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SYSTEM AND PROCESS FOR SIGNALLING AN ENFORCEMENT AGENT USING
VEHICLE TRANSPONDER CLASSES AND ENFORCEMENT READERS

FIELD OF THE INVENTION
(0001] This invention relates generally to vehicle transponders and more particularly to
systems and techniques for establishing transponder classes and transponder/reader systems

signaling an enforcement agent following a vehicle through an automated electronic tolling

Z0N¢C.

BACKGROUND OF THE INVENTION
10002]  Asis known in the art, a toll road is a road on which an agency (either a private
agency or a public agency) collects money from users who wish to drive vehicles on the road.
Typically, users pay a toll at so-called toll booths located at toll plazas which are established at
certain locations along the road. The tollbooths sometimes include a gate which prevents a
vehicle from passing through the toll booth unless a toll is paid. Once the toll is paid, the gate
Is raised to allow the vehicle to pass. Thus, to pay the toll at the tollbooth, the driver typically
slows down the vehicle (or stops the vehicle if the toll booth has a gate) at the tollbooth and
either pays a person acting as a toll collector or deposits money in a collection bin which

registers payment of the toll.

[0003] As is also known, there is a trend on toll roads to automate the collection of the toll.
Some automated toll collection systems allow electronic payment of the toll. To allow such
automated electronic toll payment, users who wish to electronically pay the toll place a
transponder in their vehicle. The vehicle transponder communicates with one or more reader
systems which are mounted at predetermined locations (typically at toll plazas) along the toll
road. Such automated toll systems do not require any gates, barriers or any physical
impediments and thus, they free traftic flow on the highway. With this technique, tolling can
be accurately and reliably conducted substantially at highway speeds (i.e. vehicles having
transponders mounted therein need not slow down significantly or even at all for the toll to be

collected).
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1D

SUMMARY OF THE INVENTION

[0004] In accordance with the present invention, a reader includes an antenna having a
first port coupled to a transmit/receive (TR) system. The TR system is coupled to a reader
processor adapted to recognize a plurality of classes of transponders. The reader processor
is coupled to a storage device adapted to store information provided to the reader from a
transponder. With this particular arrangement, the reader is provided as an enforcement
reader which is adapted to receive information from a first transponder and to transmit the
information to a second different transponder or other device. Once the reader stores
information from a first transponder, the reader can transmit the information to a second
different transponder via the TR system. Transponder-type classification data can be
stored on the transponder 1n a transponder-type data store. The transponder 1s classified
according to the data stored in the transponder-type data store. For example, if the data
store holds an enforcement class data value, then the transponder is recognized as an
enforcement class transponder by an appropriately programmed reader. In some

embodiments the enforcement reader provides both tolling and enforcement functions.

[0005] In response to a signal recerved from a transponder, the reader can identify the
transponder as belonging to at least one of a plurality of transponder classes. Depending
upon the transponder class, the reader then transmits or otherwise provides certain
information to the transponder. In those applications in which the second transponder
corresponds to an enforcement class transponder disposed in a law enforcement vehicle,
the reader enables an enforcement agent to receive information related to a vehicle of
interest having a transponder which communicates with the reader. If the signal received
from the transponder does not fall within any known transponder class, the transponder 1is

considered a violator and the reader sends a signal to the enforcement transponder

indicating this condition.

[0006] In accordance with a further aspect of the present invention, a transponder
includes an antenna having a first port coupled to a transmit/receive (TR) system. The TR

system 1s coupled to a transponder processor which in turn is coupled to a transponder-type
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data store. With this particular arrangement, a transponder adapted to hold transponder-
type classification data is provided. The transponder-type classification can be stored in
the transponder-type data store. The transponder is classified according to the data stored
In the transponder-type classification store. For example, if the data store holds an
enforcement class data value, then the transponder is recognized as an enforcement class

transponder by an appropriately programmed reader.

[007]  Depending upon the class to which the transponder belongs, the transponder
receives a certain set of information from a reader. For example, if the transponder
corresponds to an enforcement transponder, then the transponder receives information of
Interest to an enforcement agent. The transponder can belong to one or more of a plurality
of classes in a traﬁsponder classification scheme. Transponder classification classes
include, but are not limited to, an enforcement class, a safety class, a toll class, a
commercial vehicle class, and a government class. In those applications in which the
transponder 1s disposed in a law enforcement vehicle, the transponder and an appropriately

programmed reader provide an enforcement system.

[008] In accordance with a still further aspect of the present invention, a toll system
includes at least one roadside toll collection unit (RTCU) adapted to be disposed proximate
a road and to be in communication with one or more transponders. The RTCU includes an
RTCU reader for communicating with transponders and collecting tolls and means for
communicating with a host toll system. The RTCU is also adapted to identify transponder

classes in response to information transmitted or otherwise received by or provided to the

RTCU. The toll system may optionally include a separate reader disposed to communicate
with the RTCU. With this particular arrangement, a toll system which allows
communication with an enforcement agent (e.g. a police officer, or other enforcement
agent) via an enforcement transponder is provided. By placing an enforcement
transponder in a vehicle with the enforcement agent, the enforcement agent receives
information as to whether other vehicles have properly paid a toll. In some embodiments,
the RTCU can be portable thereby allowing toll zones to be established along different

roadways or along different portions of the same roadway.
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[009] In one embodiment, a first transponder in a first vehicle passing through a toll
zone communicates with a reader. The reader stores at least some of the information
received from the transponder in a reader storage device and also provides toll related
information to further processing systems for toll deduction processing. An enforcement
transponder in a second vehicle passing through the toll zone communicates with the
reader. The information passed to the enforcement transponder is in the form of a message
that causes the enforcement transponder to signal the driver of the vehicle in which the
enforcement transponder is disposed. Optionally, once the reader 1dentifies the
transponder as an enforcement transponder the reader provides to the enforcement

transponder the information concerning the first transponder stored 1n the reader storage

device.

[0010] In another embodiment, the system includes one or more fixed Roadside Toll
Collection (RTC) sites established proximate so-called High Occupancy Toll (HOT) lanes
(also sometimes referred to as “diamond lane” segments) of a roadway. Each site utilizes a
reader for communications with vehicle equipped transponders. The reader 1s an automatic
vehicle identification device that transmits and receives radio frequency (RF) data to/from
transponder equipped vehicles. The reader works in conjunction with a Roadside
Controller Unit (RCU) to pass information read from a vehicle transponder to a central

computer system for collection of tolls. The reader transmits information to the

transponders to identify when and where a toll has been collected from the transponder for
enforcement purposes. The transponders can optionally include means for providing one
or more signals (e.g. including but not limited to visual signals, sound signals and
mechanical signals) to the driver to indicate that a toll has been collected. With this
particular arrangement, the system can be operated to allow use of Single Occupancy
Vehicle (SOV) traffic within High Occupancy Toll (HOT) lanes by collecting a toll from
SOV users using the one or more fixed Roadside Toll Collection (RTC) sites. That is,
RTC's allow users not having the requisite number of persons in the vehicle to otherwise
allow use of the HOT lane to pay a toll to use the HOT lane. The system can also include

one or more RTC sites servicing two directions of a reversible segment of the roadway.
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[0011] In accordance with a still further aspect of the present invention, a techmque

which allows an enforcement agent to verify that an SOV user of an HOV lane not only
has a valid transponder, but that a toll was appropriately collected from the SOV user
includes retrieving information from a vehicle transponder and providing the
information to an enforcement transponder. With this particular arrangement, an

enforcement officer can verify that a toll was collected without having to stop the

vehicle in question.

[0012] In accordance with a still further aspect of the present invention, an
enforcement transponder comprises a transponder program data store having stored
therein data which indicates its classification in one of a plurality of transponder classes.
One class of transponders are so-called "enforcement class” or “enforcement type”
transponders. The transponder program data store can be provided as part of the
enforcement transponder or can be installed in an enforcement vehicle belonging to an

enforcement agent and communicated to the enforcement transponder.

[0013] Enforcement transponders, on the other hand, communicate with appropriately
programmed readers (e.g. enforcement readers). This 1s in contrast to conventional
transponders (also sometimes referred to herein as "toll transponders") which identify
the holder of the transponder for the purpose of collecting a toll. Conventional
transponders communicate with readers which implement the toll collecting function.
Enforcement transponders receive from the readers information of interest to
enforcement agents and provide the information received from the readers to an
enforcement agent. The enforcement transponder provides, for example, information
concerning whether a vehicle traveling proximate the enforcement agent’s vehicle has

been appropriately tolled.

[0014] The enforcement reader processes signals provided thereto to identify
enforcement transponders and then provides to the enforcement transponder
information about a vehicle which may be of interest to the enforcement agent (e.g.

whether the vehicle has been properly tolled). To provide tolling information to an



10

15

20

25

30

WO 2006/026178

CA 02577410 2007-02-16
PCT/US2005/029405

enforcement transponder, whenever a transponder (e.g. an SOV Transponder) passes
through a tolling zone, the reader keeps track of the time the transponder was read,
whether it was a valid transponder and whether a toll was appropriately collected.
When an enforcement agent having a transponder passes through the toll zone, the
reader identifies that transponder's classification data as indicating that the transponder
1s designated as an enforcement transponder. Rather than collecting tolling information
from the enforcement transponder, the reader compares the current time with the time
the last transponder passed through the toll zone. If this time is within a defined time
limit that indicates the transponder belongs to a vehicle in relatively close proximity to
the enforcement agent vehicle (e.g. immediately in front of the enforcement agent), the
reader will then write a command to the enforcement transponder, which will cause the

transponder to signal the enforcement agent to indicate that the vehicle ahead was (or
was not) validly tolled. If the enforcement agent receives an appropriate signal while
following the vehicle in question through the tolling zone, the agent need not stop the
driver to learn the information of interest. Conversely, if the time was outside the valid
limit, or the last read transponder prior to the enforcement transponder was not a valid
transponder, the enforcement transponder would not receive the approve notification,
indicating to the enforcement agent that the there is no valid transponder in the vehicle
ahead of him. Alternatively, the enforcement transponder could receive a signal which

indicated that the transponder in the subject vehicle was not valid or that the toll was not

paid.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] The foregoing features of the invention, as well as the invention itself may be

more fully understood from the following detailed description of the drawings, in which:

[0016] FIG. 1 1s a block diagram of a toll collection system utilizing enforcement

transponders;

[0017] FIG. 1A 1s a block diagram of an automated toll collection system having

roadside toll collection units;



10

15

20

235

30

CA 02577410 2007-02-16

WO 2006/026178 PCT/US2005/029403

[0018] FIG. 2 is a block diagram of an enforcement reader;

[0019] FIG. 3 1s a block diagram of an enforcement transponder; and

[0020] FIGs. 4 and 4A are a series of flow diagrams illustrating certain aspects of the

processing performed in an enforcement transponder.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0021] Referring now to Fig. 1, a roadway 10 has a reader 12 located on a structure 14 in
a manner which allows the reader to communicate with transponders 16, 18 located in
respective ones of vehicles 20a, 20b. In some embodiments, only a reader antenna is
coupled to structure 14 while the reader itself is placed elsewhere (e.g. not on structure 14)
and 1s coupled to the antenna reader via a signal path (e.g. a wired or wireless signal path).
In other embodiments, the entire reader is disposed on structure 14. It should be
appreciated that while two transponders 16, 18 and two vehicles 20a, 20b are shown on the
roadway 10 in Fig.1, in practice a relatively large number of vehicles and transponders
may be traveling on the roadway. The reader mounting structure 14 may, for example, be
provided as an existing roadway structure (e.g. a bridge overpass, an existing sign
structure, etc...) or as a specially designed mounting structure. The region of the roadway
in which the reader 12 is able to communicate with the transponders is referred to as a toll
collection zone 22 (or more simply, a “toll zone” or “toll region’). Thus, the size of the

toll region is defined by the communication range of the transponder and reader.

[0022] In the example of FIG. 1, the transponder 16 corresponds to a conventional
transponder (also referred to as a “toll transponder”). When the vehicle in which the toll
transponder 16 is disposed enters the toll region 22, the reader communicates with the
transponder and typically a central computer/toll collection system 26 to properly deduct
the toll and maintain a record of the toll deducted from each toll transponder passing
through the toll zone (toll transponder 16 being one example of a plurality of toll

transponders which pass through the toll zone).
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- [0023] The transponder 18, on the other hand, includes a transponder type data store.
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The transponder type data store may be provided as part of the transponder 18 or may be
provided as part of the vehicle 20b in which the transponder 18 is disposed. In the case in
which the transponder type data store is provided as part of the vehicle (rather than as part
of the transponder itself) the transponder type data store 1s coupled to the transponder 18
such that the transponder type data store and transponder are in communication when the
transponder is disposed in the vehicle. In the case of either an external or internal
transponder type data store (1.e. external to the transponder itself or internal to the
transponder), the transponder type data store has stored therein a value which represents a
transponder class. The value stored in the transponder type data store identifies the

transponder as belonging to one or more specific classes of transponders.

[0024] In the embodiment of FIG. 1, the transponder type data store has stored therein a
transponder type data value which indicates that transponder 18 belongs to an enforcement

class of transponders. Thus, when the reader 12 receives signals from the transponder 18,

- the reader identifies the transponder as an enforcement class transponder 18 or more

simply an enforcement transponder.

[0025] The enforcement transponder 18 is typically disposed in an enforcement vehicle
operated by an enforcement agent (not visible in Fig. 1) such as a police officer, a safety
officer or other agent. Thus, the vehicle 20b corresponds to an enforcement vehicle. It
should be appreciated, however, that transponder 18 may be disposed in any type of

vehicle.

[0026] When a vehicle in which an enforcement transponder is disposed (e.g.
enforcement vehicle 20b) enters the toll region, the reader receives information which
identifies the transponder as an enforcement class transponder. If the enforcement vehicle
enters the toll zone within a predetermined period of time after a toll transponder was read
by the reader, then the reader provides to the enforcement transponder information

concerning the last toll transponder. For example, the reader can provide to the
.
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enforcement transponder information including but not limited to whether the toll
transponder is valid and whether the toll was properly paid. The reader will provide to the
enforcement transponder information concerning the last toll transponder regardless of
where the enforcement transponder enters toll region. The reader, however, compares the
time the enforcement transponder entered the toll region to the time the last toll
transponder entered the toll region as part of the criteria in determining whether to signal
the enforcement transponder (or in determining what type of signal to provide to the
enforcement transponder). If the reader determines that the enforcement transponder
entered the toll region within a predetermined period of time of the toll transponder

entering the toll region then the reader provides information to the enforcement

transponder.

[0027] Those of ordinary skill in the art will appreciate, of course, that many techniques
can be used to determine if the enforcement transponder entered the toll region within a
certain amount of time after a toll transponder. For example, absolute time at which the
toll region was entered can be recorded for both the toll transponder and the enforcement
transponder and a difference value between the two times can be computed. Alternatively,
a countdown approach can be used in which the reader begins to countdown .(e.g. from five
seconds to zero) after reading a toll transponder. If the enforcement transponder enters the
toll region before the reader completes the countdown (e.g. before the reader counts down

from five to zero), then the reader provides information to the enforcement transponder.

[0028] Alternatively still, a count-up counter can be used. In this approach, the
enforcement transponder must enter the toll region before the reader counts up to a certain

value (e.g. a five second count).

[0029] It should also be appreciated that the time period may be counted when the reader
first reads the transponder. Other approaches or events may also be used to trigger the

beginning of the time counting period.
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[0030] [t should also be appreciated that the system can be operated such that the
enforcement vehicle can enter the toll regton either after or at the same time as the toll
transponder. It should also be appreciated that the system can be operable 1f the toll

transponder enters the toll region with the enforcement vehicle already in the toll region.

[0031] The enforcement transponder then provides the information to the enforcement agent
in the vehicle. The enforcement transponder can provide the information via a visual, audio or
mechanical signal. For example, information may be displayed on a display screen of a
personal digital assistant (PDA) or information can be conveyed to an enforcement agent via a
spcaker or a vibration mechanism or other mechanical system. In one embodiment, an
enforcement transponder has an audible and visual indicator triggered by a message sent to the

transponder by the reader.

10032]  In general, whenever an enforcement transponder enters a toll zone, the reader
checks the time when the last toll transponder entered the same toll zone and if the time was
within a threshold window of time, the reader alerts the enforcement transponder. In some
embodiments, the time criteria is coupled with other information read from the toll transponder
and multiple criteria must be met (¢.g. the transponder is valid and a toll was collected). This
allows an enforcement ofticer to verify that a toll was collected without having to pull over the

vehicle in question.

10033] It should be appreciated that although the transponder classification scheme has been
described hereinabove with respect to an enforcement class and an enforcement transponder
application, other transponder classes and applications are also possible. Some exemplary
transponder classes include but are not limited to: a safety transponder class, an emergency
transponder class, a toll transponder class, a commercial vehicle transponder class and a

government official transponder class.

10034]  Reterring now to Fig. 1A, in which like elements of Fig. | are provided having like
reference designations, one particular embodiment an enforcement transponder system
Includes one or more fixed roadside toll collection (RTC) units 30 at so-called RTC sites. The

RTC sites serve so-called “diamond lane™ segments of a roadway. Diamond lane
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segments are reserved for use by vehicles having more than one person therein. Single
Occupancy Vehicle (SOV) traffic can use High Occupancy Toll (HOT) lanes upon
payment of a toll by the SOV. The system enables enforcement/verification of toll

collection from SOV traffic in HOT lanes.

[0035]  Each RTC unit utilizes a reader, also sometimes referred to as a Dedicated Short
Range Communications (DSRC) Transceiver, for communications with vehicle equipped
transponders (also sometimes referred to as DSRC Transponders). It should be appreciated
that the reader may be provided as part of the RTC unit (as illustrated by reader 32 in Fig.
1A) or the reader may be physically separate from the RTC unit (e.g. mounted on a

mounting structure as illustrated by reader 12).

[0036] The DSRC Transceiver 1s an automatic vehicle identification device that
transmits and receives radio frequency (RF) data to/from transponder-equipped vehicles.
The reader works in conjunction with a Roadside Controller Unit (RCU) 34 to pass
information read from the transponder to a central computer system for collection of tolls.
The transponders are written to identify when and where toll has been collected from the
user. The transponders also provide signaling to the driver via lights and/or buzzers built

into the transponder to indicate whether a toll has been collected.

[0037] When the vehicle containing the toll transponder enters the toll region 22 defined
by the range of the reader, a toll is deducted from the toll transponder (e.g. toll transponder
16). The reader typically communicates with the toll transponder and the RCU (and or a
central computer/toll collection processing system) to properly deduct the toll and maintain
a record of the toll deducted from each toll transponder passing through the toll zone (toll

transponder 16 being one example of a plurality of toll transponders which pass through

the toll zone).

[0038] The enforcement transponder 18 in vehicle 20b communicates with the RCU via
the reader when the vehicle 20b enters the toll zone. Ifthe enforcement vehicle 20b enters

the toll zone within a predetermined time after the vehicle containing the toll transponder
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last read by the reader, and the transponder is valid and that a toll was collected from it,

then the reader provides to the enforcement transponder information concerning the last
toll transponder. For example, the reader can provide to the enforcement transponder
information including but not limited to whether the toll transponder 1s valid and whether
the toll was properly paid. The enforcement transponder then provides the information to
the enforcement agent in the vehicle. The enforcement transponder can provide the
information via a visual, audio or mechanical signal. For example, an LED display, a
display screen of a personal digital assistant (PDA) can be used or a speaker or a vibration

mechanism or a beeper can be used to convey information to the enforcement agent.

[0039] By establishing RTC sites with the RCU, it is possible to establish toll zones
along different portions of roadways (including but not limited to off ramps and rest areas)
without erecting toll structures such as toll booths and toll gates. It should be noted that
multiple RTC sites may be coupled to the RCU. Thus, the system enables a technique
which allows an enforcement agent to verify that an SOV user of an HOV lane not only
has a valid transponder, but also that a toll was appropriately collected from the SOV user.
This allows an enforcement officer to verify that a toll was collected without having to pull

over the vehicle 1n question.

[0040] Referring now to Fig. 2, an enforcement reader 36 includes an antenna 38

coupled to a transmit/receive system 40. The transmit/receive system 40 is coupled to a
reader processor/state machine 42 and a host interface 44. The host interface may
optionally be coupled directly to the antenna 38. The reader includes a reader storage

device 46 in which is stored information received from transponders in communication

with the reader.

[0041] The antenna and T/R system 40 receive signals from the transponders and
provide the signals to the reader processor 42. The reader processor is adapted to process
signals provided thereto and recognize or otherwise determine the classification of the

transponder.
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[0042] When the reader processor recognizes a toll class transponder, the processor

stores certain data from the toll transponder into the reader storage device 46 and provides

toll transponder processing.

[0043] The storage device 46 thus has stored therein data from the last transponder to

pass thereby. The data stored in the storage device 46 may at least include transponder

type data associated with a transponder.

|0044] When the reader processor recognizes an enforcement transponder, the processor

also performs enforcement processing as will be described below 1n conjunction with

FIGS. 4 and 4A.

[0045] Regardless of the type of transponder, the reader processor provides information

to the host interface and the information 1s then communicated to the transponder.

[0046] The host interface receives transponder information from the reader processor
and this information can be communicated to further processing equipment (not shown in

FIG. 2) for toll collection purposes. In some cases the processing equipment (e.g. an RCU)
can also communicate information to the reader via the host interface. Such information

may, for example, be tolling information (e.g. that the RCU collected a toll), or may be

reader operational instructions.

[0047] Reterring now to Fig. 3, an enforcement transponder 50 includes an antenna 52
coupled to a transmit/receive system 54 and an interface 58. The transmit/receive system
54 1s coupled to a processor/state machine 56 and a transponder type data store 60 in which

1s stored one or more transponder class values.

[0048] In this particular example, the transponder class value stored in the transponder
type data store corresponds to an enforcement class and thus the transponder 50
corresponds to an enforcement transponder. It should be appreciated, however, that other

transponder class values may be stored in the transponder type data store. Thus, although



10

15

20

25

30

CA 02577410 2007-02-16

WO 2006/026178 PCT/US2005/029403

14

this particular transponder has an enforcement class value stored in the transponder type
data store, (hence identifying the transponder as an enforcement class transponder), other
transponder classifications could also be stored in the transponder type data store such as
those mentioned above. It should also be appreciated that in some embodiments a
transponder may have more than one transponder class value stored in the transponder

class data store (i.e. a transponder may belong to more than one transponder class).

[0049] Also coupled to the processor 56 1s an output device 62. Output device 62 may
correspond to a display (e.g. an LED or the display of a PDA or other type of display)
which provides information to a user (e.g. an enforcement agent). The output device may

also provide audio or mechanical (e.g. vibration) output signals rather than visual signals.

[0050] As described above, conventional or toll transponders are used for the purpose of
collecting toll. Enforcement transponders on the other hand, are used to relay information
to the enforcement agent to identify whether the vehicle traveling in front of him has been
appropriately tolled. In addition to the specially identified transponder, the enforcement
transponder application includes processing within the reader to signal the enforcement
transponder that the vehicle proximate the enforcement agent (e.g. in front of the

enforcement agent) has been properly tolled.

[0051] To accomplish this, whenever a valid transponder (e.g. an SOV transponder)
passes through the tolling zone, the reader will keep track of the time the transponder was
read, and whether it was a valid transponder and toll was appropriately collected. When an
enforcement agent passes through the toll zone, the reader identifies its agency data (1.€.
transponder type data) as indicating it 1s designated as an enforcement transponder. And,
rather than collecting tolling information, the reader compares the current time with the
time of the last valid transponder that had toll appropriately collected (as discussed above,
other techniques for determining whether two vehicles entered the toll zone within a

window of time may also be used).
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[0052]  In one particular embodiment, if the time is within a defined limit (or window of
time) that indicates the transponder belongs to the vehicle in front of the enforcement agent,
the reader causes the enforcement transponder to signal the enforcement agent to indicate that
the vehicle ahead was validly tolled. If the enforcement agent receives the appropriate signal
while following the vehicle in question through the tolling zone, the agent does not need to pull
over the driver. Conversely, if the time was outside the valid limit, or the last read transponder
prior to enforcement transponder was not a valid transponder, the enforcement transponder

would not receive the approve notification, indicating to the enforcement agent that the there 1s

no valid transponder in the vehicle ahead of him.

10053]  Figs. 4 and 4A arc a series of flow diagrams showing the processing performed by an
cnforcement reader provided as part of automated system such as the systems described above
In conjunction with Figs. I and 1A. The rectangular elements (typified by element 64 in Fig,
4), are herein denoted “processing blocks,”™ and represent computer software instructions or
groups of instructions. The diamond shaped elements (typified by element 66 in Fig. 4A), are
herein denoted “decision blocks,”™ and represent computer software instructions, or groups of
Instructions which affect the execution of the computer software instructions represented by

the processing blocks.

10054]  Alternatively, the processing and decision blocks represent processing performed by
functionally equivalent circuits such as a digital signal processor circuit or an application
specific integrated circuit (ASIC). The flow diagrams do not depict the syntax of any
particular programming language. Rather, the flow diagrams illustrate the functional
information one of ordinary skill in the art requires to fabricate circuits or to generate computer
software to pertorm the processing required of the particular apparatus. It should be noted that
many routine program elements, such as initialization of loops and variables and the use of

temporary variables are not shown.
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[0055] It will be appreciated by those of ordinary skill in the art that unless otherwise

indicated herein, the particular sequence of steps described is illustrative only and can be

varied without departing from the spirit of the invention.

[0056] As shown in block 64, processing begins with a reader emitting a beacon signal.
Decision block 66 implements a loop in which the reader continually checks for a
transponder reply identifier signal. If the reader receives a transponder reply signal, then

processing proceeds to decision block 68 in which a decision i1s made as whether the

transponder is a toll transponder or an enforcement transponder.

[0057] If a decision is made that the transponder is a toll transponder, then processing
proceeds to processing block 70 in which the reader requests information from the toll
transponder. Processing then flows to processing block 72 in which the reader receives
information from the transponder. The reader receives certain information from the
transponder in response to the request and stores the information in a reader storage device
as shown in processing block 74. The reader also causes information to be stored in a
transponder memory as shown in processing block 76. The information stored in the
transponder memory may correspond, for example, to a time stamp indicating when a toll
was paid (1.e. the time), where the toll was collected (1.e. the location) and optionally the
amount of the toll that was paid. Other information may also be stored in the transponder

memory.

[0058] In processing block 78, the reader transmits or otherwise provides the transponder
information to a host processor which tracks tolling identity and information for each

transponder. Processing then returns to the loop implemented by decision block 66.

[0059] If in decision block 68, a decision 1s made that the transponder is not a toll
transponder, then processing proceeds to decision block 80 where a decision is made as to
whether the transponder is an enforcement transponder. If in decision block 80 a decision
is made that the transponder is not an enforcement transponder, then processing tlows to

the loop implemented by decision block 66. If, on the other hand, a decision is made that
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the transponder 1s an enforcement transponder, then processing flows to processing block

82 where the time which has elapsed between the time when the reader received a reply
from the enforcement transponder and the time when the reader read the last toll
transponder 1s computed. If the time 1s within a predetermined period of time, and 1f toll
was collected from the transponder and the transponder i1s valid, then as shown in decision
block 84 processing proceeds to processing block 86. In processing block 86, the reader
provides to the enforcement transponder an indication that the time 1s valid and also

provides an indication that toll was collected.

|0060] Once the enforcement transponder has the information, the enforcement
transponder can convey the information to an enforcement agent using the transponder and

the enforcement agent can decide what action to take, if any, with respect to the subject

vehicle.

10061] If in decision block 84 a decision 1s made that the elapsed time is not within the
predetermined period of time or that the transponder was not valid or that the toll was not
paid, then processing flows to processing block 88 where the reader provides to the
enforcement transponder an appropriate indication. The reader may still transmit or
otherwise provide to the enforcement transponder information concerning the previous toll
transponder stored 1n the memory. In either case (i.e. whether processing block 86 or 88 is

performed), processing again flows to the loop implemented by decision block 66.

10062] Having described preferred embodiments of the invention, it will now become
apparent to one of ordinary skill in the art that other embodiments incorporating their
concepts may be used. For example, although as described herein the reader only signals
the enforcement transponder, the reader could store information in it based upon what was
read from a previous transponder. Also, the reader could transmit or otherwise provide

Instructions to cause an enforcement (or other transponder) to perform a desired function.
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It 1s felt therefore that these embodiments should not be limited to disclosed embodiments,

but rather should be limited only by the scope of the appended claims.

[0063] What 1s claimed 1s:
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1. A system comprising:

an entorcement reader contigured to read, from a first transponder, information of
interest to an enforcement agent; and

an enforcement transponder configured to receive from the enforcement reader the
information of interest and to provide, using a signal, the information of interest received

from the enforcement reader to the enforcement agent to determine an enforcement action

associated with the first transponder.

2. The system of Claim 1 wherein said enforcement reader comprises:

an antenna.

a transmit/receive (TR) system coupled to said antenna;

a storage device adapted to store information provided to the enforcement reader
from the first transponder; and

a reader processor coupled to said TR system and said storage device. said rcader

processor adapted to process information received from said enforcement transponder.

3. The system of Claim 2 wherein said enforcement transponder comprises:
an antenna,
a transmit/receive (TR) system coupled to said antenna; and
a transponder processor coupled to said TR system and to a transponder type data

store.

4. An enforcement reader comprising;:

an antenna;

a transmit/receive (TR) system coupled to said antenna;

a storage device adapted to store information provided to the enforcement reader
from a first transponder, the stored information being of interest to an enforcement agent;
and

a reader processor coupled to said TR system and said storage device, wherein the
entorcement reader 1s conligured to provide the stored information to an enforcement
transponder that provides, using a signal, the stored information to the enforcement agent

to determine an enforcement action associated with the first transponder.
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. The enforcement reader of Claim 4 wherein said reader processor 1s adapted to

process the stored information for the enforcement agent.

6. An enforcement transponder comprising:

an antenna;

a transmit/receive (TR) system coupled to said antenna;

a transponder type data store adapted to store a transponder class value, which
indicates a particular type of transponder; and

a transponder processor coupled to said TR system, and said transponder type data
store,

wherein the enforcement transponder 1s configured to receive information of
interest to an enforcement agent from an enforcement reader read from a first transponder,

wherein the enforcement transponder provides, using a signal, the information of
interest recetved trom the enforcement reader to the enforcement agent to determine an

entorcement action associated with the first transponder.

7. The entorcement transponder of Claim 6 wherein said transponder class value
comprises at least one of:
(a) an enforcement class value;

(b) a toll class value;

(¢) a safety class value;

(d) a commercial vehicle class value; and

(€) a government class value.

8. A process for operating an enforcement reader, the process comprising:

recelving, by the enforcement reader, information from a toll transponder;
processing the information from the toll transponder to gencrate an output

indicator; and
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relaying the information received from the toll transponder to an enforcement
transponder configured to provide, using a signal, the relayed information to an

enforcement agent to determine an enforcement action associated with the toll transponder.

5 O The process of Claim 8 turther comprising storing, in the enforcement reader,

information recetved from the toll transponder.

10. A process for operating an enforcement reader, the process comprising:
rece1ving, by the enforcement reader, toll information from a toll transponder;
10 recerving information from an enforcement transponder;
processing the toll information from the toll transponder to generate an output
indicator signal, the output indicator signal representing information of interest to an
enforcement agent; and
providing the output indicator signal to the enforcement transponder to the
5  cenforcement agent to determine an enforcement action associated with the toll transponder
whereln providing the output indicator signal to the enforcement transponder includes:
receiving, in the enforcement reader, an enforcement class value from the
enforcement transponder;
In response to the enforcement reader receiving the enforcement class value
20 from the enforcement transponder, computing a time value corresponding 1o the
ditference in time between the reader receiving information from the toll
transponder and rcceiving the enforcement class value from the enforcement
transponder; and
1n response to the time value being within a predetermined range of time
25 values, providing to the enforcement transponder information related to the toll

transponder.

11. A process tor operating an enforcement transponder, the process comprising:
transmitting, from the enforcement transponder, an enforcement class value to an

30  enforcement reader:
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recerving, by the enforcement transponder, information of interest to an
enforcement agent from the enforcement reader reading a first transponder; and

providing, using a signal, the information of interest received from the entorcement
reader to the enforcement agent to determine an enforcement action associated with the

first transponder.

12.  The process of Claim 11 wherein, in response to receiving transponder information

from the enforcement reader, displaying information on a display.

13. The process of Claim 12 wherein displaying information on a display inctudes

providing an indication to an enforcement agent.
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