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ABSTRACT

Many technologica advances have enabled new methods of collecting transportation data that
can be used to plan and maintain effective roadway policies. Automated license plate reading
technologies are beginning to gain acceptance because of the wide range of applications to which they
can be gpplied. Typicaly, automatic license plate reading (ALPR) systems are used for enforcement
type applications and data collection gpplications including parking lot management, origin-destination
dudies, traffic flow studies, high occupancy vehicle anadyss, and weigh in motion systems. An ALPR
system congists of three main components; a device for detecting vehicle presence, adigitd video
cameraand an image processor. The image processor identifies the license plate according to
embedded pattern recognition algorithms. The accuracy of the pattern recognition agorithms used in the
image processor is an important concern when evauating ALPR systems. The required accuracy
depends on the application. For example, an enforcement gpplication may require a high degree of
accuracy while atraffic flow study may only require that an image obtained at an entry point be matched
to an image obtained at an exit point. Other issues for consderation when evaduating ALPR sysems are
mobility and smplicity of use, range of vehidle types that can be read, necessary lighting conditions,
range of states of origin that can be read, range of vehicular volumes and speeds that do not overload
the image processor, and human impact/public reations.

INTRODUCTION

Intelligent Transportation Systems (ITS) are characterized by technologica solutions that
integrate information processing, communicetions, control, and e ectronics with trangportation
management systems (1). Examples of TS solutions include Automatic Vehicle Location (AVL)
systems, Automatic Passenger Counting (APC) systems, Automated Toll Collection (ATC) systems
and Automatic License Plate Reading (ALPR) systems. ITS solutions give trangportation engineers the
ability to collect meaningful datain red-time and assist in improving the operationa performance of the
trangportation application.

The purpose of this paper isto review ALPR systemsin order to assist practitionersin
understanding the capabilities of these systems. This paper will first cover the basic architecture of
ALPR systems and then discuss severd current applications of ALPR systems. Next, we will present
severd dternative suppliers of ALPR systems. Findly, we suggest a possible method for evaluating the
systems.

AL PR System Architecture and Operation

Transportation planning and infrastructure devel opments are mgjor issues in the expanding
globa network. Many technological advances have enabled new methods of collecting transportation
data that can be used to plan and maintain effective roadway policies. Automated license plate reading
technologies are beginning to gain acceptance because of the wide range of applications to which they
can be gpplied. These unitstypicaly conss of the following components (2): an illuminaion source, a
camera, avehicle sensing device, an image processor, a power source, and a host computer for saving
images and interpretations. The light source must be able to overpower sunlight and eliminate shadows.



A color digital camerawith exceptionally fast shutter speeds must be triggered from an internd or
externa device that senses the vehicle. Theimage processor isthe heart of the system and identifies the
license plate according to its embedded pattern recognition agorithms.
Thefallowing isasummary of how atypicd ALPR system operates from ITS World, January -
February, 1997:
Asavehicle enters a system’sfield of view, it triggers a complex processing cascade.
Vehicle presence can be detected by an externd trigger, such as atrip wire, in-ground loop, or
cross-traffic light beam, or an internd trigger, wherein the Sgna from the video subsystem derts
the processor that an object may be present. The video camera, with its synchronized shutter
and illuminator, then captures an image or series of images of the passng vehide.
Once theimage is digitized, the next job isto determineif and where alicense plateis
located. The system must search for a plate among a sea of smilar objects such as bumper
gickers, fleet identification numbers, manufacturers |abels, dealer logos, and parking permits.
Usually, severd testsisolate and confirm that a plate is present and submit it for character
recognition.
Once the characters are recognized, their font, or particular syle of |ettering, and syntax
can ad in refining the determination. The interpreted data and imagery can then be retained
locally for query againgt an established database or tranamitted to a remote file system server for
further processing or storage.

Character recognition is one of the most critical issues associated with ALPR systems.
Typicdly, the consumer is free to choose from anumber of commercia video imaging subsystems. (1)
The pattern recognition dgorithms used in the imaging systems are the most important component in the
ALPR system. The correlation matching approach takes each character, and attemptsto match it to a
st of predefined standards. With this gpproach, any change from the norm could cause a questionable
identification. Structura anayss uses decison trees to comprehend the character’ s geometric shapes.
This method is alittle more tolerable for changes in the license plate' s environment. Findly, neura
networks are trained by examples of previous plates. Statistica models are built each time anew
character is seen by the system. Thisis the most accurate method, dthough it can be time consuming as
the system continudly expandsitslibrary. (1)

ALPR TRANSPORTATION APPLICATIONS

Typicaly ALPR systems are used for enforcement type applications and data collection
gpplications induding parking lot management, origin-destination sudies, traffic flow sudies, high
occupancy vehicle andyss, and weigh in motion systems.

ALPR systems have been used in paid parking lot systems in order to overcome mogt of the
shortcomings of normd parking systems. When a car enters alot, the system captures the license plate
number, and logsthe time and date. When the car later exits, the system again captures the license plate
number, and computes the fee. This system eliminates problems with lost or swapped tickets, cashier
fraud, and stolen cars. (3) This sysem will require ahigh accuracy rate. Whenever enforcement issues
are involved, the accuracy of the system is very important.

Three of the most common uses of license plate imaging technologies are Origin - Dedtination
Studies/Trip Surveys, Cordon Studies, and Travel Time Studies. The purpose of Origin-Destination



Studiesisto determine the travel patterns along a given transportation network. Often Trip Surveys are
used to implement these studies. Trip surveys require three main parts. Firg of dl, the license plates
chosen for the study should be randomly sdlected. Second, there can be no incorrect interpretations of
the license plates by the imaging system. Third, the database must be readily available for use by
andyzers. Thistype of use does not require ahigh levd of accuracy. Aslong asthe sysemis
conggent in its plate identification, it will be successful. In a Cordon Study, the traffic patternsinto and
out of agiven area are andlyzed. Thekey to these sudiesis correct placement of the imaging
equipment at pertinent locations on the boundaries of the area being studied.

Another common gpplication is Travel Time studies. License plate recognition systems are used
to record the location of avehicle at two different points in time; from this data an average speed can be
acquired. (2) Thefeashility of using license plate images for these types of Sudieswasfird redized in
Great Britain. (4) Since then studies have been conducted to further test the reliability and effectiveness
of this technology for such studies. It has been concluded that this technology can “reduce the cost and
greatly facilitate the conduct of travel time and smdl area origin-destination studies.” (4)

Shuldiner et d. (1996) discuss the use of video and machine vison license plate matching to
measure origin-destination and travel time patterns. Shuldiner et d. (1996) concluded thet “the
estimates of mean travel times produced by machine vison anadlyss are essentialy identicd to the
edimates resulting from an exhaudtive manud andyss and that both the manua and machine vison
analysis of videotaped license plate images produce very accurate and precise estimates of mean travel
times” (4)

Traffic flow studies are another gpplication of ALPR’s. A license plate reader can diminate
some of the problems faced when attempting to conduct a traffic flow study. For example, shutting a
road down in order to ingtal an inductive loop detector may be required. A license plate reader can
quickly and easily be ingtalled on both ends of the desired corridor and the study can begin immediately.
Thistype of study does not require high accuracy. A study by Craig A. Anderson, Panos G.
Michaopoulos, and Richard D. Jacobson entitled “ Cost Benefit Analysis of Video Based Vehicle
Detection” uncovered afew interesting points that are mentioned here, but apply to many applications.
First of dl, they present two ways to place the cameradong the road. Their first dternative wasto
configure the cameras in the median in order to detect carsin al mainline directions and on the ramps.
Their second dternative involved placing the cameras adong the outside shoulders of each mainline
direction. (5) These dternatives show some of the issues to be dedlt with when using an ALPR system.
The second important aspect the study identified was alist of factors and comparisons of ALPR’s
versus loop detectors. ALPR systems dlow for year round ingalation and maintenance. In addition,
their ingdlation typically does not cause lane closures. ALPR are able to perform visua detection,
measure speeds, detect wrong way vehicle movement, measure queues and other performance
measures, detect incidents, and provide visua surveillance capabilities.

ALPR systems can dso hep determine rlevant information for HOV lanes. They can
determine the potentia demand for such alane through matching license plates at enter and exit points of
such afadility, and, subsequently, determining the traffic volume.(4) Furthermore, ALPR’s can help
with the enforcement of an HOV lane. This second application, however, is more difficult than most
because it requires error free and verifiable results, not normaly necessary. (4)

Weigh gations provide an opportunity for enforcement personnd to check a vehicle sweight,
dimensions and credentias and to ensure that the vehicle is safe to operate. The ingpection process,



however, can be time consuming and is costly. Time spent waiting in line, being weighed or ingpected,
or reviewing paperwork is nortproductive time that results in inefficiency. The added deceleration,
accderation and idle time of the trucks add to fuel consumption and air pollution. Findly, the excess
merging of trucksis an obvious safety hazard along ahighly traveled route. A current gpproach to
weigh in motion systemsiis the use of transponders. These smdl devices are placed in each truck. A
reader can read the trangponder and refer to a database to see whether or not the truck has aready
passed ingpection.(6) An ALPR sysemisalogicad choice to diminate the inadequacies of transponder
based systems. The trucks require no extra hardware, therefore thereis less cost and al trucks can be
monitored, as opposed to only those with transponders installed.

In lowa, aweigh in motion sysemisin use. In this system, the trucks actudly exit the main
highway and enter aramp at 30 to 50 foot intervals. The license plates are read and asgnd isgivento
inform the driver of whether or not he/she needs to go to the scale, or if he/she can continue back to the
highway. Idedly the trucks should be scanned on the highway and told whether to enter the weigh
station from the highway; however, the system will be dependent upon accurately reading license plates
at highway speeds.  An dternative is to use other aspects of the vehicle such asthe USDOT (or ICC)
number. (7)

SYSTEM ACCURACY

Accuracy is another important issue involved in these sysems. It is often difficult to quantify the
performance of asystem. One method is to measure the percentage of license plates correctly identified
by the machine that can be verified by aperson. (1) Nelson (1) illudrates the chalenges of measuring
the accuracy associated with an ALPR system via an example, which shows that one cannot smply
measure individua character accuracy and extrgpolate total system accuracy. Nelson definesthe
system accurecy as.

A =(Tx1)x 100 (1)

where
A = total system accuracy
T = rate of successful plate recognition, expressed as adecima number
| = rate of successful interpretation of entire plate content

By messuring and interpreting each character’ s accuracy individualy, he further refines the system
accuracy as.

A=(Txlixlxx...xl,)x 100 2

where
A = total system accuracy
T = rate of successful plate recognition
|, = rate of successful interpretation of first character
I, = rate of successful interpretation of second character
I, = rate of successful interpretation of nth character



Nelson then discusses an example with the ALPR system recognizing and identifying 10,000
license plates with seven characters on each plate, atota of 70,000 characters. As Nelson points out
“if the system reads the first Sx characters correctly on each plate but missesthe last character on every
plate, one might be inclined to state the overal accuracy as (60,000/70,000) x 100, or 85.7 percent;
however, usng Equation 2, the true system accuracy in this caseis zero.”

Different applications require different levels of accuracy. As higher accuracy is required, the
price of the system rises because better cameras are necessary. For example, a system designed to
enforce HOV lanes must be 100% accurate or else innocent people could be charged. The equipment
for this gpplication can be more codtly. On the other hand, studies only involving traffic in and out of a
corridor do not need to be as accurate. The system will identify the plate at the entrance and exit to the
corridor. Correct identification depends on correctly matching license plates at both ends of the
corridor. It does not matter if the plate was identified correctly, aslong as it was identified the same at
both ends of the corridor. Therefore, researchers still know how fast the vehicle traveled through the
corridor as well as other rlevant information. The equipment for this use would not be as expensive.
Shuldiner et d. (1996) shows that machine vison is capable of metching license plates, which isthe only
requirement for many of the above applications.

ALPRALTERNATIVES

Transfomation Systems, Inc. (Transfo) works jointly with Computer Recognition Systems, Inc.
(CRS) to provide Intelligent Transportation Systems (ITS) and services to the North American
trangportation industry. Together they ingtdled the first license plate reader in 1979. (8) Examples of
recently completed or current syssemsinclude: aborder crossing traveler information system, an
automated real-time traveler information system, video detectors to control intersections, trave time
studies, license plate based surveys, and acommercia vehicle license plate udy. Transfo and CRS's
main sysems include the Traffic Andyss System (TAS2), the Image Capture System (ICS), and the
Numberplate Reading System (NRS2). Transfo isthe leader in thisindusiry. With CRS, they
developed thefirgt license plate reading system in 1979. CRS conducted the first traffic surveys using
machine vison in 1991 to determine vehicle travel times and origin/destinations. CRS aso developed
one of the firat open highway eectronic toll systemsin the world during 1993 in Singapore. (9)

Perceptics' license plate readers have been gpplied to many functions. They monitor border
crossings, do dectronic toll collections, commercid vehicle operations, regidtration enforcement,
revenue collection, access control and security, and emissions testing. (10) AlpaTech, founded in 1979,
can provide anumber of ALPR systems. (11) They currently have sysemsin Illinois, New Y ork City,
Phoenix, Denver, Korea, South Carolina, Coleman Bridge, VA, and Maryland. AlphaTech boasts that
it can read afull range of license plate design variations, with vehicle speeds up to 100 miles per hour.
Racd’s Talon system, asit iscdled, currently is gpplied to five gpplications. These are security, car
parking, enforcement, traffic surveys, and road talling. (12) The enforcement gpplication is most
relevant to weigh in motion systems. The Taon system provides “rapid and accurate identification of
vehicles, 24 hours aday” for these types of gpplications. (12) Raca’s Plate Recognition Unit (PRU) is
a highly modular device with a power supply, hard and floppy disk drives, and five dots for recogniser
modules. A recogniser module is asingle board with a camera multiplexer, aframe grabber, aPC



interface and a Digitd Signd Processing (DSP) Unit. The DSP runs the agorithms which identify the
license plates. Extrarecogniser modules can be added to work with a greater number of cameras. (12)

SYSTEM EVALUATION

There are many factorsinvolved in deciding which system to obtain. Some of the main aspects
arethefallowing: mobility and smplicity of use, range of vehicle typesthat can be read, necessary
lighting conditions, range of states of origin that can be read, range of vehicular volumes and speeds that
do not overload the image processor, and human impact/public relations. French et a. (1997)
recommend specifications for a general purpose ALPR for trangportation planning.

Any system that is not being outfitted in a permanent location must have the ability to be
transported easily and cost-efficiently. Optimally, the entire system should be able to be moved in one
vehide During transport, the system should not be suspect to damage. Set-up should be assmple as
possible and should require alimited number of technicians. An arduous s&t-up program will waste time
and money. Set-up time limits should be determined in a case-by-case basis. (2) Anided system can
reed the plate of any vehicle but reading the plates of heavy vehicles can be especidly difficult because
of their size and the fact that, according to John Keyhart of Raca, the front license plate must be read.
One study indicated only 30-35% accuracy in thistype of situation. (2) Asaresult of the added
difficulties of correctly identifying the plates of heavy vehicles, amore cogtly camerais often needed.
This added cost should be included in the assessment of a system.

Another agpect on thistopic is the recognition engine a system usesto identify plates. This
engine should be sufficient for one sneeds. The conditions & the time of the test should be identified
when avendor clams a certain accuracy rate. There are anumber of factors that can lead to less
accuracy in an ALPR system. Some of theseinclude: vehicle speed, volume of traffic flow, ambient
illumination, inter-vehicular spacing, wegther, vehicle type, plate mounting, plate variety, plate
jurisdiction, camera—to- plate distance, plate tilt, rotation, and skew, presence of atrailer hitch,
communications pathway (1) In addition to these factors, there are other circumstances to consider. In
some dtates, laminated graphic plates are being used to customize license plates with pictures,
backgrounds and foregrounds. This presents an added chadlengeto an ALPR system. (1) A vendor
should be aware of dl of these factors and should be prepared to attempt to account for them.

Systems are generdly externdly or interndly triggered. An externdly triggered system usesa
vehicle detector to tell the camerathat avehicleis present. The cameramust then teke a picture in the
fied of view mogt likely to contain the plate. If the plateis not in thisfidd of view, the camerawill not
cagpture the plate. If the system utilizes an internd trigger, condtant illumination is necessary. This often
necessitates additional power requirements. Furthermore, the light needsto be infrared.

Any system being purchased should have the cgpability of ultimately identifying al the different plate
typesin the United States. The system should be easily updateable for new plate types.(2) The most
effective method for achieving thisis a neurd network with decision trees as another aternative. The
ALPR system should be cagpable of handling 2300 vehicles per hour per lane of traffic covered. (2)

An additiond factor involved in implementing alicense plate reading system is public impact and
resstance. These components are generdly the same no matter which system is chosen, but should il
be mentioned. The primary factor is safety. Studies have shown that often people tend to steer away
from any roadsde machinery they see. (2) Thispotentidly could lead to hazards as people accustom
themselves to video equipment aong the roads. Another factor is that people may fed that their privacy



is being violated by video cameras placed aong the highways. 1t needsto be clearly stated to the public
that the equipment will only be used for license plate identification, and not for spying on people,
tracking their travel habits, or any other uses. If people fear they are being spied on, they may resort to
traveling aong back roads that are not meant to support heavy traffic. Complicated legd issues could
potentidly evolve from alicense plate reading system. In some cases people have used the data
gathered with these systems to make money through sdlling the datato marketing firms. The
appearance of impropriety must be avoided a dl costs. Findly, there isthe possbility of computer
hackers and other causes of fdse information. If inaccurate information begins to cause problems
amongs the public, again resstance will surface. (13)

The two main effects that camera equipment aong the road for aweigh in motion system will
have are speed reductions and lateral shifts. Motorists tend to dow down and move away from
unfamiliar objects. Thisisa potentid safety hazard. Therefore, the equipment should be placed as
inconspicuoudly as possbly. A system that is not cgpable of such placement is potentialy dangerous.
The best solution for thisis a system that can be placed behind a guardrail, or some other roadside
barrier. Another aspect of thisisthat the accuracy of the system will diminish as vehicles move away
from the cameras. (2) The cameras are amed at a certain section of the road and if vehicles move
away from this area, some accuracy will be sacrificed. Acquiring images on larger vehicles posesa
difficult problem for ALPRs. The surface area of the vehiclesis larger, thus there is more opportunity
for error. In onetest, the ALPR system was only accurate 30-35% of the timein correctly interpreting
the entire license plate, both state and number. (2)

CONCLUSIONS

Automated License Plate Reading systems have shown their worthiness as traffic data collection
tools. Through image capturing and processing, ALPR’s can give a user quick, and inexpensive data
Asthefidd of automated data acquisition expands, more and more uses begin to arise. In choosing a
system, one should consider mobility and smplicity of use, range of vehicle types that can be reed,
necessary lighting conditions, range of states of origin that can be reed, range of vehicular volumes and
Speeds that do not overload the image processor, and human impact/public redations. All of these
performance issues should be congdered when purchasing this high-priced equipment.

ACKNOWLEDGEMENT

This research was supported in part through a grant from the Virginia Department of
Trangportation. All views expressed in this paper are soldly the authors.

ENDNOTES

1. French, JamesL., Martindli, David R., Eck, Ronad W., Pascoli, Jack. “Specifications for

Automated License Plate Reading Equipment for Trangportation Planning.” West Virginia

Department of Trangportation, Division of Highways, Planning Divison. November, 1997.

Nelson, Lee J. “License Plate Recognition Systems.” ITSWorld. January - February 1997.

“A Potpourri of Imaging Applications.” Lasers & Optronics. September, 1997.

4. Briglia, Peter. “Lega 1ssues Associated with the Operation of an ATMSin Sesttle”
Www.itsa.org/8525653600429c...301a98525622e006e3a63?OpenDocument.

wnN



10.

11.

12.
13.

Cabtre, Joe. “Advantage |- 75 Prepares to Cut Ribbon on Electronic Clearance.” Public Roads.
v59 n2. Autumn 1995.

Transfomation Systems Inc. sdes literature. undated.

“Video Detection”, Transformation Systems, Inc., undated, www.transfo.com/detect.htm
“Commercid Technologies and Projects — Imaging Systems’, Alphatech, Inc., undated,

www.a phatech.com.

Computer Recognition Systems. “Parking Lot Image Capture and License Plate  Reading System.
An Overview and Brief Description.” Computer Recognition Systems, Inc: Massachusetts, 1998.
Shuldiner, Paul W., D’ Agostino, Sdvatore A., Woodson, Jeffrey B. “Determining Detailed Origin-
Dedtination and Trave Time Petterns Using Video and Machine Vision License Plate Matching.”
Presented at the Transportation Research Board Annua Mesting, Washington D.C., January 1996.
Anderson, Craig A., Michaopolous, Panos G., Jacobson, Richard D. “ Cost Benefit Analysis of
Video-Based Vehicle Detection.” Proceedings of 6" International Vehicle Navigation &
Information Systems Conference, Seettle, Washington, July 30-August 2, 1995.

Racad. Automatic License Plate Recognition System. Raca sdes literature. undated.
“Perceptics - License Plate Reader”, Perceptics Corporation, undated,
WwWW.perceptics.comvlpr.htm.



