the license plate readln al%ﬁFlthgnggy be Ioosened to
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matching score may be generated. If the combined eguivalent
matching score is above a predetermined threshold, the
15 identification is deemed successful. _
In one implementation, each second vehicle identifier is
assigned a match confidence level number that ranges from 1 to
10, where 1 corresponds to no match and 10 corresponds to an
exact match. Each vehicle identifier is also assigned a weight
20 value from 1 to 10, with greater weight values being assigned to
vehicle identifiers that are considered more accurate in
uniquely identifying vehicles. If, for example, the second
vehicle identifiers are a laser signature and license plate
jnformation, a weighting of 6 may be assigned to the laser
25 signature and a greater weighting of 9 may be asslgned to the
license plate information. If a combined equivalent matching
score of 100 is necessary for an identification to be deemed
successful and the license plate information matches to a
confidence level of 7 and the laser signature also matches to a
30 confidence level of 7, the combined equivalent matching score
would be 7*6+7*9=105 and the identification would be considered
successful.
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44 provide increased speed if, for exanple, the extracted second vehicle
identifier is tinme-consumng to match against other such identifiers or if
a |large nunber of other such identifiers exists (e.g., mllions of
identifiers for mllions of vehicles in a vehicle database). |In another

i npl ementation, two or nore second identifiers are used to identify the
target vehicle fromanong the set of matching vehicle candi dates. Each of
the second identifiers nmust match the sanme candi date vehicle to within a
predet ermi ned 10confidence | evel for successful vehicle identification.
Alternatively, t he degree of matching of each of the two or nore second

| dentifiers My HuRkoBhedeRfitk A CANDERS b G- yak oAl TREERLEQ score may be
generated. |f the conbi ned equi valent mat chi ng score is above a
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In another implementation, the second identifier is not

used to uniquely identify the target vehicle from among the 7

15 vehicles in the set of matching vehicle candidates. Rather, the
gecond identifier is used to generate a new and smaller set of
matching vehicle candidates as a gubset of the set determined
using the first identifier, and a third identifier is then uséd
to uniquely identify the target wvehicle from this subset of

20 matching vehicle candidates. In yet another implementation,
multiple vehicle identifiers are used to successively reduce the
set of matching vehicle candidates and the target vehicle is
uniguely identified from the successively reduced subset through
use of one or more final vehicle identifiers. In yet another

25 implementation, each of the multiple vehicle identifiers is used
to generate its own set of matching vehicle candidates through
matching and near matching techniques and the reduced set is the
intergection of all of the determined sets. In yet another
implementation, the reduced set is determined using a

30 combination of the above-described techniques.

FIG. 8 is a flow chart of an exemplary two-tier

identification process 800 that may be implemented to increase
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I n anot her inplenentation, two or nore first vehicle identifiers are used
to identify vehicles in the set of nmatching vehicle candi dates. Each of the
first vehicle identifiers for a possible candidate vehicle nmust match the
target vehicle to within a predeterm ned confidence | evel for the possible
candi date vehicle to be included in the set of matching vehicle candi dates.
Alternatively, the degree of matching of each of the two or nore first
identifiers my be weighted and a conbi ned equi val ent matchi ng score may be
generated. |If the conmbi ned 10equi val ent matching score is above a
predeterm ned threshold, the possible candidate vehicle is included in the

set of t.chi_ng vehicl e candi dates. |n_.anather i.npl nt at.ion, the second
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vehi cle i5.aniquelvdglent f Ledolrombte spoeensiely,tedueed, sypget through
use of one or nore final vehrcre identifiers. 1T'n yet another
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' functionality is distributed differéntly among the coﬁponents
shown by FIG. 6.
The image acquisition module 624 captures image data for
15 the target wehicle based on an interaction between the target
. vehicle and the toll facility 628 (block 812). In another
implementation, the image acquisition module 624 additionally or
alternatively captures sensor data including, for example, laser
scanning and/oxr loop sensor data. The image processing module
20 625 obtaing license plate data, including, for example, a
complete or partial license plate number and state, for the
target vehicle from the captured image data (block 814).
Optionally, the image processing module 625 also may determine a
vehicle fingerprint for the target vehicle from the image data.
25 In another implementation, the image processing module 625 may
determine other vehicle signature data, such as, for example,
laser and/or inductive signature data, from the image data
and/or sensor data,
The computer 612 stores the captured image data in the
30 image database 614 and stores the extracted license plate data
in the extracted identifier database 6181. If applicable, the
toll management computer 612 also stores the extracted vehicle
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FIG 8 is a flow chart of an exenplary two-tier identification process 800
that nay be inplenented to increase the accuracy and/or automation of
vehicle identification. Process 800 is an inplenentation of process 700
wherein the first identifier is a license plate nunber and the second
identifier is a vehicle fingerprint. In particular, process 800 5includes
operations 810-830, and associ ated sub-operations, that correspond to and
illustrate one possible inplenentation of operations 710-730, respectively.
For conveni ence, particular conponents described with respect to FIG 6 are
referenced as performng the process 800. However, simlar nethodol ogi es

may 10be appbbegrint eiiebrhapl ermplrabonscehendLlf efFant GAPPONGHLS are
used to defldne the structure of the system or where the ?cunctlona ity is
di st ri but EGUFFHEF SHENFEHRBPURE doRBBnEHMR teewnid IR exteactite | mage
acqui siti ddenofltl & GR4a0aptuses. | Tage data for 15the target vehicle based
on an interact'ltl)n between the target vehicle and the toll facility 628

(bl ock 812). | W arfSTWELESE npt2AAReEEREne 29l SEnugbiakydident i bhcatdon e 624
addi t sonalreyopéis af:icar Ak vehic LARKLRS §8NIRL081 8 | Al B, | Oﬁgla%ﬁarfm e,
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i nduct i ve “STghature "dat &, °fr oth (REHAGR RSLanhdligm $bsBehtpies. The |
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and store extract | i cense .plate data in the extracted identifier
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t he extrateebnigissc| e
The computer 612 accesses extracted vehicle fingerprint

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

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

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

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

to be the owner/driver of the target wvehicle.
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fingerprint and other signature data, such as, for exanple, the inductive
signature and/or |aser signature, in the extracted identifier database
6181. The conputer 612 accesses a set of vehicle identification 5records
fromthe vehicle record database 6182 (bl ock 822). Each of the vehicle

I dentification records associates an owner/driver of a vehicle with vehicle
i dentifier data. The conputer 612 conpares the extracted |icense plate data
with the license plate data in the set of vehicle identification records
(bl ock 824) 10and identifies a set of candidate vehicles fromthe vehicles
having records in the set of records (block 826). The conparison may be
done usi ng mat mat chi ng_t echnj ter 612 accesses

ing Qr _near ues. The conpu
extracted vehi glﬁ i igﬁﬁng?Fﬁta 5t ghﬁ‘é}: T%g‘r’t IR Vé’hirég'Pét’(%lI’ ock 832). If
t he vehi daertiifgespidmiprbassaoio@luaadyapash idetienshtel/texinacdacd fromthe
captured ,i,mage data, the conpute 12 .cal cul ates the vehi,cl e _fingerprint
b st or o8 RS YRR o FeROE R LR PP SRR PR or
dat abase fik8handOThelcsipiit et i&l b>Acensabss Vvelrrokess igwgernpr andtitat a for a
vehi %I e in tlhe ) di dat e vel i

_ in the set of can cges by ,accessin .&i1 ,Gorres ondi ng
vehi &1 o i HEHCTFRCAEh FeBBPEETHI GOk IR At Ohpar SIPATEH o &
fi nger pr !Iﬁtceaha‘&ap_iawe nuebtar ged sishisekentoiddmeifebr cle  iviegeécpeint data for
candi dat o T EFB Gy TR PRAr SOt e PETECBo) SRCERET SRUTRE BT the
conpar i s P 30heami Hsgleitt agaryrioperdat ang bltbek 838)espondt he arehi cl e
illustrate one possible implementation of operatioms 710-730,
10 respectively. For convenience, particular components described
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
15 distributed differently among the components shown by FIG. 6.

The image acguisition module 624 captures image and sensor
data for the target vehicle (block 911). Roadside sensors, for
example, trigger cameras that capture front and rear images of.
the target wvehicle. Other sensocrs may capture additional data

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

25 vehicle and the toll facility 628 such as, for example, the
weight of the wvehicle, the gpeed of the vehicle, and transponder
data associated with the wehicle.

The image processing module 625 performs a license plate
read on the captured image data, creates a wvehicle fingerprint

30 from the captured image data, and optionally determines other
vehicle signature/classification data from the captured sensor
data (block 912). For example, the image processing module 625

49



fingerprint data matches within a predeterm ned confidence threshold, the
candi date vehicle is deened to be the target 30vehicle, and the
owner/driver of the candidate vehicle is deened to be the owner/driver of
the target vehicle. FIGs. 9A-9C are a flow chart of an exenplary
two-tier identification process 900 that nay be inplenented to increase the
accuracy of vehicle identification while mnim zing the need for mnual
identification of vehicles. Process 900 is another 5inplenentation of
process 700 wherein the first identifier is a |license plate nunber and the
second identifier is a vehicle fingerprint. In particular, process 900
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be used tgdelei Qevn!s%qrsﬁgﬂmw eexd.@aéticmzla begtﬁnhe;m%bﬁmatém dth,
| engt h, axl’e count, and vehicl e di nmensi onal . Sensors al so nay be

used®% o deteriehAsle dHiqgespaint FoF the Fﬁaﬁ%ta&qhéﬁlﬁetwé%lﬁ VhEYRLr get v
25vehi cl esapdcibe toldadtachl hiyoHdBmSHED BS silagXedmitr kBee gt of t he

vehicl e, the speed of the vehicle, and _transponder data assoclated mnth t he
vehi cl e. by JAT-PULNiX Inc. of Ban 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
15 read results, vehicle fingerprint, and other vehicle
signature/classification data in the extracted vehicle
identifier database 6181.
The image processing module 625 determines whether the
captured images have provided any partial or complete read
20 results for the license plate number and state of the target
vehicle (block 913). . If no partial or complete read results
were provided by the captured images, process 900 proceeds to
operation 241 of the manual identification process 940.
If partial or complete read results for the license plate
25 number and state of the target vehicle were provided by the
captured images, computer 612 searches the vehicle record
database 6182 and read errors database 6183 for the exact
(either partial or complete) license plate number (as read by
the license plate reader} {(block 921}.
30 - The vehicle record database 6182 includes records for all
vehicles previously recognized and potentially includes records
for vehicles that are anticipated to be seen. The vehicle
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The i mage processing nodul e 625 perforns a |icense plate read on the
captured i mage data, creates a vehicle fingerprint 30fromthe captured

i mge data, and optionally determ nes other vehicle
signature/classification data fromthe captured sensor data (block 912).

For exanple, the imge processing nodule 625 49 my use an autonmated

| icense plate read algorithmto read one or nore of the captured inages.
The license plate read algorithm may read the captured i nages, for exanple,
in a prioritized order based on visibility of the plate and its location in
the 5image. The license plate read results may include one or nore of a

| icense plate nunber, a |icense plate state i.cense. plate style, a read
conf i dengBCEDrARLaRIFE AP &@aFVghc?ﬁEf W@PPPT%‘S%‘%‘ Pl “ahp%‘ ate size. The

a
i mage preegsst g iRdPlec&ib crlrSagMEyi@pRl Yraver fualers bfnattatd cdgt ract i on

algorithmto generate 10the vehicle fingerprint for th et hicle. The
vi sual sP§mat urhe aRbrattith fé’lrgﬁPF?‘ﬁ?ﬁeﬁfgs:ogé gﬁﬁ“ﬁ%&r Ejtagd%ﬂﬂag dgégl oped by
JAI - PULNgXi {86/ cvferSan & Osshiclal nborsign andetiéste iyredornat:®atpdt ent No.

6, 747,687. _The conputer 612 stores the capturedi in_t ;oRge

dat abase t61} BRI FRRAL Y I%chﬁ%g”fﬁ a%eepfggré%ér esu%l tqu, *v |délgg

fi nger prirBhiserst idipheany ehi die sbgnatarilidyasspf anatimoniddea @ n the

extracted vehicle identifier database 6181. iy r Q6 | dul e 625
det er ni nEYSHRABEH STSTHES PR EF &%sa%gt\]/hee -r%rg g%#%%azﬁygggﬁﬁ% Oglr)

conpl et e heeagdd@d: 185 uhtisotissr tdvmthict etstomiadtionnunBer iRdestate of the
br ovi ded PR I AR b eEY Sac e g R S5 on 041 of
t he jpRNUAlaptdeat td daienne prixes SwBlor, | fhefringgrrintofPlePe’%ead resul ts
for the lfﬁéggggiggéga%/classification data (e.g., the vehicle
dimensions) of the user's vehicle while the vehicle traverses
thé facility 628. The vehicle and owner identification data is
stored in a new vehicle identification record associated with
15 the newly registered vehicle and owner/driver.

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

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

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

30 In another implementation, the computer 612 is configured
to obtain greater accuracy in identifying an unregistered
driver/owner by looking up the license plate read results in a
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25nunber and state of the target vehicle were provided by the captured

i mages, conputer 612 searches the vehicle record database 6182 and read
errors database 6183 for the exact (either partial or conplete) |icense
pl ate nunber (as read by the license plate reader) (block 921). 30The
vehi cl e record database 6182 includes records for all vehicles previously
recogni zed and potentially includes records for vehicles that are
anticipated to be seen. The vehicle record database 6182 is typically
popul ated through a registration process during which a driver/owner of a
vehicle signs the vehicle up for automated toll paynent handling. The

driver/ owaern8fe & @hivehecBYred i3t rat Y8R @R Olo Wr@BRt &t air@hil paynent
handl i ng by dr|V|q£ the vehicle through a special registration |ane in the

tol | facisBE§nb2hFGIHLEYIRT Ty COTEaSPOREINS dehileke riglsrsiERealticfe at the
facility 6gBeW tir) $+0h BEE JdB8RhL! Yegieh Qitheh SRSy NbPrd@idon. The

i mage acqui sition nodule 624 and the imge processing nodul e 625 10capture

the |ice&Eepral eyfheper, THR FGmMyELEr PHE UsHfdtBenEHY to determine

i denki fi eall AAKE] assdehl, Cahh Ofeald tRelvenidle VeRhe ligudi, TROSL DNShaof the
user's vehicle while the_vehicle traverses the facility 628. The vehicle
and owne<fdeff | ¥t FerdAladtay iRe ¥p6fetei dPteTRéRe VM deBdtRentidtitcat i on

record ass@Chaigck Wit RndS5tEgidaaw v rhegbshfned ¥ebi fde takd Que@hligis ver .

Alternatively, a driver/owner nmay register, a vehicle for automatic tol
paynent RafdFFRgSHt SRpRyClrtRA AGroRF otRH tlve WA 5RI 3 iM8P1628, wi t hout
st oppi Ng.rebigtepeputith 64 FsHdlL TebiBEidnA aab SRS abt By fyr t he
veh”cle and atteng%ﬁﬁtoeidfntif 20£he driver/omger b regdiﬂ% the |icense
pl at’® i nEFEPEhY"Y MFeuBtEhR PESTHES BV R Hia YENOF1An ext ernal
system 6@ nefisgons VER chetifgd Sticat keAmplE ham bi B&3er Idigaatereer/driver is
AL LK TGN RYLY 7 AN A R
will consider a match successful if the license plate read
results for the target wvehicle match the license plate data for
15 the vehicle registered with the vehicle registration authority
to within a predetermined threshold and the vehicle dimensions
of koth vehicles match within a given tolerance.
The make, model, and year of a vehicle may be used, for
example, to determine the length, width, and height of the
20 vehicle by either accessing this information from a public
database or from a 3™ party database or, additionally or
alternatively, by accessing the vehicle records database 6182 to
retrieve the length, width, and height data from one or more
vehicle identification records corresponding to wvehicles having
25 the same make, model, and year as the target vehicle. Given
that a vehicle’s dimensions may change if the vehicle has been
modified, the length, width, and height accessed from the
vehicle identification records may vary by vehilcle,
Accordingly, the computer 612 may need to statistically
30 determine the appropriate dimensiocns for comparison by, for
example, taking the average or median length, width, and height
dimensions.
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25612 officially registers the vehicle, generates as necessary the vehicle
fingerprint data and other signature/classification data fromthe captured
i mge and sensor data, and stores these in a vehicle identification record
associated with the identified owner/driver. 30ln another inplenmentation,
the conputer 612 is configured to obtain greater accuracy in identifying an
unregi stered driver/owner by |looking up the license plate read results in a
51 database of a vehicle registration authority (or other external systemn
and requesting a corresponding vehicle identification nunber (VIN fromthe
vehicle registration authority (or other external system. The conputer 612

uses the VIN tg &?é%iﬁhgﬁe 08 JBkene oGl and1 Y etderficibg yehicle. The
(6]

make, nodel, and year the vehicle may be used to determ ne the |ength,
wi dt h, amgbhelghin afarth&hyeglt|use PheaR GRARAEONES2SHIRA KBNSt er i ne a

successTul, IRLED Ohddie LaLal.XPhkaler id hRuelve] o 1Ryl shgiadopi (h (he

vehicle registration aut y not only by 10Oconparing license plate data
but al so gignsbnpari Mrerehi eeleicliaEranansty a5 tdaptar el F¥FteRaffte, in a

| aser; si gsﬂ%%‘ﬂ‘i:@n@@ déjﬁ_fna@ﬂrla NPU Gl reHIRGE WiR) vehYRi&alTHE, ihige GoRpuUter 612

wi |l "consider a match successful "if the |icense Elate read results for the
target vamsashschareh athébei verkelecaeatadry itoe 185¢helvéhicFB®regi stered

with the 1‘%}%&%@@@&1@@5&?& z&ﬁé;%igh&ti@ SMatrhi( . 3. pradetieaniaee t hr eshol d
ve

and t he icle dinensions of both véhicles match within. a iven:%olerance.
0

The make,SigpaéNrehRFS €SFPBFeS AEHPEte AR KBRS onF b X BfEFR, ©

det er m ne,dl1e1k8ngidba Wndthni &gl RRingAk: 84t 1die mivehi cvaNbyhetthere,
accessing this information froma public databa r froma. 3rd party

(6]
dat a¥ase L SEABPLE oA OBF LA FaRtFEry BY ythg FOoldc B¥ETHY FhEYVERi cl e
records datahase §182ed.0 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

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

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

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

30 vehicle. Thus, when the same vehicle identification data is
captured again at a later date, the computer 612 may
gsuccessfully identify the vehicle automatically by accessing the
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retrieve the length, width, and height data fromone or nore vehicle
identification records corresponding to vehicles having 25t he sane nake,
nodel, and year as the target vehicle. Gven that a vehicle's dinensions
may change if the vehicle has been nodified, the length, wdth, and hei ght
accessed fromthe vehicle identification records may vary by vehicle.
Accordingly, the conmputer 612 may need to statistically 30determ ne the
appropriate di nensions for conparison by, for exanple, taking the average
or nmedian length, width, and hei ght dinensions. In one

i npl ementation, the conputer 612 identifies a vehicle in part through use

of an el eEirbentécstgnal khe thal dridhkidestabdsrselss| gnaldur eqand/fkesan
i nductive (i.e., netic) signature. Wien a vehicle trapnsacts with the

ma , S . Vo
toll syst®f RSt Y AR cIWRHALGRELIPR XaG0Er 87 1 (RELGHSi cl e. The
i mage andyiFRasyr ermitE ngf ahbenetehaahgl Ci@aiiad ibytibe drasake tdhisle.t he | aser
signature) and/or the magnetic scan gg.e., t he inductivedsggn ture) are
[ b

conpar ed agai fi%t SXERIwt SEPRE 3T Sh @ nde| PSS 6 TBhi Tioke et*®n vehicl e

i denti fi GRlaoBrAcdelate¥hM &iwd Witheauddiece X anpt £5idatewh obisghecapt ur ed
by the toll stem or by an external system By coppari n%Ft he el ectronic

) B
si gnat uré’eihﬂ'ﬁé@ P HITeREFINLT & RABWTH fTedi BRsMHICRFERF ct B Ssed on

VI N, the H5eaeChed®rrabulit Chird) diQltiotbe Nt s Ieebatedb 1Ml Adyodie narrowed.
an LPR for the vehicle S confj.dence |l eyel, but

If, for exanple, N 2h has, a | ow, 1 . :

Lhe o corrmineSt, £ e, o8 e Afn rop it et Fhas Fea ST g Syatem
may accesstaidatabergs, rfasadessy ‘bedrahose argf “kBovms/divieRi Dmscwadd | nages
for vehicl.e

( €340 asgoorci aii_'_ed VI NS Q%ﬁ 955, r ef erence tch%del egtroni c .
i gridt ur SHHAENEPE IR HGEL OfgafREto] e BabAPAL TG AIM MY the
20mat chi ngreaebictieaty/|dNtomat e liyf W ipkt eatlialenzet phatg nealdi césult of
"ABC128" to the wvehicle having the license plate number
“ABC123.”"
The computer 612 determines whether any vehicle
15 identification records correspond to the license plate read
regsults for the target wvehicle (block 9222). If no vehicle
identification records correspond to the read results, the
computer 612 performs an extended search {(block 923}.
The computer 612 performs an extended search by changing or
20 loosgening the criteria for a successful match or detuning the
license plate read algorithm. For example, the computer 612 may
perform an extended search by one or more of the following: (1)
comparing a subset of the license plate number read result with
the characters of the license plate numbers stored in the
25 vehicle record database 6182 (e.g., the last two characters of
the license plate number may be omitted such that if the license
plate number is “ABC123,* any vehicles having license plate
numbers “ABCl**7 are deemed matching candidates, wherein “*" ig
a variable); (2) comparing a subset of the license plate number
3 read result in reverse order with the characters of the license
plate numbers stored in the vehicle record database 6182 in
reverse order (e.g., the last two characters of the license
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candi dates/VINs. The read errors database 6183 |inks previous incorrect
read results to correct vehicle identification records. For exanple, when
aut omated vehicle identification fails but manual vehicle identification
succeeds, the captured 25vehicle identification data (e.g., the |license
plate read result) that led to an "error" (i.e., an identification failure)
by the automated systemis stored in an error record in the read errors

dat abase 6183 that is linked to the vehicle identification record that was
manual |y identified for the 30vehicle. Thus, when the sane vehicle
identification data is captured again at a |later date, the conputer 612 may
successfully identify the vehicle autonatica[lg by accessi@% Ege error
record i plebe medgreinorevaricabader 6Fe3 PawRPE hEFUSMErT FBRE t'te "C5r r ect

vehicle g@@@ﬁ%éiﬂiﬁkkoﬂmﬁ&ﬁpﬁ% @Beid velHieheis Wihieshe r &g uteviergeanot her
manual identification of the vehicle. An error record, al so my be generated
and st or egden, tany Sebadles rordngat dpae @185vREFPE T Shaf ©6Fi°Fent i fi cati on

of the V%Ph8£ea§u%%§%d$"Q%%?Qw%&ea Readhimt chnafaaied neherent Ysircéase plate
read result. For exanple, if the license plate nunber,"AEC 23" is read as
" ABCE28" aaMarideldldenhif {2H LA BERE WAftTh CEEPTISUISSARET 28I ABC123,

" 2-\ BGL28/5808: n P WABEL 8 vaWiiGhsi Br t thd 1hQnekdslithe readr eedultatell of
"ABC123," an error record may be created that, utonatlc%j#% lééﬂgisa i cense
plate reddcreselnlage TARRIDB SHAFAhEn VEIF JRIRLTI R e ORI R

Se plate

nunber "ABCIR3ch i ©eMBitdr &k2ndehesrd nampsehietbed sady ovehénsdved

15identification records correspond to the |license glate rfad Qg%%!ts for
9 R re

the targéP VeRres &HepiBerRce22) Migrepd Fehiad € Pdent 1% €Al Pon’ recor ds

ica
cor rigsponrgrt 91 bei digadobesSkbt Sindilketeoapedrelid@h2epbetar mbodan ®xt ended

search (bl ock, 928) ;o SOMRH o §12.R6™LOLITR 4P PXbdedoseat Y
changi ng ®F C
license plate, that character may be ignored. Additionally ox
alternatively, if the OCR algorithm indicates that a character
on the license plate may be one of two possible different
A5 characters, both alternative characters may be used in the
extended search.

The computer 612 determines whether any vehicle
identification records correspond to the read results for the
target vehicle after performing the extended search (block 924) .

20 If no vehicle identification records are found, process 900
proceeds to operation 941 of the manual identification process
9240 (block 924). '

Referring to Fig. 9B, if either the search or the extended

search lead to identification of one or more vehicle

25 identification records, the computer 612 retrieves vehicle
fingerprint and optionally other vehicle
signature/classification data from the identified vehicle
identification recoxrds (block 931). The computer 612 compares
the retrieved wvehicle fingerprint and optionally other vehicle

30 signature/classification data for each matching wvehicle
candidate with the corresponding data associated with the target
vehicle to identify one or more possible matches(block 932). The
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20l oosening the criteria for a successful match or detuning the |icense
plate read algorithm For exanple, the conputer 612 nmay perform an extended
search by one or nore of the following: (1) conparing a subset of the

i cense plate nunber read result with the characters of the license plate
nunbers stored in the 25vehicle record database 6182 (e.g., the last two
characters of the license plate nunber may be omtted such that if the

| i cense plate nunber is "ABC123," any vehicles having |license plate nunbers
"ABCl1**" are deened matchi ng candi dates, wherein "*" is a variable); (2)
conparing a subset of the license plate nunber 30read result in reverse

order w %hﬁgge ggﬁ%g?gggigéorﬁ&%ilskﬁew + g)tﬁgfggg%?rﬁzlt red in the

vehi cl e recor I'n reverse ord ast two
char act ercsnpprisen |4lgens thB4idgitdcelnonbsimilarr by etlve cpeddeveimpede onitted

such t hat,, BA&bﬁuﬂﬁiQ@&ﬁé.péﬁt&ﬂ‘mgr ES11 £bH22CAER qe i 6ha 1§ p341CBA" in
reverse order, any vehicles having |icénse plate numbers I'n reverse order
of "321CPeteateieledrdd7mnBBehi ng candi dates, wherein "*" is 5a variable);

and (3) other HRL.C i S 4l i c ggaé' g ifd ersi ons
of t%e Iicens%n%(?%stlelm%egatgggﬁﬁ%%ngbflﬁléée&rjfsgggl gte iuér}bggggs{éo@g&\éi n the
vehi cl e rfdpgrdprdimabasehowsth in aumifdAenerrs cofcepttidrenthbot o gomal

subst i t utyed ,apdl Qe ROYRL LR, 1L UGCaE 16, TAG! oBf il Yigiad characters. For

exanple, 1if the 100CR al gorit oes not Icate a con ence | evel above
a predet erlgispéBliedriostisignaruee dedd Febling ofi thivheplkrreacesrdetiaer cense
plate, ) ebahagier iBY, DerddNAGhlie AU LhanBbhye iz ! fhpALiNel Y, 1T the
CCR al gorithmindicateS"that a character on the Iicense plate may be one of
t wo PossitHIETaF T eFdpratse harsraer F both 1@00er KagFs el difaPactard® may be

used in the exbended $@BEEBe match, ThEn GOTRRUMLEN gbdL detehfl HesqMagt her any |
vehicle identification records correspond to the read results for the

target véln EPB BAY e FEAFSFRA nTPR Re SuReRTffedd wahfleh (IdEkemplyY, 361 f no
vehi cl e idenbihés iR iFeEQF fsn Ai@nbouRE, datk0e 88 Su@M) target vehicle

height, width, and length, then the height, width, and length of

15 the wvehicle candidate may be regquired to be within plus or minus
four inches of the extracted height, width, and length of the
target vehicle for a successful match. One or more vehicle
identification records may be deemed to correspond to vehicles
that poessibly match the target vehicle.

20 The computer 612 determines whether a possible match is
sufficient to automatically identify the wvehicle without human
intervention by determining a combined equivalent matching score
for each possible match and comparing the result to a
predetermined automated confidence threshold (block 233). The

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

30 clagssification/signature data matching, assign a weight to each
data type, and calculate a combined equivalent matching score by
comblining the welghted match confidence level numbers. If the
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proceeds to operation 941 of the manual identification process 940 (bl ock
924) . Referring to Fig. 9B, if either the search or the extended
search lead to identification of one or nore vehicle 25identification
records, the conputer 612 retrieves vehicle fingerprint and optionally
ot her vehicle signature/classification data fromthe identified vehicle
identification records (block 931). The conputer 612 conpares the retrieved
vehicle fingerprint and optionally other vehicle 30signature/classification
data for each matching vehicle candidate with the correspondi ng data
associated wth the target vehicle to identify one or nore possible matches
(bl ock 932). The vehicle fingerprint conparison may _be perfqornmed with a
conpar i soomtinger euhhvi it imesLhing Hafreapxeerdhe BRESEAGHEd by
JAI - PULN% %%Q:'edot:oﬁfﬂielﬁ%ethgélsfléﬂ{,nit@l_eaegmﬂ.@:%%r ichedabend)tSe Patent No.

. e

6, 747, 68 possi mat ch nai be defined,” for exanple, as a vehicle
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may, for example, determine that a possible match satisfies the

15 probable match threshold if the combined eguivalent matching
score of the possible match is higher than the probable match -
threshold but lower than the automated confidence threshold,

If at least one possible match satisfies the probable match

threshold, the computer 612 enables an operator to perform

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

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

30 If the match exceeds the automated confidence threshold or
is visually confirmed by the operator through visual match
truthing, the computer €612 creates a record of the event (i.e.,
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25comput er 612 may, for exanple, determ ne a conbi ned equival ent matching
score for each possible match in a manner simlar to that described
previously with respect to process 700. Specifically, the conputer 612 nay
assign a match confidence | evel nunber to the fingerprint matching and,
optionally, to the 30 classification/signature data matchi ng, assign a

wei ght to each data type, and cal cul ate a conbi ned equi val ent mat chi ng
score by 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 omat ed
confidence threshold, the conmputer 612 deens the target vehicle

successful Ly i nti f.ied. S r.Qce : LALJ 937 for
recor di ngj?L t gogga%ﬂsé:&%i 5%9%}-/%5%%& \?\g‘g%er?r%%?ggh%ﬁﬁqgﬁ l@%ﬁ%%% and the
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I
and procé:)srsngﬂ(") mﬁ/no tiona (‘not own) to operation 941 of the
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possi bl e veltichei sdditgifécat hom tdvendr chadrite S¥tch thr eshol d but |ower than
the automat edR@?é%f %ﬁskhﬁstﬁﬁi‘rﬁldsc' feRd écﬁr@%ePn@lzP%SthEiﬁs%tséd;n

satisfies the probable matc eshold, the conputer 612 enabl
opertit or o epabloran p@Eratar rmmemupl iy hidrptifoke g38Eet\wekktimt ch -

Lruthing 15 RiP5RLPStdel. Wb Chy 06 BB Rluk LABE ESE! $18NExOFurERl @ Of thie

images of the target vehicle to the operator along with one or nore of the
r ef er encelfagggest adxpdisggel veltirlchdovaelr Rxevéfeveny %S irha®™ probabl y

match the.d@hdet Yo Gle@uifberOPaiRt @5cense plate number and state of

the target vehicle (block 913); (2) no vehicle identification

16 records are found that correspond to the license plate read
results for the target vehicle after performing an extended
search (block 224); (3) one or more possible matches are found
but the confidence level in the one or more possible matches, as
reflected by combined eguivalent matching scores, fall below

20 -  both the automated confidence threshold and the probable match
threshold (block 934); and (4) one or more probable matches are
found but a human operator rejects the one or more probable
matches through viswval match truthing (block 936).

The human operator attempts to manually identify the

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

30 Iicense plates read by a human operator may be confirmed by
comparison with automated license plate reader results and/or
maltiple entry by multiple human operators.
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25qui ckly confirns or rejects each probable match with a sinple yes or no

i ndi cation by, for exanple, selecting the appropriate buttons on a user
interface (block 936). The operator also may optionally provide a detailed
expl anation to support his or her response. 30If the match exceeds the

aut omat ed 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., arecord of the interaction between the positively identified
target vehicle and the facility 628) as, for exanple, a billable or
non-revenue transaction (block 937). If the match was confirned through
visual match truthing e e read

the conputer 612 y .50pt] anal | da

errors databdde Bapwal gldemiidasat e Sedr Etg%ﬁ‘&e iséllcgelg%én i11EEi E%‘Itgi on data
and a |ipknthaty assosbaiewadac axignal edayebi defindbnti éroatiienfamta with
the correct vehicle identification record (block 938).. .Ref.err.ing:also to
Fig. 9C atPresiddimsureri e nakclonfr gt 218 8‘5%?1%% ) eénlgg%tﬁaf{lg?g%gﬁ nmanual |y
i dent i fycbheidatgetn¥emsil® (hberkodl) whderddtrersfiokkdwn mpykecunst ances:

(1) the captured inmges of the target vehicl 0 not . ggv{ Yiapartial or
conp? et ePRAPY &G FEVPHTSR B2 Eé SPHEPE ﬁﬁ%‘bégrroérﬁg St a]?Eg “%?‘ tEe t ar get
vehi cl e GRtOCkaRY3); a(Wdrdiauieahiceka bpenttioli.cation 15records are found that
por T or hing anbrendBRLSBEIA IR oLk DIRL%) SHH D P BrE HeRaTbl o mat ches
are foundabutithel easbngenaa lyewall ho rndwer onecbes rore fpundi bine Wit ches, as
it omat BB TR Bt BRECHT Snd - Fr o AR oo rat R th Geld (bl ock
934)p andeffwane ahendpiesiprobedn eewbtehesngpects the images and
manually specifies the license plate number that the first
reviewer believes corresponds to the vehicle based on the
images. Because this manual review by the first human reviewer
is algo subject to error (e.g., perceptual or typographical
15 error), the license plate read by the first human reviewer is
compared to an LPR database to determine whether the license
plate number specified by the first human reviewer exists.
Additionally, if a database record having fingerprint data
gorresponding to the license plate read exists, a fingerprint
20 comparison also may be performed. If the first human reviewer
read result does not match any known LPR result or vehiclie, the
one or more images of the vehicle may be displayed to a second
human reviewer. The second human reviewer inspects the images
and manually specifies the license plate number that the second
25 human reviewer believes corresponds to the vehicle based on the
images. If the read result by the second human reviewer is
different than the read result by the first human reviewer, a
read by a third human reviewexr, who is typically a more
qualified reviewer, may be necessary. In sum, the first human
30 reviewer read is effectively a jumping off point to re-attempt

an automated match. If the automated match still fails,
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found but a human operator rejects the one or nore probable matches through
visual match truthing (block 936). The hunman operator attenpts to manual ly
identify the 25vehicle by (1) reading the |license plate(s), and (2)
observing vehicle details captured by the image acquisition nodule 624, and
(3) conparing the license plate data and vehicle details with data
avai l able fromthe vehicle records database 6182, read errors database
6183, and/or databases of external systens 634. 30License plates read by a
human operator may be confirned by conparison with automated |icense plate
reader results and/or nultiple entry by multiple human operators. 58

The manuatuiitdgnbi hieal i:QRri BRY¥rHandre mBdwsierashY! ihfrdtengepyal |y
col | ected data, weighed agplnst definable criteria for a positive vehicle

mat ch, exXdEERse PR dCEr fhReBetddi PRI 8aeT%h acsHERBRNCce t hreshol d (bl ock

942) . This dett@ﬁh@&ﬁékﬁ%l@ﬁ!sbﬁo@%&e%fﬁiﬁr GRRRYE £1eH1Zhet BEmRRGIAL OF
t hat provided the manual data, and/or a nore qualified operator. I n

one i mpl HENCEERERE & FeOFENPE| BT AVRBE BR PosPLAGBFILIGeAFi fi ed

aut ogat i Galdsyigned NGB8 tiBhC 8ok ©4hPUNGis QBR QELIWIL sishages of the
vehicle are displayed to a first human 10revi ewer. The first hunan revi ewer

i nspect s TIHESFREYLLY AfPAAfiaft v he COMPRES 1418 rreakee piecerddiber t hat

the fi rstt}feevgwenera@elﬂo&ve&aﬁ;gié £ PIdsable tdie nbahietenlasednodetite, | mages.
Because tg;s manu review b the first human reviewer is also subject to

error (e 1°°5e?%5 tudit &ret fﬁiﬁ%ﬁﬂﬁaéaPeTﬁéFF@P)Pr?Y&Pqﬁ¥¥ense pl ate read
by the fiignthgies, rd eskbutsr COPaaedcteatd) oL BBydaémhase to determ ne

Whether tfg% tlglcagaon record for the vehicle and its owner/driver in
the vehicle record database 6182. The computer 612 also may
update the read erxrors database 6183 to include the extracted
vehicle identification data and a link that associates the
extracted vehicle identification data with the correct vehicle

18 identification record {(block 938).

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

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

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

30 The tcll management computer 1012 communicates with or is
integrated with a toll facility 1028, which interacts with a
vehicle 1030 and a party associated with the wvehicle 1032. The
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pl ate nunber specified by the first human reviewer exists. Additionally, if
a dat abase record having fingerprint data corresponding to the |license
pl ate read exists, a fingerprint 20 conparison also may be perforned. |f
the first human reviewer read result does not match any known LPR result or
vehicle, the one or nore imges of the vehicle may be displayed to a second
human revi ewer. The second human revi ewer inspects the inmages and nmanual |y
specifies the |icense plate nunber that the second 25human revi ewer
bel i eves corresponds to the vehicle based on the inmages. 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 revi ewer, mho.i& g&p&% ly a nore
qual i fi etio}eviaOREPTeRRCHRUEEE S 2150 CORYIREoF ) PEY™ TR 30r evi ewer
read is g%;@&&gq@gg.a junping off point to re-attenpt an aut omated match.

u

If the automated match still fails, multiple h n_reviewers show
agreement i n BEEgilag eheachc eAsEept sty EF%et#ggEaP%g%%en egﬁeggétgccur ate.

If the veRig! & iFeNolo sues eesbuibya i wlenidifi etovd hethompsepart Bb2FEEeat es a

record of the event as an unidentified or 5unassigne ansacti (bl ock
943)5 | f 1t hel® ARTELEVLAT s fhGe £8F- U1 TERFHRIT 1 F%‘B‘f’u%ﬁqu%é@% E@%Qecr eates a

record ofjxthe.vantaasgnd Ayii0xagphgtasady liloabl ety vebhelevenue transaction
(block 937). If the vehicle had _never been, previously.identifiad..the
Comput or 108pt HiiFaERER: AT AR o) E1a GTEEE PY A o St e E he
vehi cl e apdabise awaer / ghé uer likgt BRgehidae, r tberdnadmt abasessI82. The

conputer 612 al so may update the read errors .d 3 iAgl ude the
ext r act edoFBhE c%cbzﬁ'dg‘ﬁﬁ FHELRTSn "REE Y & OFP% t Eat' g% gotélitl%teedsjﬁt he

ext ract egdavedi of e ddenybitariy oavdabatnilitteshecupsrradde Fehpede
ol ect 1 onPd BB EReHBRT Gyt CORLEBBOTHAT SRabl ec ST ohtrant o handl i ng of
payment ebmbokés 1wy, tebi thege phssbagealt olthef hitling datehase teqdiffing
di rect com n:cq£?31i9§%a en. the systemts gigﬁgﬂﬁgggiqgh§y§éen1and 20t he
systen s rggﬁhﬁg ygten1mﬁﬁe electroni ¢ t&#ﬁpnanagenent,
identifier database 20, the billing engine 22, the image
15 processing module 25, the customer wmanagement module 26, and the
toll facility 28 of FIG. 1, respectively. Likewise, the vehicle
1030, the party associated with the vehicle 1032, and the
external systems 1034 typically have attributes comparable to .
the vehicle 30, the party associated with the vehicle 32, and
20 the external systems 34 of FlG. 1.
The ILDM 1010 includes a lane transaction gystem 1020, an
image acquisition module 1024, and a video server 1030. The
image acquisition module 1024 typically has attributes
comparable to and illustrates one possible implementation of the
25 image acquisition module 24 of FIG. 1. The image acquisition
module 1024 includes a vehicle imaging system (VIS) 1024A and a
vehicle image capture computer (VIC) 1024B.
The tolil management. system 1000 may be configured to
automatically identify only transponderless vehicles that are
30 deemed “violators”. A violator is a vehicle that does not
provide for payment for transacting with the toll facility 1028
at the time of the transaction. For example, a viclator may be
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system 1000 is nerely one inplementation and various other inplenentations

are either described below or are apparent to one of ordinary skill. The
tol |l managenment system 1000 includes a toll managenent conputer 1012. The
tol |l managenent conputer 251012 includes an inage database 1014, a billing
dat abase 1016, a vehicle identification database 1018, a highlighted
vehicle identifier database 1020, a billing engine 1022, an inmage and | ane

transaction data acquisition nodule (ILDVM 1010, an image processing nodul e
1025, and a custonmer managenent nodul e 1026. 30The toll managenent conputer
1012 conmmunicates with or is integrated with a toll facility 1028, which

| nteract s weihsgovehinahe 4090 A0AALLY ARAEhALELN L Recyohi e 1032

The 60 enent conput er 2 also co nicates wt terna
syst ens mnout prova@aalsplfes pfyesath of| ehertoldi fhica e fcol Exampeyenent

system 10008516 AQ, abendesaribedhr oadl v aParep b L LESRECLo LRI G SL

In particul managenent conputer ase 1014,
the bill ifigagaiabaaeeorptethehely alvicelseibtierhy fiheatpbh mlébaseaqci)w t he

hi ghlgi gh v fier S th n 022, the
[ rrgge gr%%ggsﬁ%%%gdi el%gt‘]‘%g %f t}ﬂégttg)ﬁét g%éj?f%&/naggﬁgn%éil EQQ%@%Q and t he
tol | 10f &yistpnyla@Pgis,ypevartyeless atiilbdiddnctnparmbl eonveantbidl ustrat e

one..possi n g@gﬁﬂp algne the image
databasethlydfg gggé Q%%%h tﬂ%ase 1%95£ﬁ ve |Q$@ ﬁentlflcat?on dat abase
18, the Hinglaki gﬁq@wmm@dﬂu@rﬂqzﬁ @eeaamqtba;berezolytwnmmbahg widi ne 22,

the | mge LAPLPRES SidGraReH! §d&§z1éﬁé§t98ﬁt 1 JTBRage e, Jaadul £,26, and
the toll facility 28 of FIG 1, respectively. Li kew se, ahe vehi cl e 1030,

t he Part yi&$9oEFEYVH Wi*h LEhecwiiauied to3mtadneachevindalival systens 1034
typi cal | yohaugoalidd i laétn%afgearn@;; aéﬂee 1bRet Peaelicghe %térm?(o@arwth h

associated with the vehicle 32,” and 20the external systens 34
a violation image captured by the image acquigition module 1024

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

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

30 entries. Each transaction entry includes transaction related
data for a transaction between the facility 1028 and a single
vehicle. In one implementation, the lane transaction system
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The | LDM 1010 i ncludes a | ane transaction system 1020, an inmage acquisition
nodul e 1024, and a video server 1030. The inmage acquisition nodul e 1024
typically has attributes conparable to and illustrates one possible

i npl enentation of the 25i mage acquisition nodule 24 of FIG 1. The inage
acqui sition nodul e 1024 includes a vehicle imging system (VIS) 1024A and a
vehicl e i mage capture conputer (VIC) 102413. The toll nmanagenent system
1000 may be configured to automatically identify only transponderl ess
vehicles that are 30deened "violators”. A violator is a vehicle that does
not provide for paynent for transacting with the toll facility 1028 at the
time of the transaction. For exanple, a violator may be 61 a
transponﬂezwe%smmehhelkanduﬁptnMNSYt¢ﬁRﬂH§ht9 tlog |videsi FRFVEA RS Swit hout

provi di ng%%q%rr Q@iﬁgifl tli&‘%re ?l.!a.k fare Ave EOfec oXamPLe, aStaMidgot 0 pay

cash at aving an active financial account that is
accessi bae @ymﬂﬁe toII facility and 5that may be debited by the tol

facility. Thegfoll ?v?&r?r{‘te;@fé&@%é%&@ ehSmpEMENRel 8e6ividdy | | di sti nct
froma conven |ona systemin that the |ane transaction systen11020

and $he repget dddGi genemmﬂadm daneoranEsgtaer AYHER Y2Ro cate with
each ot hggbl»&’c@&%'oelhé dd iLathop of MPlak8hs1odaaher, sédj&ﬁerﬂdlmdeo

server I's configured to match each viol ation transactlon identified by
the | ane lenanseoidagh 1oy e EG20 SAFR heRERY GOAE P BT Hae 8a?)tYﬁtb’tf t he

| mage aC‘ﬂB%ﬁ%éé&%rﬁ%EhetﬂQ%ﬂlhEQHQBJ.&J&;a.@fs .t henaat hitngnar beess descri bed
in detail ow. The | ane transactlonoh¥sten11020 is a systemthat includes

150ne or embrée offp@t-er SNEFHES Siddr e ohfIYur@dted FEPPUFPE transacti on

rel ahed datachoriSachcyebl cde MQ3Qahbak t&%&&%&t&bﬁol@{tml&e toll facility
1028. The transaction rel ated data includes any. data r.el evant to the

t r ansact LeRIBRTRERISREE VaRF 3l 1636maRY EW%?SFSFFO?d%?Hrl 7028, such as,

for exanpi@cussed in further detail below.
Entry 1110 is an exemplary entry corresponding to a
successful transaction (i.e., a non?violating rransaction). The

496  entry 1110 includes various data fields that inclu@e
transaction-related data. The data fields include: (1) a
transaction type data field 1l1l10a, which indicates the
disposition of a transaction or a lane action (e.g., a violation
transaction, a paid transaction, and an unpaid transaction that

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

25 transaction took place); (3} a transaction date data field
1110c, which identifies the date at which the transaction took
place; (4) a time data field 1110d, which identifies the time at
which the transaction took place; (5) a vehicle classification
data field 11ll0e, which identifies the class of the wvehicle,

30 number of axles, and/or dimensions of the vehicle; (6} a fare
due data field 1110f, which indicates the amount that was
charged by the toll facility for the transaction; (7) a fare
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20the identifier for the | ane used by the vehicle, the type of transaction,
the time of the transaction (e.g., the transaction tine stanp), vehicle
classification data (e.g. the nunber of axles of the vehicle), the
transponder information, if applicable, of the vehicle, the fare charged,
and an indication 250f whether or not the vehicle has conmtted a

vi ol ati on. The | ane transaction system 1020 is configured to
periodically send a | ane activity report or file to the video server 1030.
The | ane activity report includes a chronologically sequential |ist of data

entries or transaction 30 entries. Each transaction entry includes

transaction rel at ed. d: r atransaction between the facility 1028 and a
ot aCy attel Safh ittt dauBh Sl SRS b REe T T EPahiS atten bk, Yedor 1620
sends t herdidréecator Wiaphshepong witH htevideDd Serivécyont® a gaymemt nul tipl e
tinmes a day.a flat, fil t i.s. attached to.an e-mail . Fl 11 shows an
ety ace SPtERR.data e Tnbbt mbill SBRISERSS £3BoRaRed neby by el
transact ivwhisyst end32@heTerexis act, t260 paolamdescaediouprdfl ten

chronol ogically se ntial |lane transacti entries, gach entr

corr &spo &’M‘ﬁ#o %\r%j/e iaaSE’OPa%’ﬁs%aéﬁe&ﬁgw ?% e 2FSPTY alcfglslu’lefyd%az& The
first ancEiedsit 1en0i) edich éndiedtad ehelddbigndhbt30yswend tthe gr oup of
10t r ansact. on entries are."|l andmark .trapnsaction” entries. Landpark
tranoncs i omeneial | adudle? erof IR CHeoBRAC el be®ll b LI 6 |
detai | béleoww account Hrteyerl$ichiss abaekenp| Awarient | ya coreddspoaddng to a

successful _ fran ion J(i..e,, -viol.atin n i . S5entry
1110 inclulustfé‘léa%vgglg%uagdgtlggffe%dé%%&o Bfiﬁ%lah é’%?a%%%%‘%rlo%fz Pe?gt%d data.
The ®at a ‘fViglgdsidhctumdepohfipraissuimsaetiboritype datalitlelag &¢¢0ant which -

TS S ASPOR a2 DIATRIERAOTe B koD AR alolhe 2
from which the fare may be withdrawn (e.g., a credit card number
or a transponder number). Entry 1120 is an exemplary entry
corregponding to a violation transaction.

15 Referring back to FIG:. 10, the VIS 1024A of the image
acquisition module 1024 is a system that includes both computers
and sensors configured to capture image data and coptionally
gensor data for each vehicle that passes through or transacts
with the toll facility 1028. The VIS 1024A may include any

20 and/or all of the sensors and imaée capture devices described
previously with respect to the image acquisition modules 24,
624. The VIS 1024A 1s configured to send captured vehicle image
and sensor data to the VIC 1024B. The vehicle image and sensor
data.typically includes time stamps (time and date information)

25 indicating when the data was captured by the VIS 1024A.

In one implementation, the VIS 1024A includes cameras,
light sensors, and lasers. The light sensors continuously
monitor ambient lighting and update the cameras multiple times
every second to ensure that the cameras optimize picture quality

30 by regularly adjusting as necesgsary to any changes in ambilent
light. The lasers detect wvehicles as they pass through each
lane and trigger the cameras as the wvehicles exit the lane.
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20i s, neverthel ess, not deened a violating transaction because, for
exanpl e, the vehicle is a governnent car); (2) a location data field 1110b,
which identifies the | ocation where the |ane transaction took place (e.g.,
an identifying nunber corresponding to a particular toll plaza where the
toll 25transaction took place); (3) a transaction date data field 1110c,
which identifies the date at which the transaction took place; (4) a tine
data field 1110d, which identifies the tine at which the transaction took
pl ace; (5) a vehicle classification data field 1110e, which identifies the
cl ass of the vehicle, 30nunber of axles, and/or dinensions of the vehicle;
(6) a fare due data field 1110f, which indicates the anount that was

char ged Bych heneohbyf beye iane Camerhcthata fekesi o7e 7081 P88 d dat a

field 11 , I Lpdi calesid he aApuUnLRAkLApRYsdéhe vehicle for transacting
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payment, (chedid GALY aReY BN, RRdohiANSPRABLr PAMEFrbn {BY WS account
i ssuer data field I1101, which indicates the entity that i ssued the

fi nafici al03tRoum compresni e tnedrsr Bt WA R FIr BT LPE™ %€ a bank

account gSUele SHlsASanBank HorBMBhE Conaged aglie8bhisedidtbssner such as
"Visa", a transponder account issuer such_as a 10"Vir t ransponder

S inia"
i ssui ng Ane#elFenAcr Ahdef HViRY 2EEBGMETUSTERFi ef S i%‘:& 44 0j, which
i denti fi@sclhgefiMANGkahpBEC W nitheMm s enerf at Be MEenbet it har awn
(e.g., acredit card nunber or a transponder nunber .da%rglt EV%%llZO is an

exenpl ar §iBAt FPRBROAPELEBRIRAGHS 16 OPATT STt PERERELIESH. “IBRef erring back

to RhG HApthbes Urd 10248aefon hedivagengoiirel thenimaghulaad18@dsds a system

that includes both conputers and sensog %Ctoi”;{iiﬁa%b” ed to capture i mage data
e at -

and opt i GREPI YRR TRSMTES 4511+ SachiVeh passes through or

transacts After receiving image and sensor data for a passing vehicle
and storing it in an image/sensor file, the VIC 1024B may send a
message to the video server 1030 informing it that the file is
15 - available for delivery. The VIC 1024B may send the captured
image/gensor file to the video server 1030 in response to a
request received from the video server 1030. After the video
gerver 1030 indicates that it has safely stored the requested
image/sensor file, the VIC 1024B may optionally delete the
- 20 image/sensor file from its data stores.
Fig. 12 shows an exemplary set of image/sensor files 1200
containing image data received by the video server 1030 from the
VIC 1024B. The set of image/sensor files 1200 includes ten
files, each of which is represented in Fig. 12 as a thumbnail of
25 the stored image with an associated unigue file name. Each
image/sensor file of the set of image/sensor files 1200
corresponds to a single lane transaction entry of the lane
activity report extract 1100. For example, the image/sensor
file 1210 corresponds to the landmark transaction entry 1110,
30 and the image/sensor file 1220 corresponds to the landmark.

transaction entry 1130.
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with the toll facility 1028. The VIS 1024A may i nclude any 20and/or all of
the sensors and i nage capture devices described previously with respect to
the i mage acqui sition nodul es 24, 624. The VIS 1024A is configured to send
captured vehicle image and sensor data to the VIC 1024B. The vehicl e i mage
and sensor data typically includes tinme stanps (tinme and date information)
25i ndi cati ng when the data was captured by the VIS 1024A. In one

i npl enentation, the VIS 1024A includes caneras, |ight sensors, and | asers.
The |ight sensors continuously nonitor anbient |ighting and update the
caneras nmultiple tinmes every second to ensure that the canmeras optim ze

pi cture quali ularly. adj I CESS anges in
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conpress .t he inages and,sensor, d 1 ni m, ze to store
t he Frragé’agﬁaugensr?ron&%g ??\ 1|-"hrrelatge s%ﬁ%%%' f{ﬂhésvggﬁﬁ%%agggg?%%eg data. The
dat a nay ramebudent fressegarpfeon &henividec i smyeiseéndortiat enpdbntifier, a
time sta i ndi ' n . a r 10gaptured and a

| ocat i onr%%‘ﬁ“af%%?%1%0%%%{%@%%3’3%%@9%2‘%?6%% g a&m\@%gagt ured (e.g., a

| ane i demtarffiign¥e or otheafrise e¢wmdeioli bheiopgmtdand sendwr Vadt B034®. a passing
vehicl e rj | 14 iJyaelse fd the, M Gn10248. 4By send a
nmessage ,‘;3121%,[ ﬁgevjl‘ eo]j ;aérs\ge‘? 030 i ni O?%Q%% %}{n%tilﬁa?%%el fi Re % 15avail abl e
for @el i vimop, tHaeviMa® BE2ABr N8B G dldtt hasprysttuitbg VIC 1024B to xeset '

its internal clock.

As described in more detail below, the synchronization or
matching of image/sensor data with transaction entries is based .
in part on the time entries associated with the image/sensor

15 data and tﬁe transaction entries. Accordingly, synchronization
of the internal clock of the VIC 1024B, which assigns a time to
the image/sengor data, with the internal clock of the lane
transaction system 1020, which assigns a time to each
transaction is desirable. By periodically resetting the

20 internal clock of the VIC 1024B to coincide with the setting of
a network clock (not shown) known to be synchronized with the
internal clock of the lane transaction system 1020, the video
gserver 1030 is able to minimize the clock offsets between the
image time stamps generated by the VIC 1024B and the transaction

25 time stamps generated by the lane transaction system 1020.

The video server 1030 is typically a computer system that
is configured to receive a lane activity report from the lane
transaction system 1020 and to receive image/sensor files from
the VIC 1024B of the image acguisition module 1024. In ancther

30 implementation, the video server 1030 is configured to receive
lane activity reports from more than one lane transaction system
and/or receive image/sensor files from more than one VIC.
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i mge/ sensor file to the video server 1030 in response to a request
received fromthe video server 1030. After the video server 1030 i ndicates
that it has safely stored the requested i nage/sensor file, the VIC 1024B
may optionally delete the 20i mage/ sensor file fromits data stores.

Fig. 12 shows an exenplary set of inage/sensor files 1200 contai ni ng i mage
data received by the video server 1030 fromthe VIC 1024B. The set of

i mge/ sensor files 1200 includes ten files, each of which is represented in
Fig. 12 as a thunbnail of 25the stored inmage with an associated unique file
name. Each image/sensor file of the set of inmge/sensor files 1200

corresponds to a single |lane transaction entry of the_|lane activity report
extract 1100.Theovidsangsiryert RE3 P nkdd/vadsadiy f $InEigrredciy? MES56REs to the

| andmar k. C Opy 30and righer i ARY(s52880hg fidigud220
correspon]gésaitr%ﬁt EEQF"P’%}W& l?%t}%ansactl orflggntr 1130. Jash I%lfe VI C 1024B

al so i 5 toardapiiod beentifderentoneadhdesreachinn e tr¥c it VP H¥eRahks from

the videgeservsp %g%saéﬂo%aﬁﬁbﬁﬁlﬂeré hav¥l Ged®) 243 iG0Yd sedk stakds
nmessages to the video server 1030 that indicate the status,of the VIC 1024B

and/for t Berver 1939 EvpboHdM SYBFhEgRiARSS oropaRchemh dnVLERIY/ ATy recei ve

nmanagenegs , é‘ﬁ?ﬁ@ﬂ%ﬁcﬁr%&é&%t\ibﬁegﬁ? viel +1@30atdatcranabl erasbritni strators
interacting wth the video server 0 to configure or Qther se cont rol

the operati orF%#s -t hd 3T HOIABUSTHRCY WerIPARNE | RY ST e®t Vi€¥cl ock

synchronipzatlon BesS398so J&Jxrv%l hb@ovw%t@ar \z’ﬁﬁné&ﬁﬁohhahtrm wich the VIC
1024B to reset its internal clo ed.in, . nore detail bel ow,
the syncRmeseseanaon & 1#at criﬁrhé’aSFlFﬂJa&g‘é'/ 5&5‘50?3 dégm\fmr?ﬁ *¥r3insacti on

ent hh es bsohased Jod RattsMedthiagt bFBusHtdd evansacciat ettniss drive
i mage/ sensor 15data and the transaction ent Accor

synchr onFoEEEBRPHH G aT PR (Ha L P LRERTOR rfréllWCfo)Zefﬁ I \r/]\igno%:/ L gns a

tine t0 transaction entry, and FIG. 14 illustrates a process 1400 for
identifying a violation image/sensor file for each violation
transaction entry.

15 Referring to FIG. 13, the video server 1030 identifies the
transaction entries in the lane activity report that correspond
to violation transactions (“violation transaction entries”)
(1310). The video server 1030 may identify the violation
transaction entries as the transaction entries in the lane

20 activity report that meet a predetermined set of criteria,

For example, a transaction entry in the lane activity
report may be identified as a violation transaction entry if it
satisfies a set of validation criteria. Notably, multiple sets
of different criteria may be concurrently used to define a

25 violation transaction entry.

After one or more violation transaction entries have been
identified based on the set(s) of criteria, the video server
1030 may validate each identified violation fransaction entry by
(1) reviewing the purported violation transaction entry for

30 anomalies and (2) by examining for anomalies the transaction
entries corresponding to transactions that occurred within a

configurable window of time preceding and/ox following the
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the i mage/ sensor data, with the internal clock of the |ane transaction
system 1020, which assigns a tinme to each transaction is desirable. By
periodically resetting the 20internal clock of the VIC 1024B to coi nci de
with the setting of a network clock (not shown) known to be synchronized
with the . internal clock of the |ane transaction system 1020, the video
server 1030 is able to mnimze the clock offsets between the inmage tine
stanps generated by the VIC 1024B and the transaction 25tine stanps
generated by the | ane transaction system 1020. The video server 1030
is typically a conmputer systemthat is configured to receive a | ane
activity report fromthe | ane transaction system 1020 and.to receive

i mage/ seREBPOFFRL VG PReEXARELT34B §F2 e i ﬁg]g@n%c?diﬂ“?ilﬁ?%na’fﬁ)dul e 1024.
| n anot hetougQl, NPhe Ripaktea, vidievdoie ersasaedioh03ftiy weenhbgused to receive
| ane activity reports fromnpore than one | ane transaction system and/ or
recei ve i'Rad8 $tror it PF&¥ PR G fFE Y han one VIC. The video server 1030
is typically chaf+gldedekocpr DEIS mayt Revianalacbi-va t gul2pobE btlye parsing it
and assi gni ng uni ue transaction_identifiers to each tr%nsaction entry in

t he Pepo%a.taAﬁ"ae IR fr BHEERTTSh YRRt PP T8 ave o did¥sFGned, the vi deo
5S€I’h ver Ha3Qrhypd caidzy es:nmﬁhéprﬂmwrammeﬂf ahei DRge/tsansactiod e vm'dt h
each transaction entry in the e activity report. FlGs. 13 and 14
T Ut r Ak By BT b e, bbr bRty 300, ACHAARe Y i d5=Ebh9 P50 (o
mat ch trandsaeting wHidles wkiWélmgessensorufidaeshy | lmrpankycuter, FIG 13
illustrates a.10 process 1300 far, selectin rups_of_ transaction.entries
and cor r e858RAF T FTTE 8?“19}133% eﬁlgg? ?%agcéilfl rae%%a}?s\?i%ﬁg?i%%m )
tranmact izan €Epntryzanpic, FEGleldotiidrustir at 5f Zeyenaceesbdd@F halesdentifyi ng'a

viol ation, i mage/ sensor file for ch_violatiqQn.trapsact| entry. ’
_15Referridhu§:"trl EF csjﬁ,enttﬁg Q‘ﬁl%%g%seerl\a}g? ko a‘ltdgﬁ ﬂf’ati"eec{s%juﬁén%ransacti on
entries ivehtihéel axe: aodomvichy lapor toxt hat tbar riesiioated dowitaokhatpomder
transactiQ "vi ol ati ti.on_entyies” . The Vi . server
1030 nay %ngzbr?&?g&ygéheﬂe\%or%%??%%& E a%o%ﬁé:? lﬂ)pl%gflggfggtlom v!b?gﬁ)lcﬁ?
transactlion entries may be identified simply as transaction

15 entries having violation disposition data fields 1120n set to
indicate a violation. If such anomalies are found, the
purported violation transaction is likely an error, and the
video server 1030 may reject the purported violation transaction

~ as not valid.

20 The video server 1030 also may examine for anomalies the
transaction entries corresponding to transactions that occurred
within a time window (e.g., 5 minutes) preceding the purported
violation transaction. For example, one of the preceding
transaction entries may indicate that an.early read occurred

25 within the five minutes immediately prior to the purported
violation. The wvideo server 1030 may reject the purported
violation transaction entry as not valid because an early read
indicates that a transponder read may have been misassociated
with a wvehicle.

30 The video server 1030 also may examine for anomalies the
transaction entries corresponding to transactions that occurred
within a time window (e.g., 5 minutes) following the purported
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transaction entries as the transaction entries in the |ane 20activity
report that neet a predeterm ned set of criteria. For exanple, a
transaction entry in the lane activity report may be identified as a
violation transaction entry if it satisfies a set of validation criteria.
Not ably, nultiple sets of different criteria may be concurrently used to
define a 25violation transaction entry. After one or nore violation
transaction entries have been identified based on the set(s) of criteria,
t he video server 1030 may validate each identified violation transaction
entry by (1) reviewing the purported violation transaction entry for 30
anomal i e%'%’igtfﬂ tb exaEn' ning for anonalies the transaction entries
correspondiig to tTansacttChs tirht SEEERTT e % Phi Hesy T3dPFERT abl e wi ndow of
time precednpgcaimt entkobt amngddhieatd ciuy ponhed widHllskenitsansaest i on
(1320). Iafs any 3{Jtrgmmatl ies ar f%i%nd, the,%JTr ported violation transaction
entry may not De valitd“gFee’es it pEYTREIHr error). The video server 1030

may revi ew al Afioer ausubsefuliy tviaa iBdaiag fiiRl d8e0br andd ROLLEG1AH ol ati on

trangact itggnggct:r.onto e&er rrittrj{_ge, fﬁr exarT‘PI e, whether a |l ane of the | ane
trandaction aystem to0 RRy JHAERI FFY e d 03P nee e 2 FRY“ D€ Tdeeni ng
non- vi olcarongloshiadlgssaguanitaladt aFans#Are ivrheakthys |iesaBy, for exanpl e,

detocti on arostEl GBI EESE0%aR, A AnaSon e SBNEFY 4 nt o the | ane
as that deceptetl wharsagtiehiaiteriexi inélwied heahsnesidl easribat indicated by
" anshoneE b OaraT 00 DRI IS el MR RIELdTRLETEALELL B Vi 110
10 violation transaction, and thereby, enables the violation
transaction to be placed in its proper context. Through a .
matching process discussed later, the selected group of
transaction entries may be used to achieve greater accuracy in
identifying the image/sensor file that corresponds to or matches
15 the validated violation transaction entry.
The group of transaction entries, for a validated violation
transaction entry, may be selected as all transaction entries
gstarting from the first transaction entry <orresgponding to a
“landmark transaction” (i.e., a landmark transaction entry) that
20 occurred before the validated violation transaction entry and
ending at the first landmark transaction entry that occurred
after the validated violation transaction entry. BAccordingly,
the group of transaction entries selected for each validated
violation transaction entry typically includes the validated
25 violation transaction entry, two landmark transaction entries,
and one or more other transaction entries, where the two
landmark transaction entries surround or bracket the validated
violation transaction entry and the one or more other
transaction entries in the group. FIG. 11 shows an exemplary
30 group of transaction entries 1100 that includeg two landmark

transaction entries 1110 and 1130 that bracket or surround the
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15entries having violation disposition data fields 1120n set to indicate a
violation. If such anomalies are found, the purported violation transaction
is likely an error, and the video server 1030 may reject the purported
violation transaction as not valid. 20The video server 1030 al so may

exam ne for anomalies the transaction entries corresponding to transactions
that occurred within a time window (e.g., 5 mnutes) preceding the
purported violation transaction. For exanple, one of the preceding
transaction entries may indicate that an early read occurred 25w thin the
five mnutes imuediately prior to the purported violation. The video server

1030 nay refecis whe PyARIdEdnbALALLON d LABSGELLON SGRELY; A5 Jhat valid
because an.early read indicates that a transponder read nay have been

m sassoci St Th FEAPEHT W 36 Hel W Ueo server 1030 al so may exanine for
anomal i es t he a tlbaBRack | R RALELES £O'd mﬂggégﬂ?& %&EQ%&@M&“EJ&“
ol I owm

occurred i\{\,ithi n.a tine wndow (e.g., 5 mnutes €~purported
vi ol at i on"TFHIEC LRt theka i 825 ke metched dnlsyorhnonizssheathi on

entries naysodidited! emddolschsbanes f@as rﬁ%ﬁhdﬁl%ﬁglgraﬁga 16 B m ze
cascades of anonmlies. After successfully validating the one or nore
vi ol at i on®EtTETe abRY o éhirpBsact e \hhado feblwes 21036dsedmcieda gr oup of

chr onol ogamalrdty ofequentdulint ABSaK tLiORBRLELES] Yochagh ¥al i dgted viol ation
transactip‘ae ;rg %iBBﬁ%. The sel ected group of.transac{loﬁ’entries
i ncl udes t7aNSaltPoh: eri¥ §¥AEBEE estfoR@ hgarerdiisns acewondetvaen bot h

precede anshifcdlel andt tiee Mdulokati Divy nangaebi oy Rrdnhherghy, enables the
vi ol tiontratran%acti n . to be gl aced in its proper context. Through a

mat chi ng Process drsciits 8FOIEE eFioth &t8er eblhe d g seapnéfinteansact# on entri és

my be uskthdmariichi@vencgrieat Becasdliasy thand Ll ¥hog, tHe LIRge/ sensor
file thatmawh%gsggglg Sittso c%&rggégglfi%g image/sensor file. The landmark
trangaction is easily matched with ite corresponding
image/sensor file because both are easily identifiable ag the
15 first transaction entry and image/sensor file to be captured
following a lengthy 10 second “dead” time. Similarly, the
transaction that precedes the lengthy 10 second dead time is
also a landmark transaction because its transaction entry and
image/sensor file are also similarly easily identifiable as the
20 last transaction entry and image/sensor file preceding the
lengthy 10 second “dead” time. Referring to FIG. 11, entry 1110
may be, for example, a landmark transaction because it follows:
10 second “dead” time, and entry 1130 may be, for example, a
landmark transaction because it precedes a 10 second “dead”
25 time,
Other examples of landmark transactions include
transactions that involve visually unique vehicles or vehicles
that have been positively identified. For example, a
transaction involving a multi-axle vehicle {i.=., a vehicle
30 having 3 or more axles), such as a truck, may be a landmark
transaction if the majority of wvehicles passing through the toll
facility are cars having only 2 axles. By searching for an
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15t he validated violation transaction entry. The group of transaction
entries, for a validated violation transaction entry, may be sel ected as
all transaction entries starting fromthe first transaction entry
corresponding to a "landmark transaction” (i.e., a landmark transaction
entry) that 20occurred before the validated violation transaction entry and
ending at the first landmark transaction entry that occurred after the

val i dated violation transaction entry. Accordingly, the group of
transaction entries selected for each validated violation transaction entry
typically includes the validated 25violation transaction entry, two

| andmar k transaction entries, and one or nore other transaction entries,
wher e t hensdy® dfaadrendk tianms acbhoreEntaf ébescry dumdgesr Baicket the

val idated violation transaction_entr he. ORG Oh-HADLE1 Of hefiet ransacti on
entries ?ﬂa?#eseé]lSSEp%l% avffgsﬁgv\%m%eag%g%p Ary 30gioup of transaction
entries ti@fkdddbion eotogess teasilgntomrk. t Sansierinn defFRPERCHPE0 and 1130

that bracket. or surround t LS Leansast iR eat 4 i Besmdnarkhe group,
i ncl udi nbnY%]eV’iﬂgolaaf’Fgﬁgjter ra}%‘gréégi %n%eanl%%nllzo. i A"l andnar k
transact koanésctd cr Afishict | brRrependspoiiaatdon FFRNYEE: LBnt¥htry that is

easily tched ar synchroni ' %@ég@_' atgd JJmeeLsgNslenkkl €. A
| andmar E%F?‘%%aé%% qnonfgf%r&eiz)%pwg%angﬁ e a t?ansacti on that follows a
predet er pllacd mmuent. oLftilme whinichg’ ahltdense PLAMS JBYTSHK dBcurs (i.e., a

"dead" ti mg):? ?F%ll%ggg{‘girfﬂ%d - ob’ gﬂéaga{rg%ogggyréa@gt waen a vehicle and

the tol |l °F&@ seconds, the IOtransactign that qccurs right
after theotfespouhidd Anegyaand.s therafarar KAgSNSERTI O HECHHE MY

trangactign SRLLN, 5/ sashl ¥ {8 ¢hedudhthed tox @oRr espondi ng i mge/ sensor
filé. The | Bndmar ransaction i s easSi I{ matched with its correspondi ng
i mage/ sensor Fotablypcabisevhdth seraedadP?y 1geRerf FSRIEES Phe 15first

transact i.QR, 605 Yo 2N LMRGRASEAS Vrahkbheridh Be capigrgfkceded by or

followed by a viclation tramsaction or another unusual type of
transaction {e.g. a lane reset or amny transaction that does not

15 meet validation criteria). If two or more validated violation
transaction entries occur within a time window defined by a
single pair of landmark transaction entries, the video server
1030 may use the same group of transaction entries for matching
purposes for.both of the validated viclation transaction

-20 entries.

In some implementations, the video server 1030 may limit
the size of the groups of transaction entries by imposing
configurable limits on the number of trangaction entries and/or
the maximum time interval preceding and/or following the

25 validated violation transaction entry. For example, the number
of transaction entries may be limited to twenty or cne hundred
transactions and/or the maximum time interval following the
validated violation transaction entry may be limited to one
minute or five minutes. If only one landmark transaction occurs

30 within ﬁhis configurable limit or time jnterval, then only that
landmark transaction is used in the matching process. If no.

landmark transaction occurs within this configurable limit or
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following a lengthy 10 second "dead" tinme. Simlarly, the transaction that
precedes the | engthy 10 second dead tine is also a |l andmark transaction
because its transaction entry and i mage/ sensor file are also simlarly
easily identifiable as the 20l ast transaction entry and i mage/ sensor file
preceding the |l engthy 10 second "dead"” tine. Referring to FIG 11, entry
1110 may be, for exanple, a |landmark transaction because it follows 10
second "dead"” time, and entry 1130 nmay be, for exanple, a |andmark
transacti on because it precedes a 10 second "dead" 25ti ne. O her
exanpl es of | andmark transactions include transactions that involve

vi sual Iy .yni que vehicles or vehic)]es that have been positjvyely identified.
For exanpl®e ARFafactP6R PR K CHARTICTIORE 08h W &P,g@? a vehicle
_B]Qha\r/]i ng n&tehiﬂ@rlfr@érfgs? , IBUSH md@aﬁkUEi(e;]nslmﬁ&ibﬁisﬁa:{t@ﬁ@:é_w kntimnsaction
if the maorjity of vehicles passing through the to aci Lit re cars
havi ng oﬁk&cﬁl %I RLCesF s EBp rﬁﬁﬁ;ﬁ%&Fhéﬂg ??ﬂﬂﬁ?SoFsaa?QQHﬁ%lF¥3%1anDng al |
of the cafanulBE¢Shy tIwkiByess efis@ phtkerhaimg danci rpgey thab tmtudes the
mul ti-axl e transaction entrgtis easiléaﬁo nd. . Si 'Iar%?% a transaction

i nvoPvi nglmé‘gﬁﬁhF%lr%a]T‘?a\?i RgEa-tYafsiiodere | & SpHEOH SRR HAPR
5t r ansactir@nskétidies t fears pobdatispgdiide-mihf Gimaadphuiadthd drlaasteadgact i on

entry naxan.used tq identjf tqglvehicge' license plate nunber. If the
vehi ¢l ' SAELERSEAPIRR IRNGHoE VT SHPEELEA (HSFHFEcRITTT GmPom the
t ranspondgiowdat.a, thdeimagesgspondi ng i mage and, therefore, imge/sensor file
may then 10be osiéiyel i d ntifie% throuﬁg gf% OL Lg%:n' N iNQH%?'y’ the
Video server TB3oPelEISPCRER M 415 PFRRR At EEAPEEC I RHNEL RS thnsact i on
if i is prvedededtedyviorlaftdbhomethsaytdoni ehaty dmclindes &l entoieanot her
ggfsua' (RSOt & A AL 1t 2nlfeord 1ANELESAY, o1 20Yeld 3NR3cLLEN, L hat does

10 second gap preceding the violation transaction and all

entries corresponding to transactions that occurred up until one

minute after the wviolation transaction. In this implementation,

15 only the beginning transaction entr& in the group is a landmark
transaction entry (i.e., the entry corresponding to the first
transaction after the 6-10 second gap).

After a group of transaction entries has been identified
for each validated violation transaction entry, the video server

20 1030 uees the landmark transaction entries of each group of
transaction entries to identify corresponding groups of
chronologically secquential image/sensor files (1340 and 1350).

The group of image/sensor files for a validated violation
transaction typically includes all image/sengor files having

25 time stamps between that of the image/sensor file having a
landmark transaction image preceding the violation transaction
(i.e., the image corresponding to the landmark transaction
preceding the violation transaction) and that of the
image/sensor file having a landmark transaction image following

30 the violation transaction (i.e., the image corresponding to the
landmark transaction following the violation tramnsaction).

Accordingly, the group of image/sensor files for a validated
72



15neet validation criteria). If two or nore validated violation transaction
entries occur within a tinme w ndow defined by a single pair of |andmark
transaction entries, the video server 1030 nay use the same group of
transaction entries for matchi ng purposes for both of the validated

viol ation transaction 20entri es. In sone inplenentations, the video
server 1030 may limt the size of the groups of transaction entries by

i mposi ng configurable Iimts on the nunber of transaction entries and/or
the maximumtime interval preceding and/or follow ng the 25validated

viol ation transaction entry. For exanple, the nunber of transaction entries
may be limited to twenty or one hundred transactions and/or the maxi num

] ] 7

time i nt APARCHEBT BRATGCERERvET | ARICA LIV of ATDW OF aHRIRY/1S6RSBRLFLe%ay be

limted temeBenBeaUWE o bh¥RFEd WL Swol indid MecBBr | BNUMLK Vi p@Nsact i on
occurs 3Qwithin this contigurable limt or tinme interval, then only that

| andmar k YA E FERPIRC T OBILT# e AREERAT M P5€8ES: 14 no | andmar k
transact iidagegeensSow 4ilieN gkbins LGUIE ah! Endddfiskn8br 7di1d WEBihHLLr val ,
then _no |andmark transactions are used in_the matching process. If no

| andffar k FPETs 50T T OTROAFEIUER TR eHd daEee nY R 35F BB S 3n%a5E A —he mat chi ng
process i .accoaphvsdied idantahdey/ ndoeoking-for tine patterns or

i dentifying i@fo %n t he ,5i ge to make a positive associated with the
cor r espondi ng~tr %ERR%W&H&Q? .é%%cﬁﬁgﬁﬁsbﬁﬂ SHtRLOPHEET BT APEReOne

t ransact ilemdentki esanmysthennahehed tiet Boexpasdnki 68hge g3l ate nunbers as
shown in the igggg

. L g&..&n one i ! ntation, %ﬁi roqg of transaction .
entries FOFITO5STETT fdred W?%|é§ﬁé§€%FPéH§§c?ﬁ e%W?? 19045 %% entries
cor riesporigiviggt bite astsapti ohst | faltdivdtaliy fid hdwdoeg dhecivesbebwedd) second
O aneact (o St ha: =l B fBe AR SRE L cosFrarotRet 8 hron 0 ¢
t r ansact ilemdmppkt brandantlieneatzty emd a time that is approximately one
minute after the time stamp of the image/sensor file
corresponding to the landmark transaction entry. The video
15 server 1030 may adjust the landmark transaction “time” and/or
the one minute duration to take into account any clock drift or
offset (see below) between the clock of the image acquisition
module 1024 and the clock of the lane transaction system 1020.
As an example of a result of operation 1340, FIGs., 11 and
20 12 show a group of transaction entries 1100 and a corresponding
group of image/sensor files 1200, respectively. The group of
transaction entries 1100 include transaction entries bracketed
by, that is, surrounded by, landmark transaction entries 1110
and 1130. Similarly, the group of image/sensor files 1200
25 include image/sensor files bracketed by or surrounded by
image/sensor files 1210 and 1220 having landmark transaction
images corresponding to the landmark transaction entries 1110
and 1130, respectively.
After all pairs of groups have been identified, the video
30 server 1030 may optionally estimate the clock offsets between
the internal clock of the lane transaction system 1020 and the
internal clock of the image acguisition module 1024 for each
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15only the beginning transaction entry in the group is a |l andmark
transaction entry (i.e., the entry corresponding to the first transaction
after the 6-10 second gap). After a group of transaction entries has
been identified for each validated violation transaction entry, the video
server 201030 uses the landmark transaction entries of each group of
transaction entries to identify correspondi ng groups of chronol ogically
sequenti al inage/sensor files (1340 and 1350). The group of i nmage/sensor
files for a validated violation transaction typically includes all

| mage/ sensor files having 25time stanps between that of the inage/sensor

file havi a | andimar sag,i on..i.,mg cedi Iy i
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val i date vi ol at i transaction_i.s pically r | age/ sensor
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10 landmark transaction. Determining the clock offsets is useful
for determining‘a one-to-one matching between the lane
transaction entries and the image/sensor files ag described
next. A clock drift also may be calculated by estimating the
rate of change in clock cffsets based on differences in landmark

15 trangaction/image times at either end of a significant interval
(e.g;,'hours, rather than the minute or so within a single
group) .

- Referring to FIG. 14, once the groups of image/sensor files

have been identified, the video server 1030 may be configured to

20 identify a violation image/sensor file corresponding to each
validated violation transaction through a matching process 1400.
The matching process 1400 identifies the violation image/sensor
file by establishing a one-to-one correspondence between each
image/sensor file in an image/sensor file group and each

25 transaction entry in a corresponding group of transaction
entries. DNotably, by using information contained in transaction
entries both before and after the violation transaction entry in
the matching process, the process 1400 may be able to identify a
violation image/sensor file that matches the violation

30 transaction entry with greater accuracy than is possible through
gimple time stamp comparisons (i.e., through simply designating
an image/sensor file as a violation image/sensor file if its
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10having tinme stanps that fall within the wi ndow of tine between the tine
stanp of the inmage/sensor file corresponding to the | andmark transaction
entry and a tine that is approximately one mnute after the tinme stanp of
the i mage/ sensor file corresponding to the | andmark transaction entry. The
vi deo 15server 1030 may adjust the landmark transaction "tinme" and/or the
one mnute duration to take into account any clock drift or offset (see

bel ow) between the clock of the inmage acquisition nodule 1024 and the cl ock
of the lane transaction system 1020. As an exanple of a result of operation
1340, FIGs. 11 and 2012 show a group of transaction entries 1100 and a
correspondi ng group of image/sensor files 1200, respectively. The group of
t ransact iioagentimieestanp0is ndlaudener ansadrstentéat iy ddbrapret®ed®y, that is,

sur round%gmgyst}alsr@zg)gag etéﬂi‘%%%hogr%a{étﬂ%nléﬂgr@”-d 1130. Simlarly, the

group of “image sor frles 251 ncl ude i mage/'sensor files bracketed by
or surroundedSyBciifimgdlgermorshiovnesn 191G ddd 22POCHREA &g FaeRfrdRk 2

transact L;QBlégf&Fim%?;%r/S%?%&diﬂ?_et 8ot e JANdHREN $isnsaehi on entries 1110

and 1130, "respective er all galrs of groups have been identified, the
vi ded 30rswesvericroOtrmytyviptdadial beotas inaretehéns | Gk PEFIRRYY bet ween t he

i nt er nal f ne. t L 1@%;03931@@@3@1 et ergal ¢l ock
of the i%%‘ég&%%%uﬁ%@lt%ﬁlo:ggﬁnod% e 1%%49?%?%;% group pailri ng (1360). The

vi deo semish tosdaniypnésyi hundnarie inpgeisdrrefiterin Wfoup pairing, for

exanpl e, é:%%r& SHiHLLERGE bEtMReR /LBR4 B IKanmaof) 2 Ireaderadplid,ansact i on
entry and the tine starrgﬁoié the image/ sensor file having a coryespondi ng
i rage™

51 andmar Rt EBAsE#EROPE ark HRESHEHLUYR FEEHEPNLT UU¥ RBYWPa rk
trangact i@ngent B Glacknefhsal fier. theagd e pabubngE AR sdeser m ned, for

exanpl e, by calculating the average of ,the differen t n the i mge
acqui si tiféﬁeﬁnﬁﬁl@el@?@uﬁnaz?%rfg %F&ngé?:‘?‘f’ ﬁ%ﬁ&n%ﬁ%Zg%t’rﬁgest anps
correspondinBgal® ©@Glkaction entry 1110 would be matched with the
landmark image/sensor file 1210.
Using the beginning landmark transaction as a reference
15 point, the video server 1030 eétablishes a one-to-one
correspondence between each subsequent transaction entry in the
group of landmark transactions and each subsequent image/sensor
file in the corresponding group of image/sensor files (1420).
For example, the video server 1030 matches the second landmark
20 transaction entry (i.e., the first entry recorded after the
landmark transaction entry) in the group 1100 with the second
image/sensor file (i.e, the first image/sensor file having data
captured after the landmark image/sensor file) in the group
1200, the third landmark transaction entry in the group 1100
25 with the third image/sensor file in the group 1200, and so
forth.

If the matching process is successful, the result of the
matching process is a one-to-one match between each transaction
entry in the group of transaction entries and each image/sensor

20 file in the group of images/sensor files. FIG. 15 shows an

example of a matched group pairing 1600. A matched pair is
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10l andmar k transaction. Determ ning the clock offsets is useful for

determ ning a one-to-one nmatchi ng between the | ane transaction entries and
the i mage/ sensor files as described next. A clock drift also nay be
calculated by estimating the rate of change in clock offsets based on
differences in landmark 15transaction/imge tinmes at either end of a
significant interval (e.g., hours, rather than the mnute or so within a
singl e group). Referring to FIG 14, once the groups of inmage/sensor
files have been identified, the video server 1030 nay be configured to

20i dentify a violation inmage/sensor file corresponding to each validated

violation.trapsactjon throygh a natchi ng. process 1400. The t chi ng process
1300° 1 derttPRERSFHb X e, FofaT ol Cen bies Qg Oty A FERPRGS: =

one- t 0- oNgaaeat EEROERIIge whehvwee nieaelisenege/easor file in an image/ sensor
file group and each 25transaction entry in correspondi n roup of
transaction ehfrf&d WBF?}O%f%Ynégi hF it8na’g0’rﬂa§egégn?‘ﬁjpt ransaction
entries lmtk, behoreided sak-i-er 1080 wyWpahaks o datangaebtdrasepbiyted t he

mat chi ng process, fhe process 1400 nay be |l e to identify a viglation
o) sotBbR ER wrdiatlng: ERRus e Bt oirts or SHeat e P i
great er ageshatyatdwdtiich passy el ttheotghgsidgplsert EiBe St afptiempbddsons
(i.e., through sjinply. desi.gnating an inmage/sensor file as.a violation
tmge sedearef; AT iRl o0 RlmofROnaRiEhe Lisdedt Babefliedl |y che
same as tdmél/birnmbmajafqensort itles dmithengtawisathieonided rserver 1030

Tagel soled: PATES F1° £203I FOATEn s\ SLATI O STARCCITN SREFSCE i cal Iy
begi ®s byenoettbungprndeddginnang wandhar éntiriass act ioegetstengorniiles group of
transacti,on eptries wth the bedinning |andmark image/sensor file in the

corresponéﬁﬁg group of I mage/sensor files (1410). For exanple, if the group
of | andmark t fhasavlemmesneri €830 sayhbegronfighiied tdofortfdmmewheilst shown in

. 8 OGP0 IRl SRRt it b BEAUR 4 ook on 1 o

shown in transactron entry wou mat ched with
t he | andrevekpilpagdisdmsothfi FelliMifg criteria are met: (1) the number
15 of transaction entries in the group of transaction entries is

equal to the number of image/sensor files in the group of
image/sensor files; (2) each transaction entry in the group of
transaction entries is matched with each image/sensor file in
the corresponding group of image/sensor files; (3) the offset-
20 adjusted time stamp for each transaction entryy falls within an
expected deviation from the time stamp of the corresponding
matched image/sensor file; and (4) the interval of time between
- transactions as reflected by the time stamps of the transaction
entrxies is within an expected deviation from the interval of
28 time between transactions as reflected by the time stamps of the
image/sensor files. Each of these is explained bhelow.

The wvideo server 1030 may count the nuwmber of image/sensor
files and landmark trangaction entries in the groups to
determine that they are equal in number. If the wvideo server

n 1030 determines that the number of image/sensor files is
different than the number of transaction entries, the video
server 1030 may insert one or more transaction entry
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Usi ng the beginning | andmark transaction as a reference 15point, the video
server 1030 establishes a one-to-one correspondence between each subsequent
transaction entry in the group of |andmark transacti ons and each subsequent
i mage/ sensor file in the corresponding group of image/sensor files (1420).
For exanple, the video server 1030 matches the second | andmark
20transaction entry (i.e., the first entry recorded after the |andmark
transaction entry) in the group 1100 with the second i nage/ sensor file
(i.e, the first image/sensor file having data captured after the | andmark

i mage/ sensor file) in the group 1200, the third |landmark transaction entry
in the group 1100 25with the third image/ sensor file in the group 1200, and
so forthplaceholddrst hadfet ciriavg/peoeessfils phaeelefdars ARNFEHAYof the

mat chi ng pr &féfi-jes 8o OG- Y2e + FBL - PEIeRRr £84 Ny lviARBACAIREEBEN Y 1N

the group o ransaction entries and each inmage/sensor 30file in the group
of | mgeshsgaserndar EéleFl G448 .shBRs Biiax&RpVEr ot FaYCHRIFYr &85 pairing
1600. A mRtohed Pald shSend ! dMildAhedal fodN8 chi gHT €iky trhe himssikennecting
or matchi'ng a transaction entry with an I nmage/sensor file. As each

t ransact idemiapioy Heswaatchiesl xpegherinbye? oPLfFine het¥eGRdeo server 1030

updates g.data. £t d,ASERC! aLaf AW hibetbend.al 8tifled aRSaction to

indicate a natc ween the given transaction entry and the |nage/sensor
file. |f impgelierens&iver LB Lagent ARfetho feagrafbl e H76FHI bt® t r ansact i on

entries %Q%g&. | FRORASERS 0 rdd: €3 soNmbPeadiiite WheclidRgeseiNery 1030 may
update the data record to flag the correspondlng entries as 10q&9nalous and
to i ndi cAlEsSWAGt t FRETESPPREstRra | ARG FERASIHL YR Sy using LEFR to obtain

10 license plate data for the vehicles in the images. 2An image
with no license plate present may be assigned a transaction
placeholder, rather than associated with a lane transaction.

The number of transaction entries may differ from the number of
image/sensor files due to, for example, a false triggering ot

15 the cameras of the VIS 1024A. Such a false triggering may cause
an additional image/sensor file to be created that has an image,
for example, of a lane with no vehicle present. If the video
server 1030 deems it necessary to add placeholders to the groups
associated with a vieclation transaction, the video server 1030

20 typically modifies the data record associated with the viclation
to indicate that placeholders were inserted and to identify the
inserted placeholders.

The video server 1030 also may determine the deviation
between the time stamps of each transaction entry and the time

25 stamps of each corresponding image/sensor file. Because the
internal clocks of the lane transaction system 1020 and the
image acquisition module 1024 are independent, the clocks, and
thus the time stamps generated by the clocks, often indicate
different times (e.g., due to a difference in clock resoclution,

30 a difference in clock drift, and/or a fixed difference in clock
setting). The difference in time between the clocks may be
represented as a fixed offset between the clocks and a variable

77



have been deened anonal ous. The video server 1030 may be configured
to confirmwhet her the matching process was successful (1430) by

determ ning, for exanple, whether the following criteria are net: (1) the
nunber 15o0f transaction entries in the group of transaction entries is
equal to the nunber of inmage/sensor files in the group of inmage/sensor
files; (2) each transaction entry in the group of transaction entries is
mat ched with each i mage/ sensor file in the correspondi ng group of

i mge/ sensor files; (3) the offset- 20adjusted tine stanp for each
transaction entry falls within an expected deviation fromthe tinme stanp of
the corregpgrdin Lhedi or.file; iat.erval of tine
bet ween transact?%ﬁ%ias%%%%ﬁggﬁégﬁgé Fﬁ% %%ﬁ%ﬁgggﬁéé % th§§transa0tion
entries isstimekpnthe yedcrédsdeyifan emabpbm ttaseinterttsl ddfFEeBnee bet ween
transactigpnsias Lellsctad ' : l, npgeigensor files.
Each of t esé I's exdﬁgineghge%%ﬁﬁ&hﬁ?t§gﬁﬁgﬁai e%ﬂgg#ver f@%o may count the
nunber ofcdnregerseindrlapidraskatithdingmerk f¥lansadfien saftimebingrthehe groups
to degterngfe thate bgY @l r§9UM o dyk Nyppe [ VEE 030

det erm nes tﬁht t%e qunbgr o? ?%%3§T53%20?1?+{3%9?§¥dﬂ??%§§ktgéﬂgﬁéthe
nunber ofeadtalzarsieiianentesy, tihe akageo (gerimage] 880som\filesbire one or nore
transactign.ent £y il agehekdsrs,angd SENeQrqfid | ghel.ders as
necessaryktgﬁgquglize_the nuﬁbé? of tpghsact on §§t$$%§§ﬁ#%ﬁﬁtﬁe1%§nber of

i mage/ senSwgel/ FpRacy 144E) tiThestanied oyebvarsatdonnentingddre shamp) .

pl acehol ders itk £t QHQUURS cBlplndAGRE 'tQEnéébéi'oEEBehE‘é% fHafd Bb263 fcﬂPV' ation
between the expected interval's of tinme between transactions and the

expett ed Hiadeérenees Hernbdnet Aeanmages/ stomiricentdy t differeaipsremd t he
transactign ean.aga/ééﬁg%xstfafmsti&g@est\é&ngle%§ecrfé%rsaewen M.Jetehdi ne whi ch

i mage |ikely does not, correspond to a |ane transaction by using LPR to
obt ai n stamp), the video server 1030 may modify the data record

agsociated with the violation to indicate that the transaction
entry and corresponding image/sengor f£ile are anomalouz and that
15 the matching process was not deemed successful. For example, if
the offset-adjusted time stamp of a transaction entry is
different than the time stamp of the matching image/sensor file
by one second or more, the video server 1030 wmay flag the
transaction entry and the corresponding image/sensor file as
20 failing to have matching time stamps and may add a note to the
. data record associated with the violation indicating why the
matching process was not successful.
The video server 1030 also may determine the deviation
between the interval of time between transactions as reflected
25 by the time stamps of the transaction entries and the interval
of time between transactions as reflected by the time stamps of
the image/sensor files. For example, if the interval of time
between a first transaction and a second transaction as
reflected by the time stamps of the corresponding transaction
30 entries is eleven secondsgs and the corresponding interval of time
between the same transactions as reflected by the time stamps of
the matching image/sensor files is five seconds, the deviation
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10l i cense plate data for the vehicles in the imges. An inmage wth no

| icense plate present may be assigned a transaction placehol der, rather
than associated with a | ane transaction. The nunber of transaction entries
may differ fromthe nunber of inage/sensor files due to, for exanple, a
false triggering of 15the caneras of the VIS 1024A. Such a false triggering
may cause an additional imge/sensor file to be created that has an inage,
for exanple, of a lane with no vehicle present. If the video server 1030
deens it necessary to add placehol ders to the groups associated with a
violation transaction, the video server 1030 20typically nodifies the data
record associated with the violation to indicate that placehol ders were

i nsert edbahdesn thgedpteyvale dinsdmeeds piiat SREPEEF s. 1f the ¥e],j deo server

1030 al sQ Ry, Ay HkNEohhEndeW abi PRaheldeanghPentiastappsiof each
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time stanps generated by the clocks, often indicate dlffﬁrent times (e.g.,
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and/ or achhxededid fienenesl i ok diaeknsehiémPranthertbid en@neeyiaud iame bet ween
the cl ocks may be represented as a fixed offset bet n the ¢l ocks and a
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the | andnmark transaction ené%tr and the correspondin .an(%réai:ﬁ i mage/ sensor
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e video server
103Qp may cadpush &Rathet taBSSEEE MM eRtEYedi (B dnagp/a@isdmedebsensor file

time stanp) by the offset ior to,conparing . it.to th orr ondi ng

i mage/ seﬁ'?%ir c¥’f¥‘:é°ttjiyrr§'a§F]5%‘é> A% FERE C?Gfrbs%ret%tl Fy %?ﬁet%ﬁngﬁé?%&?f t he

of f set - cempensat ed transaction entry tinme stanp (or 10i nage/ sensor file
time stanp) is.significant different.fromt lsMage r.fbi tinme
stamp (or tra%gté%'?iq%lr? 8%??%3\{‘%? e stanp)® ?%méjl\%%ﬁgb seé \3%%%03%&4&% nodi fy
t he dat a 1weooid aisisodicatiddnid £3h tthee Wpdhatémonmege/ adieet & itllkapst e

tr angaction @nLLYsAn;Ser ERSPAA B4cLHBI%) SANS0le (ibfadidn anoml ous and

transaction entry during the matching process (1450). FIG. 15
shows the violation image/sensor file 1510 matched with the
violation transaction entry 1120 of FIG. 11. The video server
1030 may repeat operations 1410-1450 to identify the violation

20 image/sensor file for each wvalid violation transaction entry and
assoclated group of transaction entries and corresponding group
of image/sensor files (1460).

In another implementation, the video server 1030 is

configured to match each transaction identified by the lane

25 transaction system 1020 with other sensor data (e.g., magnetic
signature data and laser signature data), instead of with image
data. In this implementation the video server 1030 may identify
landmark transaction sensor data that corresponds to landmark
transaction entries rather than identify landmark transaction

30 images. The landmark transaction sensor data may be matched
with corresponding landmark transaction entries to synchronize
the sensor data with transaction entries as described
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15t he mat chi ng process was not deened successful. For exanple, if the
offset-adjusted tine stanp of a transaction entry is different than the
time stanp of the matching i nage/sensor file by one second or nore, the
vi deo server 1030 may flag the transaction entry and the correspondi ng

i mge/ sensor file as 20failing to have matching tinme stanps and nay add a
note to the data record associated with the violation indicating why the
mat chi ng process was not successful. The video server 1030 al so may
determ ne the deviation between the interval of tinme between transactions
as reflected 25by the time stanps of the transaction entries and the

heerval dilediblEnpel MEeanbANS Al ANRLRR 18] S6Let; o LG L PR aPs of
the i magelsensor files. exa fie |n erva ween a
first travyacttcn egvh &rsasan’dlttrr dnisattfbed dy bl bmt@d:xtaytsahelrtn me st anps

of the carlesgoneh no.JJansacki o0 eaLhi &e -5 Gleyen.seconds, apd the
corresponding in erva meen Phe sAE B ansacaons as refl ected
by the tllmldmaahptsrmsatcheonaimdmng i mage/ sensor files is five seconds, the

deviation 78 WesNH r of ,tinme i.S,SiX conds the vi deo
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i nt erval Sswinkhetidy anny thabrdmaactdevoadsyy thae bedeaserieted080hmay fl ag
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to provi a co of fine ween transact ns and may add a
note to tHeordat bhe ceiandifdedciatwet wift hraheaatiiohat dud dondiesabndipgnhy t he

mat chi ng éywaﬁgs§fvgﬁgdgyéeﬁggfe§§{ég tﬁgcfhé§ﬁ§f1£8r@{%ﬁ%éﬂ%m‘Q£ervalS of tine

bet ween tTanSacti ons cate t'hat on the transaction
ent ri%es (Wﬂ%ﬁ@@%éﬁ@@ﬁ peneel/ fidesot andrilec misgombatedtbdans an i nage sensor

file (or éfa%@%@giéﬁrﬁa%gt &x) mlatmﬁf t._»slt,?t»ttt,e J}Haﬁhlf%ﬂ&%ﬁsetiéom' et ed,

the video server 1030 is. able to i1dentity the violation I mage/sensor file
as the 15W¥agersens violatipmatondganseehien wiechréfetyitdleatme@e t r ansact i on

entry durdR@ekBengaidhiiRy1pE9CESS Wehdafe - idddeirlRation ana

processing. The video server 1030 typically performs all or

15 most of the above-described functions (e.g., the parsing, the
violation entry identification and validation, the grouping, and
the matching functions) using a batch application.

The video server 1030 also may be configured to perform
various other functions, including: receiving status messages

20 from the VIC 1024A (and, in scme implementations, from cther
VICs) and forwarding the status messages to the appropriate
monitoring system {(not shown); providing a web-based interface
that allows administrators to create messages and send them to
the VIC 1024B (and, in some implementations, to other VICs);

25 synchronizing its intermal clock to a network time server and
periodically setting the internal clock of the VIC 1024B (and,
in some implementations, the internal clock of other VICs)
through an automatically generated management message.

FIG. 16 is a flow chart of an exemplary process 1600 that

30 identifies and charges violating wvehicles for incurred toll fees
without requiring the toll system’s lane transaction system to

directly communicate with the toll system’s imaging system. For
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shows the violation image/sensor file 1510 matched with the viol ation
transaction entry 1120 of FIG 11. The video server 1030 may repeat
operations 1410-1450 to identify the violation 20i mage/ sensor file for each
valid violation transaction entry and associ ated group of transaction
entries and correspondi ng group of inmage/sensor files (1460). In another

i npl ementation, the video server 1030 is configured to match each
transaction identified by the | ane 25transacti on system 1020 with ot her
sensor data (e.g., magnetic signature data and | aser signature data),
instead of with inmage data. In this inplenentation the video server 1030
may identify landmark transaction sensor data that corresponds to | andmark
transact convemteriass parbieulsasomgenents dessdihek fiEnE8EPFYn ©0i nages. The

| andmar K gL Eanschl N Sepsledlalsa siB¥o b R leled-ytddl agobesnesidiag, | andmar k

transaction entries to synchronize the sensor data with transaction entries
as descr shstllapretibodslygiesh mayobigerPP hiptd iEnPERFHnMRREeRE e Ser ver 1030

may Mt CRuBACNal FANSACt LOR,SASRY El-edulla U dbanss tanseh oo wsH em 1020

based on a conbination o ndmark sensor data and | andmark transaction
i mages. 5hkteystdte wat vherg Wrodewstionabihy dee@lafl¥eeER viol ation
transact 'dgEfSPéﬂ%g;P;am%&”%F%&dbo%@hw_ baS.PegNrasson) at ed whéh a

e e,

correspondi ng i mage/ sensor fi the video sefver typically stores the
i dent i fi depgeoematsfon: r hhe aetwss ARA0cH? riewisHarkey o &ps 5911 nage/ sensor

files, thanhdenind i84+¥hot@don or 10transaction image sensor/files, and
the associ ated | ane transaction data in violation records or in transaction

records and sEhelslanfe t¥pBeatt R GYSCPBNSYER iGRTEHERD NG EAS™T mage

procgssi ng1aRdY! fatk0%e:f b ehiitlA < danti ihtnbicen anch pieceasiniky The video
server 1030 tyglcally erforns all or 15npst of _the abov -dgﬁcrlbed
functionéﬂéé.é.§°%%ﬁa E&PSF?@ﬁ fypnsaction system 1020 records e

transaction-related data in a lane activity report amd sends to

the video server 1030 or otherwise enables the video server 1030

to accegs the lane activity report at periodic intervals (e.g.,
15 - once a day) (1604).

The image acquisition module 1024 captures vehicle images
and optionally other sensor data and stores the image/sensor
data in image/sensor files (1606)l The image acguisition module
1024 sends to the video server 1030 or otherwise enables the

20 video server 1030 to access the image/sensor files at periodic
intervals and/or as the image/sensor data is captured (1608}.

The video server 1030 receives or accesses the lane
activity report (1610) and receives or accesses the image/sensor
files (1612). The video server 1030 processes the received lane

25 activity report and image/sensor files to select a group of
transaction entries and a corresponding group of image/sensor
files for each violation transaction entry in the lane activity
report (1614). FIG. 13 illustrates an exemplary process 1300
that may be used by video server 1030 to perform operation 1614.

- 30 After a group of transaction entries and a corresponding
group of image/sensor files have been identified for one or more
of the validated violation transactions, the video server 1030
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violation entry identification and validation, the grouping, and the

mat chi ng functions) using a batch application. The video server 1030
al so may be configured to performvarious other functions, including;
receiving status nessages 20fromthe VIC 1024A (and, in sone

i npl enentations, fromother VICs) and forwarding the status nessages to the
appropriate nonitoring system (not shown); providing a web-based interface
that allows admnistrators to create nessages and send themto the VIC
1024B (and, in some inplenentations, to other VICs); 25synchronizing its
internal clock to a network tine server and periodically setting the

internal el | I t t he internal
cl ock of lo%t Elff%% Csz{lq{tlhlrlgaiﬁg a%?gen |ca §§ﬁe§%‘?‘£§%%%§§§%%ent nmessage.
FIG 16 idodaftiow mc@ﬁoammyapyrmm alBodnadvrktogoeuleri i fi es and

charges 'n% %%QQ/QQHQ%J %Elé%aﬂd?ﬁ%r Qoé d'%é ffo%eéa&%‘&&; ggﬂ}:’iﬁ ng the

toll syste ne transactron syst rectly co tevm h the toll
syst enml s (L¥d§) ng E‘%t ary 1Fbusmt@0ﬁneﬁxgm@ryparw@&ﬁ aﬂoéohb@hemys

descri bedeblal 8pRRRed 8-FLG L8 PELELANGR B8 RENgRTI Ng the process

1300 However | ogi es e appl a7n ot her
i npl ement at i oﬁgrvmmle V@llﬁﬂet@ht‘fl@m}b@nentsarma@tmgedemitrmethﬁevwﬁ? structure

of 5the system 1%\/\%{&%&?&%@'% QgL bye Ik G §I=~.%P‘Eh%dﬁ9ﬂ&§{ﬁ§“ l'y_anong

t he conponents s I'n one 1 nplenentation rocess 1300 is
i npl enentigd abgatheresiid danagentntvioystbom 10B@rdThe( 168 t {ahstks i on system

1020 capt 1 t h l5 nsacts
with the éf%??l |BtE 102538!6?%882%1'%1% fﬂg%g ??%%SS %?llﬁo%gg%{sféﬁc%g% érﬂeézor ds the

t ran$act |‘@H4ﬂéFa@eW%t&0Pntﬁanwl&@t EREEY: ri@lokhe serrreepasdigdt he vi deo
server 1Q30,,9r o8t helyM AR EBADE LS 'E‘?xa‘é' 9201 (RS 8k {183Q itrqeaccess the lane

activity report at periodic intervals (e
viclation image/sensor f£ile; (3) the matchlng data identifyving

the matched pairs of transaction entries and image/sensor files;
(4) the flags and notes indicating anomalous transaction entries

15 and/or image/sensor files and explaining why they are anomalous;
and (5) data indicating whether and why the matching process was
determined to be successful or unsuccessful.

The video server 1030 is configured to gend to the image
processing module 1025 or enable the image processing module

20 1025 to access the one or more violation records {(1620) . The
image processing module 1025 receives or accesses the one or
more violation records (1622) and, optionally, may present the
information in the vioclation records to a user for manual
confirmation of the matching process and the identified

25 violation image/sensor file (1624}.

The image processing module 1025 wmay include a violation
review application that allows a user to perform the following
tasgks: (1) check the asgsociation or matching between lane
transaction entries and image/sensor files; (2} adjust the

30 matching as necessary {(inciuding manually inserting placehblders
as necesgsary}; (3) confirm the correct matching of lane
transaction entries and image/sensor files based on timing and
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150once a day) (1604) The i mage acqui sition nodul e 1024 captures
vehi cl e i mages and optionally other sensor data and stores the inmage/sensor
data in image/ sensor files (1606). The inage acquisition nodul e 1024 sends
to the video server 1030 or otherw se enables the 20vi deo server 1030 to
access the image/sensor files at periodic intervals and/or as the

i mge/ sensor data is captured (1608). The video server 1030 receives
or accesses the lane activity report (1610) and receives or accesses the

i mage/ sensor files (1612). The video server 1030 processes the received

| ane 25activity report and image/ sensor files to select a group of
transaction entries and a correspondi ng _group of inmage/sensor files for
each vi oi@epsncentegiddctf dbrinaialyyi APeReLY oheiRLAF IR yl“}aé{ﬁZ??nE(% 14). FIG

13 i1l usteiakes (9 {xRIPLaEN L PHAGRSIntdPRat Rl foRYa beidisednbyvetidae server
1030 to performoperation 1614. 30After a group Of transaithgﬁfntrles and
a corresPBNAFRET FOFRLOEY | MRRTISERSOVIER | e FAPdabth et Pf i B for one or

more of tie uabimf atheVhObBbd AN dnl BBSACELONE:idnh eramaian isar uad a030
identifies a vioglation inmage/sensor file for each validated violation
t r an8act *6ASERt £9* e EiFBPFA P a transaction entry and i mage/ sensor file

mat chi ng process. for £eeh &k spakiiyNgséd 6iferthb& 170b ithhusligtes an
exenpl ary process 1400 that may 5be used by video server 1030 to perform

oper at i offetsRged transackdpnegRtrigy £eZ 8 VIOt ALPBRREF Hacti on entry, the

Vi deo seraptretfSiliirgy conthguifthda@t3advcenteiay oFOFRGOf1T hadf ohéowing in a
data recaord %i.e., na_ .vi ol ati on record"g (1618),. %1% éh%ag%og C¥Ed <
transact iP9RIBAPFREY (HaL5cBF rEShord -t o TR T He I 0GET T RE ToVal Faat ad

vi ol4at | O tna@BReatths@Rt Lyn £)ryt Fexrcenck sponthadg tgamsstdbn avlge/-sensor
files that in9|ude t identified violation image/ sensor file; (3) the
mat chi ng "T5E8/ PE&TT fyinigPthe’ mat ched pairs of transaction entries and

i mge/ sensor Anl esenfd)rvt hetéhaysmndanoies emdivcatrilagimiodesoaslane

ar o anomdCREEL EkRE (B QAr a1 el LaiT Ry et HErE SRS RhE SAEBCRY P oy otess
was det erimiatedet 9. be"socasst ula oratehdpgc dsadall timthetymridd 25ed¢eg- 1030 is
confj.gured, Ly send 10 Lhe LOROS, KAGeI9589 (J04U] astB2Ry ) enable the image
procéssi ng nodul e
transaction description 1735 (e.g., blank if the transaction is
not a violation); a transaction disposition 1740 (e.g., blank if
the transaction is not a violation); an interval of time between
the last transaction and the current transaction according to
20 the lane transaction time stamps 1745 (e.g., “2” seconds), and
an interval of time between the last transaction and the current
transaction according to the matching image time stamps 1750
(e.g., ®*2" seconds).
The user interface 1700 may be configured to include a
25 button, icon, or other interface element (not shown) selectable
to generate a graph that shows the tiwme stamp deviation between
the image/sengor file time stamp and the transaction entry time
stamp for cne or more matched pairs. For example, FIG. 18 shows
an example 1800 of a bar graph configured to indicate the
30 difference in time between the lane transaction time stamp for a
transaction and the time stamp of the corresponding image/sensor
file for the same transaction. If the difference in time is
83



201025 to access the one or nore violation records (1620). The inage
processi ng nodul e 1025 receives or accesses the one or nore violation
records (1622) and, optionally, may present the information in the
violation records to a user for manual confirmation of the matching process
and the identified 25violation i mge/sensor file (1624). The i mage
processi ng nodul e 1025 may include a violation review application that
allows a user to performthe follow ng tasks: (1) check the association or
mat chi ng between | ane transaction entries and i mage/ sensor files; (2)

adj ust the 30matching as necessary (including manually inserting

pl acehol dgifreas PLEGSEA ihed( Bhr&HHId, LR £OF IRGT HBRESN NGnaf | ane
transaction entries and image/ sensor files based on timng and image
cont ent ; YFPPRAnERE | SFRPFEETRYN Y dcarcrss iderer/poondprmdtiqned, (5) i nput

i denti f yiﬁ?&vﬂlginaw@} | Q0 /R0 ado¥h @] NOTHE hﬁ% GrRbHOYESS BlowSNERdY

associ at ed th the violating vehicle; and ( specify the disposition of a

vi ol ati orFit% &%saERFBIPTANGPR 1SR BTN TG IPRet Hilisosi Ein. starp FI G 17
showg an £xeRbacy YoblcdNtehhask LARMMNALG | ShRARELEDEG L gRSaction
entries for the ten transactions corresponding to the transaction entries
of FIG 19°%aRd PRE™ e/ sensor files of FIG 12. The user interface 1700
includes 10a mat-cheshid ansaet RO B Irabar 168¢H Srat g&@ﬁéﬂ%&igctl on entry-
i mge/ sensor_file pair. An exenpl ary matched transaction entry 1710
i ncl udes ¥F9tite 1pdebt f5R&Y B7igV (% Uper te5aavdgy), 2k faf@Pansaction tine
stanp 172&defnlne the Wik aky &f UL RGN ARG JdoFB 8h&MbckE28n( €. 9. ,
15"4:30:34"), a transaction_type, 1730 (e.g., "STD AVI"), a transaction
descFﬁptiQﬁ?ri73§aF%Fiﬁﬁ HﬂogﬁEmFqu¢u9q§/8ﬁs%E9W%%?WSstﬁ%%s%fq}PBFati¥ﬂn; a
transact i @mediimposShéh @t ibAd0 (Be GyvapM aBk1béed hankr ansasidRRsi sttt a
violation); an interval of tinme between the |ast transaction and the

current t ?ﬂﬂ?&@FFbﬁgd%@bF@Fn@ffﬁﬁts between the internal clock of the

image acquisition module 1024 and the internal clock of the lane

“transaction system 1020.
i5 The user interface 1700 also may be configured to include a
button, icon, or other interface element selectable to generaté
a graph that shows the intervals of time between current and
preceding transactions as reflected by image/sensor file time
stamps and the intervals of time between current and preceding
20 transactions as reflected by transaction entry time stamps. For
example, FIG. 19 shows an example 1900 of a bar graph that
assigns to each transaction a pair of bars, one having a height
reflecting the interval of time between the current and
preceding transactions as determined from lane transaction entry
25 time stamps and the other having a height reflecting the
interval of time between the current and preceding transactions
as determined from image/sensor file time stamps.
If the difference in the heights of the two bar graphs
associated with the same transaction indicates a difference in
30 time above a predetermined threshold, such asg, for example, four
seconds, the transaction may be considered poorly matched,
problematic, and/or anomalous. The bar graph 1900 does not show
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20t he lane transaction tine stanps 1745 (e.g., "2" seconds), and an
interval of tine between the |ast transaction and the current transaction
according to the matching inage tine stanps 1750 (e.g., "2" seconds). The
user interface 1700 may be configured to include a 25 button, icon, or
other interface el enent (not shown) selectable to generate a graph that
shows the tine stanp deviati on between the inage/sensor file tinme stanp and
the transaction entry tinme stanp for one or nore matched pairs. For
exanple, FIG 18 shows an exanple 1800 of a bar graph configured to
indicate the 30 difference in tinme between the | ane transaction tinme stanp

for a transaction and the tinme stanp, of the coryespondi ng.i e/ sensor file
for the SBWet¥FEIRSHICPOASSIF-aLeE Hgg?eF%@@rﬁnL{‘?ﬁegﬁ%e%m ar%% éﬁa
predet er Wynegdut e slekdsesods aRather, examiors ahefasnoed, of e transacti on
may be consi dered poorlﬁ mat ched, . pr ogl ematic, and/or anog}gl oS, The bar

e a"

graph 18G6°SRD%s *t FECOPHe 1 rSHrCRdr i BRY| hpEIcERY « FaRERY "8 Has a tine
st anp 5dicihaseperngs eatarotdian Onacsesaniylygnbart freat aveo imgideeedeened
anonal ous, Bar graphs, |ike the bar rag@tlgoﬁq, Ak erggréci:tc%loarly
usef 8l i rPRhatll HRPLAFFBRFACHAMS RESqRFRRENY JPEEPGT aldE "G hitie t he
accg Ir acy tofi st b@%jt;ati@aﬂ.nngm@cw baadgmpmaan:m,lﬁneom:y glmphhbﬁloq ]

robl ematic, _and/ or anomal ous transactions. QnE, i e s, the
gr aph refPEELES 13 MFH FPeREHTEY affef %g?ﬁ)%%sraétei ﬁﬁm%%%q?ggg%%}sée@g bet ween
t he i nt ergtakhel astcitfng beotaagaral oicast dwpamdyl salidet,and the internal

cl ock of tfgﬁ | ane, trarlllgl?cti on s%lstemt%grzlgact]i%‘me user interface 1700 al so
may be cEFPPYEFRY F0 FREPHIR T DR Pofim *PE8H~OF ‘ot her interface el enent
sel et abl e t orRgemeriate bacyr aphFtchatléshohs idvge precess snomotithe HE5ween

current and pteceding (:a0sacti 43,83 LeH aelad byolgeas( sensor file tine
st anmps al% P e |n? ervals o %ﬁmebetween current an precedl ng
image/sensor files and, optionally, from the transaction-related
data in the violation transaction entry (1626). The image
processing module 1024 may perform this identification using any
15 or all of the methods described previously. Once a violating
vehicle has been identified for each violation transaction, the
image processing module 1025 sends the identified vehicle and
associated transaction-related data to the billing engine 1022
for processing as described elsewhere (e.g., wlth respect to
20 FIGs.3 and 4) (1628} .

The above applications represent illustrative examples and
the disclosed technigques disclosed can be employed in other
applications. Further, the various aspects and disclosed
techniques (including systems and processes) can be modified,

25 combined in whole or in part with each other, supplemented, or
deleted to produce additional implementations.

The systems and techniques described here can be
implemented in digital electronic circuitry, or in computer
hardware, firmware, software, or in combinations of them. The

30 systems and techniques described here can be implemented as a
computer program product, i.e., a computer program tangibly
embodied in an information carrier, e.g., in a machine-readable
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20transactions as reflected by transaction entry tinme stanps. For exanpl e,
FIG 19 shows an exanple 1900 of a bar graph that assigns to each
transaction a pair of bars, one having a height reflecting the interval of
time between the current and preceding transactions as determ ned from | ane
transaction entry 25tine stanps and the other having a height reflecting
the interval of tinme between the current and preceding transactions as
determ ned fromimge/ sensor file tine stanps. If the difference in
the heights of the two bar graphs associated with the same transaction
indicates a difference in 30time above a predeterm ned threshold, such as,

for exa ug, . i y C I.0er.ed,.po y
natchedvg%%ggégna??ﬁgpgﬁﬁfgrQg%%g 03%& %ﬁgﬁgdrnga%ﬁg%ggﬁﬁdggéq%%t show 84
any trandaccophrat st apetatieoh 2fvo dedpsprdrssdicbf appirathvesi ghtgby & our or

more sec aﬁé&ﬁf%,pziotceEQBi\é\'? ag:({/Jm%%gggesonmuq_tﬁgigng&n%lﬂ:e%gcorﬁ’ 1

second, and™1 second,” respective r fransactions 1 rough 4.
Accor di ngloppusar Brediinnl 980 baditidtter Snhany didrnf ofr progussmdngons are

Phe Bar” Or B 800, SHahed someBied o2 dRLE e Timul . e e

e er to quic at a g fermne the
accur acy &M biedapietfichgnppror ebermndnfduasnd i aostyndrelonedpreFwit emat i c,

and/ or angTel0uSybLE@NS AtBBientd ORRESLLENEe PALK feF! GiidlGuithErd mBge
processi ng modul e 1025 identifies the violating vehicles fromthe violation

i mage/ serfSBt USE| 88 RRPIEESERSNAITironfiestn t He qamensatt Poteresl aredelata in
the vi ol aidAlykhapsasd 163 c8BEE Yo 1B20boniiites MBRIGnPHIEERSIN oD, & 1024

may performthis identification using any 15or all of the nmethods describe

preVWousI%F qaﬁcéigequﬂqygpﬁébuted across multiple sites and =
interconnected by a communication network.

Method steps of the gystems and technigques described here
can be performed by one or more programmable processors
executing a computer program to perform functlong of the

15 invention by operating on input data and generating output.
Method steps can also be performed by, and apparatus of the
invention can be implemented as, special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an
ASIC {application-specific integrated circuit).

20 Processors suitable for the execution of a computer program
'inciude, by way of example, both general and special purpose
microprocessors, and any one or more processors of any kind of
digital computer. Generally, a processor will receive
instructions and data from a read-only memory or a random access

25 memory or both. The typical elements of a computer are a
proceggor for executing instructions and one or more memory
devices for storing instructions and data. Generally, a
computer will also include, or be opératively coupled to receive
data from or transfer data to, or both, one or more masgs storage

30 devices for storing data, e.g., magnetic, magneto-optical disks,
or optical disks. Information carriers suitable for embodying

computer program instructions and data include all forms of non-
86



vehi cl e has been identified for each violation transaction, the inage
processi ng nodul e 1025 sends the identified vehicle and associ at ed

transaction-related data to the billing engine 1022 for processing as
descri bed el sewhere (e.g., with respect to 20FI Gs.3 and 4)(1628). The above
applications represent illustrative exanples and the disclosed techniques

di scl osed can be enployed in other applications. Further, the various
aspects and di scl osed techniques (including systens and processes) can be
nodi fied, 25conbined in whole or in part with each other, supplenented, or
del eted to produce additional inplenentations. The systens and

t echni ques_descri bed here can_be jnplenented in_ digital electronic

ci rcui t r yOLaFi1e, WEBREYL et RHHHREr BY Y3¥ RiaPERYT ¢ OGP conbi nat i ons
of them pZherpQsusicess ang.  efroigUESPRIRSC anhedl e enctirybéevinsenent ed as
a conputer program product, i.e., a conpufer, programtangjbly..enbodied in
an i nf or RaFRBREC HiSksr sugh s ﬁnﬁeﬁnﬁiﬁﬁtaégﬁa%ﬁ“g reé‘t"éfgég% %les\r]/q%ée or in a
propagat dghtedadpriican @xeksil i@ by-roM 4t OYDLROM dimksoperBéi on of , data
processi ng apparatus, .e.g., a progranmmabl rocessor, a conputer., ar

nul t Ppl e PEBRPETRT sa.ndAtE‘Sn‘B?ﬁ‘%’?}Pﬁ’F ggﬁﬁ@%‘gn&?ﬁt n 9n lﬁ%r Oorrar%e%f

pr ogr ammiAgsptaigugfepos8Cclogingieeaptted or interpreted | anguages, and it
can be deployed in any form .including a stand-al one progr or as a
nodul e, corrporﬁ‘érﬁ”fo‘@%r O8T i Htex %Pﬂe‘f’fﬁhiat U8t abi'e sfyésr@eﬁgeglmh a

conput i NGeehxi fnduTERiscrAbea pete capr bgr fmplearnbeddepl oy@aptibebe executed on

on®, CoTYLSeg"s L ) BT GETRCES 00k R b B Uipby! b aciose
steps of (Lheusysteymeadnditptayl gued tdestor bEedrleyéng ainfsampeidwrired by one
Functi ond 8 CERE i A EaPBERRg e B bR A O e i g
out put. 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
15 can be any form of sensory feedback, such as visual feedback,
auditory feedback, or tactile feedback; and input from the user
can be received in any form, including acoustic, speech, ox
tactile input.
The systems and technigues described here can be
20 implemented in a computing system that includes a back-end
component, e.g., as a data server, or that includes a middleware
component, e.g., an application server, or that includes a
front-end component, e.g., a client computer having a graphical
user interface or an Web browser through which a user can
25 interact with an implementation of the invention, or any
combination of such back-end, middleware, or front-end
components. The components of the system can be interconnected
by any form or medium of digital data communication, e.g., a
communication network. Examples of communication networks

30 include a local area network (“LAN*}, a wide area network

{*WaN*}, and the Internet.
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Met hod steps can al so be perforned by, and apparatus of the invention can
be i nplenmented as, special purpose logic circuitry, e.g., an FPGA (field
programuabl e gate array) or an ASIC (application-specific integrated
circuit). 20Processors suitable for the execution of a conputer program

i ncl ude, by way of exanple, both general and special purpose

m cr oprocessors, and any one or nore processors of any kind of digital
conputer. Generally, a processor will receive instructions and data froma
read-only nmenory or a random access 25nenory or both. The typical elenents
of a conputer are a processor for executing instructions and one or nore
menory devi ceshkObomb @i ity shysbhUsdn R 13RE EBicdhtsCRARS &dtdbrsa CRNPUL er
will also _nclude, or be operatively coupled to receive data from or
transfer YR 8290t 2X6n ESBRT MDY TRBeEe sEXmh g8 cBodERe @8 or st ori ng
data, e.GypitRANet ifteRANeHRoAPh £lonfliusksatr Qn ARELEAK . digles. | nformation
carriers suitable for enhodying conputer programinstructions and data

i ncl ude af$GPRERLP Moriflisst FBF ATUEBEDPSS IhiEErAPhFORRYEeY exanpl e
sem Gondustdfrafl MBhyn Uy e $he erdspedeRREVbokRRRIM 288dnidash snenory

devi ces; gnetic di sks such as internal hard disks and rerovabl e di sks;

magnet o- OPtiTA SBFERS : TG 1epSREM Eh @OVDORENT di sks. The 5processor and the
nmenory can beocguppl efETHRALEY 1088 RCQHRALAT GG IfoPREEE AP HRPSHIAPII C
circuitry. To provide for interaction with a user, the systens and
techniqué?jﬂﬁfcribed here can be inplemented on a conputer having a display
devi ce such as a CRT (cathode ray tube) or LCD 10(liquid crystal display)
nonitor for displaying information to the user and a keyboard and a

poi nti ng device such as a nouse or a trackball by which the user can
provide input to the conputer. O her kinds of devices can be used to
provide for interaction with a user as well; for exanple, feedback provided
to the user 15can be any form of sensory feedback, such as visual feedback,
audi tory feedback, or tactile feedback; and input fromthe user
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can be received in any form including acoustic, speech, or tactile input.
The systens and techni ques descri bed here can be 20i nplenented in a
conputing systemthat includes a back-end conponent, e.g., as a data
server, or that includes a m ddl eware conmponent, e.g., an application
server, or that includes a front-end conponent, e.g., a client conputer
havi ng a graphical user interface or an Wb browser through which a user
can 25interact with an inplenentation of the invention, or any conbination
of such gﬁ%§§ﬁ9d m ddl eware, or front-end conponents. The conponents of

t he syst ‘be interconnected by any formor nmedium of digital data
communi cation, e.g., a comuni cati on network. Exanples of comrunication
networks 30i nclude a | ocal area network "LAN"?, a W de area network

("WAN") , land ﬁ%eth?ﬁ‘éfrlﬁﬁlfymgavehlqlﬁén & BlsyBtemy theyasthad comprisingi ude clients
and servers. 11%%5%%&@&%9&@%@&&1&&%&&:& ehfrp @e@pbingh far and

typically |nteract rough a communi ¢ation network. The rel ationship of
client andnsaexoxﬁremmaékstb@hmiermdéh@bﬂéﬁmm therfisgrtelhiransaefinnfgtign t he

respective ¢ e a . client-server relationship to each other.
O her i nfi B’r‘ﬁ’;g)aaﬁ’isgtﬁ%nsﬁcg@n Sgar{nlf he scope of the follow ng clains.
CLAIMB: 1. Aggveishmch fkt pickard tithy sta@p assoeiated veith antoll ttansactisrysittang decived et hod
conpri si ng: accessi ng a first_ tol] tranﬁ_lagit)lﬁon entry, the first toll

¥

t r ansact fepictehe o}l trasachiom pegensthe Sirgt vehigls aad BelReen a first vehicle
and the toll sysham g‘ﬂﬂné Redst 6t colfPluter pFRBEBE hitike (ﬁﬂ'él"eﬁcdb'éﬁiiétﬂltlﬁkgﬁ@t first

transactlontlrres accessing a first picture tinme sta
associ at gensactidn @me EiBIInP andthedistipietursitiena gtamp &8 thed o drapragtion bqt‘f'i%ﬁnttb? first

transact Ivglllclg%}l(\{\ﬁ'leQOﬁ systJrr'x sk vehicle and the toll system

enabling display, in a graphical user interface, of the calculated time difference to a

user.

2. The method of claim 1, wherein the first transaction time stamp and the first picture

time stamp are based on independent clocks.

3. The method of claim 1, wherein accessing the first toll transaction entry comprises

receiving the first toll transaction entry from a lane transaction system.

4. The method of claim 3, wherein accessing the first picture time stamp comprises
receiving the first picture time stamp from an imaging system that is independent from the

lane transaction system.

5. The method of claim 4, wherein the imaging system being independent from the lane
transaction system comprises the imaging system not receiving signals from the lane

transaction system.
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cal culating, using at |east one conputer processor, a tine difference
between the first transaction tinme stanp and the first picture tinme stanp
for the toll transaction between the first vehicle and the toll system and
enabling display, in a graphical user interface, of the calculated tine
difference to a user. 2. The nethod of claim1l, wherein the first
transaction tine stanp and the first picture line stanp are based on

i ndependent clocks. 3. The nmethod of claim 1, wherein accessing the first
toll trapsactipn_entr ises receiving the first toll transaction entry
froma | ane t gens @P?éﬁagi%qs)!ti’em 4. The nmethod of claim3, wherein

accessi ng t hewheresitthpintdgingesyslienebeitpampependant fromghe boetransagtiontsgstémr st

picture tinme stanp froman i i ng syst that 1s independent from.the | ane
t r ansact PYRAPISFS therHmagigg syyian Hé‘g%%‘ 6‘¥e ?gloﬁg gl,at }Rﬁ%‘ieBF‘H{%P{E"IP ARGEEsy st em
bei ng i ngdRPeRFBRlank HaMRab6h ARk, hi@nsact i on system conprises the i magi ng
system not receiving signals fromthe | ane transaction system 6, The

met hod of cl awhemin the first tropsationiimngampisgengrateg batsshondhsigtarnal eloekabthe f r om
the lanetr .10 S B : i i sgagéq i i nt er nal
cl ock th}a eﬁgﬁlﬁg enpﬁﬁ%}én#ﬂﬁ%ﬁnggékﬁﬁ%@%gtfﬁlgﬁ%%%grg@ﬂ t he (gl?\ﬂéé ??egﬁésl action

system ahdk of the imudisg sistent.he first transaction tine stanp is generated
based on the internal clock of the | ane transaction systemand the first
picture tinme stanp is generated based on the internal clock of the imaging

system 7. Th&hemicthod obélaimh & fiexther choptibieg: conpri si ng: accessing a

clock offset between the internal clock of the lLane transaction. system and
the internal 6‘?08?&‘15’05\‘Cl?‘ﬁ‘e‘)f?%e%‘itﬁﬁmstbg%?ﬁmtc Oéﬁ(?if o Sls]i aggfc(ﬁ?%s Steeé%n d’:ang a

known ti PR ifliefREEILEYoBE Mg dyERm firGkRl opfctirBiredentieg ARhoval Bok diparithe | ane
transaction systemand tinme tracked b¥ the internal clock of the in&gi ng

system &slveen time trgelreddyyithejintsreal £lock oI the Aansdrpsaghon systenspud g iragked by r st
pi cture ti e StAMBPASRD i ir}é‘s‘éflst%ho%d of f set, wherein cal cul ating the
alt

time difference conprises ating the time difference using the

adj ust ed fi r stdjtstngsbefiispimadsactionginzrgtarap ot the fizad pistire imistagnp haseskanrtbe t i e
stanp. 8, Th thod of claim7, wherein the clock offset represents a
known ti ﬁ@"]ﬂf’gﬁ rity due to a difference in clock resolution between the

internal cl ockhefeid dagulAing the 6 dictetedbe SytBirtses edlchlithg thatiae diferaicock of the
i mgi ng system a difference  in clock drift dbete:a%en the internal clock of
t he | ane Using theadiustsd fustdrapsactiontimg stamprs thepdivsted st piolpigdimeSiihg syst em
or a fixed difference in clock setting between the internal clock of the
| ane transaction system and_the interna ock of the imagin steH]]T]ﬁa 9.

|
The met h8d of The method of glawn & Whetrabhs 6“1%F§§67 Lepregynts $,knqvy o distany

di f f er enge, aRRRALLS 851633 RN nHARAYh Ot cloek 6£4na18E tlahdtsH dkeience in
a graph. 10. The method of cl

_ _claim 9, erein the gra_hlsabar_rgraph
i ncl udi ngndthoantetnaldlogk of theinpgingsystens pdilirange trbclwkeirufblpqiwp%&tb@il Grpg
differe NCfock of the lane transaction system and the internal clock of the imaging system, or a fixed
difference in clock setting between the internal clock of the lane transaction system and the

internal clock of the imaging system.

9. The method of claim 1, wherein enabling display of the calculated time difference

comprises enabling display of the calculated time difference in a graph.

10.  The method of claim 9, wherein the graph is a bar graph including a bar having a

height corresponding to the calculated time difference.
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11. The method of claim 1, further conprising: accessing a
second toll transaction entry, the second toll transaction entry
designating a toll transaction between a second vehicle and the toll system
and the second toll transaction entry including a second transaction tine
st anp; accessing a second picture time stanp associated with a tol
transaction picture deened to depict the toll transaction between the
second vehicle and the toll system and calculating a tinme difference
bet ween i fgon 4a€ acti n tlne sk and the second picture tinme stanp
for the hod ¢ TEHEPLREnd vehicle and the tol | system
and enabl | NGacBlisSiRk akecdnt tdleargtaiohicany, tuswcommﬁomaamtioménuyhe tinme

di fference between the second transactio t ta and tH§5§ec d ﬁicture

tinme stafgsigapinga tofldransachon Petwgeneh scsopbysid R

stanp an fol il iR £sebbilBral iR |t§ne(:3%§ﬂ,|rrent |y displayed. 12. The
nmet hod OEngth11§& e&%%n enabl i ng d?sblay of the time difference between
the second t ramsmntglacsncqudlmctsneam}r stadp aﬂsemste@wﬁh afholt trepsactionicteéanp whi l e
the time. diff ne en t he first
pi cture 199 ,lﬁfdg?g &@ @?afgnrf ]Pétwgl sp gé}é@&%%h?}‘g?%"éd;@ezﬂa ﬁeﬁg I spl ay of
a bar graph haidulging aftinﬁchlffbt&hc&thW%lﬁbﬂﬁhcagi transhdiion ttimeestaing dreftbeace bet ween
the first transaction t| anp. and the first picture t.ime anp,and a
Second. bHCORDPFUSHIRAFRGPIY hi ki heaction bei Lo set Rl dripfend BESRY
transact jop. |8 Stanp and the second picture time stanp. 13. The nethod
of claim”, Wherein the graphi cal user interface includes a %Waphlcal

el enent sel ecermblieg digpleyén thegraphicaluseringerfase. 08 thegime diffierpnggbetween the £ yy ¢ her
conpr|5|n receivi.n n. J.n RS, .sel ect ed
by the u ngmmﬁmﬂt@%@?’"“ gg%%ggémpﬂgug% {ng?%ﬁghﬁ Icehrencgé

conpris eBet&reabﬂhe ligst Ghasqakdoh tﬁrhe sthmptandehedirftfpictendiend stampisponserenty t he

i ndi cati qn. 5. The method of claim 14, wherein the graphical elenent
conpri se€isBa¥idaphi cal icon or button. 16. The method of claim1, further
conprising: conparing the tine difference to a predeterm ned threshold; and

conditioned on the_ ti edi.hg th redeterm ned, t hr shold
desi gnat g tﬂlé ‘ilnf‘?l%% ]ct"T FF"i‘ ?rf?éﬁgg ﬁ’ﬁ@a)éﬂﬁthg ﬂglefﬁﬁ?fmcﬁ% e

stanp as RBRIMBRYS on tihfe stdh aftbihb 96bofd pichat tink stabipr Wiy the finfe rdifﬁdrétge

di splaying the calculated tinme difference tqQ the user in the g gphl cal user

i nt er f acbetwegrgthe Airsf yransagiionoiime gampiang thedfirat RigHredinge SR ISORFUEPEY emy t he
system coiipf &esd QS HRE Al EsiAr PG PILRBEHRE b Firdt eaf d&ﬂégﬁﬂdfn% to the

time difference between the first transaction time stamp and the first picture time stamp and a

second bar‘corresponding to the time difference between the second transaction time stamp

and the second picture time stamp.

13.  The method of claim 1, wherein the graphical user interface includes a graphical

element selectable by the user.

14.  The method of claim 13,

further comprising receiving an indication that the graphical element was selected by

the user,

wherein enabling display of the time difference comprises enabling display of the time

difference in response to the indication.
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access a first toll transaction entry, the first toll transaction entry
designating a toll transaction between a first vehicle and the toll system
and the first toll transaction entry including a first transaction rine

st anp, access a first picture tinme stanp associated with a tol
transaction picture deened to depict the toll transaction between the first
vehicle and the toll system calculate a tine difference between the

first transaction tinme stanp and the first picture lime stanp for the tol

i ot oy, Lon ariy e aeigiolPh P PR b Mo o R RGERART

to a usebuttonl9. The system of claim 18, wherein the one or nore conputer
processors are configured to access the first toll transaction entry by
receiving the first toll transaction entry froma |ane transaction system
20. The sg/st eTheahethbdoffoldify 1, further covhprigngn t he one or nore conputer

processors are configured t.o access the first pictyure tinme stanp by
receiving t he®FHERS eé?’%ﬁ‘%%?‘ieﬁ‘éﬁ tg%ﬁﬁeef%meﬁﬁ‘%%ﬂgi ﬁ@‘s systemthat is

i ndependent fsamHoR& dPME tilcAREAEAdQRRcENRIER prafiélermined thredid, Retighdlidg

i magi ng system bei ng i ndependent fromthe | ane transaction system conpri ses

t he i nagihedirs yranssgtionotime stempwné thedirgfriugtyreftimpmstampas ae@alquansact i on syst em
21. The system of claim 18, wherein the graphical user interface includes a
graphi cal el enent sel ectable by the user. 22. The system of c¢laim 21,

wher ei n the oHee wethpdekclaipnh fedher sepprasiagdisplayiag thgcalsalated g ifersacats
receive Lndi gati.on. aphi cal el enent was sel ected by the user
and enab@gugﬁg%ﬁgvﬁﬁﬁh%¢ﬁg¥%%§ﬁ%§fference in response to the indication
23. The systemof claim22, wherein the graphical elenent conprises a
graphi cajg i COR Q%N ¥4Li8htirfle o VRGNS ftefn! Heyskéin gﬁﬁh@oﬁéﬁ_lﬁ)&g or
nore conpliter processors are firther con I‘gured to: conpare the tine

di f f er encenpuberprorestbet confipmed ta: hr eshol d; and conditioned on the tine
di fference exceedi t redeterm ned .t hreshol d.. desi gnat e the fi.rst
transaction t¥5EFS&t c[%&‘iﬁgnsf‘?\éonffinlt’g’t t‘ﬁﬁiﬁﬁﬁt ﬁoﬁgtrﬁs?‘%mgfe%tﬁgd%%gnﬁ{ﬁ%{ogus. 25.
The syst gaasadtionlbatwocs & firvh@hiierint fie: o1 eysiém BBd the G Poll BinspitionRESPr s are
further configured to display the calculated tinme difference to the user in
t he grapichdingedast trapsastipn Hgie stax; A et hod of identifying a vehicle in a
toll system fz%ﬁt Thid 4 jated wABGASHE tridskastidnl gisthretdbihed to
transaction e%%??, t 3ﬂ?ﬁgst to?ﬁ§?$gﬂg§ction entryadesﬁgnating a tol

t r ansact depict st tnk ¢ransaction tweentthe fisst setdele hed theltdll sypterem and the first tol

transaction entry includi a first tr tion ti. ’ accessi ng
a first pict u?%cqﬂtﬁﬁﬁﬁe?ﬁfggg%cg c]?gl{“é erééhevwlrg ﬁgaéls%ﬁﬁg{l Itt}g% S?Jiegrreg t?%ﬁﬁtepi ct the
toll trapisass iias stasipiecthe tdlErdnsicion befweeh ehcdfivet viehielet anl thestpH tsgytem; and
accessing a second . toll transaction entr transacti on

: .toll
entry desi gnafiahls dspiay) in & grapfucal Pﬁ%ﬁntﬁ'g‘?‘%e%ﬁggcé‘g‘ﬁgg t‘@‘% Miarencs iR PSEE ¢ ol |

system and the second toll transaction entry including a second transaction

time stanp; . )
%). The system of claim 18, wherein the one or more computer processors are configured
to access the first toll transaction entry by receiving the first toll transaction entry from a lane

transaction system.

20.  The system of claim 19,
wherein the one or more computer processors are configured to access the first picture
time stamp by receiving the first picture time stamp from an imaging system that is

independent from the lane transaction system, and
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accessing a second picture time stanp associated with a picture deened to
depict the toll transaction between the second vehicle and the toll system
cal culating, using at |east one conputer processor, a transaction tine

di fference between the first transaction tine stanp and the second
transaction time stanp; calculating a picture tinme difference between
the first picture tine stanp and the second picture tinme stanp; and
enabling the calculated transaction tine difference and the cal cul ated
picture tinme difference to b ncukren i %% i . j.cal user
interface for"pared etllmgﬁm%fy%mﬁuggﬁlg ﬁ‘%yédd%ﬁ%r&rr&&ﬁ% o#ﬂlcs:%glg{ln ,ngv\,her ei n

t he transagirsenthbahygensyistem fdt tkivirgdbiglats feor thetand tednkacsips sgstennccurs in a
sanme toll lane as the transaction between the second vehicle and the tol
system 28. The nethod of claim 27, wherein the transaction between the
first vedi.cl eTiestemefichih 18yshaen arndgrbtdcd usan sterfice mndhatese graphivel second
vehicle agnd the toll system are sequential transactions in the sane tol

| ane sucHPHYECIRFRIE REYSEhsacti on occurs in the same toll |ane between
the transaction between the first vehicle and the toll system and the
subsequent transactio etween the second vehicle and the toll stem 29.
The met hoAl of TRE StptamA claim 2T, WhgrelR dhe OerhE M SOmYtel PRaGsoSOmAtE FHIeE  anp and

the firstonfighlettSrebtivBabinditic BaliBs efhpRidall MR Mee bilectddtihe useh nd
wherein the second transaction tine stanp and the second picture tinme stanp

are baseehable dispirymd tlepctirae diffseduse in rggponggie theingisatit ¢l ai m 26, wherein
accessing the first and second toll transaction entries conprises receiving
the first and second toll transaction entries froma |ane transaction
system 23.31. Therystgmrai slpim22cwhgraindle graphical clemeateomprises # sfapliird! dgongrg
second tgll transaction pictures conprises receiving the first and second
toll transaction pictures froman i mgi ng systemthat is independent from
the | ane transaction system 32. The nmethod of claim 31, wherein the

i magi ng syst eppheiig Jff&%ﬁqa%ﬂéreﬁﬁmrfé}ﬁ h R0 CothpRASRELs s H¥ FlrfEr CONPr i ses

the i magrng systémnot receiving signals fromthe [ ane transaction system
33. The amifigoctdod: cl ai m 31, wherein the i magi ng system bei ng

i ndependent fromthe |.ane.transactio St r t he i magi ng system
havi ng an i nt &FH4EfC @F k)‘B’I?%t‘fh?{?nﬁe © ?Rﬁgﬁéﬁﬁlggﬁq&%gglnda%’%ls nternal clock of the
| ane transacticgitousd @Mhe iRt differenoshrt@idingtthepletetsiminntihsshaddetigasisact i on
time stanps are generated based on_the internal clock of the | ane
transactﬂ@ﬁhﬁﬁ@?%ﬁ?%hﬂnFW@mpﬁpéﬁméﬁﬁW§@86HHn$ﬂ@PﬂP%MFWH%“§tanps are
generated based on the internal clock of the imaging system 34. The
met hod of claim 33, further _co rjs'ng:

25. The system of claim 18, wherein the one or more computer processors are further

configured to display the calculated time difference to the user in the graphical user interface.

26. A method of identifying a vehicle in a toll system, the method comprising:

accessing a first toll transaction entry, the first toll transaction entry designating a toll
transaction between a first vehicle and the toll system and the first toll transaction entry
including a first transaction time stamp;

accessing a first picture time stamp associated with a picture deemed to depict the toll
transaction between the first vehicle and the toll system;

accessing a second toll transaction entry, the second toll transaction entry designating
a toll transaction between a second vehicle and the toll system and the second toll transaction

entry including a second transaction time stamp,
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accessing a clock offset between the internal clock of the |ane transaction
system and the internal clock of the imging system the clock offset
representing a known tinme disparity between tine tracked by the internal
clock of the |ane transaction systemand tinme tracked by the internal clock
of the imaging system and adjusting the first and second transaction
time stanps based on the clock offset or adjusting the first and second
picture time stanps based on the clock offset. 35. The nethod of claim 34,
wherein the cl ock. of fset .repr t W Js r4

di fference i n¢HSe ar%goc?ldt?t? ﬁgﬁ%ﬁf&%@@ﬁ%ﬁ?@@ﬁﬁ&%ggiﬂ%@%@} %ﬁe
t r ansact iolinradytionbanded the séaohé vetdtle ahd the taf system;i magi ng system a

difference in ll@ﬁ?ﬂk drift lfetvveen t he internal grl ockt.of.th géFane :
transaction s‘ffg‘f TEritpa A 9ot B FAMmPEFHRIRCTTOR A aﬁ’%gﬁ“ﬁ{j“%@ M or a fixe
di f fer enggwkéh fk 2iedt trafdablidiiAE SRS And R skétin@iRatacEbOtite Smphe | ane

transaction systemand the internal clock of the inaging system 36. The

net hod of cl ataleudsingwnictetetineadiffercnes haheeandhe firshpishurs vime statpiapd the e
differ eng%og&lgich@eeﬁxﬁgg&gl ajpd picture time difference to be concurrently
di spl ayeac I'n graphrcal “User interface conprises enabling the cal cul ated
transacti on rémblink tht enlevlated anadsattien it diffeadned agd e valeulatedpictiré fimeence to
be di spl din graph. 37. The nethod.of claim.36,. wherei.n the qgraph is
= bar " or SURHE I b Grgeattenty Sisp B RARTARISH HET SR G 1P SUTHY €55 ne

calcul ated transaction tine difference and a second bar having a hei ght

C1 i m 96271 ur ThemoBeh Al i a0 whelit {nfulbdeifn 8 GO Ffy penffls addfie L

entry, tb@adnbécrdiflalsatnt BNBRAE 2ARe BRshiticiaRtGRAhd@cend @hicld andnbetotli on
between a third vehicle and the toll systemand the third toll transaction

entry ingé¥stf-ng a third transaction tine stanp; accessing a third
picture time stanp associated with a picture deenmed to depict the toll
transaction between the third vehicle and the toll te al CE| ating

) . ysteny .
a transaé8i onlhe metherl pf daiands Wersir ths tapsction betweet A St pehide epdedell np and
the thir DePHE ’ A i he Bl BsyRefmlaid fqhédiRl
di fferengjéstt{)ngt me%%@%@% pi cetfjefgn(}?&nﬁe&ésj%?n% and yt_he t hi rqd icture tine
st anp; atrdnsactionsémthiolsamg tadl lapd sugh thahne hdegiranstdtioalocersein the saspy taﬁéqneof t he

transaction ti difference b en t.h ' ion tine
st anps ahﬁtwteﬂé itr(?{lfﬁpgoqeli’%‘ge eﬁi’%@ﬁé H%héaggﬁ(\?\gjg%ﬂ? %}gteﬁsl{;%%dﬁgé g‘ﬁ)g&ﬁ]%tlr d picture
time stamassaviod tkie the 8R6@Ttdhivie iridvae dilf fystemnce bet ween the first and
second transaction tine stanps and the picture rine difference between the
first and second picture lime stanps are concurrently displayed. 39. The
met hod ofocl arThe 3@thodoeclainn26,he transacti on between the first vehicle and
the toll system th ransact i on. bet ween e ,second vehicle and the tol
system and t Wé‘erte}“at%%}ﬁ frapSagiiqn {HRG SETHE a?%&r"&fr ?fé‘h‘?r%@leim}fr?gm‘%@e gﬁﬁelg %8yst em
occur i njfeSeHMRntMdks |age of the toll system 40. The nethod of claim 39,
wherein the transaction between the first vehicle and the toll system the
transacti on bathesirthe besondtransdctinarines sarmpand e seeond pigiuge B P Hhe
transaction .bet. n jrd vehicle and the toll system are sequenti al
transactigﬁg%ﬁﬁ&gﬁguégﬁ%6ﬁ%1I | ane such that no other transaction occurs in
the sane toll |ane between the transaction between the first vehicle and
the tol | 55ySt ¢} AhoBR AR SE WAL hERRIALHE it ARE WREH LN rRSEABMAH C! ©
and the toll sysStemand no ot’her transaction occurs In the same to | ane
bet ween theptisca paitinghe fet weksecoinbtod emosdtioredntc ésefr@n d ladedrangdctiosy st em and
t he subs§g¥ent transacti on between the third vehicle and the toll system
41. The #Bd of claim38, wherein enabling display of the transaction
time difference between the second and third transaction tine stanps and
the picture tinme difference between the second and third picture tine
stanps while the transaction tinme difference between the first and second
transaction time stanps and the picture tinme difference between the first
and second picture tine stanps are concurrently displayed conprises
enabl i ng di splay of a bar graph having a first bar corresponding to the
transaction tinme difference between the s¥tond and third transaction tine
stanps, a second bar corresponding to the picture tinme difference between
the second and third picture tine stanps, a third bar corresponding to the
transaction tinme difference between the first and second transaction tine
stanps, and a fourth bar corresponding to the picture tine difference
between the first and second picture time stanps. 42. The method of claim
26, wherein the graphical user interface includes a graphical elenent

sel ectable by the user. 43. The nethod of claim42, further conprising:




receiving an indication that the graphical elenment was sel ected by the
user; and in response to the indication, enabling the transaction
time difference and the picture tine difference to be concurrently

di spl ayed in the graphical user interface. 44. The nethod of claim 42,

wherein the graphical elenent conprises a graphical icon or button. 45,
The method of claim26, further conprising: conparing the transaction tinme
difference to the picture tinme difference; and designating the first

and secopl {1 HSAGHLO0 HLEPSS IR, AACkshfitnd htsPin ARG Ykl © 11 e

st anps as ‘ano ous based on’resu he conparison. 46. The net hod of
cl ai m 26picfurstdoaiprisampeeidhgthedirs phdyicond tdilgransdotion picues fremsaonagne t i ne

di fference an&)gt,he cal cul aé_ed i,ct ge ti.ne ditfference concurrently to the
user in Pysemyihahsindependent trqm the lane tpansachion SR o o f or i denti fying a

vehicle in a toll system the system conprising one or nore conputer

i . £i N i , th
i oot tofe ¢ aederdal Sair 3. oer i EE et fbtert Bt LURRRAGH Rk BEIE {10,
vehicl e aRtlatdif Qb OMDHSES tBOThdokip sybtesinol Aktivinganmakfioanthedney i ncl udi ng

a first transaction tinme stanp; ‘access a first picture time stanp
associ at tasaptian systeinet ure deened to depict the toll transaction between the
first vehicle and the toll system access a second toll transaction

entry, the second toll transaction entry designating a toll transaction
bet ween 33-sectheimedpd ef daighdlt he tol | system and the second toll

transaction e%%r)éixftﬂ@lr}ﬂ%%r[% g RERS né\}ép?ﬂéez@ﬁbﬁpihé 1A tréds@fdn system access a

second picture tinme sta ocl ate picture deened to depict the
tol | transapfisesthebmhgime systéne haeupadintashal closk dratlistindeperdant Bgmtan igternal

cal cul ate a]ﬁt£§lni%%tion .ime difference between the first transaction tine
stanp an8ofkgl L8l FepsasiLdEBh WG e st anp: calculate a picture time

di ff erence beiyheem thbarst hiidiechidiratssctioh Mtestmmgs apngenihmeddasaineh the ct ure time
stanp, and enabl e the cal cul at ed {hgg_ﬁacti on tine difference and the

cal cul at Ederppllepkof thedanefranpartion ¥l Tard BFFONY PEFEHILG SHMPR 25
graphi Calohsitd bitbebd BEGnbAkl ASICARL Mibelis Gotuser . 48. The system of claim

47, wheré& n the one or nore conputer procesSors are configured to access
the first and second toll transaction entries by receiving the first and

second tghl tHARSRMLIDIGHE B3 Forthdr@Bmpritiage transaction system
accessing a clock offset between the internal clock of the lane transaction system and
the internal clock of the imaging system, the clock offset representing a known time disparity
between time tracked by the internal clock of the lane transaction system and time tracked by
the internal clock of the imaging system; and
adjusting the first and second fransaction time stamps based on the clock offset or

adjusting the first and second picture time stamps based on the clock offset.

35.  The method of claim 34, wherein the clock offset represents a known time disparity
due to a difference in clock resolution between the internal clock of the lane transaction
system and the internal clock of the imaging system, a difference in clock drift between the
internal clock of the lane transaction system and the internal clock of the imaging system, or a
fixed difference in clock setting between the internal clock of the lane transaction system and

the internal clock of the imaging system.
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49. The system of clai m 48, wherein the one or nore conputer
processors are configured to access the first and second picture tine
stanps by receiving the first and second picture tinme stanps from an

i magi ng systemthat is independent fromthe | ane transaction system and
wherein the imagi ng system being i ndependent fromthe | ane transaction
system conprises the i magi ng systemnot receiving signals fromthe | ane
transaction system 50. The system of claim47, wherein the graphical user

I nterfacg, i ncludes hi cal s . BSEE di The
systen1oﬁacla# @6@8%§g$%Fhﬁ$ﬁgggﬁggg%hﬁggg%@gﬁgﬁg§¥n%$§%ess%ggﬁéﬁgFfurther
conf i gur et the cslegleted picame timdidtffdréme té batorichreerttyalidplayadl ired graplritalwss sel ect ed

by the user and enabl e displ.ay of the transacti time difference and the
pi cture PHGFACHCPPRIEH E’@%ﬁlﬁg ﬂ@fﬂ’gﬁlééegttﬁnfaﬁ@oﬁ‘ e gg—f‘?‘?ﬂ‘f.‘:’ an%é’.e cﬁ’lﬁ@aégst em of
clain1SOPEﬂQ@fﬁk@ﬁggﬁmg&ﬂ&hﬁgﬁhmgugg%ﬂ@hponprises a graphical icon or

i
button. "53. The system of cl'aim 47, wherein the one or nore conputer
processors are further configured to: conpare the transaction tine

di ffereng® t oThdRielibs bEEISint BaTRVIR L B is 8P4k graph incld€iSk @Miest ®at RRidg o St
and second transaction tinme stanps and the first and second picture tine

stanps abeighicwarmendipa sethe splcplatsd tpasagtion fac gifepaes awha seogad barhaviagat em of
claim 47he'&ﬁecroﬁje oh&%%?{‘ﬁqe%élsﬁﬁg{eﬁ ft 'tih{%rdiﬂ‘frgﬁc%.ssors are further
ntly disp ay the

configure o coricurr cal culated transaction tine
difference and the calculated picture tinme difference in a graphical user

I nterfacggfor rRerchBh bPhafty 25,%11’[&?%5mprising:

accessing a third toll transaction entry, the third toll transaction entry designating a toll
transaction between a third vehicle and the toll system and the third toll transaction entry
including a third transaction time stamp;

accessing a third picture time stamp associated with a picture deemed to depict the toll
transaction between the third vehicle and the toll system;

calculating a transaction time difference between the second transaction time stamp
and the third transaction time stamp;

calculating a picture time difference between the second picture time stamp and the
third picture time stamp; and

enabling display, in the graphical user interface, of the transaction time difference
between the second and third transaction time stamps and the picture time difference between
the second and third picture time stamps while the transaction time difference between the
first and second transaction time stamps and the picture time difference between the first and

second picture time stamps are concurrently displayed.

39.  The method of claim 38, wherein the transaction between the first vehicle and the toll
system, the transaction between the second vehicle and the toll system, and the transaction

between the third vehicle and the toll system occur in a same toll lane of the toll system.
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40.  The method of claim 39, wherein the transaction between the first vehicle and the toll
system, the transaction between the second vehicle and the toll system, and the transaction
between the third vehicle and the toll system are sequential transactions in the same toll lane
such that no other transaction occurs in the same toll lane between the transaction between the
first vehicle and the toll system and the subsequent transaction between the second vehicle
and the toll system and no other transaction occurs in the same toll lane between the
transaction between the second vehicle and the toll system and the subsequent transaction

between the third vehicle and the toll system.

41.  The method of claim 38, wherein enabling display of the transaction time difference
between the second and third transaction time stamps and the picture time difference between
the second and third picture time stamps while the transaction time difference between the
first and second transaction time stamps and the picture time difference between the first and
second picture time stamps are concurrently displayed comprises enabling display of a bar
graph having a first bar corresponding to the transaction time difference between the second
and third transaction time stamps, a second bar corresponding to the picture time difference
between the second and third picture time stamps, a third bar corresponding to the transaction
time difference between the first and second transaction time stamps, and a fourth bar

corresponding to the picture time difference between the first and second picture time stamps.

42.  The method of claim 26, wherein the graphical user interface includes a graphical

element selectable by the user.

43.  The method of claim 42, further comprising:
receiving an indication that the graphical element was selected by the user; and
in response to the indication, enabling the transaction time difference and the picture

time difference to be concurrently displayed in the graphical user interface.

44.  The method of claim 42, wherein the graphical element comprises a graphical icon or

button.
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45.  The method of claim 26, further comprising:
comparing the transaction time difference to the picture time difference; and
designating the first and second transaction time stamps and the first and second

picture time stamps as anomalous based on results of the comparison.

46.  The method of claim 26, further comprising displaying the calculated transaction time |
difference and the calculated picture time difference concurrently to the user in the graphical

user interface.

47. A system for identifying a vehicle in a toll system, the system comprising one or more
computer processors configured to:

access a first toll transaction entry, the first toll transaction entry designating a toll
transaction between a first vehicle and the toll system and the first toll transaction entry
including a first transaction time stamp;

access a first picture time stamp associated with a picture deemed to depict the toll
transaction between the first vehicle and the toll system;

access a second toll transaction entry, the second toll transaction entry designating a
toll transaction between a second vehicle and the toll system and the second toll transaction
entry including a second transaction time stamp;

access a second picture time stamp associated with a picture deemed to depict the toll
transaction between the second vehicle and the toll system;

calculate a transaction time difference between the first transaction time stamp and the
second transaction time stamp;

calculate a picture time difference between the first picture time stamp and the second
picture time stamp; and

enable the calculated transaction time difference and the calculated picture time

difference to be concurrently displayed in a graphical user interface for perception by a user.

48.  The system of claim 47, wherein the one or more computer processors are configured
to access the first and second toll transaction entries by receiving the first and second toll

transaction entries from a lane transaction system.
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49,  The system of claim 48,

wherein the one or more computer processors are configured to access the first and
second picture time stamps by receiving the first and second picture time stamps from an
imaging system that is independent from the lane transaction system, and

wherein the imaging system being independent from the lane transaction system

comprises the imaging system not receiving signals from the lane transaction system.

50.  The system of claim 47, wherein the graphical user interface includes a graphical

element selectable by the user.

51.  The system of claim 50, wherein the one or more computer processors are further
configured to receive an indication that the graphical element was selected by the user and
enable display of the transaction time difference and the picture time difference in response to

the indication.

52.  The system of claim 50, wherein the graphical element comprises a graphical icon or

button.

53.  The system of claim 47, wherein the one or more computer processors are further
configured to:

compare the transaction time difference to the picture time difference; and

designate the first and second transaction time stamps and the first and second picture

time stamps as anomalous based on results of the comparison.

54.  The system of claim 47, wherein the one or more computer processors are further
configured to concurrently display the calculated transaction time difference and the

calculated picture time difference in a graphical user interface for perception by the user.
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