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DISTRIBUTED ARCHITECTURE FOR MAGNETIC
FARE CARD PROCESSING

TECHNICAL FIELD

The present invention relates to a system and method for reading and wrniting to

magnetic stripe cards containing different bit densities.

BACKGROUND ART

~ Cards or fare media containing magnetic stripes store information or data on
the magnetic stripe. Various types of information, such as account information for
credit cards, personal information used by the Department of Motor Vehicles is stored
on the magnetic stripe on driver licenses in some states and information relating to
transit systems. For cards used in transit systems, information such as the monetary
value remaining on the card, where a patron enters the transit system and where the
patron exits the system can be stored on the magnetic stripe of the card. Upon exiting

the transit system, the fee for the ride is automatically deducted from the card and the

new value is encoded on the magnetic stope.

Card readers are utilized to read the information from the card. There are
different kinds of card readers, such as “swipe” machines which a patron physically
slides the card through and “insertion” machines which capture the card and returns
the card after completion of the transaction. The card readers are reading or decoding

flux transitions off of the magnetic strip. A flux transition is a location (interface) on
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the magnetic stripe where the magnetic particles on the two sides of the interface have
like poles facing each other, i.e. a South-South or a North-North interface, resulting 1n
a concentration of magnetic flux at the interface. The combination of all these flux

transitions represent the data stored on the card.

Flux transitions are encoded onto the magnetic stripe which is made of a
ferromagnetic material. Ferromagnetic materials are substances that retain magnetism
after an external magnetizing field is removed. This principle is the basis of all
magnetic recording and playback. Magnetic poles always occur in pairs within
magnetized material and magnetic flux lines emerge from the north pole and terminate
at the south. The ferromagnetic material contain ferromagnetic particles, each of
which acts like a tiny bar magnetic. The elemental magnetic particles are aligned with
their North-South axes parallel to the magnetic stripe by means of an external magnetic
field. If a magnetic particle is placed in a strong external magnetic field of the opposite
polarity, it will reverse its own polarity (North becomes South, South becomes North.

An unencoded magnetic stripe is a series of North-South magnetic particles.

However, if a South-South is created on the magnetic stripe, the fluxes will
repel, and there will be a concentration of flux lines around the South-South interface
(same with a North-North interface). Encoding the magnetic stripe on a card consists
of creating South-South and North-North interfaces, and reading the card consists of

detecting these flux transitions or flux reversals.

The external magnetic field used to flip the polarities is produced by a solenoid,
which can reverse its polarity by reversing the direction of current. The field of the
solenoid is concentrated across a gap in the solenoid, and when elemental magnetic
particles of the magnetic stripe are exposed to this field, they polarize to the opposite
(unlike poles attract). Movement of the stripe past the solenoid gap during which the
polarity of the solenoid is reversed will produce a single flux reversal. To erase a

magnetic stripe, the encoding head is held at a constant polarity and the entire stripe 1s
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moved past it. If there are no flux transitions, there 1s no data stored on the magnetic

stripe.

Flux transitions are only created the mstant the solenotd changes polarity. If
the solenoid were to remain at 1s current polarity, no further flux reversals would be
created as the magnetic stripe moves from night to left. If the solenoid gap polarity
was changed from North-South to South~North, then a North-North flux transition
would be nstantly created. For each and every reversal in solenoid polarity, a single

flux reversal 1s created. An encoded magnetic stripe 1s just a series of flux reversals

(North-North followed by South-South followed by North-North).

Another solenoid called a read head 1s used to detect these flux transitions.
The read head operates on the principle of electromagnetic reciprocity; current passing
through a solenoid produces a magnetic field at the gap, therefore, the presence of a
magnetic field at the gap of a solenoid coil will produce a current in the coil. The
strongest magnetic fields on a magnetic stripe are at the points of flux transitions.
These are detected as voltage peaks by the reader, with +/- voltages corresponding to
North-North/South-South flux transitions. Data s encoded in “bit cells”, the

frequency of which is the frequency of ‘0' signals. “1' signals are exactly twice the
frequency of ‘0" signals

One of the problems with magnetic media is that different applications have
different requirements in terms of bit density and encoding format. Differences in the
requirements cause tume consuming and expensive changes to media reader/writers.

As such, media reader/writers can only accept cards of a specific bit density.

PISCLOSURE OF THE INVENTION

It is one object of some embodiments of the present invention to provide a system that requires no

knowledge of the bit density or data format of the media being processed.
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It is another object of some embodiments of the present invention to

encode and decode data onto the magnetic stripe of a card at any bit density.

In some embodiments of the present invention, a method or process
of decoding and encoding information on the magnetic stripes of cards of various
bit densities is provided. In this method, a card is inserted into a card reader,
placed onto a transport belt and passed under magnetic read/write heads for
encoding or decoding. A shaft encodes is utilized to determine the velocity of the
transport belt. The velocity of the belt is transmitted to a single board computer,
over a high speed communications link, in the preamble of a message and is used
to determine the bit density of the card. The data read from the card is sent to the

single board computer in the body of the message.

According to an aspect of the present invention, there is provided a
method for reading data stored on a magnetic stripe of a media card of any bit
density, the method comprising the steps of. determining the bit density of the
card by measuring the length of cells located on the magnetic stripe of the card;
transmitting the bit density and data contained in the cells to a demodulator via a
data packet, the demodulator comprising at least one demodulator object and at
least one decoder object; determining if the bit density of the card is supported by
the demodulator by determining if the at least one demodulator object recognizes
the bit density of the card and can demodulate the data contained on the card;
and transmitting the data to the demodulator object for demodulation of the data if

the at least one demodulator object recognizes the bit density of the card.

According to another aspect of the present invention, there is
provided a method for reading data stored on a magnetic stripe of a media card of
any bit density, the method comprising the steps of: determining the bit density of
the card by measuring the length of cells located on the magnetic stripe of the
card; transmitting the bit density and data contained in the cells to a demodulator
via a data packet, the demodulator comprising at least one demodulator object
and at least one decoder object; determining if the bit density of the card is

supported by the demodulator by determining if the at least one demodulator
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object recognizes the bit density of the card and can demodulate the data
contained on the card; and instantiating another demodulator object which
supports the bit density of the card if the at least one demodulator object does not

recognize the bit density of the card.

According to yet a further aspect of the present invention, there is
provided an apparatus for reading data stored on a magnetic stripe of a media
card of any bit density, the apparatus comprising: a card reader for reading the
data encoded on the magnetic stripe of the card; and a demodulator connected to
the card reader via a communication link, the demodulator comprising: at least
one demodulator object for demodulating the data read from the card if the at least
one demodulator object recognizes the bit density of the card; and at least one
decoder object, coupled to the at least one demodulator object, for decoding and

unpacking the demodulated data, if the at least one decoder object recognizes the

type of card.
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The single board computer determines what the bit density of the card 1s and
demodulates and decodes the data. To demodulate the data, the single board
computer sends the data to a demodulator object that supports the bit density of the
card. The demodulator object receives the data and converts the data to a data stream
of ASCII characters representing the data that was encoded on the magnetic stripe of
the card. If the single board computer does not have a demodulator object that can
support the bit density of the card, a new demodulator object can be instantiated which
supports this bit density. The data stream 1s then sent to a decoder object that
decodes and unpacks the data stream. From there the data stream is sent to a ticket
validator to check the validity of the data. If the data stream decoded and unpacked
from the card is valid, this data is sent to a packer object where the data is packed into

a magnetic stripe format and sent back to the card reader for encoding.

The toregoing, together with other features and advantages of the present

invention, will become more apparent when referring to the following specification,

claims and accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from the following detailed
description of an exemplary embodiment of the invention, taken in conjunction with
the accompanying drawings in which like reference numerals refer to like parts and in
which:

Figure 1 shows a system utilized to decode or encode data contained on the

magnetic stripes of cards;

Figure 2 shows a flow diagram illustrating the process to determine if the

system can support the bit density of the card; and

Figure 3 shows a flow diagram illustrating the demodulator process.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a system 100 utilized to decode or encode information on
the magnetic stripes of cards. The system comprises a Ticket Handling Module
(THM) Micro Controller Board 102 that continually monitors the system for insertion
of a magnetic stripe card, such as fare media or credit cards. When a card has been
inserted in the system 100, the Micro Controller Board 102 sends a signal to transport
hardware 104 which captures the card and places the card on a transport belt (not
shown). Simultaneously, a motor control, located in the transport hardware 104,
energizes motors which in turn activates the transport belt causing the belt to rotate.
The rotating transport belt passes the card under magnetic read/write heads 106 at a
constant velocity for decoding (reading) and encoding (writing) information on the
magnetic stripe of the card. Solenoids are utilized to encode data onto the magnetic
stripe by methods well known in the art. Sensors are utilized to detect when the card
is in the proper location within the system for encoding and decoding of data. In an

alternative embodiment, a “swipe” machine can be utilized instead of an “insertion”

machine as the card reader.
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The magnetic stripe of the card is used to store information or data. Data can
include account information, such as a credit card number and expiration date and
information relating to transit fares. The magnetic stripe is comprised of cells and the

data encoded on the card is stored in the cells by way of flux transitions. Each of the

cells is the same length and the length of the cell is determined by the bit density of the

card. The bit density is a measure of how close together the flux transitions are.

Typical magnetic stripe cards use F2F encoding to encode the data. In F2F encoding,
cells are marked by a beginning and an end, or boundaries. If a flux transition occurs
within the boundaries of a cell, then the value of the cell is considered to be a “1". The
system 100 uses the 3/4 cell time to determine if a flux transition is present within the
cell. 3/4 cell time is 3/4 of the length of the cell, therefore if the flux transition occurs
up to and including 3/4 the length of the cell (3/4 cell time), then the cell 1s counted as
a “1". 3/4 is the industry standard for monitoring for a flux transition, however this
can be changed to any length including, but not limited, to 7/8, 51% and 63% the
length of the cell.

Since 3/4 cell time is 3/4 the length of a cell, this time can vary depending on
the bit density of the card. By being able to encode or decode data on magnetic stripe
cards of any density, the system of the present invention can accept cards with various
bit densities and encoding formats. For cards of unknown bit densities, the system
must determine what the 3/4 cell time is before data can be decoded from the card.
Without knowing the 3/4 cell time, the system cannot determine if a flux transition has

occurred within the cell boundaries.

To encode/decode data of a card with an unknown bit density, the system must
first determine the velocity of the transport belt, or the capstan speed. To determine
the velocity, a shaft encoder 108 is utilized. The shaft encoder 108 counts the number
of rotations of the belt per a unit time. Based upon the number of rotations of the belt

in a given amount of time, the speed of the belt is calculated and the information is

transmitted to the Micro Controller Board 102.
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Next, the system utilizes leading zeros which are contained on magnetic stripe
cards to compute the 3/4 cell time. The leading zeros are a marker on the front of the
ticket that indicate a known distance. Based upon the leading zeros, the system knows
what a “zero” cell looks like and as a result, knows what a “one” cell looks like.
Ieading zeros are only needed if the density of the card is not recognized by the
system The cell times on the leading edge of the card will be measured and this data
will be used to calculate the 3/4 cell time by calculating the average cell time of the
leading zeros and then taking 3/4 of that time. As the media passes over the read head,
the cell times are measured. An internal timer on the THM Micro Controller Board

102 is used to measure the time interval between the flux reversals (cell time), thus the

cell time is measured.

Once the read/write heads have read the data from the card, the information 1s
transmitted, on the fly, to a Single Board Computer (SBC) or demodulator 110, over a
high speed communication link, in the form of a message that consists of a preamble,
body and a post amble. The preamble contains the belt velocity information and 1s
transmitted when the velocity measurement is complete. The body of the message
contains the distance from the leading edge of the media to the first flux reversal and
the time interval between flux reversals (cell time). This information is transmitted, on
the fly, as the flux reversals are detected. The post amble 1s an accumulated CRC that
allows the demodulator 110 to authenticate the message. Once the demodulator 110
receives the message, the demodulator 110 determines if it has the ability to
demodulate and decode the data on the magnetic stripe based upon the bit density of

the card. Furthermore, the data can also be used for analysis.

Figure 2 is a flow diagram 200 illustrating the process utilized by the
demodulator to determine if it can demodulate and decode the data. In this process,
the Micro Controller 102 transmits a data packet, containing the cell time data read
from the card by the magnetic read/write heads 104, to the demodulator 110 in the
form of serial data 202. As described previously, the data packet consists of a

preamble, body and post amble. The preamble contains the transport belt velocity and
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s transmitted when the velocity measurement is complete and is utilized when the card
is of an unknown bit density. The body of the data packet contains the distance from
the leading edge of the media to the first flux reversal and the time interval between
flux reversals (cell time). The cell time is used to establish the 3/4 cell time to
determine if a flux reversal or transition has occurred. The postamble 1s an
accumulated Cyclic Redundancy Check (CRC) that allows the demodulator 110 to

authenticate the data packet by detecting data transmission errors.

Once the serial data 202 is received, the cell time data (which indicates the bt
density of the card) contained in the body of the message is read by the demodulator.
If the demodulator supports the bit density of the card, the cell time data is sent to the
appropriate demodulator object 204, 206 which receives the cell time data and
converts the data to a data stream representing the data that was encoded on the
magnetic stripe of the card. This is accomplished by determining if a flux transition has
occurred within the 3/4 cell time. The appropriate demodulator object is determined
by the bit density of the card. Each demodulator object supports a specific density
supported by the demodulator. Figure 2 illustrates two demodulator objects, a low
density demodulator object 204 and a high density demodulator object 206. If the bat
density of the card is supported by the low density demodulator object 204 (i.e. the
flux transitions are closer together), that is where the cell time data 1s transmitted. If
the bit density of the card is supported by the high density demodulator object 206 (1.e.
the flux transitions are farther apart), that is where the cell time data is transmitted.
Although two demodulator objects are shown in figure 2, a low density demodulator
object 204 and a high density demodulator object 206, those skilled in the art will
recognize that any number of demodulator objects may be implemented. The
demodulator object converts binary encoded data on the card to a string of ASCII
characters. A binary one is represented as an ASCII one and a binary zero 1S
represented as an ASCII zero. Cell times that do not meet the criteria of a one or a

zero are represented as an ASCII zero. This output is suitable for display or further

processing.
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If the bit density is not supported by the demodulator, i.e. the demodulator
does not contain a demodulator object that supports the bit density of the card and can
convert the data from the card, a new demodulator object to accept the data of the
unknown bit density can be instantiated. As discussed previously, the system utilizes
the leading zeros encoded on the magnetic stripe cards to determine the 3/4 cell time.
Based on this information, the bit density of the card can be determined using the
velocity of the transport belt contained in the preamble of the data packet and the time
between flux transitions. The bit density is equal to the inverse of the transport speed

multiplied by the average cell time. A demodulator object can then be instantiated to

accommodate the new bit density.

Furthermore, if the card contains a known bit density but the system does not

contain a demodulator object which supports the bit density, demodulator objects can

also be instantiated for known bit densities. The velocity information in the message
preamble and the known bit density are used to compute the expected cell timing

parameters. Based upon this information, a new demodulator object can be

instantiated.

The demodulator object converts the flux transition time intervals by
computing the cell boundary interval and monitoring for a flux change within the cell
boundary. As described previously, the absence of a flux change within the boundary

is defined as a zero and the presence of a flux change within the cell boundary 1s

defined as a one.

Once the cell time data has been converted to a data stream, the demodulator
object sends this data stream to a decoder object or media type. Figure 2 illustrates
five different media types 208, 210, 212, 214, 216. Media types are credit cards and
various types of fare media cards. Although a system supporting five different media

types is shown, one skilled in the art will recognize that any number of media types can

be supported. The decoder object receives the data stream from the demodulator
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object and the object decodes and unpacks the data stream. Data bits other than 1 or O

are 1ignored.

Once the decoder object decodes and unpacks the data stream, the data stream
1s sent to the ticket validator 218. The ticket validator determines the validity of the
card presented using the CRC contained in the post amble of the data packet. If the
data stream decoded and unpacked from the card is valid, this information is sent to a
packer object 220. The packer object 220 packs the data into a magnetic stripe format
and sends the data to the Micro Controller 102. The Micro Controller 102 then can
modify the data, such as deduct the appropriate fare from the card if the card is being
utilized for a transit system, and encode the data on the card. The Micro Controller
102 can encode data onto the magnetic stripe of the card at standard densities using
shaft encoder timing or at programmable densities using the internal timers of the
Micro Controller 102. The shaft encoder 108 encodes data onto the card at a specific
density. If the density required is not supported by the shaft encoder 108, internal

timers of the Micro Controller 104 can be used to simulate a shaft encoder to encode

the proper bit density.

Figure 3 is a flow diagram illustrating the demodulator process utilized by the
demodulator objects 204, 206 of figure 1 to convert the intervals between the flux
transitions to a stream of ASCII data that represents the data encoded on the magnetic
stripe of the card. The demodulator object converts the flux transition time intervals
by computing the cell boundary interval and monitoring for a flux change within the
cell boundary. The absence of a flux change within the boundary is detined as a zero.
The presence of a flux change within the cell boundary is defined as a one.

A data packet is sent 302 to the demodulator object causing a resume flag to be
set to true and an overflow flag to be set to false 304. These flags are utilized to
determine the cell boundary interval (cell time) and when a flux reversal or transition
has occurred. The resume flag indicates the end of the cell or the cell boundary. Once

the cell boundary has been reached, the resume flag is set to false. The overflow flag
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indicates that a flux transition has not yvet occurred and the counter is still counting to

determine the cell boundary interval or cell time and the system continues to check for

the cell boundary.

Once the data packet from the Micro Controller 102 has been received, the
demodulator object first checks to see if the received cell time is greater than or equal
to the 3/4 cell time 306. If the answer 1s “yes” the overflow flag 1s changed to true 308
because the demodulator only checks the length of the cell to the 3/4 cell time to
determine if a flux transition has occurred. When the cell time is the 3/4 cell time, the
system knows if there is a flux transition in the cell and the counter can stop counting,
thus the overflow is set to true and the demodulator object checks to see if the cell
boundary has been reached 310. If the received cell time is not greater than or equal to
the 3/4 cell time, the demodulator object maintains the overflow flag at false and

checks if a cell boundary has been reached 310.

If a cell boundary has been reached, a newbit flag is changed to “not overtlow”
312 indicating that the bit that was just decoded is the complement of the overflow
flag. The newbit flag represents the demodulated bit and is a holder so the bit may be
passed on to the decoder object when the entire bit cell has been processed. Next, the
demodulator checks to see if the newbit flag is set to true 314, in other words, the
demodulator object is confirming that a cell boundary has been reached (i.e. a cell
boundary flag is set to false). If the newbit flag is false (zero), then the end of the bit
cell has been reached. If the newbit flag is true, the cell boundary flag 1s set to false
and the resume bit is set to false and the demodulator object waits for the next flux
transition which will mark the end of the bit cell. When the demodulator 1s checking to
ascertain if the resume bit is “true”, the demodulator is waiting until the next flux
transition. If the answer is “no”, the demodulator object checks to see if the resume bit

1s true 316.

If the resume bit is “false”, the data has been read from cell and the next cell s

read. If the resume bit is “true” 316, the cell boundary flag is set to “true” 320. Next,
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the demodulator object checks to see if the new bit flag 1s “true” 322. If the new bit 1s
not “true”, the decoded data is “0" and there is no flux transition 324. If the new bit 1s
true, the decoded data is “1" and there is a flux transition 326. This demodulated data

is then sent to a decoder object. This process continues until all the cells have been

checked.

Although an exemplary 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 method for reading data stored on a magnetic stripe of a media card of
any bit density, the method comprising the steps of:

determining the bit density of the card by measuring the length of cells located
on the magnetic stripe of the card;

transmitting the bit density and data contained in the cells to a demodulator via
a data packet, the demodulator comprising at least one demodulator object and at least
one decoder object;

determining if the bit density of the card 1s supported by the demodulator by
determining if the at least one demodulator object recognizes the bit density of the card
and can demodulate the data contained on the card; and

transmitting the data to the demodulator object for demodulation of the data if

the at least one demodulator object recognizes the bit density of the card.

2. The method of claim 1, wherein the demodulated data is a string of ASCII

characters.

3. The method of claim 1, wherein data encoded on the card is represented by

a flux transition.

4. The method of claim 2, further comprising the step of transmitting the
demodulated data to the at least one decoder object for decoding and unpacking said

demodulated data, if the at least one decoder object recognizes the type of card.

5. The method of claim 4, further comprising the step of instantiating another

decoder object which recognizes the type of card.

6. The method of claim 1, further comprising the step of measuring the
velocity of a transport belt of a card reader wherein the card reader captures the card,

places the card on the transport belt and passes the card under a read head.
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7. The method of claim 6, wherein the velocity of the transport belt 1s
measured using a shaft encoder by counting the number of rotations of the belt per a

unitt time.

8. The method of claim 4, wherein the length of the cells are measured by an

internal timer of a card reader.

9. The method of claim 7, wherein the velocity 1s transmitted to the

demodulator in a preamble of the data packet.

10. The method of claim 3, further comprising the step of the at least one

demodulator object monitoring the cell for the flux transition.

11. The method of claim 3, further compnising the step of determining a 3/4

cell time of the cells on the magnetic stripe, if the card is of an unknown bit density, by
measuring the cell times of leading zeros encoded on the card, calculating an average

cell time and taking 3/4 of the average cell time.

12. The method of claim 11, further comprising the steps of’

calculating the unknown bit density by taking an inverse of the velocity of the
belt multiplied by the average cell time ; and

instantiating another demodulator object which supports the bit density of the

card.

13. The method of claim 1, wherein the card is a credit card.

14. The method of claim 1, wherein the card is a fare media card.

15. A method for reading data stored on a magnetic stripe of a media card of
any bit density, the method comprising the steps of? '

AT CS ST TL A A I T E T
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determining the bit density of the card by measuring the length of cells located

on the magnetic stripe of the card;

transmitting the bit density and data contained in the cells to a demodulator via

a data packet, the demodulator comprising at least one demodulator object and at least

one decoder object;

determining if the bit density of the card 1s supported by the demodulator by
determining if the at least one demodulator object recognizes the bit density of the card
and can demodulate the data contained on the card; and

instantiating another demodulator object which supports the bit density of the
card if the at least one demodulator object does not recognize the bit density of the

card.

16. The method of claim 15, further comprising the step of measuring the
velocity of a transport belt of a card reader wherein the card reader captures the card,

places the card on the transport belt and passes the card under a read head.

17 The method of claim 16, wherein the velocity of the transport belt is
measured using a shaft encoder by counting the number of rotations of the belt per a

unit time.

18. The method of claim 17 further comprising the step of determining a 3/4
cell time of the cells on the magnetic stripe, if the card is of an unknown bit density, by
measuring the cell times of leading zeros encoded on the card, calculating an average

cell time and taking 3/4 of the average cell time.

19 The method of claim 18, further comprising the step of calculating the bit
density by taking an inverse of the velocity of the belt multiplied by the average cell

time.

20. The method of claim 19 wherein the length of the cells are measured by an

internal timer of the card reader




C

08/29/03

| CA 02458642 2004-02-23
FRI.15.31 FAX 819 238 0062 BMHM

16
- 21 The methc;d’of claim 20, further comp.rising the step of transmitting the .
data to the another demodulator object for demodulation of the data.

59 The method of claim 21 wherein the demodulated déta is a string of ASCII

characters. -
23 The method of clmm 22, further compnsmg the step of transmitting the

demo dulated data to the at least one decoder object for decodmg and unpacking the

demodulated data, if the at ‘least one decoder 0D} ect reco gnizes the type of card

24. The method of claim 23 further comprising the step. of instantiating another _

decoder object which recognizes the type of card.

25. The method pf claim 15 wherein the card is a credit card.

26 The method of claim 15 wherein the card 1S a fare media card.

27 An apparatus for readmg data stored on a magnetic s

of any bit density, the apparatus cornpnsmg.

a card reader for reading the data encoded on the magnetic stripe of the card;

and
a demodulator connected to the card reader via a communication link, the

~ demodulator comprising:

tripe of a media card

at least one demodulator object for demodulatlng the data read from

the card £ the at least one demodulator object recognizes the bit density of the card;

~and
at least one decoder object, coupled to the at Jeast one

demodulator obj ect, for decoding and. unpaclcing the demodulated data, if the at least

one decoder object recognizes the type of card.

"
\

28. The apparatus of claim 27, wherein the data 1S transmitted from the card
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reader 1o the demo dulator via a data paqket which contains the velocity of a transport

belt used to tranépdrt the belt within the card reader and the data read from the card.

29. The éﬁparatus of claim 28, wherein the data is stored on the card in cells.

and the data is represented by flux transitions.

30. The apparatus of claim 29 wherein the bit densrcy of the card 1S calculated
| 1f the blt density 1s not IECO gmzed by the at least one demodulatsr object.

31. The zipi)aiatus of claim 30, wherein a 3/4 cell time of the cells on the
magnetic stripe is calculated by measuring the cell times of leading zeros encoded on

‘the card and taking an average of the cell times measured.

32. The appmétm of clalm 31, wheremn if the bit densi'gy 1S ndt TECOo @zed by
the at least one demodulator object, the bit density is calculated by taking an inverse of |
_ the velocity of the belt multiplied by the average cell time.

33. The apparatus of claim 32 wherein another demodulator object is

' mstantlated if the at least one demodulator object does not rccognize the bit den31ty of
the card.

34. The appafatus of claim 33, wherein another decoder object is instantiated

if the at least one decoder object does not recognize the type of card.

35. The apparatus of claim 27, wherein the card is a credit card.

¢

36. The apparatus of claim 27, wherein the card is a fare media card.

e MMMWMAWWWW_H e e e o R A f o el ettty S i PR SO "
E an o &0 H?" - re JW:—" 8 -w-... i b= et @ 98 o *- i) _-‘-WM ww Y]
ST LS At : A AR APy 0 el e ST A BT "3-,-" B T e e T Oy T LA IR T e L T 3, vy T = Ww -
& Lo ae} smtalemadal. (12 0e L T O A g LTI __."'“" e, ¥ 'L_[_;_.g__‘, ...‘_J.....“.. _g,,,_-i] 4 ! “"‘T_'-"—"-H _—--—n-—-ﬁ #—ku._. [y S Lae e et s b2y -t 1«
.--l-"- i paam— * [y . - Y - Py - - t m‘ a » o g
e . et i 2 s " - "'"7" WA ST p ‘ﬁ-' Tkl o SAELRIATT R e, Mﬂﬁ’ a2t erann Lo " AR S TS m-—-n_vl-t..x.r.—..i...:.h..- La—-h...' .':. ;
: ° .3'*:' i ¥ 4 .”‘? .'ﬁ‘.‘ - - t h " .. SU BS l PAG u W. W‘ * a
« & M + » . ary » - ™ .'. - e -tya . -
» '.? " . - & ®oe ' """" - h —l-wl-———.—-ﬂ——.:- v ¢ - - * ° "oe bt
oo ¥, T e SUBPG“A2322-513PCT03H29 wpd ﬂ I U i E E - s o S el SR R
:-t-: plulu: :-.: .... l‘oa:’-.‘.O-:l’“ " - ..: s m.}g 'J b e ot — R 5 e ! " os tea
. =\ S, ' < =T :-- - Tk "’ "r . '_' e "'""f" r..ﬂ-um »  p— :r =% fr=tm uha wosm b
. B e s e o= Ll — ey g - P - —— - - -
?‘-" - - = . t oy :"‘- aretty .-.. % st ."-.'.’. “. *'..' :‘-"’“ 7‘79 o Lial? = .F:l- T I o,‘ o >, " ::ﬁw:‘ -‘-:I‘;‘ J-“‘ 4 “ “ -ﬁ h“ i - 0 W 'I‘h.
“ n ——td . - N St ‘ s y ] . ’ .. hay ": 1‘1.1— 1-1_: ’ o Wﬁws’v . ‘m - FY L sl =l e P . - se e -
——nt- R . b o R s il Mk ol WS e St i ¥ - --:-:-;-ut—o\-n ‘e :-a.- i» awiems ol ¢ ‘- ic.o-o L s ;-o--.- o?--.'—-mh—n_. —nh.-d.-._-' Py = bat 'dm_ 1. b . _‘_. .‘:_"".“ . —
* - - » s LR - -« 'M . - - ARy -
R AL T LT T it e gt =y .,::. oy ..--‘ o R '...m 2y ‘ ’L -
hu“ 1 @ 1“ L [ S gl & t....w“ ‘_. .._ "Ol-; - . 8 o ., “v-- -unn- "
:";:‘tl‘.;“ :... .Dr:‘&: L o‘ ’ » ' hn& ‘ *.“ -.‘ .! " ‘ " ‘P““" ' u&‘ i_ﬁwk"'.u g °.‘: 4 "
" {'r.h-} ’.-v; R v:-;s o 1|b""1" ‘e ---—no-u- ® - b \.r . -;‘ -"""-"" - w.ﬂ""“ ¢ - = ., . i
5 : 's‘ '. = E D ¢ W “‘ w"""“\"“"“%‘ T *R e 3, wgye ey \-'HH- ~ew ¢ a 1 = 4 L. '
AR ~ .Y J - 4 ’ -
T et 7 8’1'- U.f 88/ 2008 00 Y el ST ke it
*"w"m:‘,-w R nd fr' ’**t, : {yl 3 iy L i s .. gl gv;r T TSR 7 wF A e e
ﬁmm“m ﬂﬂmw-‘ ek ‘!:- mmmwﬂﬂwﬂﬁhnwm Cq A Oms IM—A.J;-“ ”‘ ‘.-..H‘-M - -h —— .5 *m&¢- ' ..—--!l .

i ——




PCT/US02/26793

CA 02458642 2004-02-23
|/ 23

WO 03/019460

H3LNdWOD | A4V 04
08v08 379NIS 437704 LNODOYDIW WH
U . RHIIERI SHOSNIS
| ANITT SWNOD i ] | | SCION3T0S
q R B i
=03 34S H9 X = ] r.é AOHLINOD HOLOW
. | v ] P AEVMOEYH LHOdSNY Y L
& _
DS D S N
40) O]
oy
H3Q0ON3 SAV IH FLIEM
1V H | /QV3Y DILANOVA P~ gp




PCT/US02/26793

2/ 3

CA 02458642 2004-02-23

WO 03/019460

TN 2 9|4

\ .
/ A— -
_/mwwm.m@w.\~ _. 03009N3 38 01 v.ivQ
e g L3080
022 4300230
VIA3N 118
N A3LVYINA0OW 30
._ , * 5127
" Viva L3xoy o
NILLIEM 4300930 “
38°0L v.1lvaQ
A ~_\430093d
Sqoo muxo:. |
5 B 200930
, ﬂ, | 118 q.
n /\ 7ie 3.1V INA0OW 33 ..Jmﬁ%
! - NG 14 IWHL .
HOLVQITVA viva L3MOIL N " Lo
v L3NOLL 0300230 18 AN o/ \ |
\ / Q3LVINAOW3Q N\ A .
T | . | | _/103r80 cOl .
ya Viva L3INDIL 212 3 GOW3Q
317 0300030 — QMZ#M — »eroz.mo
| Y 123r80 1ILDNSC .4/
4300030 | .
Viva L3MOIL P02
03.LVINAOW3C
007



CA 02458642 2004-02-23

WO 03/019460 PCT/US02/26793
3/3
T . RESUME= TRUE
‘\ENTES,/ “+OVERFLOW=FMMAJZ} 304 200
306 .///308

RCVD CELL TIME VES '
’ >z | . eaOVERFLow:TRUE\
3/4 CELL TIME

: i

NEWBIT = NOT
OVERFLOW

| YES
¥

| CELL BOUNDARY=FALSE
RESUME = FALSE

TN

318

it -

[ 1] g ¢ aubrhnlmm refReme bl 4 oo R LY T3 va

304  NOJ YES 326

-
4 %'
\ = - - r = f— i a pe— - - - — baand - - pﬁupu-nﬁl-a-—.ﬂ'

|[DECODE DATA(ZERO BIT) {DECODE DATA(ONE BIT)

B Dbyl vl . - -

o ke
-

| I
V V

;

328 - R('*EX'_TD | FIG 3




“w__l“MF-'ﬂilllriv——'fiff"'HIT A "y

106~ MAGNETIC READ/ sHAFT |08
WRITE HEADS ENCODER

00
\g— . - L PO — /

04 02 110

N I _/
=2 NN
. TRANSPORT MHARDWARE [ Lese s _ AL

MOTOR CONTRUL . - ] g HIGH SPEED ] '

SOLENOIDS s COMMS LINK
SENSORS i mi
| S THM MICROCONTROLLER SINGLE BOARD

BOARD COMPUTE R



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - abstract drawing

