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ELECTRONIC TOLL MANAGEMENT AND 
VEHICLE IDENTIFICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation (and claims the bene?t of 
priority under 35 USC 120) of US. application Ser. No. 
13/113,125, ?led on May 23, 2011, noW alloWed, Which is a 
continuation of US. application Ser. No. 11/423,683, ?led on 
Jun. 12, 2006, now US. Pat. No. 7,970,644, issued Jun. 28, 
2011, Which claims priority to US. Provisional Application 
Ser. No. 60/689,050, ?led on Jun. 10, 2005 and Which is also 
a continuation-in-part of US. application Ser. No. 10/371, 
549, ?led Feb. 21, 2003, noW abandoned. The disclosures of 
the prior applications are considered part of (and are incor 
porated by reference in) the disclosure of this application. 

TECHNICAL FIELD 

This document relates to electronic toll management. 

BACKGROUND 

Transportation facilities such as roads, bridges, and tunnels 
produce tolls often representing a major source of income for 
many states and municipalities. The large number of automo 
biles, trucks, and buses stopping at tollbooths to pay a toll 
daily can cause signi?cant problems. For example, such 
facilities may restrict the How of tra?ic causing tra?ic back 
ups 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 fuel may be Wasted as vehicles idle. Environments 
may experience an increase in pollution as idling and sloW 
moving vehicles emit pollutants (particularly carbon dioxide 
and carbon monoxide), Which may pose a signi?cant health 
haZard to motorists as Well as to tollbooth operators. 
Some tollbooth systems may have a program requiring that 

a motorist rent and then attach to the Windshield of the vehicle 
a radio transponder that communicates via radio frequency 
With receiver units at tollbooth plaZas. HoWever, such pro 
grams require drivers to seek out the program and to register 
for the program. These programs may make it mandatory for 
a motorist to make a credit card deposit and create an auto 
matic debit account arrangement, Which may effectively 
eliminate drivers With credit problems. These programs also 
may bill participants based on a minimum amount of travel 
regardless of the actual amount of travel. Thus, many motor 
ists Who travel infrequently travel through the toll road may 
receive little bene?t after investing time and money to par 
ticipate in the program. 

SUMMARY 

The present disclosure describes at least one toll system 
that enables automatic and electronic handling of payment of 
tolls by vehicles passing a toll facility, Without requiring the 
vehicles to sloW doWn or to have a transponder. Such a system 
automatically identi?es all or substantially all of the vehicles 
that pass the toll facility, and bills the oWner of each identi?ed 
vehicle for the incurred toll fee. Unfortunately, due to the high 
number of vehicles that pass through a typical toll facility, 
knoWn vehicle identi?cation techniques (e.g., license plate 
reading (LPR)) typically have too high of an error rate for 
effective use in this system. For example, the error rate for a 
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2 
typical LPR system may be approximately 1%. While such an 
error rate may be acceptable for toll systems that only identify 
vehicles that are violators, this error rate is typically too high 
for a toll system that attempts to identify every passing 
vehicle, not just the violators, for collection of toll fees. In 
such a system, a 1% error rate can result in a signi?cant loss 
of revenue (e.g., the loss of 1000 or more toll fees a day). 

Additionally, typical LPR systems often exhibit a tradeoff 
betWeen the number of vehicles identi?ed (i.e., those vehicles 
for Which the read result exceeds a read con?dence threshold 
for presumption of correct ID) and the error rate. In an ideal 
World, this tradeoffWould be re?ected in a binary con?dence 
continuum, Where the system alWays produces a read con? 
dence level of one When the read result is correct and a read 
con?dence level of Zero When the read result is incorrect. In 
reality, hoWever, the read results are usually at least partially 
correct, and the system generates a con?dence continuum 
having a broad range of con?dence levels ranging, for 
example, from a level of one or near one (very likely correct) 
to a level of Zero or near Zero (very likely incorrect). The 
system, therefore, is often required to set an arbitrary read 
con?dence threshold for determining Which read results Will 
be deemed correct. Once the read con?dence threshold is set, 
any read results having con?dence levels above the threshold 
are deemed correct and any read results having con?dence 
levels beloW the threshold are deemed incorrect. Setting the 
read con?dence threshold too high (e.g., at 0.95 or higher) 
signi?cantly decreases the possibility of an error but also 
excludes many correct read results, thereby reducing revenue. 
Conversely, setting the read con?dence threshold too loW 
(e.g., 0.3 or higher) increases the number of reads deemed 
correct but also signi?cantly increases the number of errors, 
thereby increasing costs by introducing errors into a large 
number of accounts/bills Which require much time and effort 
to audit and correct. In a toll system that identi?es every 
passing vehicle, this tradeoff is particularly problematic since 
it may result in a signi?cant loss of pro?ts. 

Moreover, a toll system that identi?es every passing 
vehicle is identifying a much larger number of vehicles than 
a conventional toll system, Which typically only identi?es 
violators. Accordingly, such a toll system attempts to identify 
every passing vehicle and is designed to both maximiZe rev 
enue by identifying vehicles very accurately and limit per 
sonnel costs by minimiZing the need for manual identi?cation 
of vehicles and account/bill error processing. 

In one particular implementation, to obtain a loWer vehicle 
identi?cation error rate (and obtain a higher automated iden 
ti?cation rate), the toll system uses tWo vehicle identi?ers to 
identify a target vehicle. Speci?cally, the toll system collects 
image and/or sensor data for the target vehicle and extracts 
tWo vehicle identi?ers from the collected data. The vehicle 
identi?ers extracted from the collected data may include, for 
example, license plate information, a vehicle ?ngerprint, a 
laser signature, and an inductive signature for the target 
vehicle. In one particular implementation, the ?rst vehicle 
identi?er is license plate information and the second vehicle 
identi?er is a vehicle ?ngerprint. 
The toll system uses the ?rst vehicle identi?er to determine 

a set of one or more matching vehicle candidates by searching 
a vehicle record database and including in the set only those 
vehicles associated With records having data that match or 
nearly match the ?rst vehicle identi?er of the target vehicle. 
The toll system uses the second vehicle identi?er of the target 
vehicle to identify the target vehicle from among the set of 
matching vehicle candidates. 
When the ?rst vehicle identi?er is license plate information 

and the second vehicle identi?er is a vehicle ?ngerprint, the 



US 8,463,642 B2 
3 

toll system may eliminate the problematic trade-off between 
the number of vehicles identi?ed and the error rate typical of 
LPR systems by using the LPR identi?cation for identi?ca 
tion of the group of vehicle candidates, rather than for the ?nal 
identi?cation of the vehicle, and then using the much more 
accurate vehicle ?ngerprint matching for the ?nal identi?ca 
tion of the vehicle. Thus, incorrect reads by the LPR system 
are eliminated during the ?nal and more accurate ?ngerprint 
matching identi?cation. This toll system may thereby be able 
to obtain extremely accurate identi?cation results for a larger 
proportion of vehicles than Would be obtained through license 
plate reading alone. 

In particular, the toll system accesses the records of the 
matching vehicle candidates and searches for one or more 
records that have data suf?ciently similar to the second 
vehicle identi?er of the target vehicle so as to indicate a 
possible match. If no possible matches are found for the target 
vehicle among the set of matching vehicle candidates, the toll 
system may increase the siZe of the set by changing the 
matching criteria and may once again attempt to identify one 
or more possible matches for the target vehicle from among 
the larger set of matching vehicle candidates. If still no pos 
sible matches are found, the toll system may enable a user to 
manually identify the target vehicle by providing the user 
With access to the collected data for the target vehicle and 
access to databases internal and/ or external to the toll system. 

If one or more possible matches are found, a con?dence 
level is determined for each possible match. If the con?dence 
level of a possible match surpasses an automated con?dence 
threshold, the toll system automatically identi?es the target 
vehicle Without human intervention as the vehicle corre 
sponding to the possible match. If the con?dence level of a 
possible match surpasses a probable match threshold, the toll 
system presents the probable match to a human operator and 
enables the human operator to con?rm or reject the probable 
match. If no automatic match or con?rmed probable match is 
found, the toll system enables a user to manually identify the 
target vehicle by providing the user With access to the col 
lected data for the target vehicle and the possible matches 
identi?ed by the toll system, and With access to databases 
internal and/or external to the toll system. 

In this manner, the toll system typically obtains greater 
vehicle identi?cation accuracy by requiring that tWo vehicle 
identi?ers be successfully matched for successful vehicle 
identi?cation. Moreover, the identi?cation process may be 
faster because the matching of the second identi?er is limited 
to only those vehicle candidates having records that success 
fully match the ?rst vehicle identi?er. Human operator inter 
vention is also kept to a minimum through use of multiple 
con?dence level thresholds. 

In one general aspect, identifying a vehicle in a toll system 
includes accessing image data for a ?rst vehicle and obtaining 
license plate data from the accessed image data for the ?rst 
vehicle. A set of records is accessed. Each record includes 
license plate data for a vehicle. The license plate data for the 
?rst vehicle is compared With the license plate data for 
vehicles in the set of records. Based on the results of the 
comparison of the license plate data, a set of vehicles is 
identi?ed from the vehicles having records in the set of 
records. Vehicle ?ngerprint data is accessed for the ?rst 
vehicle. The vehicle ?ngerprint data for the ?rst vehicle is 
based on the image data for the ?rst vehicle. Vehicle ?nger 
print data for a vehicle in the set of vehicles is accessed. Using 
a processing device, the vehicle ?ngerprint data for the ?rst 
vehicle is compared With the vehicle ?ngerprint data for the 
vehicle in the set of vehicles. The vehicle in the set of vehicles 
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4 
is identi?ed as the ?rst vehicle based on results of the com 
parison of vehicle ?ngerprint data. 

Implementations may include one or more of the folloWing 
features. For example, comparing license plate data for the 
?rst vehicle With license plate data for vehicles in the set of 
records may include searching a vehicle record database for 
records that include license plate data that exactly match the 
license plate data obtained for the ?rst vehicle. Comparing 
license plate data for the ?rst vehicle may further include 
performing an extended search of the vehicle record database 
for records that include license plate data that nearly match 
the license plate data obtained for the ?rst vehicle. The 
extended search may be conditioned on no vehicle identi? 
cation records being found that include license plate data that 
exactly match the license plate data obtained for the ?rst 
vehicle. 

Comparing the license plate data for the ?rst vehicle With 
the license plate data for vehicles in the set of records may 
include comparing the license plate data using predetermined 
matching criteria. The predetermined matching criteria may 
be changed to increase the number of vehicles in the identi?ed 
set of vehicles. Changing the predetermined matching criteria 
to increase the number of vehicles in the identi?ed set of 
vehicles may be conditioned on a failure to identify any 
vehicles in the set of vehicles as the ?rst vehicle based on 
results of the comparison of vehicle ?ngerprint data. 

Identifying a vehicle in a toll system may further include 
capturing laser signature data or inductive signature data for 
the ?rst vehicle. The laser signature data may include data 
obtained by using a laser to scan the ?rst vehicle. The laser 
signature data may include one or more of an overhead elec 
tronic pro?le of the ?rst vehicle, an axle count of the ?rst 
vehicle, and a 3D image of the ?rst vehicle. 
The inductive signature data may include data obtained 

throughuse of a loop array over Which the ?rst vehicle passes. 
The inductive signature data may include one or more of an 
axle count of the ?rst vehicle, a type of engine of the ?rst 
vehicle, and a vehicle type or class for the ?rst vehicle. 

Each record in the set of records includes laser signature 
data or inductive signature data for a vehicle. Identifying a 
vehicle in a toll system may further include comparing laser 
signature data or inductive signature data for the ?rst vehicle 
With laser signature data or inductive signature data for 
vehicles in the set of records. Identifying a set of vehicles 
from the vehicles having records in the set of records may 
include identifying the set of vehicles based on the results of 
the comparison of the license plate data and the results of the 
comparison of the laser signature data or the inductive signa 
ture data. 

Identifying the set of vehicles based on the results of the 
comparison of license plate data and the results of the com 
parison of the laser signature data or inductive signature data 
may include determining a combined equivalent matching 
score for each vehicle having a record in the set of records and 
identifying the set of vehicles as a set of vehicles having 
combined equivalent matching scores above a predetermined 
threshold. Each combined equivalent matching score may 
include a Weighted combination of a laser or inductive signa 
ture matching score and a license plate matching score. 

Identifying the vehicle in the set of vehicles as the ?rst 
vehicle may include identifying the vehicle as the ?rst vehicle 
based on the results of the comparison of the vehicle ?nger 
print data and the results of the comparison of the laser sig 
nature data or inductive signature data. Identifying the vehicle 
in the set of vehicles as the ?rst vehicle based on the results of 
the comparison of the vehicle ?ngerprint data and the results 
of the comparison of the laser signature data or inductive 
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signature data may include determining a combined equiva 
lent matching score for the vehicle in the set of vehicles and 
determining that the combined equivalent matching score is 
above a predetermined threshold. The combined equivalent 
matching score may include a Weighted combination of a 
laser or inductive signature matching score and a vehicle 
?ngerprint matching score. 

Identifying the vehicle in the set of vehicles as the ?rst 
vehicle may include identifying the vehicle as the ?rst vehicle 
if the comparison of the vehicle ?ngerprint data for the ?rst 
vehicle With the vehicle ?ngerprint data for the vehicle in the 
set of vehicles indicates a match having a con?dence level 
that exceeds a con?dence threshold. Identifying the vehicle in 
the set of vehicles as the ?rst vehicle may include identifying 
the vehicle as the ?rst vehicle Without human intervention if 
the con?dence level of the match exceeds a ?rst con?dence 
threshold and/or may include identifying the vehicle as the 
?rst vehicle if the con?dence level of the match is less than the 
?rst con?dence level but greater than a second con?dence 
threshold and a human operator con?rms the match. The 
human operator may con?rm or reject the match by enabling 
the operator to perceive the image data for the ?rst vehicle and 
enabling the human operator to interact With a user interface 
to indicate rejection or con?rmation of the match. Identifying 
the vehicle in the set of vehicles as the ?rst vehicle may 
include identifying the vehicle as the ?rst vehicle if the con 
?dence level of the match is less than the ?rst and second 
con?dence thresholds and a human operator manually iden 
ti?es the vehicle as the ?rst vehicle by accessing the image 
data for the ?rst vehicle and the record for the vehicle in the 
set of records. The human operator may manually identify the 
vehicle in the set of vehicles as the ?rst vehicle by enabling 
the human operator to access the image data for the ?rst 
vehicle, enabling the human operator to access the record for 
the vehicle in the set of records, and enabling the human 
operator to interact With a user interface to indicate positive 
identi?cation of the ?rst vehicle as the vehicle in the set of 
vehicles. The human operator may be enabled to manually 
identify the vehicle in the set of vehicles as the ?rst vehicle by 
enabling the human operator to access data stored in data 
bases of external systems. 

Identifying the vehicle in the set of vehicles as the ?rst 
vehicle may include identifying the vehicle by combining 
vehicle identi?cation number (VIN), laser signature, induc 
tive signature, and image data. 

In another general aspect, an apparatus for identifying a 
vehicle in a toll system includes an image capture device 
con?gured to capture image data for a ?rst vehicle. The appa 
ratus further includes one or more processing devices com 

municatively coupled to each other and to the image capture 
device. The one or more processing devices are con?gured to 
obtain license plate data from the captured image data for the 
?rst vehicle and access a set of records. Each record in the set 
of records includes license plate data for a vehicle. The one or 
more processing devices are further con?gured to compare 
the license plate data for the ?rst vehicle With the license plate 
data for vehicles in the set of records and identify a set of 
vehicles from the vehicles having records in the set of records. 
The set of vehicles is identi?ed based on results of the com 
parison of the license plate data. The one or more processing 
devices are further con?gured to access vehicle ?ngerprint 
data for the ?rst vehicle. The vehicle ?ngerprint data for the 
?rst vehicle is based on the captured image data for the ?rst 
vehicle. The one or more processing devices are also con?g 
ured to access vehicle ?ngerprint data for a vehicle in the set 
of vehicles, compare the vehicle ?ngerprint data for the ?rst 
vehicle With the vehicle ?ngerprint data for the vehicle in the 
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6 
set of vehicles, and identify the vehicle in the set of vehicles 
as the ?rst vehicle based on results of the comparison of 
vehicle ?ngerprint data. 

In another general aspect, identifying a vehicle in a toll 
system includes accessing image or sensor data for a target 
vehicle and extracting a ?rst identi?er and a second identi?er 
from the image or sensor data. The extracted ?rst identi?er is 
used to identify a set of one or more vehicle candidates as 

potential matches for the target vehicle. The extracted second 
identi?er is used to identify the target vehicle as a vehicle 
selected from the set of one or more vehicle candidates. 

The above and other implementations and features are 
described in detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an implementation of an 
electronic toll management system. 

FIG. 2 is a How chart of an implementation of an electronic 
toll management system related to highlighted vehicle iden 
ti?er management. 

FIG. 3 is a How chart of an implementation of an electronic 
toll management system related to payment management. 

FIG. 4 is a How chart of an implementation of an electronic 
toll management system related to payment management. 

FIG. 5 is a How chart of an implementation of an electronic 
toll management system related to mailing address veri?ca 
tion. 

FIG. 6 is a block diagram of an implementation of an 
electronic toll management system. 

FIG. 7 is a How chart of an implementation of an electronic 
toll management system related to vehicle identi?cation. 

FIG. 8. is a How chart of an implementation of an electronic 
toll management system related to vehicle identi?cation. 

FIGS. 9A-9C are a How chart of an implementation of an 
electronic toll management system related to vehicle identi 
?cation. 

Like reference symbols in the various draWings indicate 
like elements. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram of an implementation of an 
electronic toll management system 10. The system 10 is con 
?gured to capture a vehicle identi?er 31 of vehicle 30 inter 
acting With a facility 28 and to notify external systems 34 of 
such interaction. For example, the system 10 may alloW a toll 
road authority to capture a vehicle identi?er 31, such as 
license plate information, from a vehicle 30 traveling through 
the toll road and then to notify laW enforcement Whether the 
captured vehicle identi?er matches a license plate previously 
highlighted by laW enforcement. 
The toll management system 10 also can manage payment 

from a party associated With the vehicle 32 based on the 
interaction betWeen the vehicle 30 and the facility 28. For 
example, the system 10 can capture license plate information 
from a vehicle 30 and identify the registered oWner of the 
vehicle. The system 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 requesting payment from the party 
32 using a mailing address that has been veri?ed against one 
or more mailing address sources. The system 10 is capable of 
automatically capturing an image of the vehicle 30 triggered 
by the vehicle interacting With the facility. Such image cap 
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turing can be accomplished using image-processing technol 
ogy Without having to install a radio transponder (e.g., RFID 
device) in a vehicle. 

The electronic toll management system 10 includes a toll 
management computer 12 Which can be con?gured in a dis 
tributed or a centralized manner. Although one computer 12 is 

shoWn, one or more computers can be con?gured to imple 
ment the disclosed 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 (man 
aged by toll authorities) such as toll road, a toll bridge, a 
tunnel, parking facility, or other facility. The fee may be based 
on the interaction betWeen the vehicle 30 and the facility 28. 
Examples of interactions that may involve a fee include a 
distance traveled by the vehicle through the facility, a time 
period the vehicle is present in a facility, the type of vehicle 
interacting With the facility, the speed at Which the vehicle 
passes through the facility, and the type of interaction 
betWeen the vehicle and the facility. 

The facility 28 can process vehicles including automobiles, 
a truck, buses, or other vehicles. For ease of explanation, the 
system 10 shoWs a single facility 28 interacting With a single 
vehicle 30 and a party associated With the vehicle 32. HoW 
ever, in other implementations, the disclosed techniques 
could be con?gured to operate With one or more vehicles 
interacting With one or more facilities spanning different geo 
graphic locations. 

The toll management computer 12 includes an image 
acquisition module 24 con?gured to detect the presence of a 
vehicle, acquire one or more images of the vehicle, and for 
Ward the image(s) to an image-processing module 25 for 
further processing. The module 24 may include image acqui 
sition equipment based on the physical environment in Which 
it is used. For example, for open-road applications, image 
acquisition equipment may be mounted above the roadWay, 
on existing 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 struc 
tures beside each lane, instead of or in addition to equipment 
mounted overhead or in the roadWay. 

The image acquisition module 24 may include imaging 
components such as vehicle sensors, cameras, digitizing sys 
tems, or other components. Vehicle sensors can detect the 
presence of a vehicle and provide a signal that triggers a 
camera to capture one or more images of the vehicle. Vehicle 
sensors may include one or more of the following: 

(1) Laser/sonic/microWave devicesithese devices, com 
monly used in Intelligent Transportation Systems (ITS) appli 
cations, can recognize the presence of a vehicle and provide 
information regarding the vehicle’s size, classi?cation, and/ 
or speed. These sensors may be con?gured to provide addi 
tional information about the vehicle Which can be used in 
identify the vehicle and its use of the toll facility, including 
trip time and compliance With tra?ic laWs. 

(2) Loopsithese sensors can detect the presence and the 
vehicle type by recognizing the presence of metal masses 
using a Wire loop embedded in the road. Loops can be used as 
a backup to more sophisticated sensors. Loops can also be 
used as a 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 such as Diamond Consulting’s IDRIS® sys 
tem of Buckinghamshire, United Kingdom). 

(3) Through-beam sensorsithese sensors may emit a con 
tinuous beam across the roadWay, and detect the presence of 
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a vehicle based upon interruptions in the beam. This type of 
sensor may be used in installations Where tra?ic is channeled 
into tollbooth-style lanes. 

(4) Optical sensorsivehicle may be recognized using 
cameras to continuously monitor images of the roadWay for 
changes indicating the presence of a vehicle. These cameras 
also can be used to record images for vehicle identi?cation. 

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

Digitizing systems convert images into digital form. If 
analog cameras are used, the cameras can be connected to 
separate digitizing hardWare. This hardWare may include a 
dedicated processing device for analog-to-digital conversion 
or may be based on an input device installed in a general 
purpose computer, Which may perform additional functions 
such as image processing. Lighting can be employed to pro 
vide adequate and consistent conditions for image acquisi 
tion. The lighting may include strobes or continuous illumi 
nation, and may emit light of light in the visible spectrum or 
in the infrared spectrum. If strobes are used, they may be 
triggered by inputs from the vehicle sensor(s). Other sensors 
such as light sensors may be required to control the image 
acquisition module 24 and provide consistent results. 
Once the image acquisition module 24 has captured images 

of the vehicles, the images may be forWarded to an image 
processing 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 pro 
cess a single image for each vehicle or multiple images of 
each vehicle, depending on the functionality of the image 
acquisition module 24 and/or business requirements (e.g., 
accuracy, jurisdictional requirements). If multiple images are 
used, each image may be processed, and the results may be 
compared or combined to enhance the accuracy of the pro 
cess. For example, more than one image of a rear license 
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 con?dence level. Image 
processing may include identifying the distinguishing fea 
tures of a vehicle (e.g., the license plate of a vehicle) Within 
the image, and analyzing those features. Analysis may 
include optical character recognition (OCR), template match 
ing, or other analysis techniques. 
The toll management system 10 may include other systems 

capable of substantially real-time processing located at the 
site Where images are acquired to reduce data communication 
requirements. In an implementation of local image process 
ing, the results may be compared to a list of authorized 
vehicles. If a vehicle is recognized as authorized, images 
and/or data may be discarded rather than forWarded for fur 
ther processing. 

Images and data can be forWarded to a central processing 
facility such as the image database 14 operating in conjunc 
tion With the billing engine 22. This process may involve a 
computer netWork, but may also include physical media from 
another computer located at the image acquisition site (i.e., 
facility 28). Generally, information can be temporarily stored 
on a computer at the image acquisition site in the event the 
netWork is 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 processing 
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(remote or central) may be separated into tWo categories. 
Data that meets application-speci?c or jurisdiction-speci?c 
criteria for con?dence may be sent directly to the billing 
engine 22. On the other hand, data results not meeting 
required con?dence levels may be ?agged for additional pro 
cessing. Additional processing may include, for example, 
determining Whether multiple images of a vehicle are avail 
able and independently processing the images and comparing 
the results. This may include character-by-character compari 
sons of the results of optical character recognition (OCR) on 
the license plate image. In another example, the image(s) may 
be processed by one or more specialiZed algorithms for rec 
ogniZing license plates of certain types or styles (such as 
plates from a particular jurisdiction). These algorithms may 
consider the validity of characters for each position on the 
license plate, the anticipated effect of certain design features 
(such as background images), or other style-speci?c criteria. 
The processed image may be forWarded based on preliminary 
processing results, or may include processing by all available 
algorithms to determine the highest con?dence level. 

Preliminary data may be compared to other data available 
to increase the con?dence level. Such techniques include: 

(1) Comparing OCR processed license plate data against 
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 character 
istics of the vehicle registered under the registration number 
recogniZed by the system, in the recogniZed jurisdiction or in 
multiple jurisdictions. 

(3) Comparing the registration and other data to records 
from other sites (e.g., records of the same or similar vehicle 
using other facilities on the same day, or using the same 
facility at other times). 

(4) Comparing vehicle ?ngerprint data against stored lists 
of vehicle ?ngerprint data. The use of vehicle ?ngerprint data 
for vehicle identi?cation is described in more detail beloW. 

(5) Manually vieWing the images or data to con?rm or 
override the results of automated processing. 

If additional processing provides a result With a particular 
con?dence level, the resulting data then can be forWarded to 
the billing engine 22. If the required con?dence level cannot 
be attained, the data may be kept for future reference or 
discarded. 

The billing engine 22 processes the information captured 
during the interaction betWeen the vehicle and the toll facility, 
including the vehicle identi?er as determined by the image 
processing module 25 to create a transaction event corre 
sponding to an interaction betWeen the vehicle and the facil 
ity. 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), pro 
duces payment requests based on the transaction events. The 
transaction event data may include individual charges based 
on a vehicle’s presence at speci?c points or facilities, or trip 
charges based on a vehicle’ s origin and destination involving 
a facility. These transaction events can be compiled and 
billed, for example, by one or more of the folloWing methods: 

(1) Deducting payment from an account established by the 
vehicle oWner or operator. For example, the billing database 
20 can be used to store an account record for each vehicle 
oWner. In turn, each account record can include a reference to 
one more transaction events. A paper or electronic payment 
statement may be issued and sent to the registered oWner of 
the vehicle. 
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10 
(2) Generating a paper bill and sending it to the oWner of 

the vehicle using a mailing address derived from a vehicle 
registration record. 

(3) Presenting an electronic bill to a prede?ned account for 
the vehicle oWner, hosted either by the computer 12 or a third 

(4) Submitting a bill to the appropriate vehicle registration 
authority or tax authority, permitting payment to be collected 
during the vehicle registration reneWal process or during the 
tax collection process. 

Billing may occur at regular intervals, or When transactions 
meet a certain threshold, such as maximum interval of time or 
maximum dollar amount of outstanding toll charges and other 
fees. OWners may be able to aggregate billing for multiple 
vehicles by establishing an account With the computer 12. 

The customer management module 26 can alloW a user to 
interact With the toll management computer 12 over a com 
munications channel such as a computer netWork (e. g., Inter 
net, Wired, Wireless, etc.), a telephone connection, or other 
channel. The user can include a party associated With a 
vehicle 22 (e.g., oWner of the vehicle), a public or private 
authority responsible for management of the facility 28, or 
other user. The customer management module 26 includes a 
combination of hardWare and softWare module con?gured to 
handle customer interactions such as an account management 
module 26a, a dispute management module 26b and a pay 
ment processing module 260. The module 26 employs secure 
access techniques such as encryption, ?reWalls, passWord or 
other techniques. 
The account management module 2611 alloWs users such as 

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 
information associated With motorists that have used the 
facility. 
The dispute management module 26b may permit custom 

ers to dispute speci?c transactions on their accounts and to 
resolve disputes using the computer 12 or third parties. Dis 
putes may arise during billing situations. The module 26b 
may help resolve such disputes in an automated fashion. The 
module 26b can provide a customer to access an “eResolu 

tion” section of a controlling/billing authority Website. Cus 
tomers can ?le a dispute and doWnload an image of their 
transaction, the one in question. If there is no match (i.e., the 
customers automobile is not the automobile in the photo 
frame), the bill can be forWarded for a third party evaluation 
such as arbitration. In the far more likely case, the photo Will 
shoW that the customer’s automobile Was indeed billed cor 
rectly. Dispute management can use encrypted security in 
Which all text and images are sent over a computer netWork 
(e.g., the Internet) using high strength encryption. Proof of 
presence images can be embedded into the dispute resolution 
communication as an electronic Watermark. 
The payment processing module 260 provides functional 

ity for processing payments manually or electronically, 
depending on the remittance received. For example, if pay 
ment 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 employed, then standard electronic 
payment techniques can be used. The payment processing 
module 260 can support billing methods such as traditional 
mailing, electronic payment (eg using a credit card, debit 
card, smart card, or Automated Clearing House transaction), 
periodic billing (e.g., send the bill monthly, quarterly, upon 
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reaching a threshold, or other). The payment processing mod 
ule 260 can support discounts and surcharges based on fre 
quency of usage, method of payment, or time of facility 
usage. The payment processing module 260 also can support 
payment collection methods such as traditional check pro 
cessing, processing payment during reneWal of a vehicle reg 
istration (With interest accrued), electronic payment, direct 
debit bank, credit cards, pre-payment, customer-initiated 
payments (as often as the customer desires), or provide dis 
counts for different purposes. 

The toll management computer 12 communicates With 
external systems 34 using one or more communications tech 
niques compatible With the communications interfaces of the 
systems. For example, communications interfaces can 
include computer netWorks such as the Internet, electronic 
data interchange (EDI), batch data ?le transfers, messaging 
systems, or other interfaces. In one implementation, external 
systems 34 include laW enforcement agencies 36, postal 
authorities 38, vehicle registration authorities 40, insurance 
companies 42, service providers 44, ?nancial systems 46 and 
a homeland security agency 48. The external systems 34 can 
involve private or public organizations that span one or more 
geographic locations such as states, regions, countries, or 
other geographic locations. 

The toll management computer 12 can interface and 
exchange information With laW enforcement agencies 36. For 
example, as vehicles are identi?ed, the computer can submit 
substantially real-time transactions to laW enforcement sys 
tems, in formats de?ned by the laW enforcement agencies. 
Transactions also can be submitted for vehicles carrying haZ 
ardous materials or violating tra?ic regulations (e.g. speed 
ing, Weight violations, missing plates), if the appropriate 
sensors are in place (eg laser/sonic/microWave detectors as 
described above, Weight sensors, radiation detectors). Alter 
natively, vehicle records can be compiled and forWarded in 
batches, based on lists provided by laW enforcement agencies. 

The highlighted vehicle identi?er database 20 can be used 
to store the lists provided by the laW enforcement agencies. 
The term “highlighted” refers to the notion that the laW 
enforcement agencies have provided a list of vehicle identi 
?ers that the agencies have indicated (highlighted) they Wish 
the toll facility to monitor. For example, When a motor vehicle 
is stolen and reported to police, the police can send a list of 
highlighted vehicle identi?ers to the database 20. When the 
vehicle highlighted by the police travels through facility, the 
imaging processing module 24 determines a vehicle identi?er 
associated With the vehicle and determines through certain 
interfaces that the particular vehicle is being sought by laW 
enforcement. The laW enforcement authorities may Wish to be 
instantly noti?ed 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, 
laW enforcement can automatically highlight vehicles based 
upon the expiration of a license, occurrence of a tra?ic 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 information With postal authorities 38. Since the 
disclosed techniques Would require 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 possibility 
of sending the bill to the Wrong person, the computer 12 
supports address reconciliation. For example, before a bill is 
mailed, the computer 12 veri?es that the address provided by 
a motor vehicle department matches the address provided by 
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the postal authority. The motor vehicle database can then be 
updated With the most accurate address information related to 
the vehicle oWner. Since this occurs before the bill is mailed, 
billing errors can be reduced. 

The toll management computer 12 can interface and 
exchange information With vehicle registration authorities 
40. The registration authorities 40 provide an interface to 
exchange information related to the oWners of vehicles, the 
oWners’ addresses, characteristics of the vehicles, or other 
information. Alternatively, this information can be accessed 
through third-party data providers rather than through an 
interface to public motor vehicle records. The accuracy of 
records in the various databases used by the computer 12, 
including vehicle oWnership and oWner addresses, may be 
veri?ed periodically against third-party databases or govem 
ment records, including motor vehicle records and address 
records. This may help ensure the quality of oWnership and 
address records, and reduce billing errors and returned cor 
respondence. 
The toll management computer 12 can interface and 

exchange information With insurance companies 42. Insur 
ance companies could highlight vehicle identi?ers in a man 
ner similar to laW enforcement authorities 36. For example, 
the highlighted vehicle identi?ers database 20 can include 
license plate 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. 
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 bill 
ing and payment collection functions to billing service pro 
viders or collection agencies. 

The toll management computer 12 can interface and 
exchange information With ?nancial systems 46. For 
example, to handle bill payment and collection, the computer 
12 can interface to credit card processors, banks, and third 
party electronic bill presentment systems. The computer 12 
can also exchange information With accounting systems. 
The toll management computer 12 can interface and 

exchange information With the homeland security agency 48. 
The of?ce of homeland security can automatically provide a 
list of individuals for use in the highlighted vehicle identi?er 
database 20. For example, registered drivers that are on a visa 
to this country can be automatically highlighted When that 
visa expires. The computer 12 Would then notify the of?ce of 
homeland security 48 that the highlighted vehicle identi?er 
associated With the person has been detected driving in the 
country including the time and location information about the 
vehicle. 
As described above, data captured from the toll site ?oWs 

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 data record. The data record can include date, 
time, and location of transaction, a reference to the image ?le, 
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 identi 
?er, a state, and a con?dence factor for each vehicle. 

This information can be added to the data record. (This 
process my occur after transmission to the central facility.) 
The data record and image ?le can be sent to the central 
facility. The image can be stored in the image database, and 
referenced if (a) additional processing is required to identify 
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the vehicle, or (b) someone Wishes to verify the transaction. If 
the con?dence level is adequate, the data record can be sub 
mitted to the billing engine, Which can associate it With an 
account and store it in the billing database for later billing. If 
no account exists, the vehicle identi?er is submitted to the 
appropriate state registration authority or a third-party service 
provider to determine the oWner and establish an account. 
This process may be delayed until enough transactions are 
collected for the vehicle to justify issuing a bill. If con?dence 
level is not adequate, additional processing may be performed 
as described elseWhere. 

The techniques described above describe the How of data 
based on a single transaction end-to-end, then looping back to 
the beginning. In another implementation, some of the func 
tions described may be event-driven or scheduled, and may 
operate independently of one another. For example, there may 
be no How of control from back-end processes to vehicle 
imaging. The imaging process may be initiated by an event, 
including the presence of a vehicle at the toll site. 

In another implementation, the system may be used to 
monitor tra?ic and manage incidents. For example, if a drop 
in average vehicle speed is detected, the computer can send a 
message to a highWay control facility alerting controllers to 
the possibility of an incident. Authorized controllers may 
communicate With the equipment at the toll site to vieW 
images from the cameras and determine if a response is 
required. 

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

FIG. 2 is a How chart of an implementation of electronic 
toll management system related, particularly a process 100 
for managing highlighted vehicle identi?ers 20 provided by 
external systems 34. To illustrate, in one example, it is 
assumed that laW enforcement agencies 36 generate a list of 
highlighted vehicle identi?ers (e. g., license plate numbers) of 
drivers being sought by the agencies and that the agencies 36 
Wish to be noti?ed When such vehicles have been identi?ed 
using a toll facility 28. 

The computer 12 obtains (block 102) highlighted vehicle 
identi?ers from a party such as laW enforcement agencies 36. 
In one implementation, these vehicle identi?ers can be stored 
in the vehicle identi?er database 20 for subsequent process 
ing. The database 20 can be updated by the agencies With neW 
as Well as additional information in real-time and/or in batch 
mode. The laW enforcement agencies accessed by the com 
puter span across multiple jurisdictions such as cities, munici 
palities, states, regions, countries or other geographic desig 
nations. As a result, the computer 12 can process vehicle 
information across multiple jurisdictions and on a national 
scale. 
The computer 12 captures (block 104) an image of a 

vehicle triggered by a transaction event based on an interac 
tion betWeen the vehicle 30 and the facility 28. For example, 
the image acquisition module 24 can be used to acquire one or 
more images of a vehicle as it travels through a facility such 
as 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 siZe of the database 14. 

The computer 12 determines (block 106) a vehicle identi 
?er based on the captured image. For example, as discussed 
previously, the image-processing module 25 can apply image 
analysis techniques to the raW images in the image database 
14. These analysis techniques can extract a license number 
from one or more images of a license plate of the vehicle. The 
extracted vehicle identi?ers can be stored in the vehicle iden 
ti?er database 18 for further processing. 
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The computer 12 compares (block 108) a captured vehicle 

identi?er With the highlighted vehicle identi?er. For example, 
the computer 12 can compare a captured license plate number 
from the vehicle identi?er database 18 With a license number 
from the highlighted vehicle identi?er database 20. As dis 
cussed above, automatic as Well as manual techniques can be 
applied to check for a match. 

If the computer 12 detects a match (block 110) betWeen the 
license numbers, then it checks (block 112) hoW the party 
associated With the highlighted vehicle identi?ers Wishes to 
be noti?ed. This information can be stored in the vehicle 
identi?er database 20 or other storage mechanism. On the 
other hand, if there is no match, the computer 12 resumes 
executing the process 100 beginning at block 102. 

If the party indicates that it Wishes to be noti?ed immedi 
ately (block 114), then the computer noti?es (block 118) the 
party upon the occurrence of a match. In this example, the 
computer can notify laW enforcement of the match in sub 
stantially real-time using Wireless communications tech 
niques or over a computer netWork. 
On the other hand, if the party does not Wish to be noti?ed 

immediately (block 114), then the computer 12 stores (block 
116) the match for later noti?cation upon satisfaction of pre 
de?ned criteria. In one implementation, prede?ned criteria 
can include gathering a prede?ned number of matches and 
then sending the matches to laW enforcement in batch mode. 
Once the party has been noti?ed (block 118) of a match or 

the match has been stored for later noti?cation (block 116), 
the computer 12 resumes executing process 100 beginning at 
block 102. 

FIG. 3 is a How chart of an implementation of electronic 
toll management system 10, particularly a process 200 for 
managing payment from a party associated With a vehicle that 
has interacted With a facility. To illustrate, in one example, it 
is assumed that a toll road authority decides to employ the 
disclosed techniques to handle payment processing including 
billing and collecting tolls from vehicles using its toll road. 
The computer 12 captures (block 202) an image of a 

vehicle triggered by a transaction event based on an interac 
tion betWeen the vehicle and a facility. This function is similar 
to the 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-pro 
cessing module 25. 
The computer 12 determines (block 204) a vehicle identi 

?er 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 extract a license number from one or more images of 
a license plate of the vehicle. These vehicle identi?ers can be 
stored in the vehicle identi?er database 18 for further pro 
cessing. 
The computer 12 determines (block 206) a party associated 

With the vehicle identi?er by searching a registration author 
ity databases. For example, the computer 12 can use the 
vehicle identi?er from the vehicle identi?er database 18 to 
search a database of a vehicle registration authority 40 to 
determine the registered oWner of the vehicle associated With 
the vehicle identi?er. The computer 12 is capable of accessing 
vehicle information from one or more vehicle registration 
databases across multiple jurisdictions such as cities, munici 
palities, states, regions, countries or other geographic loca 
tions. In one implementation, the computer 12 can maintain a 
copy of registration information from multiple registration 
authorities for subsequent processing. Alternatively, the com 




















