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[0002] This invention relates generally to card and ticket readers. and
more specifically to an electro-mechanical universal ticket transport assembly
designed to handle reading and writing of magnetically encoded cards and
tickets of various formats.

BACKGROUND OF THE INVENTION

[0003] Magnetic stripe technology is used throughout the world for
identification (ID) and credit/debit transaction processes. Other technologies
which can store more information, such as contact and contactless smart cards,
continue to capture more of the magnetic stripe market as systems are
upgraded. However, magnetic stripe cards, or tickets, remain a dominant
technology, particularly for systems which have been in operation for a
substantial time, such as mass transit systems.

[0004] Most fare collection systems of mass transit systems throughout
the world accept credit card size magnetic stripe tickets. The ticket material and
thickness, the location of the magnetic stripe, as well as the magnetic stripe
format, vary from system to system. The most common design, conforming to
the ISO standard, 1SO-7810, entitled "ldentification Cards - Physical
Characteristics", specifies the location of a single magnetic stripe. However.
many mass transit authorities have customized tickets to avoid cross-use of
tickets from one transit system to another. Customization of tickets may include
variations on the number and the location of magnetic stripes. One or more
magnetic stripes may be located on the front and back faces of the card. The
magnetic stripe may be located in the center of the card. or offset to either side
of center. Examples of tickets currently in use in transit systems throughout the
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world include a ticket configuration of a single magnetic stripe in a center
position on the ticket back face, a single magnetic stripe offset on the ticket front
face, and two magnetic stripes offset from the center on the ticket back.

[0005] In addition to location and number of magnetic stripes, tickets may
vary in the type of magnetic media which ranges from low to high coercivity.
Coercivity is a technical term used to designate the strength of a magnetic field
required to affect data encoded on a magnetic stripe. Cards that are used in
daily transactions typically have a high coercivity {o provide the highest level of
immunity to damage by stray magnetic fields. A further variation is in the track
configuration of each magnetic stripe. For example, ANSI/ISO standards define
three track locations for the magnetic stripe on credit/financial cards. The tracks
are 0.110" (0.279 cm) wide, with Track 1 closest to the card edge. Each track
is utilized to store specific data types. Custom cards may specify the number of
tracks and the data types stored on those tracks.

[0006] Customization of tickets presents disadvantages when
modifications or updates of automatic fare collection (AFC) equipmentis required
since each custom ticket requires a custom-designed ticket processor. In
addition, the mechanical structure of the ticket processor must be considered for
each installation as the mechanism of the ticket processor may vary, not only
between different transit authorities, but also may vary between difierent
automatic fare collection equipment of the same transit authority. As a resuli,
each custom ticket reader requires separate parts inventory for both the
mechanical and electrical systems.

[0007] Therefore, a need remains for a universal ticket processor,
reader/writer, which may be configured for all types of magnetically encoded
tickets currently used in fare collection systems throughout the world.

SUMMARY OF THE INVENTION
[0008] Some embodiments of the present invention may provide a universal
ticket transport that may be configured to read from and write to many types of
magnetically encoded tickets currently used in fare collection systems
throughout the world.
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[0009] Some embodiments may provide a ticket transport that can
process a range of ticket thicknesses.

[0010] Some embodiments may provide a universal ticket transport
having a mechanical insertion interface and automated movement for tickets

presented at a range of different angles into and exiting from the mechanism.

[0011] Some embodiments may provide a control processor having
analog to digital interfaces and control logic for operating the transport
mechanisms locally and communicating data through a serial interface to a host
system.

[0012] Some embodiments of the present invention may provide a shaft

encoder and motor interface which reads from and writes to a variety of cards
of differing bit densities.

[0013] In the exemplary embodiment of the present invention the
Universal Ticket Transport (UTT), also referred to herein as "the transport", is
configurable for all types of magnetically encoded tickets currently used in
automatic fare collection (AFC) systems throughout the world. The UTT may be
configured for tickets conforming to the ISO standard format for credit card-sized
tickets, as well as for other tickets having variations of center and offset
magnetic stripes on the top face or on the bottom face of the ticket. The UTT of
the exemplary embodiment reads from and writes to low and high coercivity
magnetic media. Transport belt assembilies of the UTT allow tickets of various
thicknesses, e.g., ranging from .006" to .011" , to be accepted by the UTT. A
mechanical interface of the UTT provides automated movement for tickets
presented at a range of different angles into and exiting from the UTT. The UTT
further includes a control processor printed circuit board that provides analog to
digital interfaces for local operation and control of the UTT, and a serial interface
to a host system for control of the data communication between the ticket and
the host system.

[0014] A ticket is moved through the Universal Ticket Transport
mechanism held between two belts. The UTT of the exemplary embodiment
includes two belt assemblies, each having a set of belts. The belts are made
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from an elastic material and installed onto belt rollers in a stretched condition, so
that tensioners are not required. The belt rollers are located at the ends and in
the middle of the transport. Two rollers at each end of the UTT function as drive
rollers for moving the sets of belts in a forward or reverse direction. The drive
rollers are positioned onto shafts mounted in ball bearings located in side plates
of the UTT. The drive rollers at the entrance end of the transport path are
connected to a UTT or a host motor which provides the power input for the
movement of the belts. For each drive roller there is a gear and timing pulley
assembly mounted on the drive roller shaft. The two gears mesh to drive both
drive rollers at the same speed and help prevent slippage of the ticket between
the two belts. The timing pulley couples the drive from the motor via a timing
belt. The gears are arranged to always mesh irrespective of the roller
configuration positions. If the transport is used in an application where the drive
is provided by a host motor, then a belt from that host mechanism is coupled to
one of the pulleys.

[0015] The rollers in the middle of the transport provide the pinch to
maintain a hold on the ticket. The middle rollers also shape the ticket to pass
over the magnetic head assembly in the most optimum manner. The belt path
of the exemplary embodiment is offset to one side of the transport and may be
assembled in this position irrespective of the location of the magnetic head
assembly. However, the belt assemblies and the magnetic head assembly of
the exemplary embodiment may be arranged along a width of the UTT to
accommodate a variety of magnetic stripe locations. The magnetic head type
and position also are configured to suit the magnetic stripe position and
coercivity for the ticket type that will be processed. The location and quantity of
the heads is also dependent upon the application for the UTT mechanism. For
a vending machine, i.e., aticket issue application, one combined write and read
head is used. For a ticket processor in a gate application, two heads are used,
including a combined write and read head, and a verify read-only head. The
gate mechanism uses the second verify head to provide verification during the
encoding process, thus reducing the process time.

[0016] The transport rollers of the exemplary embodiment can be
assembled to accommodate different angles for the tickets to enter and exit the
transport. A variety of holes for the bearings that support the transport rollers
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are provided at each end of the transport side plates. The most suitable set of
holes are selected during assembly at the factory. To provide the opposite
configuration for top or bottom magnetic stripes, the transportis inverted, and the
rollers and belts are Installed into alternate sets of bearing holes to

accommodate the entry and exit path angles.

[0017] The UTT of the exemplary embodiment has a local processor
circuit, or controller, attached to the transport assembly. The controller has a
microprocessor, motor and sensor driver interfaces, and magnetic read and write
head circuitry. The controller provides local control to operate the transport
mechanisms, and communicates data through a serial interface to a host
system. Interface connections for additional sensors located in entry/exit bezels
or other host equipment are provided to the local controller via cables and

connectors.

[0018] The drive motor of the exemplary embodiment is a DC motor
gearbox assembly that has an integral shaft encoder. The motor drives the
transport in a forward or a reverse direction. The motor is mounted on a sub
plate that can be located in various areas of the transport. The shaft encoder
provides the timing pulse for the magnetic encoding and ticket positional
information. Connectors and cables electrically connect the motor and shaft

encoder to the controller.

[0019] In an exemplary method of the present invention, the UTT is
configured with write/read heads above a transport assembly for cards having

a top stripe, and below a transport assembly for tickets having a bottom stripe.
A patron inserts a ticket "face-up” into an entry bezel. A bezel entry sensor
determines whether the ticket is valid and properly inserted. The accepted ticket
continues into the transport past a write entry sensor to initiate the read
function of a read/write magnetic head. The ticket travels over the read/write
head until completely read. The transport belt then reverses direction. and the
ticket moves back over the read/write head. The transport belt then reverses
to advance the ticket for encoding using the read/write head. The ticket is
operated upon in a write-only capacity on the first magnetic read/write head. As
the ticket moves forward over the verify head, the verify process is initiated
simultaneously on the verify head. A verify exit sensor indicates that the ticket
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verify process i1s complete. The ticket moves out of the transport through the exit
bezel to a point where the ticket is no longer in the belt pinch at position. A bezel exit

sensor indicates that the ticket has exited the Universal Ticket Transport.

More particularly according to the present invention there is provided a
ticket reader/writer for processing a plurality of tickets in an automatic fare collection
device, each of the plurality of tickets having at least one magnetic stripe located on
at least one of a ticket top surface or a ticket bottom surface, the ticket reader/writer
comprising: at least one side plate having a plurality of holes for accepting a plurality
of rollers; the plurality of holes comprising: a plurality of entrance holes; a plurality of
exit holes; and a plurality of center holes; at least one belt assembly comprising; an
upper entrance roller and a lower entrance roller of the plurality of rollers, the upper
entrance roller and the lower entrance roller located in two of the plurality of entrance
holes, the upper entrance roller and the lower entrance roller being adapted to accept
a ticket of the plurality of tickets at a predetermined entry angle; an upper exit roller
and a lower exit roller of the plurality of rollers, the upper exit roller and the lower exit
roller located in two of the plurality of exit holes, the two of the plurality of exit rollers
chosen to eject the ticket at a predetermined exit angle; at least one upper center
roller and at least one lower center roller of the plurality of rollers, the at least one
upper center roller and the at least one lower center roller located in two of the
plurality of center holes; an upper belt stretched around the upper entrance roller, the
at least one upper center roller, and the upper exit roller; and a lower belt stretched
around the lower entrance roller, the at least one lower center roller, and the lower
exit roller; wherein the upper belt and the lower belt form a transport path
therebetween for the ticket; a drive mechanism for rotating at least one of the plurality
of rollers In a forward direction to move the ticket through the transport path; and at
least one magnetic head for reading from and writing to the ticket, the at least one
magnetic head located adjacent one of the at least one lower center roller and the at
least one upper center roller, the at least one magnetic head further positioned along
a width of the ticket reader/writer corresponding to a placement of the at least one

magnetic stripe of the ticket; and wherein the rollers, the belts, and the magnetic
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head may be reconfigured so that the ticket reader/writer may be adapted to process

tickets with different magnetic stripe locations.

According to another aspect, there is provided a method of processing
a ticket in a read/write mechanism in an automatic fare collection device, the method
comprising the steps of. providing at least one side plate in the read/write mechanism
for supporting at least one belt assembly, the at least one belt assembly having a
plurality of rollers in a plurality of holes of the at least one side plate, the plurality of
rollers comprising an upper entry roller, an upper center roller, an upper exit rolier, a
lower entry roller, at least one lower center roller, and a lower exit roller; providing an
upper belt stretched around the upper entry roller, the upper center roller, and the
upper exit roller; providing a lower belt stretched around the lower entry roller, the at
least one lower center roller, and the lower exit roller, wherein the upper belt and the
lower belt provide a transport path therebetween for the ticket; placing the upper
entry roller and the lower entry roller into a first entry hole and a second entry hole
selected from a plurality of holes for placement of the upper entry roller and the lower
entry roller to produce a desired entry angle of the transport path; placing the upper
exit roller and the lower exit roller into a first exit hole and second exit hole selected
from the plurality of holes for placement of the upper exit roller and the lower exit
roller to produce a desired exit angle of the transport path; providing a magnetic head
assembly comprising a first magnetic head adjacent the at least one lower center
roller; driving the upper belt and the lower belt in a first direction to carry the ticket
over the first magnetic head to read from the ticket; and driving the upper belt and the
lower belt in a reverse direction to back up the ticket over the first magnetic head;

driving the upper belt and the lower belt in the first direction to carry the ticket over
the first magnetic head to write to the ticket; and the upper exit roller and the lower
exit roller being adapted to eject the ticket from the automatic fare collection device
between the upper exit roller and the lower exit roller at the desired exit angle; and
wherein the rollers, the belts, and the magnetic head may be reconfigured so that the

ticket reader/writer may be adapted to process tickets with different magnetic stripe

locations.
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According to yet another aspect, there is provided a method for reading
from and writing to a ticket having a magnetic stripe, the method comprising the steps
of; Inserting the ticket through an entry bezel and between a set of belts to advance
the ticket in a forward direction; advancing the ticket past a write entry sensor to
Initiate a read process; reading the ticket using a read/write head; moving the ticket in
a reverse direction back over the read/write head; advancing the ticket over the
read/write head for an encoding process; initiating a verify process on a read-only
head, wherein the verify process is initiated at least partially simultaneously with the
encoding process; and moving the ticket out of an exit bezel; and wherein the rollers,
the belts, and the magnetic head may be reconfigured so that the ticket reader/writer

may be adapted to process tickets with different magnetic stripe locations.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The present invention will be better understood from the following

detailled description of a preferred embodiment of the invention, taken in
conjunction with the accompanying drawings in which like reference numerals
refer to like parts and in which:

10

19

20

25

30

Figure 1 is a Universal Ticket Transport of a preferred embodiment for
bottom face magnetic stripe locations;

Figure 2 is a Universal Ticket Transport for upper face magnetic stripe
locations:

Figure 3a shows an alternate downward entry angle and straight exit
transport configuration;

Figure 3b illustrates roller positions for a straight entry transport
configuration;

Figure 3¢ illustrates roller positions for an upward entry angle transport
configuration;

Figure 4 is an illustration of a method of the preferred embodiment for
reading, writing, and verifying a ticket for a gate application;

Figure 5 is a block diagram of the Universal Ticket Transport processor
circuit;

Figure 6 shows a top view of a single belt configuration of the Universal
Ticket Transport installed in a gate;

Figure 7 shows a side view of a single belt configuration of the Universal
Ticket Transport installed in a gate;

Figure 8 is a perspective drawing of a back view of a dual belt Universal
Ticket Transport assembly of a 'preferred embodiment; and
Figure 9 is perspective partial exploded view of a front view of a dual belt

Universal Ticket Transport assembly of a preferred embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENT
[0021] The following detailed description utilizes a number of acronyms

35  which are generally well known in the art. While definitions are typically provided
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with the firstinstance of each acronym, for convenience, Table 1 below provides
a list of the acronyms and abbreviations and their respective definitions.

TABLE 1
ACRONYM DEFINITION
A/D Analog-to-Digital
ADC Analog-to-Digital Converter
AFC Automatic Fare Coliection
High C 2750 +/- 20% QOersteds
IPS iInches per second
Low C 300 +/- 20% Oersteds
PCE Printed Circuit Board
PLL Phase Locked Loop
UTT Universal Ticket Transport Assembly

[0022] Figure 1 illustrates a partial view of a Universal Ticket Transport
(UTT) 10, also referred to as "the transport”, of a preferred embodiment of the
present invention. A ticket 20 moves through the transport belt path 18 of the
transport mechanism 10 between two belts 22, 24. The UTT of a preferred
embodiment is a dual-belt UTT 150 having a first set of belts 152 and a second
set of belts 154 of belt assemblies A and C, respectively, as shown in Figures
8 and 9. In an alternate embodiment, as shown in Figures 6 and 7, a single set
of belts 22, 24 hold the ticket 20 in place as it travels through the transport 10.
The dual belt UTT 150 of the preferred embodiment keeps the ticket 20 straight -
in the transport, and provides a better grip of the ticket 20.

[0023] Referring again to Figure 1, the belts 22, 24 are made from an
elastic material, and are installed onto the rollers 30, 32, 34, 36 in a stretched

condition to eliminate the need for belt tensioners. This belt configuration allows
for varying thicknesses of tickets, including plastic tickets that are typically 0.010
inches (0.25 mm) thick, and paper tickets that are typically 0.007 inches thick
(0.18 mm). The rollers 30, 32, 34, 36 are located at the ends and at the middle
portion of the fransport 10. The rollers 30, 32 at each end of the transport belt
path 18 are drive rollers that are attached to shafts 50, 56, 70. 76 mounted in
ball bearings. The drive roller assemblies provide the power input for the forward
rotation f, or the reverse rotation rr, that moves the ticket 20 through the



CA 02458447 2012-12-05

51112-11

O

10

15

20

25

30

35

_8._

transport path 18. The centerrollers 34, 36 provide the pinch to maintain a hold
on the ticket 20. The center rollers 34, 36 also shape movement of the ticket 20
to ensure that it passes over the magnetic head assembly 26, 28 in the most
optimum manner. As shown in Figures 6 and 8, the belts 22, 152, 154 of both
the single belt and dual belt transports 10, 150 may be offset to one side of the

UTT 10, 150 to provide sufficient space for the various pesitions of the magnetic
heads 26, 28.

[0024] The magnetic head 26, 28 type and position is configured during
manufacture o suit the magnetic stripe position and coercivity for the ticket type
20 that will be processed at a particular gate 82, shown in Figure 7, or other
automatic fare collection (AFC) mechanisms. The location of the magnetic
heads 26, 28 can also be changed in the field, if required, as the transport 10 is
designed for easy reconfiguration. The location and quantity of the magnetic
heads 26, 28 also is dependant upon the application for the UTT mechanism.

-

~ For a ticket processor in a gate application 82, fwo magnetic heads are used,

one combined write and read head 26, and a verify (read head) 28. The ticket
gate mecnanism utilizes the second verily head 28 to provide verification during
an encoding process and to reduce processing time as discussed further below.

The heads 26, 28 are always populated in the same half of the transport
assembly 10.

[00251 As shown in Figures 8 and 9, the preferred embodiment of the
UTT 150 also includes head pressure roliers 126 which are located on top of
each magnetic head assembly 26, 28 to ensure that the ticket i1s firmly held in
contact with the magnetic poles In the magnetic head assembly 26, 28.
Referring again {o Figure 1, the rollers 36 are flexible {o allow a ticket 20 to pass
between the heads 26, 28 and the rollers 34, 36 to force the ticket 20 to contact
the head 26, 28 without causing ticket slippage in the transport path 18. The
rollers 30, 34, 36 also are flexible enough to allow a damaged or folded ticket 20
to pass through the transport path 18. The magnetic heads 26, 28 of a preferred
embodiment must operate on magnetic stripes to a maximum coercivity of 3000
Oersteds. However, the magnetic heads 26, 28 must not préduce residual
magnetism that alters low coercivity tickets, for example, 300 Oersteds.
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[0026] Figure 6 illustrates the design of the mechanical assembly of the
single belt set UTT 10 which provides alternate positions for center or offset
stripes. The illustrated UTT 10 is configured for a bottom face magnetic stripe
that is offset to the left of a center line 86 relative to the insertion direction 40.
For other magnetic stripe locations, the magnetic heads 26, 28 can be located
at any position across the width, W, of the transport 10. The dual belt UTT 150
may also be configured for various magnetic stripe locations by rearranging the
belt assemblies A, C and the magnetic head assemblies B, as shown in Figure

8.

[0027] Continuing with Figures 6 and 7, at each end of the transport the
drive rollers 30, 32 are mounted onto shafts 52, 56, 72, 76 that protrude through
bearings to a non-ticket side 156 of the UTT assembly 10. For each entry drive
roller 30 there is a gear and timing pulley assembly 88 mounted on the entry
drive roller shafts 52, 56. The two gears 88 mesh to drive both entry drive rollers
30 at the same speed and help prevent slippage between the fwo belts. A timing
pulley (not shown) couples the drive from a motor 212, as illustrated in Figure 5,
utilizing a timing belt (not shown). The gears 88 are arranged to always mesh
irrespective of the selected roller 30 configuration. The motor drive belt can be
coupled to any of the pulleys. If the transport 10 is used in an application where
the drive is provided by a host motor, then a belt from that host mechanism may

be coupled to one of the pulleys.

[0028] As shown in Figure 1, the Universal Ticket Transport 10 of the
preferred embodiment provides a variety of holes for the bearings, i.e., shafts,
that support the transport rollers 30, 32 at each end of the transport 10. The
variety of holes allow the entry and exit drive rollers 30, 32 to be assembled to
accommodate different entry and exit angles 40, 42 for the tickets to enter and
exit the transport 10. The most suitable set of holes for a particular installation
of the UTT 10 are selected during assembly at the factory. Figure 1 illustrates
a downward entry angle 40 for a ticket 20. The downward angle results from the
placement of the entry drive rollers 30 on shafts placed in hole positions 50 and
56, with the upper belt 22 placed around the roller corresponding to hole 56, and
the lower belt 24 placed around the roller corresponding to hole 50. An upward
exit angle 42 is achieved by placing the exit rollers 32 and shafts in holes 70 and
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76. Figures 8 and 9 illustrate the exit holes 70, 72, 74, 76 and the entry holes
50, 52, 54, 56 that are part of side plates 156, 158 of the dual belt UTT.

[0029] Figures 3a, 3b, and 3cillustrate other configurations for placement
of rollers 30, 32 to provide various entry and exit angles 40, 42. In Figure 3a, a
straight exit angle 42 is achieved by placement of the shaft and exit roller 32 of
the upper belt 22 in hole 76, and placement of the shaft and exit roller 32 of the
lower belt 24 in hole 72. Figure 3b illustrates a straight angle entry 40 by placing
the shafts and rollers 30 of the upper and lower belts in holes 56 and 52,
respectively. A upward entry angle 40 of Figure 3c is achieved by placement of
the shafts for the upper belt roller in hole 50, and for the lower belt roller in hole
54. Obviously, other combinations, not shown, for exit and entry angles 40, 42
are possible by simply reconfiguring the placement of the shafts and rollers 30,
32 at the ends of the transport belt path 18.

[0030] The UTT illustrated in Figure 1 is configured such that the
magnetic heads 26, 28 face upward for processing tickets 20 having magnetic
stripes on the bottom of the tickets 20. The lower belt 24 is stretched around the
center rollers 36 on shafts 60, 62 adjacent, i.e., in line with, the magnetic heads
26, 28. The upper belt 22 is stretched around center roller 34 on shaft 64.
Figure 2 illustrates the configuration for processing tickets 20 having magnetic
stripes on the top of the tickets 20. This configuration is achieved by simply
rotating the UTT assembly so that the read/write and verify heads 26, 28 face
downward, and then orientating the pulleys and gears as required. The upper
belt 22 is stretched around the center rollers 36 adjacent the magnetic heads 26,
28. The upper belt 24 is stretched around center roller 34 on shaft 64. The
proper entry angle 40 and exit angle 42 may be configured by choosing an
appropriate combination of entry holes 70, 72, 74, 76 and exit holes 50, 52, 54,
56. Thus, the combination of the rotation of the UTT mechanical assemblies and
the placement of the drive belts 24, 26 and magnetic head 26, 28 assemblies
allows the UTT 10 to be configured for a variety of magnetic stripe tickets
utilizing the same UTT components and subassemblies.

[0031] Figure 4 illustrates a ticket processing diagram of a preferred
embodiment of the Universal Ticket Transport 10 for a gate application which
functions to read/write and to verify a ticket. At position 100, the ticket is inserted
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through the entry bezel 44 and is pinched between the belts (not shown) in the

entry pinch rollers (not shown). When the patron releases the ticket 20, the
transport belts draw the ticket 20 into the transport 10. The ticket 20 moves from
the initial pinch position 100 past an bezel entry sensor (not shown). A bezel
entry sensor (not shown) may be used to determine if the ticket 20 has been
inserted correctly. If the ticket is not inserted correctly, the belt direction is
reversed rr, and the ticket 20 is pushed back through the entry bezel 44.

[0032] The accepted ticket 20 continues into the transport past a write
entry sensor 38 which is utilized to initiate the read function of the read/write
magnetic head 26. The ticket 20 travels over the read/write head 26 until
completely read. The read ticket position 102 of a first embodiment requires a
length area of L1+L2, where L1 is the length of a typical ticket. The transport
belt, i.e., the motor 212, then reverses direction, and the ticket 20 is moved back
over the read/write head 26, as shown by position 104. The maximum distance
required to reverse the ticket over the read/write head is a complete ticket length,
L1. The transport belt then reverses to advance the ticket 20 for encoding. As
the ticket 20 advances through position 106, the ticket 20 is operated upon in a
write-only capacity on the first magnetic head 26. In position 108, the write
continues on head 26, and the verify process is initiated simultaneously on the
verify head 28. In the verify-only position 110, the write has completed, and the
verify continues to the end of the encoding on the magnetic stripe of the ticket
20. An exit sensor 48 indicates when the ticket trailing edge has moved beyond
the magnetic head. The ticket is moved out of the transport through the exit
bezel 46 to the point where it is no longer in the belt pinch at position 112. A

bezel exit sensor (not shown) may be used to indicate that the ticket is out of the
transport 10.

[0033] As illustrated in Figure 4, the worst case transport belt length
required for the read, the write, and the verify process for the Universal Ticket

Transport 10 is two card lengths L1 in addition to a distance L3 between the
read/write head 26 and the verify head 28. The encode length is typicaliy less
than the length L1 of the ticket 20 since the entire magnetic strip will not be
usable for reading or writing. Distance L3 in the preferred embodiment is 1.13
inches (2.87 cm). Distance L3 is selected to provide a sufficient separation
between the magnetic heads to eliminate cross talk during the simultaneous



CA 02458447 2004-02-23

WO 03/018513 PCT/US02/27228

10

15

20

25

30

35

12 -

write and verify processes. Distance L3 also is selected to provide a physical
separation between the rollers which is required to allow the ticket to flex so that
it will remain in contact with the magnetic heads. L2 is chosen in a range such
that the ticket is fully into the UTT prior to the magnetic encoding processing.
This ensures jitter free operation of the process. It should be appreciated that
other embodiments of the process of Figure 4 are not shown, e.g., for other
applications where it is only necessary to write and verify the ticket contents.

[0034] The UTT 10 includes an entry sensor 38 and an exit sensor 48
which are located in the UTT transport path 18. The sensors 38, 48 of the
preferred embodiment are optically transmissive interrupter types of sensors.
Other sensors for ticket bezel entry/exit information (not shown) are mounted In
the host equipment, e.g., the ticket gate. The sensors 38, 48 are connected to
the UTT processor circuit 200, shown in Figure 5, via cables and connectors.

[0035] The UTT transport 10 of an alternate embodiment of the present
invention can operate with only one compound read/write head assembly 26
where the ticket is reciprocated back and forth over the head completing the
read, write and verify functions with separate cycles. However, to reduce
processing time, the second head 28 is added to provide a verify capability while
the ticket 20 is being written to by the first head 26. This configuration of the
UTT 10 saves one complete reciprocation of the ticket 20. This is especially
advantageous in a gate application 82 where high-speed operation is critical.
The information shown below is for the dual head UTT 10, 150 of the preferred
embodiment, which is the worst-case design requirement, demanding the most
power and processing capability. Slower process times and additional
reciprocations may be added in alternate embodiments of the invention without
requiring hardware design changes.

[0036] The UTT 10 of the preferred embodiment is designed to process
patron tickets in less than 0.5 seconds in a gate application, and 1.0 second in
a ticket vending machine application. The UTT 10 is designed to be a flexible
solution to a wide array of ticket formats and densities. In a first embodiment of
the invention, with a typical card having a length of 3.38 inches (8.58 cm), and
where L1 = 3.38 inches (8.58 cm), L2 = 2.5 inches (6.35 cm), and L3 = 1.13
inches (2.87 cm), then the total distance traveled by the card is 16.27 inches
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(41.33 cm). The transport speed then is calculated within a given allowable
processing time as follows:

Total distance traveled = 16.27 inches;

Ticket reversal time = 0.04 seconds each (estimated) = 0.08 seconds;

Total processing time available = 0.5 seconds;

Total time available for processing excluding reversals = 0.42 seconds;
Transport speed required = 16.27/0.42 = 38.74 inches per second (ips);
Round up Transport speed = 40 ips;

20% design margin in the transport speed = 48 ips (1.22 meters/sec).

[0037] Referring to Figure 5, the electrical system ofthe UTT Is composed
of a printed circuit board (PCB), or processor circuit 200, and is attached to the
transport assembly 10, 150. As shown in Figure 8 of the dual-belt UTT150, the
printed circuit board 200 is located on the underside of the UTT 150. The UTT
processor circuit 200 of a preferred embodiment has a number of subsystems
including a microprocessor controller, e.g., a central processing unit (CPU) 202
and programmable logic 204, a motor/encoder interface 214 connected to a bi-
directional transport motor 212 and shaft encoder 90, magnetic read and write
circuitry 206 connected to the read/write and verify magnetic heads 26, 28, and
an input/output interface 216. The UTT 10 of a preferred embodiment operates
on a 24v DC power supply 210, which is utilized to generate a regulated 5 VDC
power supply 208 for the processor circuitry 202, 204. A debug port 218 is
provided for debug activity through an RJ45 connector.

[0038] The UTT processor circuit 200 provides local control for the
transport 10 and communicates data through a serial interface 220, e.g., an
RS422/485 interface, to a host controller 222. The UTT processor circuit 200
performs the functions of controlling the bi-directional motor 212, accepting shaft
encoder inputs up to 16 kHz, driving a solenoid output, reading emitter receiver
paired sensor inputs, reading and encoding low and high coercivity tickets 20,
and communicating ticket processing information with the host controller 222.
The UTT process circuit 200 provides only mechanical functionality for the UTT
10, 150. All ticket processing related activities, such as fare table analysis and
encoded data, is provided by the host system 222.
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[0039] The input/output interface 216 includes inputs for additional
sensors located in the entry and exit bezels 44, 46, or for other host equipment
signals. The sensors of the preferred embodiment of the UTT 10 include a
sensor (not shown) indicating a fticket present at entry bezel, a
orientation/alignment hole (not shown), a write entry sensor 38, a verify exit
sensor 48, an exit bezel sensor (not shown), and a sensor indicating that the
ticket 20 is completely out of transport path (not shown). The preferred
embodiment of the UTT processor circuit 200 also includes an on-board
temperature sensor to provide thermal detection capability through the use of an
analog to digital (A/D) converter which is accurate to +/- 5 degrees C. A
watchdog circuit is included on the processor circuit board 200 of the preferred
embodiment to ensure that the write head driver is not stuck in the "on" state.
The proce‘ssor 202, 204 digital outputs include a diverter solenoid signal, a
system good indicator, motor control outputs for direction and enable control, a
read/verify selection enable, a transmit enable for RS485 communications with
the host controller 22, and select lines for bit density and motor speed settings.

[0040] Referring to Figures 5, 6 and 8, the drive motor assembly consists
of a permanent magnet DC brush motor 212 and a spur or planetary type
gearbox assembly 88. The DC motor 212 drives the transport in either direction,
fand rir. The motor 212 of the preferred embodiment includes an integral, I.e.,
motor mounted, shaft encoder 90. The motor/encoder interface 214 includes a
shaft encoder/phase locked loop electronics combination that is used to provide
the clock input for the write head 26 during magnetic encoding, and {0 generate
a count for the read data cell times. The shaft encoder 90 also is used to
provide ticket positional information. The shaft encoder 90 is mounted onto the
side of the transport, as shown in Figures 6 and 8, where it is driven by a pulley
(not shown) directly contacting the ticket belt next to the magnetic write head 26.

[0041] Mounting the shaft encoder 90 in the transport 10, 150 provides
the best compliance with the motion of the ticket 20 minimizing jitter caused by
belt elasticity and timing belt cogging. The shaft encoder 90 mounting also
provides for embodiments of the invention where the UTT is driven from the host
equipment 222 and does not have it's own motor. The pulses per revolution
output of the shaft encoder 90 is matched for the best frequency for the phase
locked loop (PLL) multiplier/divider. The PLL and associated control software
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generates the correct magnetic write data frequency by appropriately multiplying
and then dividing the shaft encoder output. Connectors and cables electrically
connect the motor 212 and shaft encoder 90 to the UTT processor circuit 200.

[0042] Figure 6 and 7 illustrate a single belt UTT 10 installed in a transit
system fare gate 82. The fare gate 82 includes the UTT 10 magnetic stripe
reader, as well as a contactless card reader 84. The entry bezel 44 provides an
angled 8 entry, such that the angled placement of the UTT 10 necessitates a
downward entry angle 40 . The downward entry angle 40 and an upward exit
angle 42 accomplished by placing the entrance roller shafts in holes 52 and 56,
and the exit roller shafts in holes 72 and 76. In addition, the ends of the
transport 10 are adaptable to interface to the host gate equipment 82 utilizing
entry and exit bezels 44, 46 that provide the smooth transition for tickets into and
out of the UTT mechanism 10. It should be appreciated that the universality of
the ticket transport 10 allows the ticket transport 10 to be installed in gates and
ticketing machines of various configurations.

[0043] Figures 8 and 9 illustrate a front and back view of a dual belt UTT
150 of a preferred embodiment of the present invention. The use of dual belt
pairs 152, 154 of belt assemblies A, C maintain a better grip of the ticket 20, and
keeps the ticket 20 straight in the transport belt path 18. The two belt
assemblies A, C and the magnetic head assembly B may be rearranged to
accommodate the magnetic stripe configuration utilized at a particular ticket
processing mechanism, i.e., a automatic fare collection device. The dual belt
UTT may be configured for ticket entry and exit angles by the appropriate
placement of the rollers in holes 50, 52, 54, 56, 70, 72, 74, 76.

[0044] In any of the embodiments of the UTT 10, 150, a solenoid-
activated diverter (not shown) may be installed at one end of the transport 10,
150. The location of the diverter is selected to suit the configuration of the exit
rollers 32. The diverter and associated guides enable a ticket 20 to be routed to
another transport mechanism or into a capture bin (not shown).

[0045] The preferred embodiment of the Universal Ticket Transport 10,
150 utilizes injection molded plastics for the majority of the parts. The side plates
156, 158 are molded from a wear resistant plastic with ticket guides and
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component mounting features molded in. All of the pulleys are plastic ana are
mounted on stainless steel shafts 50, 56, 72, 76. The drive rollers 30, 32 at

either end of the transport 10 are supported by ball bearings mounted in the side
plates 156, 158. The idler rollers 32 in the middle of the transport 10 are molded
from self-lubricating plastic that enables them to run on the stainless steel shaft.
The belts 22, 24, 152, 154 are made from an elastomer material, and the head
pressure rollers 126 are made from foamed elastomer.

[0046] Although a preferred embodiment of the invention has been
described above by way of example only, it will be understood by those skilled
in the field that modifications may be made to the disclosed embodiment without
departing from the scope of the invention, which is defined by the appended

claims.

WE CLAIM:
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CLAIMS:
1. A ticket reader/writer for processing a plurality of tickets in an automatic

fare collection device, each of the plurality of tickets having at least one magnetic
stripe located on at least one of a ticket top surface or a ticket bottom surface, the

5 ticket reader/writer comprising:

at least one side plate having a plurality of holes for accepting a plurality

of rollers;
the plurality of holes comprising:
a plurality of entrance holes;
10 a plurality of exit holes; and
a plurality of center holes;
at least one belt assembly comprising;

an upper entrance roller and a lower entrance roller of the plurality of

rollers, the upper entrance roller and the lower entrance roller located in two of the
15 plurality of entrance holes, the upper entrance roller and the lower entrance roller
being adapted to accept a ticket of the plurality of tickets at a predetermined entry

angle;

an upper exit roller and a lower exit roller of the plurality of rollers, the
upper exit roller and the lower exit roller located in two of the plurality of exit holes,
20 the two of the plurality of exit rollers chosen to eject the ticket at a predetermined exit

angle;

at least one upper center roller and at least one lower center roller of
the plurality of rollers, the at least one upper center roller and the at least one lower

center roller located in two of the plurality of center holes;
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an upper belt stretched around the upper entrance roller, the at least

one upper center roller, and the upper exit roller; and

a lower belt stretched around the lower entrance roller, the at least one

lower center roller, and the lower exit roller;

wherein the upper belt and the lower belt form a transport path

therebetween for the ticket:

a drive mechanism for rotating at least one of the plurality of rollers in a

forward direction to move the ticket through the transport path; and

at least one magnetic head for reading from and writing to the ticket, the
at least one magnetic head located adjacent one of the at least one lower center
roller and the at least one upper center roller, the at least one magnetic head further
positioned along a width of the ticket reader/writer corresponding to a placement of

the at least one magnetic stripe of the ticket; and

wherein the rollers, the belts, and the magnetic head may be
reconfigured so that the ticket reader/writer may be adapted to process tickets with

different magnetic stripe locations.

2. The ticket reader/writer as in claim 1, wherein the ticket has a ticket
bottom surface magnetic stripe, and wherein the at least one magnetic head is

located adjacent the at least one lower center roller.

3. The ticket reader/writer as in claim 1, wherein the ticket has a ticket top
surface magnetic stripe, and wherein the at least one magnetic head is located

adjacent the at least one upper center roller.

4. The ticket reader/writer as in claim 1, wherein the drive mechanism
moves the ticket over the at least one magnetic head to complete a read process,
rotates at least one of the plurality of rollers in a reverse direction to move the ticket

back over the at least one magnetic head after the read process, then moves the
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ticket in the forward direction to initiate a write process using the at least one

magnetic head.

D. The ticket reader/writer as in claim 1, further comprising a shaft encoder
coupled to the drive mechanism, the shaft encoder utilized for providing a clock input
for the at least one magnetic head and for providing ticket positional information of
the ticket.

0. The ticket reader/writer as in claim 1, wherein the at least one magnetic

head comprises:

a first magnetic head for reading from and writing to the ticket, wherein
the drive mechanism moves the ticket over the first magnetic head to complete a
read process, rotates at least one of the plurality of rollers in a reverse direction to
move the ticket back over the first magnetic head after the read process, then moves

the ticket in the forward direction to initiate a write process using the first magnetic

head; and

a second verify-only magnetic head for performing a verify process of
the ticket.
/. The ticket reader/writer as in claim 6, wherein the verify process Is at

least partially simultaneous with the write process.

8. The ticket reader/writer as in claim 1, wherein the upper entrance roller
and the lower entrance roller are positioned such that the predetermined entry angle
is one of a downward entry angle, a straight entry angle, and an upward entry angle,
the predetermined entry angle corresponding to a required entry angle of the

automatic fare collection device.

9. The ticket reader/writer as in claim 1, wherein the upper exit roller and
the lower exit roller are positioned such that the predetermined exit angle is one of a

downward exit angle, a straight exit angle, and an upward exit angle, the
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predetermined exit angle corresponding to a required exit angle of the automatic fare

collection device.

10. The ticket reader/writer as in claim 1, wherein the at least one belt

assembly comprises a first belt assembly and a second belt assembly.

11. A method of processing a ticket in a read/write mechanism in an

automatic fare collection device, the method comprising the steps of:

providing at least one side plate in the read/write mechanism for
supporting at least one belt assembly, the at least one belt assembly having a
plurality of rollers in a plurality of holes of the at least one side plate, the plurality of
rollers comprising an upper entry roller, an upper center roller, an upper exit roller, a

lower entry roller, at least one lower center roller, and a lower exit roller,;

providing an upper belt stretched around the upper entry roller, the

upper center roller, and the upper exit roller;

providing a lower belt stretched around the lower entry roller, the at
least one lower center roller, and the lower exit roller, wherein the upper belt and the

lower belt provide a transport path therebetween for the ticket;

placing the upper entry roller and the lower entry roller into a first entry

hole and a second entry hole selected from a plurality of holes for placement of the

upper entry roller and the lower entry roller to produce a desired entry angle of the

transport path;

placing the upper exit roller and the lower exit rolier into a first exit hole

and second exit hole selected from the plurality of holes for placement of the upper
exit roller and the lower exit roller to produce a desired exit angle of the transport

path;

providing a magnetic head assembly comprising a first magnetic head

adjacent the at least one lower center rolier;
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driving the upper belt and the lower belt in a first direction to carry the

ticket over the first magnetic head to read from the ticket; anad

driving the upper beit and the lower belt in a reverse direction to back

up the ticket over the first magnetic head,;

driving the upper belt and the lower belt in the first direction to carry the

ticket over the first magnetic head to write to the ticket; and

the upper exit roller and the lower exit roller being adapted to eject the
ticket from the automatic fare collection device between the upper exit roller and the

lower exit roller at the desired exit angle; and

wherein the rollers, the belts, and the magnetic head may be
reconfigured so that the ticket reader/writer may be adapted to process tickets with

different magnetic stripe locations.

12. The method of claim 11, wherein the magnetic head assembly
comprises a first magnetic head and a second magnetic head, further comprising the

step of:

verifying the ticket utilizing the second magnetic head, wherein the step
of verifying the ticket is at least partially simultaneous with the step of writing to the
ticket.

13. The method of claim 11, wherein the first magnetic head is adjacent the
at least one lower center roller for processing a ticket having a bottom face magnetic

stripe.

14 The method of claim 11, wherein the first magnetic head Is adjacent the

upper center roller for processing a ticket having a top face magnetic stripe.
195. The method of claim 11, further comprising the steps of:

providing a shaft encoder and phase locked loop circuit;
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utilizing the shaft encoder and phase locked loop circuit for the steps of:
generating a clock input for the write head;

generating a count for a plurality of read data cell times of the

magnetically encoded stripe; and
5 providing ticket positional information.
16. The method of claim 11, further comprising the step of:
determining the offset of the magnetic stripe of the ticket;

arranging the upper belt, the lower belt and the magnetic head
assembly along a width of the read/writer mechanism such that the magnetic stripe of

10 the ticket passes under the magnetic head assembly.

17. A method for reading from and writing to a ticket having a magnetic

stripe, the method comprising the steps of;

inserting the ticket through an entry bezel and between a set of belts to

advance the ticket in a forward direction:

15 advancing the ticket past a write entry sensor to initiate a read process;
reading the ticket using a read/write head,;
moving the ticket in a reverse direction back over the read/write head;
advancing the ticket over the read/write head for an encoding process,;

initiating a verify process on a read-only head, wherein the verify

20 process is initiated at least partially simultaneously with the encoding process,; and

moving the ticket out of an exit bezel, ana
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wherein the rollers, the belts, and the magnetic head may be
reconfigured so that the ticket reader/writer may be adapted to process tickets with

different magnetic stripe locations.
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