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Executive Summary

Electronic technology such as automatic license plate recognition systems (ALPR) and
electronic vehicle registration systems (EVR) have increasingly been used by
departments of transportation (DOTS), tolling authorities, and law enforcement to find
innovative ways to achieve their unique objectives. This project was commissioned to see
if these advanced electronic systems might be beneficial to the Arizona Department of
Transportation (AzDOT). This report will primarily focus on ALPR technology and EVR
technology as a means to benefit AzDOT. Possible benefits that these technologies could
offer AzDOT are: the ability to better enforce registration laws, the ability to better
enforce insurance laws, the ability to implement tolls, the ability to acquire more accurate
traffic count data, and the ability to aid law enforcement by screening for vehicles
associated with crimes.

Literature Review — The Technologies
ALPR

Chapter 2 reviews the literature on ALPR and EVR technologies. ALPR technology
utilizes cameras and alphanumerical recognition software to read license plates as they
pass.

This technology has been used by Transport for London in implementing the congestion
charge. In London, there is a network of cameras that surround what is the most
congested part of London, called the charging zone. As vehicles enter the charging zone
they pass by ALPR cameras that read the license plates. The London congestion charge is
a flat fee of £10.00 (or approximately $20) that road users entering the charging zone
must pay daily. No matter how many times the camera systems recognize a particular
vehicle each day, each vehicle is only charged once per day. It is each person’s
responsibility to either pre-pay the congestion charge, pay the charge the day of entering
the charging zone, or pay the day after entering the charging zone. Those that need to pay
the congestion charge can do so either online, by text message, by phone, or via
collection machines set up within the charging zone. If a road user enters the charging
area but does not pay the charge, they are subject to fines up to £100 by mail
(approximately $200 in USD). Vehicles of residents that reside in the charging zone
receive a 90 percent discount on the charge, while taxis, ambulances, and the disabled are
exempt from the congestion charge. One hundred percent of the profits from the
congestion charge go towards improving public transportation. According to Transport
for London, the annual net income (the annual costs minus the annual expenses) of the
congestion charge since 2003 is as follows":

2003: (£58.3 million) (or a loss of $116.6 million USD)
2004: £45.3 million ($90.6 million USD)

2005: £96.4 million ($192.8 million USD)

2006: £106.3 million ($212.6 million USD)

Net Operating Total of £189.7 million ($379.4 million USD)

! Transport for London. Transport for London Homepage. 28 May 2007 <http://www.cclondon.com/>.



ALPR technology has also been used for law enforcement purposes by police in Arizona,
in other states in the United States, and in other countries. As a police cruiser equipped
with ALPR drives around, the mounted ALPR cameras are constantly reading license
plates and then checking the license plate numbers against both the NCIC database
(National Crime Information Center) and the ACIC database (Arizona Crime Information
Center). These databases contain information about persons wanted by police. If it turns
out that the vehicle is listed in the database either for being stolen or for being associated
with a person who is suspected of a crime, the computer inside the police car will alert
the officer. The $25,000 - $50,000 ALPR systems in squad cars have proven to be
effective, and thus the Arizona Department of Public Safety, Phoenix police, Mesa
police, Chandler police, Tempe police, and Tucson police all have purchased ALPR
systems for squad cars. In fact the Arizona Department of Public Safety has just
purchased 20 additional ALPR systems. Note that the ALPR technology used inside
squad cars is sometimes referred to as ELPR (electronic license plate readers). ALPR
technology and ELPR technology are really one and the same.

ALPR technology was also utilized in a separate effort by law enforcement in the United
Kingdom. Law enforcement in the U.K. ran a one-year field test of using ALPR
technology in random locations. The test produced some staggering results. In the test, 28
million plates were read by the system. Of that 1.1 million plates came up in at least one
of the crime or traffic databases (3.9 percent of the total number of plates read were
recognized in one or more databases). Of the 1.1 million flagged, 181,543 vehicles were
stopped. This led to 13,499 arrests (7.5 percent of the total stopped), of which 2,263 were
for theft or burglary, 3,324 were for driving offenses, 1,107 were for drug offenses, and
1,386 were for automobile-related crime. More than 1,152 stolen vehicles worth £7.5
million were recovered ($15 million USD), £380,000 of illegal drugs were confiscated
($760,000 USD), and £640,000 worth of stolen goods were recovered ($1,280,000 USD).
Also 50,910 tickets were given out for minor offenses such as failure to pay for the
mandatory Vehicle Excise Duty.’

EVR Technology

EVR technology utilizes radio frequency identification (RFID). RFID tags and RFID
readers are the two main components of RFID technology. RFID tags emit a radio
frequency that can be read by an RFID reader. RFID technology has become very
prevalent as a means of payment for tolls in the United States®, giving easy access to
HOT (High Occupancy Toll) lanes. Perhaps E-ZPass is the most well known RFID
application in the United States. E-ZPass is a voluntary program that allows toll users to
set up a pre-paid account to pay tolls. When an E-ZPass user uses a toll that accepts E-
ZPass they enter a special lane. After entering the lane, the user pulls up to an E-ZPass
reader. The reader identifies the vehicle and corresponding E-ZPass account, and then the

2 PA Consulting Group. "Driving Crime Down - Official Report for the Home Office." October 2004.
Police Home Office Website (UK). (Accessed 4 June 2007) <http://police.homeoffice.gov.uk/news-and-
publications/publication/operational-policing/Driving_Crime_Down_-_Denyinl.pdf?view=Binary>.

* High Occupancy Toll lanes or HOT lanes are similar to HOV lanes, except single-occupancy vehicles can
pay a toll to drive in a HOT lane, whereas HOV lanes require all users to be driving with two or more
people in a vehicle.



toll user is electronically charged and is allowed to pass. All of this is done without
interacting with a human or having to exchange money. One disadvantage of E-ZPass is
that vehicles still have to wait in line to stop in front of the RFID reader so that their
account can be charged. HOT lanes in California on Interstate 15 and State Route 91
eliminate this inconvenience. On these toll laness the corresponding RFID payment tags
can be read at the speed of regular freeway traffic, because the RFID readers are
suspended above the HOT lanes. If a vehicle does not have an RFID tag for the toll lane,
the license plate’s picture is taken and the driver receives a ticket by mail.

Costs and Benefits of ALPR or EVR

The purpose of Chapter 3 is to identify the possible benefits of an EVR/ALPR system.
The potential benefits of an EVR or ALPR system were for AzDOT to:

Potentially monitor traffic flow more accurately,
Better enforce license and registration compliance,
Better enforce auto insurance compliance,
Implement a toll, or congestion charge,

Aid law enforcement in finding suspected criminals.
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The first part of Chapter 4 quantifies what the cost of a possible ALPR or EVR system
would be. The cost of either system depends on the number of cameras (for ALPR) or
RFID readers (for EVR) set up. The costs for both systems were developed using the help
of leading manufacturers of both systems. The manufactures’ names were omitted in this
report as a condition of acquiring the cost estimates.

The estimated cost of an ALPR system is defined by the following equation:
($20,000 * C) * 1.2 = Total Cost of an ALPR system

e C =the number of cameras (there is always one camera per lane at each proposed
camera site)

e $20,000 = the cost of each ALPR camera

e 1.2 =takes in to account the 20% estimated soft costs such as installation and
fiber optics.

The cost of an EVR application is defined by the following equation:
($9 * RV) + [($3000 * 2 * s) * 1.2] = Total Cost of an EVR system

e RV =the number of applicable registered vehicles (in Arizona there are currently
4,556,448 registered vehicles)

s = the number of RFID sites.

2 = the number of RFID readers needed per site.

$9 = the cost per RFID tag installed

$3000 = the cost per RFID reader

1.2 = the 20% added to account for soft costs for the RFID reader such as
installation and fiber optics.



The following graph (Figure 1) illustrates the cost comparison between the two
technologies.

Cost vs Number of Sites for EVR & ALPR Systems
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Figure 1 - Cost vs Number of EVR/ALPR Systems

Note: The EVR line (the line that is most flat) assumes that the number of registered
vehicles in Arizona is 4,556,448. The ALPR line with a greater slope assumes that the
average ALPR site will have 10 cameras (five in each direction of traffic). The ALPR
line with a smaller slope assumes that the average ALPR site will have eight cameras
(four in each direction of traffic).

Notice that the break even cost between EVR and ALPR is somewhere between 173 to
218 total sites. The cost at the break even points is around $41 million. The obvious
advantage to ALPR is that it does not have a high up-front cost. On the other hand, EVR
has an advantage if there are more than 173 total sites.

The second part of Chapter 4 gives a possible cost/benefit analysis for a theoretical case
study of both an ALPR system and an EVR system. In the case study, 55 different sites
were selected for a camera application or RFID reader application (depending on which
technology is theoretically being used). The 55 different sites are some of the busiest
segments of Arizona freeways according to the Arizona Department of Transportation’s
Average Annual Daily Traffic Report (AADT).




For the ALPR case study a total of 416 cameras were proposed for the 55 sites. Each site
has one camera for each lane of traffic. The total cost for this proposed ALPR system is
$9,984,000 according to the cost formulas. For the EVR case study two RFID readers
were used for each site for a grand total of 110 readers. The total cost of the proposed
EVR case study is $49,605,638. The next step of the case study was to quantify the
benefits so that they can be compared to the costs. The quantifiable benefits that could be
measured in the case study were:

1. The potential to levy road usage tolls, or HOT lane tolls,
2. The ability to better ensure registration compliance,

3. The ability to better ensure insurance compliance,

4. The ability to locate stolen vehicles.

Based on these quantifiable benefits, the case study could be conducted. Two types of
benefits were measured: revenue gains to AzDOT and benefits to highway users.
Revenue gains to AzDOT are benefits that would mean direct income for the State of
Arizona such as income from registration or insurance compliance tickets. An indirect
benefit would benefit society but would not provide extra income to the state directly. For
instance, reducing the number of uninsured drivers reduces the number of uninsured
accidents, thus reducing the cost of uninsured accidents to society. The benefit data is
split up into two tables; Table 1 lists the total benefits including tolling, and Table 2 lists
the total benefits without tolling. All of the benefits listed in the table are reported in
dollars per year. The cost reported is the total installation cost.

Table 1 - Costs and Benefits of the Case Study with Tolling

ALPR EVR
Cost $9,984,000 $49,605,638
Direct Benefit $399,876,493 $407,468,842
ROI of Direct Benefit 4005% 821%
Indirect Benefit $1,302,627,417 | $1,335,923,513
Total Benefit $1,702,503,910 | $1,743,392,355

Table 2 - Costs and Benefits of the Case Study without Tolling

ALPR EVR
Cost $9,984,000 $49,605,638
Direct Benefit $158,547,613 $166,139,962
ROI of Direct Benefit 1588% 335%
Indirect Benefit $695,307,417 $728,603,513
Total Benefit $853,855,030 $894,743,475

Legality of an ALPR or EVR System

Chapter 5 investigates the legality of a potential ALPR system or EVR system. The
chapter finds that AzDOT does have the authority to implement such a system. However



the chapter concludes that AzDOT should seek public approval through the legislature in
order to implement such a system.

Conclusion:

ALPR technology was recommended as the technology of choice to accomplish the
previously stated goals for AzDOT in the present. ALPR was chosen for the following
reasons:

a) ALPR’s Previous Applications — ALPR has been used successfully in London for
the congestion charge.

b) The Low Cost of an ALPR Trial vs the High Up-Front Cost of EVR — With
ALPR a trial run can be conducted at a low cost. EVR’s high up-front cost makes
such a trial not possible.

c) ALPR’s Ability to Read Virtually Any State’s License Plate — ALPR technology
can assist Arizona in recovering lost revenue due to Arizona residents using out-
of-state plates. EVR would not be able to read out-of-state plates unless the state
that issued the plate also required an RFID device be placed in the vehicle.
Currently no states utilize EVR technology as a means of enforcing vehicle
registration.

d) The Possibility that EVR Technology Will Require ALPR Technology — It’s
possible that EVR technology would require a camera system similar to ALPR in
order to be effective. This is because it is conceivable that an Arizona resident
could tamper with a required RFID tag and disable it.

e) The Potentially Lower Degree of Public Opposition to ALPR — ALPR might be
perceived by the public as less intrusive. Thus there might be less overall
opposition to ALPR vs EVR.

Both ALPR technology and EVR technology are rapidly progressing in effectiveness and
affordability. A change in the technology’s effectiveness, the technology’s affordability,
or U.S. policy regarding an RFID standard could change the variables that generated the
recommendation for ALPR technology. This report is simply suggesting that, based on
the information available today, it appears that ALPR technology should be further
researched and implemented, more so than EVR technology.



Chapter 1
Introduction

1.1 Introduction

Today an increasing number of entities, including departments of transportation (DOTS),
tolling agencies, and law enforcement agencies, are looking to advanced electronic
technology to meet their increased needs. For instance, DOTSs in the United States and
abroad have used electronic technology in toll lanes and HOT lanes, while law
enforcement agencies have used plate recognition cameras to enforce the law. For the
purposes of this study, two types of such electronic plate systems’ costs and benefits will
be studied in order to determine their effectiveness if implemented by the Arizona
Department of Transportation (AzDOT). The first technology is automatic license plate
recognition systems (or ALPR). ALPR is also referred to in Europe as ANPR or
automatic number plate recognition systems. For this report, the technology will always
be called ALPR. The second technology that will be looked at is radio frequency
identification technology or RFID. For the purposes of this study RFID technology will
be referred to as EVR or electronic vehicle registration.

Automatic License Plate Recognition Technology (ALPR)

ALPR technology uses a camera along with alphanumerical recognition software to
actually read license plates. The cameras use infrared technology so that license plates
can be read regardless of the time of day or the weather conditions. This technology has
been used by Transport for London in implementing a congestion charge (or toll), it has
been used in police cruisers to scan for vehicles associated with warrants, and it has been
used to assess tolls at freeway speeds in Ontario, Canada. These examples along with
others will be further investigated in the literature review (Chapter 2).

Electronic Vehicle Reqistration Technology (EVR)

EVR technology uses RFID technology to function. For EVR to work an RFID tag would
need to be placed on all registered vehicles. The RFID tag would transmit a given
vehicle’s license plate number (its identity). Then an RFID reader at the side of a road or
highway could collect and record passing vehicles’ identities (or license plate numbers)
transmitted by the vehicles” RFID tags. The RFID tag would most likely need to be
installed on the windshield of a vehicle to work optimally. EVR is currently in the
process of being implemented on the island of Bermuda. This will be the first
countrywide implementation of an EVR system. Despite this being the first true EVR
system, RFID has been used in many tolling applications in the United States and abroad.
The most common use of RFID technology in the United States is E-ZPass. An E-ZPass
is an RFID tag that is accepted as a method of payment at many toll roads on the east
coast of the United States. Acquiring an E-ZPass is totally optional, but is generally a
more convenient method of paying tolls for the frequent toll user. Several HOT lanes in
California, along with tolls in Canada, also use RFID technology to bill or charge road
users. These examples will be further examined in the literature review (Chapter 2).



Goals of Research

The purpose of this research is to determine if an electronic license plate system could be
useful in meeting some of the needs of AzDOT.

The initial goals of an ALPR system or EVR system are to provide AzDOT with the
ability to:

Potentially monitor traffic flow more accurately,
Better enforce license and registration compliance,
Better enforce auto insurance compliance,
Implement a toll, or congestion charge,

Aid law enforcement in finding suspected criminals.
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In order to determine if these goals can be met, this report extensively reviews other
applications of ALPR or EVR in the Literature Review (Chapter 2). Then in Chapter 3
the benefits of an Arizona ALPR or EVR system are researched. Chapter 4 determines
the potential costs of an ALPR or EVR system in Arizona and analyzes the potential
costs vs. the potential benefits. Chapter 5 focuses on the legal aspects of an ALPR or
EVR system, while Chapter 6 makes a recommendation on whether an ALPR or EVR
system would be beneficial for Arizona.



Chapter 2
Literature Review

Today there are no true EVR applications currently in use. Therefore, information on
actual EVR applications currently in use is non-existent. However, there is only one
country, the island of Bermuda, that is planning a nationwide EVR system to be put into
place by July 2008. The 21-square mile island, which has 63,000 residents and 47,000
registered vehicles, will issue windshield sticker tags to residents and businesses. The
EVR mechanism would be based on a tamper-resistant eGO sticker placed on a vehicle’s
windshield. 3M and Transcore were contracted to create the system that will identify
vehicles. After identifying the vehicle, the computer system will validate registration,
issue violations, and identify criminal vehicles. The EVR technology’s main purpose
would be to automate compliance monitoring and support traffic management initiatives.
These were all the details that have been made public so far; however, this is likely to
change in the near future.

There has been a wide application of RFID in tolling mechanisms. London’s use of
ALPR and the testing of other tolling mechanisms are perhaps the most cutting-edge
examples of electronic tolling in use. On the East Coast of the United States, the usage of
E-ZPass shows RFID technology’s ability to charge motorists electronically while
offering flexibility to motorists traveling across state lines. At the same time, Ontario has
combined the benefits of London’s ALPR system with the benefits of the U.S. E-ZPass to
create the first open-road tolling mechanism. High Occupancy vehicles free, others Toll
(HOT) Lanes throughout the United States have also created an open tolling format for
charging road users. These uses of electronic means for tracking transportation are worth
looking at when researching the effectiveness of electronic license plate options. Another
important issue that needs to be looked at is privacy. Several potential privacy concerns
have arisen as a result of using RFID. These subjects will be the basis of the literature
review.

2.1 — London Automatic License Plate Recognition System (ALPR)

ALPR is a competing technology that is different from RFID. However, similar goals can
be achieved with either system. The largest scale use of ALPR is in London. London is
far ahead of most of the world in using technology in innovative tolling techniques.
London officials are also looking to further upgrade the present ALPR system to an RFID
system. Looking even further down the road, Transport for London intends to upgrade to
a Global Positioning System (GPS). This makes London a prime example for studying
the effectiveness of electronic tolling mechanisms.

A) History of the London ALPR System

The first ever ALPR system was installed in London in 1979 at the entrance to the
Dartford Tunnel, which is east of London. Its purpose was to detect stolen vehicles and
other vehicles of interest and notify police. The first ALPR system was far less



sophisticated and far less accurate than the ALPR systems of today, but it’s worth noting
that the people of London are more accustomed to the appearance of ALPR systems and
camera systems throughout the city. Nothing major came of this first experiment until
much later.

In the early 1990s, the United Kingdom was trying to solve two problems. The first was
the worsening congestion in cities such as London. The second was the way taxes were
collected for roads. Much like the United States, the United Kingdom and European
Union charge a fuel tax in order to help with the building of future roads and the
maintenance of existing roads. One problem with this tax is that it is not indexed for
inflation, and when the tax is increased, it is met with taxpayer resistance. One way the
U.K. attempted to deal with the problem of the fuel tax was by creating a Fuel Duty
Escalator.” The goal of the Fuel Duty Escalator was to increase the fuel tax ahead of
inflation. The annual increase of gas taxation was introduced in 1993 at a rate of 3
percent ahead of inflation. This rate was later upped to 5 percent, until in 2000 the Fuel
Duty Escalator Tax was done away with due to widespread protest throughout the U.K.

In the mid-1990’s London sought to solve its own congestion problems ahead of any
countrywide solution. The Government of London sought to weigh the benefits and costs
of a congestion charging program. In July 1995, the London Congestion Research
Programme’s report was released by the Government Office for London. This research
found that a congestion charge for London would be favorable in terms of a reduction in
traffic congestion. However, the research report found that “whilst electronic
technologies are already available which have many of the necessary features, no system
exists at present which would operate in London's traffic conditions or would be
acceptably unobtrusive,” according to a Department of Transport summary.” The report
also pointed out that there would be great administrative challenges in any electronic
system and that the system would have to gain the support of the people of London to be
successful. In 1999, in part because of technological advances and the advice of the
London Congestion Research Programme, Parliament passed the Greater London
Authority Act of 1999 which gave the next Mayor of London the power to impose a
congestion charge.

B) Implementation of the Congestion Charge

The newly elected mayor in 2000, Mayor Ken Livingstone, published a proposed
Transport Strategy that included a congestion charge in January 2001. Input both from
the public and from Transport for London led to a final Transport Strategy, which was
published on January 18, 2002. As a result of this Transport Strategy, London became
one of the first municipalities worldwide to use ALPR on a large scale when it
implemented a congestion charge to the busiest part of the city. The congestion charge
was introduced in central London on February 17, 2003. The original area affected by the
congestion charge is demonstrated in Figure 2. The congestion charge was extended in

* Bayliss, David. "Road User Charging and Taxation." Proceedings of the Institution of Civil Engineers.
Thomas Telford, 2006. 147-152.

® Department of Transport. City Congestion Charging in London. 29 June 2007
<http://www.dft.gov.uk/pgr/regional/policy/archive/urbanandlocaltransportcompen3715?page=6>.
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2007 to include parts of west London (demonstrated by Figure 3). The total size of the
charging zone is 40 square kilometers (about 15.5 square miles).

Figure 2 - London's "'Inner-Ring"" is shown by the red shaded area on the map. This was the first area
affected by London's congestion charge in 2004.
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Figure 3 - Western Expansion of the Congestion Charge. The left side of the shaded figure demonstrates the
western expansion of the congestion charge. Thismap is provided by Transport for London, www.tfl.gov.uk.

C) How the Congestion Charge Works

The congestion charge was initially £5.00 per day (or approximately $10, but it was
increased to £8.00 per day (or $16) on July 4, 2005. Since then, it has been announced by
the mayor that in 2008 the charge will be increased again to £10.00. The charge is
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applicable to most vehicles entering the congestion charging zone between 7:00 AM and
6:00 PM, Monday through Friday (except on holidays). Exemptions to the congestion
charge are granted to the disabled, motor-cycles, and alternative fuel vehicles.
Furthermore, residents that live within the congestion charging zone are granted a 90
percent discount when they register their vehicles with Transport for London.®

Vehicles entering the congestion zone are
monitored by Closed Circuit Television (CCTV) -
cameras positioned around entry points of the '
congestion zone. Stationary CCTV cameras and
mobile CCTV cameras are positioned within the
charging zone as well. When the congestion
charge began, about 700 cameras were situated
in and around th? Chargmg 2_0ne' Thls_breaks Figure 4 - Congestion Charge CC.TV cameras near
down to 150 static camera sites (see Figure 4) Vauxhall Bridge. Photo provided by Transport for
around the charging zone, 52 static camera sites  London.

within the charging zone, and 10 mobile cameras
(see Figure 5) within the zone (more than one
camera is located at any camera site).’
Unfortunately, more up-to-date information on
the camera breakdown within the expanded
congestion charging zone is not available.

|

According to a news article by the BBC before
the technology went into effect, the cameras are
calibrated to be pointing toward the middle of a
traffic lane toward the front number plate, and :
they take four still, black and white photographs ~ Figure 5- A mobile enforcement vehicle is used

. to photograph number plates within the London
per second. Infra-red reflectors are flashed while /e ion charging zone. Photo provided by
the photograph is being taken to help pick out the  Transport for London.
number plates.® The number plates in the U.K.
for the most part are reflective so they are picked up relatively well by the cameras. The
reason the cameras take photographs of the front plate is because in the U.K. they are
centrally located on all vehicles, whereas back plates can be on either side or in the center
of the vehicle. After the photographs have been taken, they are sent to a central computer
system that identifies the plates using the ALPR recognition system. The system is not
completely foolproof; in reality it only recognizes the plate 70 to 80 percent of the time.’
There are several reasons the ALPR system might not be able to identify a vehicle plate.
First, a road user may be tailgating the car ahead and thus his/her front number plate is
not visible. Second, it might also be the case that there may be a commercial truck in

® Transport for London. Transport for London Homepage. 28 May 2007 <http://www.cclondon.com/>.

" »Congestion Charging: In London."” BBC News. (Accessed 4 June 2007.)
<http://news.bbc.co.uk/2/shared/spl/hi/uk/03/congestion_charge/exemptions_guide/html/works.stm>.

# Symonds, Tom. "Preparing for Congestion." BBC News. 5 June 2007
<http://news.bbc.co.uk/1/hi/uk/2748319.stm>.

° Evans, Jeremy and Dan Firth. “Transport for London, Congestion Charging Technology Trials, Stage 1
Results.” 12th World Congress on Intelligent Transport Systems. San Francisco: ITS America, 2005.
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front of a compact car and thus the compact car’s front number plate is out of sight of the
camera. Third, the ALPR system might pick up other text on a vehicle, like a bumper
sticker or an advertisement for a service truck. Some road users purposely put bumper
stickers that look like number plates to fool the ALPR system. Sometimes this works,
sometimes it doesn’t, because photographs such as these may be flagged and identified
manually by a human. Fourth, the ALPR system may miss a car’s number plate because
the driver is changing lanes as the photograph is being taken. Fifth, a number plate may
be simply dirty and thus unrecognizable to the ALPR system. Lastly, drivers may apply
films over their number plate to try to obscure the appearance of their number plate
despite the fact that this practice is illegal.’® Despite all of the factors that might make a
number plate unreadable, the congestion charge is still effective since the charge is only
assessed once to any given vehicle per day. Thus, a vehicle only needs to be
photographed and recognized once for the system to be effective.

After a vehicle has entered the charging zone (see Figure 6), it is up to Q
the driver to pay the charge; no bill will be sent to the driver. The driver :

has a variety of options to pay the charge. If the driver is paying on the Figure 6- Symbol

day that he/she entered the congestion charging zone payment can be designating
sent online, via text message, via a designated pay station (there are the congestion
several throughout London, at retail stores and gas stations), or via Eha:'g‘“g;:“e in
telephone. The driver also has the option to pay the charge the following o=t "
day by calling the call center or by paying online. There is a £2 Transport for
surcharge for paying the day after (currently, this amounts to a total London.

charge of £10 for entering the congestion charging zone).

By midnight of the day after a given charging date, all of the recognized number plates
are consolidated to get rid of duplicates. Payments are matched with the recognized plates
and are exempted from any ticket. Normally exempted vehicles (taxis, vehicles of the
handicapped, buses, etc) are also removed from the pool that will receive tickets. For the
remaining vehicles, tickets are issued via the Driver and Vehicle Licensing Agency
(DVLA) records. Payments for vehicles that were not recognized by ALPR on the day of
the congestion charge are not refunded or credited to a vehicle’s future days. Therefore if
a road user always pays the congestion charge, the road user never really knows if their
vehicle was photographed and recognized by the system. To deter drivers from not
paying the charge, heavy penalties are in place for non-payment. Vehicles that should
have paid but did not do so are issued a Penalty Charge Notice of £100 (approximately
$200). Prompt payment within 14 days leads to a reduction in the charge to £50. Failure
to pay the charge after 28 days results in the penalty being increased to £150. Further
non-payment of the charge can lead to further legal action and the possibility of the
vehicle being immobilized.™ It is worth noting that to enforce payment, foreign number
plates are difficult to impossible. This is because foreign countries have very little

19 "Congestion Charging: In London." BBC News. 4 June 2007
<http://news.bbc.co.uk/2/shared/spl/hi/uk/03/congestion_charge/exemptions_guide/html/works.stm>.
! Transport for London. Transport for London Homepage. 28 May 2007 <http://www.cclondon.com/>.
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incentive to help identify violators of the congestion charge. A diagram illustrating how
the system works can be seen in Figure 7.

STEF 1
CAMERAS TAKE
CLOZE-UFE OF
HUMEER FLATES

o

A

ZTEF =

SEMT TO COMFUTER SY STEM.
DETAILS CHECKED AGAINET
DATAEAZSE OF FAYVHMENTS
AMD EXEMFTIONE

=ZTEF =

FEMALTY HMOTICES
IS SUED TO THOZE
WHO DO HWOT FAY
E MIDMIGHT

l

S
&
%«5"’

Figure 7 - How London's congestion charge works. Note that the penalty listed has increased to £100 since this
diagram was created. This image came from the BBC News.

http://news.bbc.co.uk/2/shared/spl/hi/uk/03/congestion_charge/exemptions

D) Costs and Benefits of the Congestion Charge
Table 3: Congestion Revenues

TfL Congestion Charge Income (in millions of £)

Annual Report Yr. Rewvenue Costs Net Income
2003 18.5 76.8 (58.3)
2004 186.7 141.4 45.3
2005 219.8 123.4 96.4
2006 254.1 147.8 106.3
Operating lTotals £ 6/79.1 £ 489.4 | Lt 189.7
Set-up Costs 161.7 (161.7)
Net £ 6/9.1 £ o051.1]¢L 26.0

Income generated by the congestion charge according to annual reports by
Transport for London (2003-2006). Each fiscal year ends on March 31.

Therefore the 2003 Annual Report Covered April 1, 2002 — March 31, 2003.
Note the congestion charge started on Feb. 17, 2003.

By several accounts,
the London congestion
charge has been a great
success. In its first year
of operation, travel
within the congestion
zone has dropped by 14
percent. ? The average
speed within the
congestion zone at
peak hours has
increased from 13
km/hr to 17 km/hr
(approximately 8.1
mph and 10.5 mph).*?
Transport of London

estimates that the number of car trips to the congestion zone has fallen by as many as
150,000 trips per day. These effects have led to a shift in demand from road usage to
public modes of transportation. The charge alone has led to a 35 percent increase of
people entering the charging zone by bus.** Since 2003, the congestion charge has
collected a total of £677.4 million. This includes a total of £189.7 million in cumulative

12 Nash, Chris. "Road Pricing in Britain." Journal of Transport Economics and Policy 41 (2006): 137.

3 Quddus, Mohammed, Alon Carmel and Michael Bell. "The Impact of the Congestion Charge on Retail."
Journal of Transport Economics and Policy (2006): 114-115.
' Graham, Daniel. "Road User Charging." Public Transport International (2006): 32.
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operating income that just covers the £161.7 million set-up costs of the congestion charge
system.™ By law, all of the surplus pounds generated by the congestion charge’s
operating income must be reinvested into London’s transport system. Transport 2000
estimates that 29,000 additional bus passengers are entering the zone on the 560
additional bus runs offered as a result of the additional funding from congestion
charging.™ The extra funding has also helped pay for hybrid buses, resulting in a 31
percent drop in carbon dioxide emissions by buses.*?

As far as other pollutants are concerned, Transport for London says that there has been a
13percent reduction in nitrogen oxide, a 15 percent reduction in particulate matter, and a
16 percent reduction of carbon emissions since the congestion charge was put into
effect.’ This is in large part due to the public seeking alternative modes of transportation.
Whether it’s riding a bike, taking a bus, or using the subway, alternative modes of
transportation lead to much lower emissions. This in turn decreases the negative
externalities imposed on those that live within the charging zone. A less publicized side
effect of the congestion charge is the effect it has had on general safety. According to
Transport for London, the £42 million supplementary investment on safety (provided by
the congestion charge), has resulted in a 40 percent decrease in serious injuries or
fatalities, and a 40 to70 percent reduction in private vehicle crashes. The £42 million
have been used to increase the number of cameras, increase traffic calming measures and
increase the number of safety campaigns throughout the city.

Although many feared the congestion charge would hurt retailers, in fact it has not
significantly hurt the majority of retailers. A recent study in the Journal of Transport
Economics and Policy found that retailers as a whole were not significantly affected by
the congestion charge in the long term. The study found that in most cases any downturn
in business had more to do with cyclical economic factors than the congestion charge.®

E) ALPR Usage by Police in England

ALPR is also used by police forces
in the United Kingdom for crime
enforcement (see Figure 8).
However, crime enforcement is not
linked directly to the congestion-
charge ALPR cameras. Police
operations are run on separate
cameras throughout the United
Kingdom. These crime cameras’
Only jOb is to crosscheck recognized Figure 8 - An ALPR system monitors the roads of Manchester,
number plates with the Driver and England, checking motorists identity compared to three
Vehicle Licensing Agency (DVLA) databases. Photo courtesy of MSNBC.

database, the Police National http://www.msnbc.msn.com/id/15221111/

Computer and the intelligence

15 "Congestion Charge." 2007. BBC News. 4 June 2007
<http://www.bbc.co.uk/london/content/articles/2006/11/21/congestion_update_feature.shtml>.

16 Quddus, Mohammed, Alon Carmel and Michael Bell. "The Impact of the Congestion Charge on Retail."
Journal of Transport Economics and Policy (2007): Vol. 41, pp. 114-115.
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computer system. Crime-scanning ALPR cameras have been highly praised by police
forces throughout the U.K., have produced staggering numbers of arrests and have
recovered millions of pounds in stolen property. For instance, throughout the U.K, 23
police forces evaluated the use of ALPR in a one-year field test. In the test, 28 million
plates were recognized, of which 1.1 million plates came up in one of the databases (3.9
percent of the total number of plates read were recognized in one database or more). Of
the 1.1 million flagged, 181,543 vehicles were stopped. This led to 13,499 arrests (7.5
percent of the total stopped), of which 2,263 were for theft or burglary, 3,324 were for
driving offenses, 1,107 were for drug offenses, and 1,386 were for auto crime. More than
1,152 stolen vehicles worth £7.5 million were recovered, £380,000 of illegal drugs were
confiscated, and £640,000 worth of stolen goods were recovered. Also 50,910 tickets
were given out for charges stemming mainly from failure to pay for the Vehicle Excise
Duty, insurance coverage, or MOT (Ministry of Transportation) taxes.” Although the
usage of ALPR by police has been highly successful in locating serious crime offenders,
the public is very critical of its usage to hand out citations for minor offenses. Thus,
ALPR usage by police is still a very controversial and contested issue in England.

F) Future Tolling Mechanisms in London

Despite the overall success of the ALPR initiated congestion charge and police scanning,
there are problems with relying only on ALPR technology. First, the evidential integrity
of digital photography can be questionable. It is well known that images can be digitally
manipulated and thus they may not satisfy the evidential requirements of the courts.
Second, an ALPR system generates high volumes of data that need to be retained, which
in the end costs money. Last, the cost of telecommunications and fiber optics for an
extensive ALPR are very expensive to initially construct and maintain for a long term.
These problems have led Transport for London to test various other technologies such as
RFID technology (also known as “tag and beacon” technology), infra-red Dedicated
Short Range Communication (DSRC), satellite positioning, and digital mobile
telephony.™® Of these technologies Transport for London is hoping to implement the tag
and beacon or RFID technology by 2009. Transport for London also hopes to implement
a satellite GPS by 2014.%° A tag and beacon system would give road users the option to
carry a credit card-sized RFID transmitter in the car that would act as a debit card for
tolling and congestion charging purposes. When a road user would enter the congestion
charging zone, he/she would pass under the RFID receiver and his/her account would be
debited. If the road user did not have an RFID transmitter, the ALPR system would still
be able to photograph the road user’s number plate and the road user could pay the
congestion charge the same way it is presently paid. The advantages of having the RFID
receiver would be that it would be less likely that a driver would be charged a penalty for
forgetting to pay the congestion charge. Also a driver carrying a RFID transmitter would

" PA Consulting Group. "Driving Crime Down - Official Report for the Home Office." October 2004.
Police Home Office Website (UK). <http://police.homeoffice.gov.uk/news-and-
publications/publication/operational-policing/Driving_Crime_Down_-_Denyinl.pdf?view=Binary>.
(Accessed 4 June 2007.

18 Evans, Jeremy and Dan Firth. "Transport for London, Congestion Charging Technology Trials, Stage 1
Results." 12th World Congress on Intelligent Transport Systems. San Francisco: ITS America, 2005.

19 Webster, Ben. "Electronic Tags for Cars as Congestion Charge Spreads Out." 22 February 2006. Times
Online. <http://www.timesonline.co.uk/tol/news/article733481.ece>. (Accessed 5 June 2007.)
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be able to take advantage of variable congestion charging rates that Transport for London
is looking at implementing (as opposed to paying a flat charge). For instance, the driver
might get a discount for entering the charging zone after 10 AM as opposed to 8 AM.
Another major advantage to the tag and beacon system is that it is reputed to have a 99.55
percent accuracy rate in tests performed by Transport for London.”

Further into the future, London,
along with the U.K. in general and
many other European countries, are
looking to GPS satellite tolling as a
standard. This would allow any
given government to charge road
users by the mile for their travels.
Although GPS is readily available
today, the technology is not
accurate enough according to tests
run by Transport for London.
However, it is estimated that it will
be ready by 2014. One problem
cited in the tests is i Figure 9 - This figure demonstrates canyoning and the multi-path
“canyoning.”(See Figure 9.) reflection errors in GPS systems. Image courtesy of “Transport for
Canyoning is when a large building London, Congestion Charging Technology Trials, Stage 1 Results” final
or other obstructions prevent a clear ~ report:

path between a GPS receiver and a

satellite. The cause of canyoning is the relatively few satellites currently available to
accurately determine a GPS receiver’s position. Another problem is that GPS has a

tendency to reflect signals off of tall buildings. One weakness of current GPS technology

is its inability to pinpoint the exact position of a moving object. When GPS was tested by
Transport for London, the average location error was 9.7 meters (about 32 feet). Also in

the tests, the GPS only had a confidence level of 75 percent when a vehicle was given a
14-meter buffer zone; the GPS had a 90 percent confidence level if the buffer zone was

28 meters; and finally, the GPS had a confidence level of 99 percent if the buffer zone

was 57 meters. This means if today a GPS receiver were positioned exactly on the
congestion charging border, it is probable that 1 percent of cars would be mistakenly
considered to be within the congestion charging zone when really they were 57 meters or
more away from it. The current buffer zone that would be necessary is too large, but
inevitably the technology will get better in the future as more satellites are launched and

the GPS transmitters become more accurate.

WAy qui I e,

G) Conclusion: London’s Usage of ALPR Mechanisms

In retrospect ALPR has been a good choice for London in the times it was implemented.

Many today are criticizing London’s expansion of the ALPR congestion charging system
into western London when the system may be replaced by tag and beacon technology in

less than two years. However, Transport for London argues that the cameras will still be

0 Evens, Jeremy and Dan Firth. "Transport for London, Congestion Charging Technology Trials, Stage 1
Results." 12th World Congress on Intelligent Transport Systems. San Francisco: ITS America, 2005.
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needed to back up the future tag and beacon technology. Therefore, in its point of view,
the money to finance west London’s ALPR system is not being wasted.”* Many have also
criticized London’s congestion charge because although it is accepted by the people who
live inside London, it is really paid by the people who live outside of London. Thus, the
majority who pay the charge have no political voice in whether the charge should exist in
the first place. No matter how you view the congestion charge, the charge has generated a
large surplus in just a little time, and the money is being used for improving the current
public transportation system. The charge has also reduced London’s original problem of
congestion in the heart of London. It has helped road users realize the negative
externalities they impose by driving during the charging period and thus has increased
patronage to public transportation. Also ALPR has helped police locate large numbers of
serious crime offenders in little time.

2.2-RFID in Tolling

2.2.1 - E-ZPass

The largest usage of highway RFID technology in the United  Figure 10 - The logo for

States is undoubtedly E-ZPass (see Figure 10). E-ZPass isa  E-ZPass. It designates E-ZPass
. . lanes across the northeastern

tolling mechanism used mostly on the northeast coast of the ) ited states.

United States. The E-ZPass itself is an RFID transponder that

emits a radio frequency identifying a given road user. When a

road user drives through a tolled location, the road user is charged for the toll

electronically. Just like that the road user is through the tolled location, without as much

as a stop to pay the toll.

A) Implementation of E-ZPass

Prior to the wide usage of E-ZPass, separate electronic tolling programs were being used
throughout the United States. For instance, Massachusetts had Fast Lane/MassPass,
Virginia had Smart Tag, Illinois had I-Pass, Maine had TransPass, Maryland had M-Tag,
and New York has had E-ZPass. All of these states clearly saw the benefits that could
arise from an electronic RFID tolling method. However, the problem with all of the states
having different passes was that if a given road user traveled between states, he/she
would need a separate pass for each state. This would be quite a burden to frequent
interstate drivers considering how close these states are to each other. Not to mention, it
would make quite a spectacle to have four or five different passes attached to one car
windshield.

Luckily for those drivers, northeastern states collectively sought a standard tolling
mechanism. In 1990 the Interagency Group (IAG) was formed by seven independent
northeastern tolling agencies. It was their goal to come up with the electronic tolling
standard. In the mid-1990’s that standard became a reality throughout the northeastern
U.S.?> Many states did not change the name of their pass despite it becoming E-ZPass
compatible. Massachusetts for instance calls their pass Fast Lane, but really the pass is an

2L »C_charge plans 'will waste £166m"." 21 June 2006. BBC News.
<http://news.bbc.co.uk/1/hi/england/london/5098642.stm>. (Accessed 7 June 2007.)

%2 Inter Agency Group. Inter Agency Group - E-ZPass. 2005. 1 June 2007 <http://www.e-
zpass.info/index5.htm>.

18



E-ZPass and is compatible with any other E-ZPass charging toll. The merging of the
majority of northeastern states to one pass has led more than 14 million motorists to
acquire an E-ZPass. Today, 60 percent of all U.S. tolls are paid by some form of
electronic collection.” As of 2007, states that use E-ZPass include New Jersey,
Delaware, Maryland, Maine, New Hampshire, New York, Pennsylvania, West Virginia,
Massachuset