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(57) ABSTRACT 

The invention relates to a system and method for detecting 
parking infractions. It comprises computing one or more 
measurements associated with a stationary object found at a 
first location; classifying the stationary object as being rep 
resentative of a vehicle parked at the first location based on 
the one or more measurements associated with the stationary 
object; capturing one or more images of the vehicle parked at 
the first location; processing the one or more images of the 
vehicle to extract one or more present vehicle identifiers 
associated with the vehicle, and recording a time the one or 
more images were taken, a co-ordinate set associated with the 
first location and the one or more identifiers associated with 
the vehicle; determining a time duration for which parking is 
allowed at the first location; and comparing the present 
vehicle identifiers with previously recorded vehicle identifi 
ers associated with the first location to determine if the 
vehicle has been parked at the first location for a period 
exceeding the time duration. 
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SYSTEMAND METHOD FOR PARKING 
NFRACTION DETECTION 

0001. This application is a Continuation Application of 
U.S. application Ser. No. 1 1/328,113 filed Jan. 10, 2006, 
which claims priority from U.S. Provisional Application Ser. 
No. 60/642,102 filed Jan. 10, 2005, and U.S. Provisional 
Application Ser. No. 60/679,228 filed May 10, 2005, all of 
which are herein incorporated by reference. 

FIELD OF THE INVENTION 

0002 The invention relates generally to the field of park 
ing enforcement, and more specifically to systems and meth 
ods for the automatic detection of parking infractions. 

BACKGROUND OF THE INVENTION 

0003 Parking regulations are enacted for multiple pur 
poses. Purposes for which parking regulations are enacted 
and enforced include, generating revenue for the appropriate 
authorities, easing congestion on roadways, facilitating 
vehicle turnover and hence improving foot traffic for business 
owners, and for controlling parking on residential Streets. 
0004. By regulating the parking of vehicles on roadways, 
the appropriate governing authorities attempt to allow for a 
more orderly flow of traffic. Many authorities allow for park 
ing on roadways at certain times of the day and or week. 
Motorists are often required to pay a fee to park on the 
roadway at allowable times, which is usually based on an 
hourly fee structure. Fee for use systems generally rely on 
parking meter technology. Parking meters are generally 
installed so that they are located beside each parking spot that 
is associated with a fee for use system. A motorist rents time 
from the parking meter by adding currency to the meter. The 
parking meter then displays the amount of time for which a 
vehicle may be parked in a specific parking space. While 
many people have grown accustomed to the use of parking 
meters, parking meters are difficult to upkeep and expensive 
to install, as each parking space requires a parking meter. 
0005. Many city authorities have begun to use other tech 
nologies to replace parking meters. One such technology 
involves the use of a user purchasing a ticket from a central 
ized machine that may be found at specific locations near a 
group of parking spaces. When the appropriate currency is 
deposited into the machine, the centralized machine prints a 
ticket, which sets out the time until which a vehicle may 
parked in that location. The motorist displays the parking 
ticket in the vehicle such that it is visible to a parking enforce 
ment officer. 
0006. In order to enforce fee for use systems, parking 
enforcement officers are relied upon. The parking enforce 
ment officer monitors each vehicle parked in each parking 
space, by either checking the parking meter, or the parking 
ticket displayed. This requires a great deal of manual effort, 
and the parking enforcement officer's efforts are often ham 
pered by weather conditions, leaving the enforcement officer 
prone to injury as they are continuously walking between 
vehicles. The use of parking enforcement officers is also 
inefficient, as a parking enforcement officer is only able to 
cover a limited number of cars in a given shift. 
0007 Along with areas in which city authorities allow 
parking based on a fee for use system, there are areas where 
city authorities allow parking during certain time periods of 
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the day or week for limited durations. These areas may be 
low-density areas, Such as residential areas, or other areas that 
do not warrant the expense associated with setting up and 
administering a fee for use system. However, parking in these 
areas must also be regulated to ensure for ease of traffic flow 
and to partially generate revenue. In areas that allow for 
parking for limited durations only, parking enforcement 
officers administer the regulation of parking enforcement in 
these areas. As there is generally no fee associated with use of 
these parking areas, the parking enforcement officers will 
monitor the length of time for which a vehicle is parked in 
order to determine whether the allowable time period has 
been exceeded. One such method of monitoring the length of 
time for which a vehicle is parked, involves the use of a 
method knows as “wheel chalking. Wheel chalking involves 
the use oftemporary marks that are made by chalk on the tire 
of the vehicle and or the roadway. The parking enforcement 
officer returns to the vehicles that has had its wheel (tire) 
chalked after a set period of time (usually longer than the 
allowable parking duration) and determines, based on the 
chalk marks, whether the vehicle has been moved. If the 
enforcement officer determines that the vehicle has not been 
moved, and has therefore exceeded the allowable parking 
duration, the enforcement officer issues a ticket. The process 
by which an officer determines whether a vehicle has moved 
is very labour intensive and inefficient, and only a few cars 
may be monitored regularly. 
0008. As a result, automated mechanisms have been 
developed to determine whether a vehicle is parked in the 
same location as it previously was. Such automated mecha 
nisms in order to determine the identity of the vehicle rely on 
the recognition of the vehicle's license plates. 
0009 License plate recognition is prone to be inefficient 
for many reasons. License plate recognition involves taking 
images of the license plate and is Subject to poor image 
resolution as the license plate may be too far away or at too 
acute of an angle from the camera taking the picture. Poor 
lighting conditions and reflections are two other reasons why 
license plate recognition proves to be an inefficient method to 
rely on when attempting to uniquely identify vehicles. These 
difficulties when combined with the natural dirt, sleet or snow 
that may cover the license plate, make the unique identifica 
tion of vehicles that much more difficult. Also, many motor 
ists attempt to devise methods of disguising their license 
plates by not placing them in the proper location, or by plac 
ing reflective coatings on them that are designed to distort 
images that are taken of these plates. 
0010. Therefore, there is a need for an improved system 
and method for detecting parking infractions. 

SUMMARY OF THE INVENTION 

0011. In accordance with a first aspect of the invention, 
there is provided a method for the automated detection of 
parking infractions. The method comprises computing one or 
more measurements associated with a stationary object found 
at a first location; classifying the stationary object as being 
representative of a vehicle parked at the first location based on 
the one or more measurements associated with the stationary 
object; capturing one or more images of the vehicle parked at 
the first location; processing the one or more images of the 
vehicle to extract one or more present vehicle identifiers 
associated with the vehicle, and recording a time the one or 
more images were taken, a co-ordinate set associated with the 
first location and the one or more identifiers associated with 
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the vehicle; determining a time duration for which parking is 
allowed at the first location; and comparing the present 
vehicle identifiers with previously recorded vehicle identifi 
ers associated with the first location to determine if the 
vehicle has been parked at the first location for a period 
exceeding the time duration. 
0012. In accordance with a second aspect of the invention, 
there is provided a method for the automatic detection of 
parking infractions. The method comprises computing one or 
more measurements associated with a stationary object found 
at a first location; classifying the stationary object as being 
representative of a vehicle parked at the first location based on 
the one or more measurements associated with the stationary 
object; capturing one or more images of the vehicle parked at 
the first location; processing the one or more images of the 
vehicle to extract one or more present vehicle identifiers 
associated with the vehicle, and recording a time the one or 
more images were taken, a co-ordinate set associated with the 
first location and the one or more identifiers associated with 
the vehicle; determining whether parking at the first location 
is valid only when the vehicle has an electronic permit; and 
scanning the vehicle parked at the first location to determine 
whether the vehicle has an electronic permit. 
0013. In accordance with a third aspect of the invention, 
there is provided a system for the automatic detection of 
parking infractions. The system comprises means for per 
forming the steps of computing one or more measurements 
associated with a stationary object found at a first location; 
classifying the stationary object as being representative of a 
vehicle parked at the first location based on the one or more 
measurements associated with the stationary object; captur 
ing one or more images of the vehicle parked at the first 
location; processing the one or more images of the vehicle to 
extract one or more present vehicle identifiers associated with 
the vehicle, and recording a time the one or more images were 
taken, a co-ordinate set associated with the first location and 
the one or more identifiers associated with the vehicle; deter 
mining a time duration for which parking is allowed at the 
first location; and comparing the present vehicle identifiers 
with previously recorded vehicle identifiers associated with 
the first location to determine if the vehicle has been parked at 
the first location for a period exceeding the time duration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 For a better understanding of embodiments of the 
systems and methods described herein, and to show more 
clearly how they may be carried into effect, reference will be 
made by way of example, to the accompanying drawings in 
which: 
0015 FIG. 1 is a block diagram illustrating vehicles 
parked on a street; 
0016 FIG. 2 is a block diagram illustrating a parking 
enforcement vehicle upon a roadway; 
0017 FIG. 3 is a block diagram of the components of an 
exemplary embodiment of an infraction detection device; 
0018 FIG. 4 is a block diagram of the components stored 
in the memory store associated with the infraction detection 
device; 
0019 FIG. 5 is a block diagram illustrating the compo 
nents of the backend office; 
0020 FIG. 6 is a block diagram illustrating the compo 
nents of an exemplary embodiment of the positioning system; 
0021 FIG. 7 is a block diagram of the components of the 
electronic permit system; 
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0022 FIG. 8 is a diagram illustrating the fields of the 
parking locations database; 
0023 FIG. 9 is a flowchart illustrating the steps of a street 
mapping method; 
0024 FIG. 10 is a diagram illustrating the fields of the fee 
payment database; 
0025 FIG. 11 is a diagram illustrating the fields of the 
transaction database; 
0026 FIG. 12 is a diagram illustrating the fields of the 
vehicle tracking database; 
0027 FIG. 13 is a block diagram illustrating a parking 
enforcement vehicle on a patrol; 
0028 FIG. 14 is a flowchart illustrating the steps of a 
parking monitoring method; 
(0029 FIG. 15 is a flowchart illustrating the steps of a 
parking time duration method; 
0030 FIG. 16 is a screen shot of an exemplary embodi 
ment of a log in screen; 
0031 FIG. 17 is a screen shot of an exemplary embodi 
ment of a scan initiation screen; 
0032 FIG. 18 is a screen shot of an exemplary embodi 
ment of an infraction detection screen; 
0033 FIG. 19 is an alternative screen shot of the infraction 
detection screen of FIG. 18; and 
0034 FIG. 20 is a screen shot of an exemplary embodi 
ment of a citation issuance screen. 

DETAILED DESCRIPTION OF THE INVENTION 

0035 Reference is now made to FIG. 1, where a diagram 
illustrating vehicles parked on a street is shown. FIG. 1 illus 
trates a roadway 10, upon which vehicles 12 are driven, and 
parked in parking spaces 14. The term roadway 10 is used to 
refer to any transportation route upon which a vehicle 12 may 
be driven and parked. Parking spaces 14 as shown in FIG. 1 
are used to refer to the designated areas upon a roadway 
where parking is allowed. The parking space 14 may be used 
based on the respective rules that govern the parking of 
vehicles 12. The parking regulations may specify that the 
parking spaces may be occupied only at certain times of the 
day, or occupied at certain times of the day based on a fee for 
use system. Also, shown in FIG. 1, is a parking meter 16. The 
parking meter 16 provides a mechanism by which parking 
enforcement authorities may administer parking regulations. 
The parking meter 16 allows motorists to purchase an amount 
of time by entering money into the meter, which will allow 
them to use the parking space 14 for a specified amount of 
time. Alternatively, motorists may purchase an amount of 
time to use a parking space 14 from a parking meter ticket 
station, where motorists may purchase an amount of time 
from a station, which then dispenses a ticket, that the motor 
ists then displays on their vehicle. The ticket will generally 
state the date and time the ticket was purchased, and the time 
until which the motorist is allowed to use the parking space 
14. 
0036 Parking may be regulated on a roadway through 
various other means, aside from a fee for use system. For 
example, the parking regulations in force may stipulate that 
the parking spaces may be used only at certain hours of the 
day, or certain days of the week, for a certain maximum 
duration or a combination of all. In Such an arrangement, 
when parking at designated approved times, no cost will 
generally be involved with the use of the parking spaces. 
Alternatively, parking may be open to certain vehicles at 
certain allowable times, or at all times where the vehicle can 
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be shown to possess a parking permit or other similar notifi 
cation mechanism. The parking permit is issued by the appro 
priate authority and allows for parking at times specified by 
the authority. 
0037 Reference is now made to FIG. 2, where the road 
way 10 is shown with a parking enforcement vehicle 18. The 
parking enforcement vehicle 18 is driven by a parking 
enforcement officer. The parking enforcement vehicle 18 is 
equipped with an infraction detection device 20. The infrac 
tion detection device 20 is accessible to the parking enforce 
ment officer. The device 20 determines whether parking 
infractions have occurred, informs the enforcement officer 
when an infraction has been detected, records information 
relating to the infraction, issues infraction notices, and trans 
mits infraction information to a database for processing and 
storage, as is further described. 
0038 Reference is now made to FIG. 3, where the con 
stituent components of the infraction detection device 20 are 
shown. The infraction detection device 20 in one exemplary 
embodiment is comprised of, or connected to, a positioning 
system 22, a proximity detection system 24, a vision system 
26, an identification system 28, an electronic permit system 
29, an input mechanism 30, a display mechanism 32, a printer 
34, an alert mechanism 36, a processor 38, a memory store 40, 
one or more input sources 42, an infraction detection appli 
cation 44, an interface application 46 and a communication 
application 48. 
0039. The positioning system 22 provides to the detection 
device 20 coordinates of where the detection device 20 is 
located at any moment in time. In one exemplary embodiment 
of the invention, the positioning system 22 is based on a 
Satellite Based Positioning System, an example of which is 
GPS (global positioning system) technology and is com 
prised of a GPS receiver as is illustrated in further detail in 
FIG. 6. In alternative embodiments, other technologies may 
be used to provide positional information, and they include, 
but are not limited to, having RFID devices located on each 
parking block, and triangulation technologies that make use 
of transmitter towers. The proximity detection system 24 is 
used to signal to the detection device 20 the distance to the 
nearest object. In an exemplary embodiment of the invention, 
an infrared measurement laser with a sampling frequency of 
400 Hz, is used to implement the proximity detection system. 
The proximity detector 24 is connected to the detection 
device 20 and its components through a serial or parallel 
electronic interface. The proximity detection system outputs 
to the device 20 the distance to the nearest object. In alterna 
tive embodiments, two or more detectors may be used, so as 
to be located on both the passenger side and driverside, to be 
able to detect vehicles that are parked on both sides of the 
roadway 10. Also, in alternative embodiments of the inven 
tion, the proximity detector may be any one of an acoustic, 
capacitive or photoelectric/laser proximity detector or other 
measurement device. 
0040. The vision system 26 is used to capture images of 
vehicles 12 that are parked on a roadway 10. The vision 
system 26 may be comprised of one or more cameras that 
capture digital images of vehicles or parts of vehicles and the 
size measuring capability of the proximity laser that are then 
transmitted to the infraction detection device 20. In an exem 
plary embodiment of the invention, the vision system 26, and 
more specifically the cameras that comprise the vision system 
26 are mounted on the parking enforcement vehicle 18, and 
provide the images that are captured to the detection device 
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20 by wired or wireless means. In an exemplary embodiment 
of the invention, the vision system 26 comprises a first camera 
and a second camera (not shown). The first camera is used to 
detect the profile and colour of the vehicle. The first camera 
captures the view of the vehicle that is parallel to the side of 
the parking enforcement vehicle. When vehicles are parked 
parallel to the route of travel of the enforcement vehicle, in an 
exemplary embodiment of the invention, the first camera will 
therefore capture an image of the vehicle that will include 
items found approximately 1 meter to the front and rear of the 
vehicle. As a result, the Surroundings associated with the 
vehicle are recorded, and may be used to determine when in 
fact, a vehicle has been moved from its location. The second 
camera is used to record the license plate of the vehicle, and 
provides Supplementary lighting for illuminating the vehicle 
in poorlighting conditions. Additionally, the vision system 26 
in an exemplary embodiment of the invention, comprises 
laser measurement devices (not shown) which are used in the 
proXomity detection system to determine the length of the 
vehicle. In an exemplary embodiment of the invention, the 
cameras are high performance digital imaging CCD devices. 
The measurement device of the vision system in an exem 
plary embodiment is an infrared measurement laser. The 
infrared measurement laser, in an exemplary embodiment is 
angled 21 degrees from the horizontal, and measures the 
length of vehicles by continuously measuring the distance to 
the ground The identification system 28 is used to determine 
based on the output of the proximity detection system 24 and 
the vision system 26, whether the distance to the objects 
determined by the proximity detection system 24, and the 
objects captured by the vision system 26 are representative of 
vehicles. The identification system 28 in an exemplary 
embodiment of the invention is a software application that 
takes as input the distance to the nearest object, and the length 
of the nearest object as determined by the lasers of the vision 
system 26. The operation of the identification system 28 is 
further explained with reference to FIG. 14. 
0041. The electronic permit system 29 is used to admin 
ister parking regulations where electronic permits have been 
issued to the motorists, which allow the vehicle to be parked 
in specific areas. The use of the electronic permit system 29 is 
further explained below with reference to FIG. 14 and FIG. 
15. 

0042. The input mechanism 30 allows the parking 
enforcement officer to provide input to the detection device 
20. The enforcement officer is required to interact with the 
device 20 in order to control the operation of the device 20. 
The input mechanism 30 may be of various types, including 
but not limited to a keyboard, a mouse, joystick, a pointer 
device, a microphone and a touch screen. In an exemplary 
embodiment of the invention, a plurality of input devices are 
associated with the detection device, namely a standard 
QWERTY keyboard, along with a touchscreen that is part of 
the display mechanism 32 of the device 20. The display 
mechanism 32 allows for the detection device 20 to display to 
the enforcement officer information pertaining to the detec 
tion of parking infractions. The display mechanism 32 will 
generally be a built in screen capable of operating as a touch 
screen that is part of the detection device 20. 
0043. The printer 34 may be built into the detection device 
20, or connected via wired or wireless means. The printer 34 
is used to print out parking infraction notices (tickets), which 
may then be placed upon the offending vehicle. The alert 
mechanism 36 signals to the parking enforcement officer that 
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an infraction has been detected by the detection device 20. 
The alert mechanism in an exemplary embodiment of the 
invention produces an audible alarm signal, which is used to 
notify the enforcement officer that an infraction has been 
detected. The processor 38 is the central processing unit of the 
detection device that is used to control the operation of the 
detection device 20. The memory store 40 is the memory 
module associated with the detection device 20, the constitu 
ent components of which are described in further detail in 
FIG. 4. 

0044) The detection device 20 may have associated with it 
one or more input sources 42. The inputsources provide to the 
detection device 20 additional sources of data that may be 
used to determine the position of the parking enforcement 
vehicle 18, which may include but are not limited to the 
odometer of the enforcement vehicle 18, the speedometer of 
the enforcement vehicle 18, or any other accurate velocity 
measurement devices such as a microwave or Doppler laser 
device, and an accurate compass (typically hall effect com 
passes), and any other on board information sources associ 
ated with the enforcement vehicle 18. 

0045. The infraction detection application 44 is a software 
application that is used to determine whethera parking infrac 
tion has been detected when the location and images of spe 
cific vehicles are captured as the enforcement vehicle 18 
navigates a roadway. The interface application 46 is a soft 
ware application that is used to sync the databases associated 
with the detection devices which will be described in detail 
below, with databases that are associated with a back office 
that is used to centrally store all information relating to park 
ing infractions that have been detected by the various enforce 
ment vehicles 18. The communication application 48 allows 
for a communication link between the detection device 20 and 
the back office. 

0046 Reference is now made to FIG. 4, where in one 
exemplary embodiment of the invention, the constituent com 
ponents of the memory store 40 associated with the detection 
device 20 are shown. A parking location database 50, a fee 
payment database 52, a transaction database 54, and a vehicle 
tracking database 56 are all resident upon the memory store 
40 associated with the detection device 20. The parking loca 
tion database 50 contains for a specific area information per 
taining to the parking regulations that are inforce, and where 
parking is and is not allowed. The parking location database 
is described in further detail below with reference to FIG. 8. 

0047. The fee payment database 52 is used to keep track of 
the validity of parking permits and any fees that have been 
paid for parking permits. As described below, parking permits 
may be electronic permits, based on transponder and/or RFID 
technology. The electronic permits are mounted inside of a 
vehicle and will signify to the infraction detection device 20 
that the vehicle has a valid parking permit which allows the 
vehicle to be parked in a specific locale at a specific time. The 
operation of the electronic permits is described further below 
in FIG. 7. The transaction database 54 is described in further 
detail in FIG. 11, and is used to keep track of instances when 
the infraction detection device 20 has detected the use of any 
electronic permits when the parking enforcement vehicle 18 
has been on patrol. The vehicle tracking database 56 is used to 
record information when the parking enforcement vehicle is 
on patrol pertaining to the observation of any parked vehicles. 
The vehicle tracking 56 database is described in further detail 
in FIG. 12. 
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0048 Reference is now made to FIG. 5, where the parking 
enforcement vehicle 18, and its interaction with a parking 
enforcement back end office 60 is shown. The backend office 
60 in one exemplary embodiment of the invention has 
securely stored the databases that have been downloaded 
prior to the detection device 20 prior to each patrol of the 
enforcement vehicle 18. The backend office 60 stores a park 
ing location database 50', a fee payment database 52 a trans 
action database 54', and a vehicle tracking database 56'. The 
respective databases stored at the backend office with the 
exception of the vehicle tracking database 56, in one exem 
plary embodiment of the invention are downloaded by the 
infraction detection device 20 before the start of a parking 
enforcement vehicle's route. Therefore, before the start of the 
route, when the databases have been downloaded, the data 
bases that are stored upon the memory store 40 associated 
with the detection device 20 are identical to those stored at the 
backend office 60. The information stored upon the backend 
office 60 may be downloaded to the infraction detection 
device 20 through various means, including, wired, USB 
removable memory stick, or wireless means such as an Inter 
net connection, or other secured network connection. In an 
alternative embodiment of the invention, it is not necessary 
that the detection device 20 download the databases stored 
upon the backend office 60 prior to the commencement of a 
patrol, as the detection device can access the contents of Such 
databases and write to Such databases in real time upon the 
backend office 60. The backend office 60 also comprises in 
addition to the respective databases that have been mentioned 
above, a fraud detection module 62. The fraud detection mod 
ule 62, the operation of which is described in further detail 
below, is used to determine whether there is any fraud asso 
ciated with the use of electronic permits (i.e. whether the 
same electronic permit has been used in two separate loca 
tions, where it would not be possible to do so owing to time 
and distance considerations). 
0049. In an exemplary embodiment of the invention as 
illustrated in FIG. 5, the infraction detection device 20 com 
municates with the backend office 60 through a wireless 
network connection. The infraction detection device 20 and 
the backend office 60 are able to communicate in real time. In 
alternative embodiments, where the infraction detection 
device 20 accesses the backend office 60 in real time when 
attempting to determine whether parking infractions have 
taken place, the backend server 60 based on the information 
provided to it by the infraction detection device (from the 
vision system and proximity detection system), determines 
whether a parking infraction has taken place. Therefore, the 
back end office may also have stored upon it an infraction 
detection application. 
0050 Reference is now made to FIG. 6, where the posi 
tioning system 22 is described in further detail. In an exem 
plary embodiment of the invention, the positioning system 22 
is based on GPS technology. The GPS data serves as the 
primary source of positioning data. The positioning system 
22 relies on positional information that is provided to it by 
GPS satellites 80. The GPS satellite 80 data is provided to 
components of the positioning system 22, which in this exem 
plary embodiment of the invention is a GPS receiver 82. The 
GPS receiver 82 provides the positional information it 
receives to a filtering module 84, which applies a kalman 
filtering operation to output the final positional information. 
Alternatively, the filtering module 84 also receives input from 
a position determination module 88 along with input from the 
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GPS receiver to determine a final position. The position deter 
mination module 88 receives input from one or more of the 
input sources 42. The position determination module 88 may 
receive one or more inputs from the odometer, speedometer, 
other Velocity measuring devices such as microwaves or Dop 
pler radar, or external sources such as compasses or gyro 
scopes. The input from the position determination module 88 
is particularly advantageous where the GPS signal may be 
degraded, as is sometimes the case in urban environments, 
where the GPS signal may be affected. Where the GPS signal 
is degraded, the data provided by the input sources is used to 
determine the position, employing a method that may be 
referred to as dead reckoning. The distance and time traveled 
since the last accurate GPS position was provided are mea 
Sured. The distance is taken as a vector (by employing a 
compass), and therefore an accurate speed and distance trav 
eled measurement is calculated. A vector route originating 
from the location last provided by the GPS signal is then 
plotted, and a new location is therefore determined based on 
input provided by the input sources. The input sources 42 
provide data to the positional determination module 88 
through use of a vehicle's on board diagnostic port. The 
positioning system 22 outputs its coordinates in an industry 
standard format such as NMEA0183. 

0051 Reference is now made to FIG. 7, where the elec 
tronic permit system 29 is illustrated in further detail. The 
parking enforcement vehicle 18 will have associated with it a 
transceiver 100. The transceiver in one exemplary embodi 
ment is an RFID reader. All vehicles that have associated with 
them electronic permits will be assigned a transponder 106. In 
one exemplary embodiment, the transponder 106 is imple 
mented as an RFID tag. The transceiver 100 and the transpon 
der 106 are able to communicate through a radio frequency 
link. Each transponder 106 has associated with it, a unique 
identification code, which is capable of being read by the 
transceiver 100. Both the transceiver 100 and the transponder 
106 may have associated with them optional authentication 
modules. The transceiver 100 may have associated with it an 
authentication module 102, and the transponder 106 may 
have associated with it a transponder authentication module 
108. The authentication modules of both the transceiver 100 
and the transponder 106 in an exemplary embodiment of the 
invention are implemented as tamper resistant cryptographic 
microchips that are used to store encryption keys and imple 
ment a challenge response Scheme. The transceiver is con 
nected to other components that are associated with the 
infraction detection device 20through standard interface con 
nections, which may include wired or wireless means. The 
challenge response Scheme is implemented in order to ensure 
that that the transponder 106 is an authorized transponder, and 
has not been cloned, so as to eliminate the possibility that 
fraudulent parking permits are being used. 
0052 Reference is now made to FIG.8, where the fields of 
the parking locations database 50 are illustrated. The parking 
locations database 50 is used by the infraction detection 
device 20 when determining whether parking is permitted in 
specific areas, and if it is, whether there are any restrictions 
associated with the parking. The parking location database 50 
in an exemplary embodiment of the invention is comprised of 
the following fields, a street name field 120, a street co 
ordinates field 122, a locations of parking areas field 124, a 
locations of nonparking areas field 126, and a parking restric 
tions field 128. In one exemplary embodiment of the inven 
tion, a parking locations database is created and includes all 
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the streets that are on a parking enforcement officer's route. 
The street name field 120 is used to store the street name for 
all the roadways that are on a particular route. The street 
co-ordinate field stores the GPS coordinates for the begin 
ning, duration and end of the Street. The locations of parking 
areas field 124 provides one or more co-ordinate sets indicat 
ing a beginning co-ordinate, duration and an end co-ordinate 
where parking may be allowed. This co-ordinate set will 
specify areas on the route where parking may be allowed at 
one time or another during the week, month or year. The 
locations of non-parking areas field 126 provides one or more 
co-ordinate sets, between which parking is never allowed. 
Areas where parking is never allowed, may include, but are 
not limited to, fire routes, areas in front of fire hydrants, areas 
in front of driveways, and other such areas. The parking 
restrictions field 128 for each co-ordinate set contained in the 
locations of parking areas field 124 will specify all the restric 
tions that may be associated with parking in Such areas. For 
example, the parking restrictions may state that parking is 
only allowed at certaintimes of the day, week, month, or year. 
Also, the parking restrictions field may state that parking is 
only permitted through for limited durations, or that parking 
may be only be permitted through the use of an electronic 
permit. The parking locations database 50 is queried by the 
infraction detection device 20 when the device 20 is attempt 
ing to determine whether parking infractions have occurred. 
0053 Reference is now made to FIG.9, where the steps of 
the parking mapping method 150 are shown. The parking 
mapping method 150 is undertaken for each roadway that is to 
be part of the parking locations database 50, and therefore for 
which the parking enforcement vehicle is used to enforce the 
respective parking regulations associated with Such a road 
way. Parking location mapping method 150 begins at step 102 
where at the beginning of a particular roadway that is to be 
included in the parking locations database 120 a check is 
performed of the positioning system 22, and more specifically 
of the GPS receiver 82 to determine whether the roadway is 
recognized by the GPS receiver 82. If the roadway is not 
recognized by the GPS receiver method 150 then proceeds to 
step 154, where the parking enforcement officer or other 
authorized individual that is conducting method 150, manu 
ally enters the street name. Method 150 then proceeds to step 
156 where the co-ordinates that mark the beginning of the 
roadway are taken from the GPS receiver and recorded in the 
database 120. If at step 152, it is determined that the street is 
recognized by the GPS receiver, method 150 then proceeds to 
optional step 158. At optional step 158, the enforcement 
officer or other authorized individual, may manually correct if 
required, the name of the street that is returned by the GPS 
receiver. 

0054. Upon the conclusion of step 156, and optional step 
158, method 150 proceeds to step 160. At step 160, a check is 
performed to determine whether the current street is in the 
parking locations database 160. If the street is found within 
the parking locations database 120, method 150 proceeds to 
optional step 166. Step 166 is an optional step wherein the 
enforcement officer or other authorized individual may 
update any of the information in the database, as to the allow 
able parking areas, or restrictions associated with any of the 
parking areas. If the street is not found within the parking 
locations database 120 at step 160, method 150 proceeds to 
step 162. At step 162, the enforcement officer or other opera 
tor will determine the beginning and end of each allowable 
parking Zone on the roadway, and record the beginning and 
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end co-ordinates as taken from the GPS receiver for each 
Zone. The determination of the allowable parking Zones at 
step 162 is done manually as the enforcement officer or other 
authorized individual observes all parking ordinances that are 
posted, and observes areas where parking is not allowed. 
Steps 162 and 164 are repeated for all of the allowable parking 
Zones that are found on the roadway that is being mapped. 
Steps 162 and 164 conclude respectively, when all the areas 
upon the roadway where parking is allowed have been 
mapped. Any parking restrictions that have put in place with 
respect to time and or necessity of an electronic permit, are 
entered into parking restrictions field 128 for each street 
along with the co-ordinates associated with Such restrictions. 
0055 Method 150 terminates at step 168 where the end 
co-ordinates of the respective roadway that was being 
mapped are entered into the parking locations database 120. 
As the parking locations database 120 as updated by method 
150 may have been resident upon the memory store 40 asso 
ciated with the infraction device 20, the updated database 120 
may then be uploaded to the backend server 60. Method 150 
is undertaken for each roadway that is to be part of the parking 
locations database 50. 

0056. In alternative embodiments, other variant methods 
may be employed to map the parking locations found within 
a particular route. One Such method involves the use of a map 
ofa route, including all the roadways that are part of the route, 
displayed on the screen, where a user specifies on the screen 
by highlighting the areas where parking is allowed, and speci 
fying any and all restrictions that may be associated with 
parking upon those particular roadways. The user is also able 
to specify street names, street co-ordinates, or provide any 
other suitable information. 

0057 Reference is now made to FIG. 10, where the fields 
of the fee payment database 52 are shown. The fee payment 
database 52 is used to administer the electronic parking per 
mit system. Specifically, as the electronic permits in an exem 
plary embodiment are transponder based, it is required that 
the transponders 106 that have been issued to motorists are 
kept track of in order to determine whether they are still valid. 
The fee payment database 52 in one exemplary embodiment 
is comprised of the following fields, the name/details field 
200, the unique idfield 202, the transponder ID field 204, the 
payment amount field 206 and the status field 208. The name/ 
details field 200 is used to store the name and or details of the 
individual or organization to whom the transponder 106 has 
been issued. The unique ID field 202 stores the unique iden 
tifier that is used by the transceiver 102 to determine the 
identity of the transponder 106. The transponder ID field 204 
may store any other identifier that is associated with the 
transponder (i.e. the serial number associated with the tran 
sponder). The payment field 206 is used to record any 
instances of payment received by the appropriate authority 
for use of the transponder 106. This therefore allows for a 
determination as to whether the transponder is valid, with 
respect to any fees that have to be paid for its use. The status 
field 208 contains an indication as to whether the status of the 
transponder is valid, or whether the transponder is Suspected 
of having been cloned, and therefore whether it may is being 
used fraudulently. As owners of electronic permits may pay 
fees associated with use of their transponder at any time, a 
variety of methods are allowed by which fees may be paid for 
use of the electronic permit. Such methods include, but are 
not limited to, payments through the Internet, a bank, on the 
phone, mail, or in person. Regardless of the method used to 
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pay fees associated with the electronic permit, it is important 
that the detection device 20 has up to date information with 
respect to the fee payment database 52. Therefore, whenever 
a payment is received and recorded in the fee payment data 
base 52 upon the backend office 60, an update is sent to the 
detection device 20 in real time. This ensures that the detec 
tion device 20 has the most accurate information, and does not 
incorrectly allow for an infraction to be issued for use of an 
electronic permit that it deems to be invalid. 
0058 Reference is now made to FIG. 11, where the fields 
of the transaction database 54 are illustrated in greater detail. 
The transaction database 54 is used to record the instances 
where a transponder has been determined to be present in a 
vehicle by the transceiver 102 associated with the infraction 
detection device 100. By recording the instances where a 
transponder 106 is present, instances of fraud may be deter 
mined, by determining whether a transponder has been 
cloned. Fraud may be perpetrated through various means, 
including hacking of the transponder, or by cloning the 
device. The transaction database 54 in one exemplary 
embodiment is comprised of a transponder ID field 220, a 
location field 222, a time field 224 and a status field 226. The 
transaction database is populated with a new entry at every 
instance when a transponder 106 is detected by the trans 
ceiver 102. The transponder ID field 220 stores one or more of 
the identifiers associated with the transponder 106. The loca 
tion field 222 stores the co-ordinates of the vehicle in which 
the transponder was found. The location field 222 receives its 
input from the positioning system 22, and more specifically 
the GPS receiver 82. The time field 224 records the time at 
which the transponder was detected. 
0059 Reference is now made to FIG. 12, where the fields 
of the vehicle tracking database 56 are shown. The vehicle 
tracking database 56 stores images of all the vehicles that the 
infraction detection device 20, and more specifically the 
vision system 26 records while on patrol. The location field 
252 provides the GPS co-ordinates of where the vehicle was 
observed parked. The location field 252 stores the address 
co-ordinates associated with the closest address that may be 
associated with the vehicle 12 when parked. In an exemplary 
embodiment of the invention, two images are taken of the 
vehicle, one image recording the profile of the entire vehicle, 
and one image recording the license plate. The T field 254 
records the time at which the vehicle was first recorded by the 
infraction detection device. The Tidentifiers field 256, stores 
the images taken of the vehicle 12, and identifiers that may be 
used to identify the vehicle, based on the images. The iden 
tifiers may include, but are not limited to the colour of the 
vehicle, the length of the vehicle, the length of the cab, and 
contour of the cab, the offset of the cab, the offset of the trunk 
and the hood lengths, along with dimensions of the head 
lights. The countour (shape) of the vehicle, and of various 
objects found on the vehicle is determined by the sampling of 
the laser associated with the vision system 26 and proximity 
system 24. As an example, as the enforcement vehicle 18 
passes a particular vehicle 12, the laser may have taken over 
200 samples, and therefore an accurate shape profile may be 
determined. The offset of the cab is determined by the laser 
measurements which determines the offset, as the shape of 
the vehicle changes between the rear bumper and the start of 
the cab offset. The laser measurements as they taken regu 
larly, are able to determining the profile of a vehicle, and 
accurately determine contours, and offsets associated with 
the vehicle. For vehicles that are parked such that they are 
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perpendicular to the curb, other measurements may be used, 
including the shape of the headlights or tail lights. If the same 
vehicle is found parked in the same location at another 
instance of time, the T field 258 is used to record the time at 
which the vehicle was observed parked in the same location. 
The T identifiers field 260 are used to store the identifiers that 
are associated with the images taken of the vehicle at the 
second instance it was recorded as being parked on the road 
way. The time duration field 262 will compute the time that 
has elapsed between the first observation of the vehicle and 
the second observation, where applicable. The transponder 
field 264 is used to indicate whether a transponder 106 was 
detected by the transceiver 102 when the vehicle was detected 
by the infraction detection device 20. The vehicle tracking 
database 56 and its use in determining parking infractions is 
further illustrated with references to FIG. 15 and 16 respec 
tively. The vehicle tracking database 56 is used to determine 
the length of time a vehicle has been parked on a particular 
roadway, in order to determine, as is described below, 
whether the appropriate allowed time durations for parking 
have been exceeded. If these allowed time durations have 
been exceeded, a parking infraction will have been detected, 
and a parking infraction notice will be issued. Upon an image 
of the vehicle being taken, the infraction detection application 
44 receives the image as an input, and analyzes the digital 
image to determine the colour, length, contours and object 
dimensions (i.e. hood sizes, head light dimensions) and 
records them in the appropriate identifiers field of the vehicle 
tracking database 56. The colour of the vehicle is determined 
through sampling the images taken of the vehicle, at a finite 
number of points. In an exemplary embodiment of the inven 
tion 20 points are taken from the image, and a colour value is 
determined. The shape of the vehicle is determined through 
edge detection and polygon analysis. The length of the 
vehicle is determined as previous stated, based on laser mea 
SurementS. 

0060. The operation of the parking enforcement vehicle 
18, and the infraction detection device 20 while on patrol to 
detect parking infractions is now explained in further detail 
with reference to FIG. 13-FIG. 19. Reference is now made to 
FIG. 13 where an illustration of a parking enforcement 
vehicle 18 while on a route to detect parking infractions is 
shown. The enforcement vehicle 18 will have on board the 
detection device 20. The enforcement vehicle 18 has the 
cameras that comprise the vision system 26 of the detection 
device 20 mounted on the outside of the enforcement vehicle 
18. The enforcement vehicle 18 also has mounted on it the 
proximity detection system 24 that is used to detect the gen 
eral proximity of objects to the enforcement vehicle 18 and 
accurately measure the vehicle length In alternative embodi 
ments, the enforcement vehicle 18 as illustrated in FIG. 13 
may be outfitted with a proximity detection system 24 located 
on either side of the enforcement vehicle 18, and with a vision 
system 26 that is able to capture images of vehicles parked on 
both sides of the street, as one would find on a one way street. 
The outfitting of the enforcement vehicle with proximity 
detection systems 24 on either side of the enforcement vehicle 
18 and vision systems 26 able to capture images from either 
side of the enforcement vehicle 18, allow both sides of a 
roadway to be monitored for purposes of detecting parking 
infractions. 

0061 Before the start of each patrol of the enforcement 
vehicle 18, the infraction detection device 20 in an exemplary 
embodiment of the invention downloads copies of the data 
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bases, with the exception of the vehicle tracking database 56, 
from the backend office 60. The vehicle tracking database 56 
is created as a result of the patrol of the enforcement vehicle 
18, and therefore is uploaded for storage to the backend office 
60 upon the termination of patrol. In alternative embodi 
ments, the infraction detection device 20 may query data 
bases stored at the backend office 20 in real-time to determine 
whether parking infractions have taken place. 
0062. In FIG. 13, the enforcement vehicle is shown trav 
eling parallel to the orientation of the parking of the vehicles. 
The infraction detection device 20 of the present invention is 
able to determine parking infractions where vehicles are 
parked in any orientation. Specifically, the vehicles may be 
parked so that they are perpendicular to the curb of the road 
way, or at any otherangle. In an exemplary embodiment of the 
invention, the enforcement vehicle is able to travel while on 
patrol detecting infractions at speeds exceeding 40 Km/H. 
0063 Reference is now made to FIG. 14, where the steps 
of a parking monitoring method 300 are shown. The parking 
monitoring method 300 is initiated when the parking enforce 
ment vehicle 18 begins a patrol. The monitoring method 300 
determines whether a vehicle is parked on a roadway, records 
the images and extracts the identifiers that are used to 
uniquely identify the vehicles and then queries the parking 
location database to determine if parking is allowed in the 
respective area in which the vehicle is found. If parking is 
allowed, the restrictions associated with parking of vehicles 
in those areas are also determined. Method 300 begins at step 
302, where the proximity detection system 22 determines the 
distance to the nearest stationary object. The proximity detec 
tion system 22 provides to the detection device 20 the dis 
tance it has measured to the nearest object. Method 300 then 
proceeds to step 304 where the length of the nearest object is 
determined. 

0064. At step 304 the length of the vehicle is determined 
by the vision system 26. Method 300 then proceeds to step 
306, where a check is performed to determine whether the 
object that has been detected by both the proximity detection 
system 22 and the vision system 26 may be classified repre 
sents a parked vehicle. The identification system 28 of the 
infraction detection device 20, receives the respective inputs 
from the proximity detection system 22 and the vision system 
26 and Subsequently processes the input to determine whether 
the object is a parked vehicle. If at step 306 it is determined 
that the object does not represent a parked vehicle method 300 
returns to step 302, where the proximity detector 24 deter 
mines the distance to the next nearest object, as the enforce 
ment vehicle 20 has been moving throughout this process, the 
next object that is detected is different to the previous object 
that was detected. If at step 306, it is determined that the 
object detected by the components of the detection device 20 
is a parked vehicle, method 300 proceeds to step 308. At step 
308, the positioning system 22, and more specifically the GPS 
receiver 80 is queried to determine the current position of the 
infraction detection device 20, and also therefore, the parked 
vehicle. The positional information returned by the position 
ing system 22 is then recorded in the vehicle tracking data 
base 56. Method 300 then proceeds to step 310, where the 
vision system 26, and more specifically the digital cameras 
that comprise the vision system record a plurality of images of 
the vehicle 12. Based on the output of step 306, a trigger is 
sent to the cameras associated with the vision system 22 to 
capture images of the vehicle. In an exemplary embodiment 
of the invention, an image of the entire vehicle is taken, along 
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with an image of the license plate of the vehicle. Depending 
on the speed of the enforcement vehicle 18, the images that 
are taken are timed so as to be synchronized to an angle that 
allows for an image of the entire vehicle to be captured, as 
well as an image of the license plate. Upon the vision system 
22 capturing images of the vehicle, method 300 proceeds to 
step 312, where the infraction detection application 44 pro 
cesses the images taken by the digital cameras and the length 
determined by the laser to determine and record the identifiers 
associated with the vehicle. As mentioned above, identifiers 
may include, but are not limited to the colour, shape, profile, 
size, contour, headlight features, and hood features. Method 
300 then proceeds to step 314, where a check is performed by 
the infraction detection device 20, when it queries the parking 
locations database 50 to determine whether parking is per 
mitted at the location at which the vehicle is parked. The 
parking location database 50 is queried based on the posi 
tional information provided by the positioning system 22. If 
parking is not permitted at any time or any other conditions at 
this particular location, method 300 proceeds to step 316, 
where the images and identifiers are recorded in the vehicle 
tracking database 56 and where an infraction alert is then 
issued. The infraction alert, in an exemplary embodiment of 
the invention is an audible alarm generated by the device 20, 
that signifies to the enforcement officer, that an infraction has 
occurred, and that an infraction citation (parking ticket) 
should be issued to this particular vehicle. Method 300 then 
proceeds to step 318 where a parking infraction notice is 
issued. The process by which infraction citations are issued is 
explained in further detail below. 
0065 Ifat step 314 it is determined that parking may be 
permitted at this particular location a check is performed to 
determine what restrictions are associated with parking at this 
particular location. At Step 320, the parking locations data 
base 50 is queried, to determine the parking restrictions asso 
ciated with parking at this particular location. If there are no 
parking restrictions, meaning that parking is allowed on this 
particular date, at the particular time, without limitations as to 
the duration of parking or the necessity of an electronic per 
mit, method 300 then returns to step 302. 
0066. If at step 320, it is determined that parking is only 
permitted when the vehicle is in possession of a valid elec 
tronic parking permit, method 320 proceeds to step 322. At 
step 322, a check is performed by the electronic permit sys 
tem 29 and more specifically the transceiver 100, which in an 
exemplary embodiment of the invention is an RFID reader, to 
determine whetheravalid transponder is present in the parked 
vehicle. If a transponder 106 is not present in the parked 
vehicle, method 300 proceeds to step 316 where an infraction 
alert is issued. Ifat step 322 it is determined that a transponder 
is found, the unique ID associated with the transponder is 
retrieved, and a check is performed to determine whether the 
transponder is a valid transponder. At Step 324, the fee pay 
ment database 52 is queried to determine whether the tran 
sponder is valid, based on payment offees. If it is determined 
based on the check at step 324 that the transponder is not 
valid, method 300 proceeds to step 316 where the images and 
identifiers are recorded, and where an infraction alert is 
issued. If it is determined at step 324 that the transponder is 
valid, method 300 then returns to step 302, and processes the 
next vehicle that is located. Whenever in the course of deter 
mining whether a vehicle is parked legally, a transponder 106 
is detected, the transaction database 56 is updated accord 
ingly. Before proceeding to the next vehicle for each vehicle 
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that is detected by the infraction detection device 20, the 
identifiers, location, time and images associated with Such a 
vehicle are recorded in the vehicle tracking database. 
0067 Based on the check performed at step 320 there may 
be other restrictions in place for parking at that specific loca 
tion, including parking only at certaintimes of the day, or only 
for certain lengths of time, with or without a parking permit. 
Ifat step 320, it is determined that parking is only permitted 
for certain, method 300 proceeds to method 350. Method 350 
determines whether or not a parked vehicle has exceeded its 
allowable parking time, and is described in detail below. 
0068 Reference is now made to FIG. 15, where the steps 
of a parking time duration check method 350 are shown. The 
time duration method 350 is used to determine whether a 
vehicle has been parked at one location for longer than the 
allowable time. Many roadways 10 allow for parking for 
certain time durations at certain off peak hours. 
0069 Method 350 begins at step 354 where the identifiers 
associated with the vehicle 12 that were determined at step 
312 are used to search the vehicle tracking database 56 to 
determine if this particular vehicle may be found in the 
vehicle tracking database 56. In an exemplary embodiment of 
the invention, the first criteria used to determine whether the 
vehicle may be found in the vehicle tracking database 56 are 
the location co-ordinates. If the location co-ordinates are 
similar, meaning that a vehicle was recorded as being parked 
at the same co-ordinates the matching algorithm that is 
employed then proceeds to attempt to match the identifiers, 
including the length, colour and contour measurements. The 
matching algorithm does not rely on the license plate of the 
vehicle to determine whether a match has been made. Had 
license plate recognition been relied on, it would be necessary 
to capture license plates of all the vehicles that the enforce 
ment vehicle passes, and license plate recognition is ineffi 
cient as it is prone to error and is hampered by inclement 
weather conditions and attempts to obscure license plates. 
Also, when vehicles are parked in very close proximity to one 
another, it may not be possible for the license plate image to 
be captured. Therefore, by relying on the identifiers associ 
ated with the vehicle, including, length, colour, and shape, the 
accuracy of a match is increased. To determine whether a 
vehicle has been found at the same location, a probability is 
first determined. The probability of a vehicle of a given colour 
of a certain size is first determined. For example, the prob 
ability of observing a black vehicle is determined to be 
approximately 12%, and a vehicle of size 4.8 M with a vari 
ance of +5 CM is 10%. Therefore, the probability of observ 
ing a car with those probabilities twice in the same locations 
is determined by the following equation: 

(PP)*(PP) (1) 

where P is the probability of a vehicle having a specific 
colour, and P is the probability of a vehicle having a specific 
length. The probabilities representing vehicle length and 
colour may be determined by the results found while the 
parking enforcement vehicle in on patrol, which may be com 
bined with probabilities as determined from published 
reports. 
(0070 Method 300 then proceeds to step 355, where a 
check is performed to determine whether a match has been 
found. Ifat step 355 it is determined that a match has not been 
found, and therefore that the vehicle was not previously found 
in the same location, the time, location, images, and identifi 
ers associated with the vehicle are recorded in the vehicle 
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tracking database 56 at step 356. Ifat step 355 it is determined 
that a vehicle match has been found, meaning that the same 
vehicle as determined by the identifier matching was previ 
ously seen at the same location, method 350 proceeds to step 
357. At step 357, the T, time and identifiers field have the 
appropriate data stored within them in the vehicle tracking 
database 56. 

0071. At the conclusion of step 357, the vehicle tracking 
database 56 for the particular vehicle of interest will contain 
a database entry, where the vehicle has been recorded as being 
present in the same location at two distinct times. Method 350 
then proceeds to step 358, where the time interval during 
which the vehicle has been observed as being parked in the 
same location is computed and stored in the vehicle tracking 
database 56. Method 350 then proceeds to step 360, where a 
check is performed to determine whether the allowable dura 
tion of parking has been exceeded. The parking information 
database 52 contains information pertaining to the duration of 
parking that is allowed. In alternative embodiments, the park 
ing enforcement officer may be able to specify a parking time 
duration. If at step 360, it is determined that the duration of 
time for which the vehicle has been parked exceeds the allow 
able time, method 350 proceeds to step 362. Ifat step 360 it is 
determined that the time duration has not expired, method 
350 returns to the start, and awaits processing of the next 
vehicle detected by the infraction detection device 20. 
0072 At step 362, a check is performed of the parking 
locations database to determine whether this location allows 
for vehicles to exceed parking durations if they possess a valid 
electronic permit. If at step 362 it is determined that this 
location does not provide for such allowances, method 360 
proceeds to step 368 where an infraction alert is issued. If at 
step 362 it is determined that such allowances are provided 
for, method 360 proceeds to step 364 where a check is per 
formed to determine whether a transponder 106 has been 
detected on the vehicle 12. If a transponder 106 is found to be 
present at step 364, method 350 proceeds to step 366 where a 
check is performed to determine whether the transponder is 
valid. The determination of the validity status of the transpon 
der is based on the fee payment database 54. If at step 364 it 
is determined that a transponder 106 is not present, or at step 
366 it is determined that the transponder's status is not valid, 
method 350 proceeds to step 368. 
0073. At step 368, an infraction alert is issued to notify the 
enforcement officer that an infraction has been detected. The 
enforcement officer then may proceed to stop the vehicle at a 
convenient and safe location and review the information 
related to the infraction to confirm that an infraction has taken 
place. At step 370, information pertaining to the detected 
infraction is displayed to the enforcement officer, upon the 
display associated with the detection device. 
0074 Reference is now made to FIG. 16-FIG20 to better 
illustrate the operation of the enforcement officer's interac 
tion with the detection device 20. Reference is made to FIG. 
16 where a detection device log in screen 400 is shown. Prior 
to initializing the detection device and beginning a patrol, the 
enforcement officer will be required to log in to be able to 
operate the detection device 20. A sample log in screen 400 is 
shown in FIG. 17. The log in screen 400 asks for a user ID 
402, a password 404, and provides a touch screen input 
mechanism 410. The log in screen 400, in an exemplary 
embodiment also has a login button 406, and a shutdown 
option 408. 
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0075 Reference is now made to FIG. 17, where a scan 
initiation screen 420 is shown. The screen 420 shown in FIG. 
17, is an exemplary embodiment of a screen that allows the 
enforcement officer to initiate a patrol to detect parking 
infractions. The officer begins the patrol by clicking the scan 
button 422, which begins to detect the presence of vehicles 
that the enforcement vehicle 18 passes. Upon engaging the 
scan button 422, the user may be presented with further 
options to determine which side of the roadway 10 they wish 
to be scanned. 

0076 Reference is now made to FIG. 18, where upon an 
infraction alert being issued at step 368, the infraction detec 
tion screen 430 is displayed to the enforcement officer. FIG. 
18 displays an exemplary embodiment of an infraction detec 
tion screen 430. Various infraction detection screens may be 
shown to the enforcement officer, depending on the type of 
infraction that has been detected. The infraction detection 
screen 430 as shown in FIG. 18 is shown upon the determi 
nation that the allowable parking times have been exceeded. 
The infraction detection screen provides the enforcement 
officer with a means by which to exercise a final determina 
tion as to whetheran infraction has indeed taken place. There 
fore, based on the preliminary determination of an infraction 
having taken place, the infraction detection screen 430 is 
displayed to the enforcement officer, so that the enforcement 
officer may make the final determination, which ensures that 
infraction detection is entirely accurate. In alternative 
embodiments, the infraction detected by the detection device 
20 results in the automatic issuance of a citation, without a 
need for enforcement officer authorization. 

0077. The infraction detection screen 430 as shown in an 
exemplary embodiment in FIG. 18 displays to the user the 
details of the vehicles most recent observation, including its 
license plate, by the detection device as shown at 432. The 
detection screen 430 also displays the image associated with 
the most recent observation of the vehicle as shown at 436. 
The detection screen also displays information pertaining to 
the first observation of the vehicle, including its license plate 
at 434, along with an image of the entire vehicle at 438. 
Various options are also presented to the enforcement officer, 
including the option to display the license plate through use of 
the show plate button 440, the ability to Zoom in on any area 
of the particular vehicle through use of the Zoom button. 
When the parking enforcement officer has finished examining 
the Subject vehicles and taken appropriate action (either 
ignoring the alert, or issuing a citation) the enforcement 
officer may resume driving and scanning vehicles through use 
of the scan button 444. Upon engaging the scan button 444, 
the user is provided with further options as to determine 
which side of the roadway they wish to scan, either the right 
side or the left side. The Zoom function allows the enforce 
ment officer the ability to Zoom in on area of the images of the 
respective vehicle as shown in 436 and 438 respectively. By 
allowing the enforcement officer the ability to Zoom in on any 
particular area of either image, the enforcement officer may 
undertake a more detailed review of the images of the vehicle 
to confirm that the vehicles shown in both windows are indeed 
the same, and were in fact, observed at the same exact loca 
tion. Reference is made to FIG. 19, where the vehicles as 
displayed in FIG. 18, and their respective images taken at the 
two separate instances of time, are Zoomed in on. In FIG. 19. 
the tire of the vehicle is Zoomed in on. By Zooming in on the 
tire of the vehicle, the enforcement officer is able to determine 
whether the vehicle is indeed located at the exact same loca 
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tion, and has not moved even a very short distance. When the 
enforcement officer wishes to proceed to issue the citation, 
method 350 proceeds to step 372. At step 372 the particulars 
relating to the infraction notice that is to be issued are dis 
played on a citation issuance Screen. 
0078 Reference is now made to FIG. 20, where an exem 
plary embodiment of a citation issuance screen is shown. The 
citation issuance screen is displayed to the enforcement 
officer upon the display associated with the detection device 
20. The citation issuance screen, as shown in the exemplary 
embodiment of FIG. 20, comprises a citation number field 
500, a license plate field502, a time of infraction field 504, an 
address field 506, a time of first observance field 508, a time 
of last observance 510, a duration field 512, a duration field 
514, along with a citation status field 516. The issuance screen 
also contains a save button 516, a license plate image screen 
518 and a touch screen input 520. 
007.9 The citation number field 500 is used to enteraticket 
or citation number that is associated with the citation that is to 
be issued. The license plate number field 502 is used to enter 
the license plate associated with the vehicle 12. The license 
plate is taken from the license plate image screen 518. The 
time of infraction field 504 is the time at which the citation is 
being generated. The address field 506 lists the address at 
which the vehicle was parked. The time of first observance 
field 508 displays the time at which the vehicle was first 
recorded as being parked in that location. The time of last 
observance field 510 is used to display the last instance of 
time the vehicle was observed as being parked in the same 
location, and is time that was used to determine whether the 
duration of allowable parking time had been surpassed. The 
duration field 512 lists the duration for which the car was 
observed as being parked in the same location. The citation 
status field 514 specifies that the citation has been saved. The 
infraction notice containing the information as displayed on 
the citation issuance screen may then be printed by the 
enforcement officer, wherein the officer upon the citation 
being printed proceeds to take the printed ticket and place it 
on the windshield of the offending vehicle, or the citations 
may be saved and printed as a batch, and mailed to the vehicle 
OW. 

0080. Upon the termination of the parking enforcement 
vehicles patrol, the vehicle tracking database 56 is uploaded 
from the infraction detection device 20 to the backend office 
60. The backend office then analyzes the contents of the 
respective databases to determine whether any instances of 
fraud have occurred with respect to the use of the electronic 
permits. The vehicle tracking database 56 and the transaction 
database 54 are then analyzed to determine whether any tran 
sponders may have been duplicated. If the transponder was 
identified upon multiple instances during the same patrol, at 
approximately the same time, however at different locations 
that may not feasibly be traveled in that time frame, the 
transponder is marked as potentially being fraudulent. 
0081. The present invention has been described with 
regard to preferred embodiments. However, it will be obvious 
to persons skilled in the art that a number of variants and 
modifications can be made without departing from the scope 
of the invention as described herein. 

1) An automated method for detecting parking infractions, 
comprising the steps of 

a) computing one or more measurements associated with a 
stationary object found at a first location; 

b) classifying the stationary object as being representative 
of a vehicle parked at the first location based on the one 
or more measurements associated with the stationary 
object; 
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c) capturing one or more images of the vehicle parked at the 
first location; 

d) processing the one or more images of the vehicle to 
extract one or more present vehicle identifiers associated 
with the vehicle, and recording a time the one or more 
images were taken, a co-ordinate set associated with the 
first location and the one or more identifiers associated 
with the vehicle; 

e) determining a time duration for which parking is allowed 
at the first location; and 

f) comparing the present vehicle identifiers with previously 
recorded vehicle identifiers associated with the first 
location to determine if the vehicle has been parked at 
the first location for a period exceeding the time dura 
tion. 

2) The method of claim 1, further comprising the step of 
issuing a parking infraction notice if the elapsed time exceeds 
the time duration. 

3) The method of claim 1, wherein the one or measure 
ments associated with the stationary object is a length mea 
Surement of the stationary object. 

4) The method of claim 1, wherein the one or more mea 
Surements associated with the stationary object is a proximity 
measurement. 

5) The method of claim 1, wherein the capturing of the one 
or more images of the vehicle is performed by a plurality of 
digital cameras; 

6) The method of claim 4, where the plurality of digital 
cameras are mounted upon a parking enforcement vehicle. 

7) The method of claim 1, wherein the one or more iden 
tifiers may include one or more of the length of the vehicle, 
the colour of the vehicle, and the contour of the vehicle. 

8) The method of claim 1, wherein the co-ordinate set 
associated with a first location is provided by a GPS receiver. 

9) The method of claim 1, wherein the time duration is 
determined by querying a parking locations database. 

10) The method of claim 9, wherein the parking locations 
database is stored upon a backend office accessible to an 
infraction detection device. 

11) The method of claim 1, wherein step d) is performed by 
an infraction detection device. 

12) An automated method for detecting parking infrac 
tions, comprising the steps of 

a) computing one or more measurements associated with a 
stationary object found at a first location; 

b) classifying the stationary object as being representative 
of a vehicle parked at the first location based on the one 
or more measurements associated with the stationary 
object; 

c) capturing one or more images of the vehicle parked at the 
first location; 

d) processing the one or more images of the vehicle to 
extract one or more present vehicle identifiers associated 
with the vehicle, and recording a time the one or more 
images were taken, a co-ordinate set associated with the 
first location and the one or more identifiers associated 
with the vehicle; 

e) determining whether parking at the first location is valid 
only when the vehicle has an electronic permit; 

f) scanning the vehicle parked at the first location to deter 
mine whether the vehicle has an electronic permit. 

13) The method of claim 12, further comprising the step of 
issuing a parking infraction notice if the vehicle does not have 
an electronic permit. 
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14) A system for detecting parking infractions, the system 
comprising: 

means for performing the steps of 
a) computing one or more measurements associated with a 

stationary object found at a first location; 
b) classifying the stationary object as being representative 

of a vehicle parked at the first location based on the one 
or more measurements associated with the stationary 
object; 

c) capturing one or more images of the vehicle parked at the 
first location; 

d) processing the one or more images of the vehicle to 
extract one or more present vehicle identifiers associated 
with the vehicle, and recording a time the one or more 
images were taken, a co-ordinate set associated with the 
first location and the one or more identifiers associated 
with the vehicle; 

e) determining a time duration for which parking is allowed 
at the first location; and 
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f) comparing the present vehicle identifiers with previously 
recorded vehicle identifiers associated with the first 
location to determine if the vehicle has been parked at 
the first location for a period exceeding the time dura 
tion. 

15) The system of claim 14, wherein the one or more 
measurements associated with a stationary object are taken 
by a proximity detection system. 

16) The system of claim 15, wherein the proximity detec 
tion system comprises an infrared measurement laser. 

17) The system of claim 14, wherein the one or more 
images of the vehicle are captured by one or more digital 
CaCaS. 

18) The system of claim 14, further comprising means for 
performing the step of 

g) issuing a parking infraction notice if the elapsed time 
exceeds the time duration. 

c c c c c 


