
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date _ . .
9 September 2011 (09.09.2011) 2011/109419 A2

(51) International Patent Classification: Not classified (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(21) International Application Number:
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

PCT/US201 1/026717 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(22) International Filing Date: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

1 March 201 1 (01 .03.201 1) HN, HR, HU, ID, JL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(25) Filing Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(26) Publication Langi English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(30) Priority Data: TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
61/309,259 1 March 2010 (01 .03.2010) U S
61/369,013 29 July 2010 (29.07.2010) U S (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): INNO¬ GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

VATIVE TIMING SYSTEMS, LLC [US/US]; 11671 ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Lilburn Park Road, St. Louis, Missouri 63 146-3535 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,(72) Inventor; and
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,(75) Inventor/Applicant (for US only): HANSEN, Kurt, S.
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

[US/US]; 14523 Marmont Drive, Chesterfield, Missouri
GW, ML, MR, NE, SN, TD, TG).

6301 7 (US).

Published:(74) Agent: HOWARD, David, L.; Polster, Lieder, Woodruff
& Lucchesi, LC, 12412 Powerscourt Drive, St. Louis, — without international search report and to be republished
Missouri 63 13 1 (US). upon receipt of that report (Rule 48.2(g))

(54) Title: VARIABLY SPACED MULTI-POINT RFID TAG READER SYSTEMS AND METHODS

(57) Abstract: Systems and methods for determin¬
ing a time of a passing at a reference line of an

100
RFID tag traveling along a route and a time of
lapsing of the tracked RFID tag on the route, the
system have a plurality of spaced apart tag reader
systems for wirelessly obtaining tag reads, wherein
at least one of the tag reader systems is space apart

1 from the reference line. The timing system re¬
ceives a plurality of tag reads and determines the
time of passing of the RFID at the reference line
responsive to the plurality of received tag read
messages received from the plurality of tag reader
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VARIABLY SPACED MULTI-POINT RFID TAG READER
SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application

No. 61/309,259, filed on March 1, 2010 entitled VARIABLY SPACED MULTI

POINT RFID TAG READER SYSTEMS AND METHODS; and U.S. Provisional

Application No. 61/369,013, filed on July 29, 2010, entitled AUTOMATED TIMING

SYSTEMS AND METHODS HAVING MULTIPLE TIME EVENT RECORDERS

AND AN INTEGRATED USER TIME ENTRY INTERFACE.

[0002] The disclosures of the above applications are incorporated herein

by reference.

FIELD

[0003] The present disclosure relates to radio frequency identification

(RFID) tag reader systems and, more specifically, to systems and methods for multi

point RFID tag reading and timing.

BACKGROUND

[0004] The statements in this section merely provide background

information related to the present disclosure and may not constitute prior art.

[0005] When using an RFID system for timing sporting events, it often

becomes necessary to utilize two or more systems for the purpose of expanding the

RFID tag read zone at a particular timing location. Multiple systems may also be

needed for the purpose of providing redundancy to ensure that a tag is read as it

passes the timing location. The physical configuration and layout of two or more

systems may differ greatly. For example, two systems may be placed side by side in

order to provide a wider path in which tags may pass. If greater redundancy is

needed, two or three systems may be placed behind each other to effectively provide

multiple zones for the tags to pass through. In all cases in which multiple systems are

used, the time stamp on a tag read will be unique to each system that recorded a read.

This creates a challenge because there becomes no single location which is the

definitive point on the race course that is designated as the timing location. For

example, if a finish line of a running event has multiple systems deployed behind each



other to provide redundancy over a distance of perhaps 20 feet, it may be difficult to

know the exact location of the finish line given that any one of the systems may have

recorded the tag read. This problem is well understood and it has existed in the sports

timing industry for many years.



SUMMARY

[0006] The inventor hereof has succeeded at designing an improved

RFID tag reader system and timing system for identifying a time of passing of a

moving RFID tag through a monitored zone and for determining a total elapsed time

of travel of the RFID tag from a beginning to and end.

[0007] According to one aspect, a timing system for determining a

time of a passing at a reference line of a tracked RFID tag traveling along a route

includes a first tag reader system, a second tag reader system, and a timing system.

The first tag reader system has a processor, a memory, a clock, and a communication

interface. It further has a radio frequency transceiver for wirelessly communicating

with the RFID tag and one or more antennas coupled to the radio frequency

transceiver that are positioned at a first monitored position at a first offset distance

from the reference line. The first tag reader system transmits a first tag read request

and receives one or more first tag reads from the RFID tag via the antenna. It further

transmits over the communication interface a first tag read message including at least

a portion of the received first tag reads. The second tag reader system has a

processor, a memory, a clock, and a communication interface. The second tag reader

system has a radio frequency transceiver for wirelessly communicating with the RFID

tag and one or more second antennas coupled to the second radio frequency

transceiver that are positioned at a second monitored position at a second offset

distance from the reference line and spaced apart from the first monitored position

along the route traveled by the RFID tag. The second tag reader system transmits a

second tag read request and receives one or more second tag reads from the RFID tag

and transmits over its communication interface a second tag read message including at

least a portion of the received second tag reads. The timing system has a processor, a

memory including storing of a tag reader normalization parameter, and a

communication interface communicatively coupled to the communication interfaces

of the first and second tag reader systems for receiving the transmitted first and

second tag read messages. The timing system determines the time of passing of the

RFID tag at the reference line responsive to the received first and second tag reads

and the stored tag reader normalization parameter.

[0008] According to another aspect, a timing system includes means for

wirelessly transmitting one or more first tag read requests to the RFID tag at a first tag

reader system having one or more antennas positioned at a first monitored position at



a first offset distance from the reference line along the route traveled by the RFID tag,

means for receiving one or more first tag reads responsive to the first tag requests

wherein the first tag read includes an RFID identification number from the RFID tag

responsive to the first tag read requests, and means for recording a time stamp for

each received first tag read that includes a time of receipt of each first tag read. The

timing system also includes means for transmitting one or more first tag read

messages containing the RFID identification number, the time stamp, and a tag reader

system identifier, means for wirelessly transmitting one or more second tag read

requests to the RFID tag at a second tag reader system having one or more antennas

positioned at a second monitored position spaced apart from the first monitored

position and at a second offset distance from the reference line along the route

traveled by the RFID tag, and means for receiving one or more second tag reads

responsive to the second tag requests wherein the second tag read include the RFID

identification number from the RFID tag responsive to the second tag read requests.

The timing system also includes means for recording a time stamp for each received

second tag read that includes a time of receipt of each second tag read, means for

transmitting one or more second tag read messages containing the RFID identification

number, the time stamp, and a tag reader system identifier; and means for storing a

tag reader normalization parameter at a timing system. The timing system further

includes means for receiving the transmitted first and second tag read messages;

means for calculating an average delta time for each of the first and second tag read

messages based in part on the stored tag reader normalization parameter; means for

determining the time of passing of the RFID tag at the reference line responsive to the

calculated average delta times for the first and second tag reads within the first and

second tag read messages.

[0009] According to yet another aspect, a system includes first and second

monitored positions and a timing system. In the first and second monitored positions,

means for wirelessly transmitting one or more first tag read requests to the RFID tag

at a first tag reader system having one or more antennas positioned at a first

monitored position at a first offset distance from the reference line along the route

traveled by the RFID tag, means for receiving one or more first tag reads responsive

to the first tag requests wherein the first tag read include an RFID identification

number from the RFID tag responsive to the first tag read requests, and means for

recording a time stamp for each received first tag read that includes a time of receipt



of each first tag read. Also includes are means for transmitting one or more first tag

read messages containing the RFID identification number, the time stamp, and a tag

reader system identifier, means for wirelessly transmitting one or more second tag

read requests to the RFTD tag at a second tag reader system having one or more

antennas positioned at a second monitored position spaced apart from the first

monitored position and at a second offset distance from the reference line along the

route traveled by the RFID tag, means for receiving one or more second tag reads

responsive to the second tag requests wherein the second tag read include the RFID

identification number from the RFID tag responsive to the second tag read requests,

means for recording a time stamp for each received second tag read that includes a

time of receipt of each second tag read, and means for transmitting one or more

second tag read messages containing the RFID identification number, the time stamp,

and a tag reader system identifier. The timing system includes means for storing a tag

reader normalization parameter at a timing system, and means for receiving the

transmitted first and second tag read messages. The timing system also includes

means for calculating an average delta time for each of the first and second tag read

messages based in part on the stored tag reader normalization parameter, means for

determining the time of passing of the RFID tag at the reference line responsive to the

calculated average delta times for the first and second tag reads within the first and

second tag read messages, wherein the determined time of passing of the first

monitored position is the start of the elapsed time and the determined time of passing

of the second monitored position is the end of the elapsed time, and means for

determining the elapsed time for the RFID tag traveling between the first and second

monitored positions as the difference between determined time of passing of the

second monitored position and determined time of passing of the first monitored

position.

[001 0] According to yet another aspect, a method includes in a system

having first and second monitored positions and a timing system various assignment

process. These include, in a first tag reader system having one or more antennas

positioned at a first monitored position at a first offset distance from the reference line

along the route traveled by the RFID tag, the method of wirelessly transmitting one or

more first tag read requests to the RFID tag, receiving one or more first tag reads

including an RFID identification number from the RFID tag responsive to the one or

more of the first tag read requests, recording a time stamp for each received first tag



read that includes a time of receipt of each first tag read, and transmitting one or more

first tag read messages containing the RFID identification number, the time stamp,

and a tag reader system identifier. The method also includes, in a second tag reader

system having one or more antennas positioned at a second monitored position at a

second offset distance from the reference line and spaced apart from the first

monitored position along the route traveled by the RFID tag, the processes of

wirelessly transmitting one or more second tag read requests to the RFID tag,

receiving one or more second tag reads including the RFID identification number

from the RFID tag responsive the at least one of the second tag read requests,

recording a time stamp for each received second tag read that includes

a time of receipt of each second tag read, and transmitting one or more second tag

read messages containing the RFID identification number, the time stamp, and a tag

reader system identifier. The method also includes in a timing system, the processes

of storing a tag reader normalization parameter, receiving the transmitted first and

second tag read messages, calculating an average delta time for each of the first and

second tag read messages based in part on the stored tag reader normalization

parameter, and determining the time of passing of the RFID tag at the reference line

responsive to the calculated average delta times for the first and second tag reads

within the first and second tag read messages.

[001 1] Further aspects of the present disclosure will be in part apparent

and in part pointed out below. It should be understood that various aspects of the

disclosure may be implemented individually or in combination with one another. It

should also be understood that the detailed description and drawings, while indicating

certain exemplary embodiments, are intended for purposes of illustration only and

should not be construed as limiting the scope of the disclosure.



BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a two-point RFID tag reader system having two

readers spaced apart at a finish line of racetrack according to one exemplary

embodiment of a variably spaced multi-point RFID reader system.

[001 3] FIG. 2 is a three-point RFID tag reader system having three

readers spaced apart at a finish line of a race track according to a second exemplary

embodiment.

[001 4] FIG. 3 is an illustration of a two-point RFID tag reader system

each of which are spaced apart from a virtual monitored position being a finish line

according to a third exemplary embodiment.

[001 5] FIG. 4 is a schematic diagram of a race track application for a

timing system having four monitored positions, each of which includes multiple

spaced apart tag reader systems according to one exemplary embodiment.

[001 6] FIG. 5 is an illustration of a variably spaced three-point RFID

tag reader system each of which is spaced apart from a virtual reference line as a

finish line on a race track according to another exemplary embodiment.

[001 7] FIG. 6 is a timing diagram of a communication protocol

showing three tag readers by three antennas at a single monitored position for a

single-point RFID tag reader system according to one exemplary embodiment.

[001 8] FIG. 7 is a timing diagram of a communication protocol

between a timing system/module and three tag reader systems each of which is

monitoring passing RFID tags at spaced apart monitored positions according to one

exemplary embodiment.

[001 9] FIG. 8 is a flow chart of a timing system receiving tag readings

from three multi-point tag reading systems each of which monitors a different

monitored position according to one exemplary embodiment.

[0020] FIG. 9 is a block diagram showing two timing systems each of

which collects tag reads from the same three tag readers for independently

determining a final tag read according to one exemplary embodiment.

[0021] FIG. 10 is a schematic drawing showing the system architecture

of the communication system suitable for use with one exemplary embodiment.

[0022] FIG. 11 is schematic drawing showing the communication

interfaces for the timing system (TS) and tag reader system (TRS) according to one

exemplary embodiment.



[0023] FIG. 12 is a block diagram of a specialized computer system

suitable for implementing one or more assemblies or methods of various

embodiments as described herein.

[0024] It should be understood that throughout the drawings,

corresponding reference numerals indicate like or corresponding parts and features.



DETAILED DESCRIPTION

[0025] The following description is merely exemplary in nature and is

not intended to limit the present disclosure or the disclosure's applications or uses.

[0026] Before turning to the figures and the various exemplary

embodiments illustrated therein, a detailed overview of various embodiments and

aspects is provided for purposes of breadth of scope, context, clarity, and

completeness.

[0027] A timing system for determining a time of a passing at a

reference line of a radio frequency identification (RFID) tag traveling along a route

includes first and second tag reader systems and a timing system each of which may

be a standalone system or combined in whole or in part. It should be understood that

the reference herein to a first and second systems includes two or more as two or more

can include more than one first and/or second system. As such, the description herein

of any two or more includes any quantity of systems, components, devices, messages,

etc, greater than two. Of course, as should be understood, that in many embodiments

there will be multiple RFID tags traveling along the same route and the tag readers

and timing system will be performing the functions and methods as described herein

for each individual RFID tag.

[0028] The first tag reader system (TRS) has a processor, a memory, a

clock, a communication interface, a radio frequency transceiver for wirelessly

communicating with the RFID tag, and one or more antennas coupled to the radio

frequency transceiver that are positioned at a first monitored position at a first offset

distance from the reference line. As described herein, an offset distance is the

physical distance between the monitored position and the reference or common line to

which the time of passing is being determined. The first tag reader system transmits a

first tag read request and receives one or more first tag reads from the RFID tag, each

being by the radio frequency transceiver. The first tag reader system transmits over

the communication interface a first tag read message including at least a portion of the

received first tag reads. As described herein, any described communication interface

can be of any suitable technology for communicating over any of suitable

transmission technologies, as known to these of skill in the art of data

communications systems.

[0029] The second tag reader system (TRS) has a processor, a

memory, a clock, a communication interface, a radio frequency transceiver for



wirelessly communicating with the RFID tag, and one or more second antennas

coupled to the second radio frequency transceiver that are positioned at a second

monitored position at a second offset distance from the reference line. The second

monitored position is spaced apart from the first monitored position along the route

traveled by the RFID tag. The second tag reader system transmits a second tag read

request and receives one or more second tag reads from the RFID tag and transmits

over its communication interface a second tag read message including at least a

portion of the received second tag reads.

[0030] The timing system (TS) has a processor, a memory including

storing of a tag reader normalization parameter, and a communication interface

communicatively coupled to the communication interfaces of the first and second tag

reader systems for receiving the transmitted first and second tag read messages. The

timing system includes computer implemented executable instructions for

determining the time of passing of the RFID tag at the reference line responsive to the

received first and second tag reads and the stored tag reader normalization parameter.

[0031 ] The timing system computes an average delta time for each of

the first and second tag reads and determines the time of passing from the first and

second computed average delta times. One or both of the first and second tag reader

systems can transmit a plurality of first and second tag reads and each average time

can be calculated on each of the received first and second tag reads.

[0032] While the timing system is described herein as a separate

system, the timing system can be implemented integrally within either of the first and

second tag reader systems. For example, the timing system can be a first timing

system implemented integrally with the first tag reader system. A second timing

system can be implemented integrally with the second tag reader system.

[0033] In some embodiments, the reference line is different from all of

the monitored positions and in other embodiments at least one of the monitored

positions is the same as the system reference line. For instance, where the first offset

distance is zero and the first monitored position is coincidental with the reference line.

However, where neither the first nor second offset distances are zero, neither the first

or second monitored positions are coincidental with the reference line. In some

embodiments, the timing system memory includes a stored tag reader normalization

parameter associated with each of the first and second offset distances and the timing

system determines the time of passing of the RFID tag at the reference line responsive



to the received first and second tag reads and the stored tag reader normalization

parameters for the first and second offset distances.

[0034] Any type of RFID tag is operational with the current disclosed

system and considered within the scope of the present disclosure. In one

embodiment, the RFID tag is a passive RFID tag and each of the wireless transceivers

of the first and second tag reader systems are configured to transmit a powering

activation message and the read request message to RFID tag. These may be in any

radio frequency (RF) band and operating under any type of suitable protocol.

[0035] In some embodiments, the first and second tag read requests are

continuously transmitted and in some embodiments they are transmitted as pulses or

in various timed transmissions of packets. In some embodiments, each of the first and

second tag reads includes a tag serial number of the RFID tag. In one embodiment,

each first and second tag read message includes a data packet having a tag reader

system identifier, a tag read time, and the tag serial number. As such, the timing

system determines the passing of the RFID tag utilizing the received tag read times.

In one embodiment, each first and second tag read message includes a data packet

having a tag reader system identifier, and the tag serial number.

[0036] In other embodiments, at least one of the first and second tag

reader systems includes a plurality of antennas and each first and second tag read

message is formatted to include a data packet having an antenna identifier that is

unique to each antenna. As such, the timing system determines the time of passing of

the RFID tag utilizing or otherwise responsive to antenna identifiers received with

each of the first and second tag read messages. In one embodiment, the timing system

includes a clock to enable the timing system to transmit a timing message to each of

the first and second tag reader systems via the communication interfaces. After

receiving such timing message, each of the first and second tag reader systems sets a

timing of its respective clock responsive to the received timing message.

[0037] In other embodiments, each of the first and second tag reader

systems time stamps each received tag read and generates each tag read message to

include the time stamp and the received tag read in the tag read message that is

transmitted.

[0038] In some embodiments, each of the first and second tag readers

receives a plurality of first and second tag reads from the same RFID tag and each

subsequently transmits its tag read message to include a selected one of the plurality



of first and second tag reads. For example, in some embodiments, the selected of

each plurality of first and second tag reads is the last such tag read received.

[0039] In another embodiment, a method for determining a time of a

passing at a reference line of a tracked RFID tag traveling along a route can include

various steps. This can include, at a first tag reader system with one or more antennas

positioned at a first monitored position at a first offset distance from the reference line

along the route traveled by the RFID tag, wirelessly transmitting one or more first tag

read requests to the RFID tag, receiving one or more first tag reads including an RFID

identification number from the RFID tag responsive to the one or more of the first tag

read requests. A time stamp is recorded for each received first tag read that includes a

time of receipt of each first tag read. One or more first tag read messages containing

the RFID identification number, the time stamp, and a tag reader system identifier are

transmitted by the tag reader. Similarly, a second tag reader system with one or more

antennas positioned at a second monitored position at a second offset distance from

the reference line and spaced apart from the first monitored position along the route

traveled by the RFID tag wirelessly transmits one or more second tag read requests to

the RFID tag. One or more second tag reads that include the RFID identification

number from the RFID tag are received in response to the one or more of the second

tag read requests. A time stamp is recorded for each received second tag read that

includes a time of receipt of each second tag read. One or more second tag read

messages containing the RFID identification number, the time stamp, and a tag reader

system identifier are transmitted by the second tag reader.

[0040] At a timing system that may be a standalone system or

incorporated within a system of one of the tag readers, a tag reader normalization

parameter is stored and the transmitted first and second tag read messages are

received. The method within the timing system includes calculating an average delta

time for each of the first and second tag read messages based in part on the stored tag

reader normalization parameter. The method also includes determining the time of

passing of the RFID tag at the reference line responsive to the calculated average delta

times for each first and second tag read within the first and second tag read messages.

[0041 ] Such a timing system can also include the process of

transmitting a time synchronization message by the timing system that is then

received by each of the first and second tag reader systems. Each tag reader system

compares the received time synchronization message with its included time stamp



with the stored or current time. The tag reader can then reset its internal clock

response to the received time synchronization messages and/or the comparison

thereof. After receipt, and updating or resetting, the tag reader then begins to record

the time stamps based on the reset internal clocks.

[0042] As noted above where each of the first and second tag reader

systems includes one or more antennas, each tag reader can uniquely and discretely

identify each antenna and therefore can therefore identify that antenna associated with

each received tag read. This can be performed by the antenna itself, by including a

transmitted antenna identifier or can be performed internal to the tag reader at the

interface to the antenna, such as an assignment of an interface serial or identifying the

port number as an antenna identifier. By uniquely identifying the particular antenna

from which the tag read is received from among a plurality of antennas, each tag

reader can generates tag read messages that include an antenna identifier for each

identified antenna which can be transmitted to and utilized by the timing system or

otherwise. The timing system can compute the average delta time for each tag read as

a function of the antenna identifier. For example, the timing system can be

programmed to include a layout or design of antenna at the tag reader location or in

relation to the reference line being monitored. As such, the timing system can adjust

or adapt or be otherwise programmed to fine tune the computation of the average

delta time through application of mathematical formulations or models.

[0043] The timing system can determine a position of the RFID tag

relative to the first and second monitored positions. In such manner the timing system

can determine the time of the RFID tag passing the monitored position of the antenna

and adjust the timing based on the known relationship between the antenna monitored

position and the reference line. In some embodiments, the process of determining the

time of the RFID tag passing the reference line can include identifying a position of

the reference line relative to both the first and second monitored positions.

[0044] Further the determination of the timing can include associating

the determined position of the RFID tag relative to the multiple monitored positions,

which are described herein as first and second, but can include a plurality of

monitored positions greater than two.

[0045] In another embodiment, a method for determining an elapsed

time of a tracked RFID tag traveling between a first and a second monitored position

on a route. The method can include, at a first monitored position system at a first



monitored position that as at least one first and second tag readers, performing the

methods described above with the timing systems determining a time of passing of the

first monitored position being a start of the elapsed time. At a second monitored

position system at a second monitored position having its own at least first and second

tag readers performing similar methods for the time of passing at a second reference

line, or monitored position such as where at a route distance is the distance between

the first monitored position and the second monitored position. Similarly, the

determined time of passing of the second monitored position can be the end of the

elapsed time. The timing system is configured to communicate with both the first and

second monitored position systems each determining their own time of passing of

each RFID at their respective monitored positions. By receiving the times of passing

from each monitored position system, the timing system computes an elapsed time for

the RFID tag traveling between the first and second monitored positions as the

difference between determined time of passing of the second monitored position and

determined time of passing of the first monitored position.

[0046] In some embodiments using passive RFID tags, a timing

system (TS) can include one or more tag reader systems (TRS) that continuously

transmit or pulse an energy signal or message from connected antenna in order to

activate and power the tags as they move through the monitored positions. Each

passive RFID tag has a very small capacitor which can continue to power up the tag

for anywhere from about 0.1 to about 2 seconds. Depending on the velocity of the tag

through the zone, the activating messages need to be transmitted such that the tags can

be activated and can provide one or more reads while the moving tag is within the

monitored position. For instance, in one embodiment, the activating messages for use

in a marathon race can be at a rate of one for every about 0.008 seconds. Again, it is

desirable to provide enough RF energy in the monitored position zone or field to keep

all of the moving RFID tags powered up while in the monitored position.

[0047] The transmitted activation message can include powering as

well as the read request, for example consistent with the provisions of the Generation

2 (G2) protocols for passive RFID systems. The messaging between the tag reader

system TRS, its antennas and the passive RFID tags can be handled in various ways to

accomplish the transmission of RF energy to the tags within the G2 protocol to power

them up and obtain the tag read. For instance, this can be using separate messages or

can include sending a read request that also provides the RF energy needed for the



tags to power up. In some embodiments, a wakeup signal can energize the moving

tag when it comes within range of one or more antennas, and then subsequently a read

request message can be sent after the tag is activated. Of course, other embodiments

are possible as known to those skilled in the art of RFID systems and in particular G2

systems, and still considered within the scope of the present disclosure. However, in

tracking and reading numerous moving tags through a monitored position, the

messaging between the tag reader system TRS and the tags most desirably will

provide for a rapid power-up of the tag and rapid reading of numerous tags that may

be within the same monitored position or zone, e.g., the same RF field of the antenna

of the tag reader system TRS.

[0048] As one such exemplary embodiment implementing the G2

standards, the tag reader system TRS and tag can perform the method steps of:

[0049] a. Each TRS transmits an energy activation signal.

[0050] b. The TRS system also sends a QUERY command. This

QUERY command can also be the activation signal, or a separate signal. Each of

these is transmitted on a pulsed basis by each antenna coupled to the TRS.

[0051] c . Each tag receives the activation signal and then also receives

the QUERY command.

[0052] d. Once the QUERY command is received, each tag generates

a random 16-bit number and transmits the 16-bit number (RN-16).

[0053] e . The tag reply is received by the TRS and the RN-16 is

logged.

[0054] f . The tag reply is received strongest by the near antenna that

stamps it with the antenna identifier and sends it in a packet to the TRS.

[0055] g. The TRS logs the RN-16 along with the antenna identifier.

[0056] h . The TRS then sends out an echo Read Request message that

includes the received RN-16. Where the antenna identifier is provided, the read

request message can be sent to the same antenna or to all antennas within the tag

reader system TRS in order to maximize the operation of reading the moving tag.

[0057] i . The tag receives the uniquely addressed (RN-16) read

request and then provides the tag read with the tag EPC/number along with the other

requested data.

[0058] As known to those skilled in the art after reviewing the present

disclosure, the use of the RN-16 as generated by the tag, provides the ability to set up



a one-on-one or point-to-point packet communication session between the tag and the

tag reader system TRS, and in some cases specifically through one antenna from

among a plurality of antennas associated with a TRS system or associated with a

monitored reference line. Additionally, the use of the RN-16 can also provide that

each tag reader system TRS will only perform a single read request and single tag

read from each tag. However, it should be understood that this tag reading process is

only one exemplary embodiment and others are also within the scope of the present

disclosure.

[0059] Additionally, some TRS systems can utilize more than one

antenna to increase or expand the read zone of the monitored position. In such

embodiments, the RF messaging for powering and/or read requests can be sent

simultaneously from all antennas or can be sent individually from the tag reader

system TRS transceiver to each coupled antenna. In the later embodiments, unique

messaging and identification of each antenna may be required and the tag reader

system TRS transceiver would be equipped or configured to provide for unique

addressing and communications with each antenna. The TRS transceiver can

therefore send messages separately across the various antenna fields essentially

creating sub-monitored RF zones within the tag reader system TRS monitored

position.

[0060] After the passive RFID tag is powered up, the read request can

be transmitted to obtain a response from the tag to provide a tag read to the tag reader

system TRS. Such a read request can be provided under the G2 protocol directly

between the tag reader system TRS and each tag based on its provided address. Once

each tag receives its previously provided address, the chip transmits the tag read data

back to the tag reader system TRS. The transmission between the tag reader system

TRS, its antenna and the RFID tags using one or more frequency channels and

messages can be pursuant to any defined protocol and communication capability, with

the G2 standard only being one exemplary such embodiment.

[0061] In some embodiments, an RFID monitoring systems composed

of one or more tag reader systems TRS is positioned at a start line, a check point or

intermediary point and at a finish line of a race track for a racing event. Each tag

reader system TRS logs one or more time stamp entries per tag and transmits the tag

reads and times in a tag read message to an RFID timing system. As such, each of the

received tag reads and times are used in a calculation of the determined tag read for



that monitored position. This can also include a substitution of a one or more

supplemental tag reads where it is determined that such is more accurate than one or

more of the other tag reads or where one or more tag reader systems TRS fails to

make a read from a particular tag. All of the tag reads and the final determined tag

read are logged by one or more of the tag reader systems TRS or timing systems (TS)

with each tag number with a time stamp that has been adjusted to the common

reference line.

[0062] When timing an elapsed time between two points, there are two

primary ways that this can be handled. In the first embodiment, it can be assumed

that all tags cross the start or first point at the same time. In such embodiments, all

lapsed times are determined using the same clock and the lapsed times are essentially

the total times. This method is suitable for many races, but is not suitable for races

where there is not a common start time. This is also the situation where the current

systems are used to track times of tags in and out of locations that are other than a

racing event or track. In the second embodiment, a monitored position is established

at the beginning or entry point with one or more tag reader systems TRS determining

the actual start time based on a common timing clock. A second monitored position

with one or more tag reader systems TRS read the tag at the end to determine the

actual end or finish time using the common timing clock. The total elapsed time is

determined to be the difference between the two. In such embodiments, the common

timing clock set time must be provided to each tag reader system TRS in the system

and at each monitored position so that the determination of the total elapsed time is

accurate.

[0063] The time stamp can be provided in the tag reader system TRS

using tag reader system TRS hardware and/or software at the time of receiving a tag

read. Each tag reader system TRS has an internal clock that time stamps the tag read

with a suitable degree of accuracy. For example, in some embodiments the internal

clock and time stamp functions can provide for a time stamp that is accurate to the

1/lOOOth of a second. As such, it is important to synchronize each clock in each tag

reader system TRS and between timing systems or tag reader system TRS so that the

common timing clock is synchronized to the same degree of desired accuracy. As

addressed herein, a SYNC message can be provided from a common clock or a single

clock within the coupled timing system TS and tag reader systems TRS as a master

clock. Each secondary or slave clock then updates or resets its time to this received



common clock. In some embodiments, the received timing message can also be

adjusted to take into account any transmission delays of the SYNC timing message if

known or predictable.

[0064] The tag read or tag read packet or data sent from each RFID tag

can vary based on the application but generally includes at least a unique tag identifier

or identification numbers or code. This can also include the RN-16 number or other

communication identification number. Each tag reader system TRS receives the tag

read packet by at one or more antennas associated with the tag reader system TRS.

The receiving antenna transmits the received tag read back to the tag reader system

TRS as received or can add to the tag read packet additional antenna specific data.

Such antenna specific data can include an antenna identification number or identifier

that uniquely identifies the antenna. Additional antenna information can also be

provided if desired. This can include RF data associated with the received tag read

packet such as, by way of example, RF energy levels or signal strengths of the

received tag read packet, directional data indicating a direction of the received tag

read packet if determined by the antenna, and/or the geographic location coordinates

or GPS location of the antenna.

[0065] The tag reader system TRS receives the tag read packet from

one or more antennas. The tag reader system TRS time stamps the tag read packet

with either the time of the internal clock at receipt, or an adjusted time that adjusts the

time of receipt based on any known or determinable communication delay in the tag

reader system TRS. In some embodiments, each TRS system stores this information

in a local TRS memory such as a resident database application in a local memory

storage device. The tag information can also include any type of data, including a tag

identifier or identification number, information related to the owner of the tag such as

in a race it can include a bib number or name of a participant. However, any other

data suitable for use in the application is also possible.

[0066] Additionally, other information can be added to the tag read

packet or store such as where the same tag has been read by multiple antennas or

multiple times by the same TRS. In such cases, these additional tag reads can be

grouped and/or the total number of times that a tag was read by a single system or by

each antenna in a TRS can be stored or added to the packet. As noted above, in some

systems where directional monitoring or identification of the tag at reading is



possible, the TRS can be configured to determine a velocity of the tag through the

monitored zone. This velocity information can also be added to the tag read packet.

[0067] Some or all of the tag read packet/data can be prepared as a tag

read message that is sent or transmitted by each TRS to a timing system TS that is

coupled to each TRS monitoring the same monitored zone having the same

virtual/physical reference line.

[0068] In some cases, the tag read message having the number of times

a tag was read by each TRS, can enable the timing system TS to consider the total

number of times each tag was read at the monitored line for use in determining the

determined time of passing, the validity of that read or the validity of other different

tag reads that were submitted by one or more of the TRS systems.

[0069] In other cases where the antenna identifier is recorded and

transmitted to the timing system TS, the antenna identifier can be used to help us

identify the operation and balancing of each TRS. Also, such information can be

utilized in the determining of the determined time of passing and/or the validity of the

tag read or other tag read. Of course, one skilled in the art will understand that the

antenna and system information such as this can also be utilized for operation and

maintenance of each TRS such as ensuring that all systems are operating as desired or

in trouble isolation within the system.

[0070] With regard to FIG. 8, process C breaks the packet down into

individual elements, such as RFID system identifier, tag number, tag read time, and

antenna identification. Process D computes the moving average delta time for each

TRS system reporting to the timing system TS. This means the time of the read

coming from the one TRS system is compared to the tag read time of another TRS

system and the moving average difference between the two is computed. The timing

system of FIG. 8 can then use the multiple moving averages to determine the proper

time adjustment based on which timing stamp of each tag read at the various different

monitored positions to determine the common determined time of passing the

reference line of the monitored zone.

[0071 ] The timing system TS can transmit a standard time to all other

connected timing system TS or tag reader system TRS to ensure that all coupled

systems are operating from a common time standard. Once all systems are operating

on the same time standard, tag reads that are sent from each TRS will have a time

stamp that is common. The timing system TS can then use the tag read times coming



from all of the physically separated TRS systems, adjust each to a common reference,

and then compare each tag read time. Using this information, a delta time can be

computed which indicates how much time passed as the tag was passing between the

various TRS systems. For example, the TRSF read tag E4560123 at 10:30:05.234 and

that same tag was read at a TRSF-I that was located at a distance of 20 feet behind

TRSF, at 10:30:06.675. Thus, the timing system TS can compute the delta time and

determine that 1.441 seconds elapsed during the time the tag was transitioning

through the monitored zone and between TRS systems. This delta time can then be

used to compute a moving average for all tag read times obtained and received from

TRSF-I. This moving average can then be used to automatically adjust tag read times

that are captured at TRSF-I, but not at TRSF. By using a moving average over time,

any tag read missed at TRSF can be filled in from those of TRSF-I with an adjusted

time that closely approximates the time that would have been recorded if the tag had

been read at TRSF.

[0072] Process E determines which time will be used to report the final

time for the passing of the tag by the reference point. This determination can be any

suitable for the particular application and can be changed based user entered

parameters in the timing system TS.

[0073] In one exemplary embodiment for Process E, the following

method can be used for the determination of the time of passing of a tag includes:

[0074] a. If a tag read occurs by the TRS at the designated finish line

where the physical reference line is the same as the virtual reference line, that tag read

time becomes the official determined time of passing, but the other times are also

stored for reference.

[0075] b. If a tag read is missed by the TRS at the designated finish

line, another TRS that is spaced at an offset distance from the virtual reference line, is

adjusted by the current moving average and is used as the determined time of passing.

[0076] c . If a tag read is missed by the TRS at the designated finish

line and by a first priority secondary TRS, a third TRS received tag read time stamp is

used as adjusted by the then current moving average as the determined time of

passing.

[0077] In some embodiments, each passing tag is read multiple times,

by each TRS. In such embodiments, each tag read is received and stored. However,

only the last tag read of each TRS can be used and included in the tag read message



sent by the TRS or all such tag reads can be sent and the timing system TS can

determine which one or more tag reads to be adjusted and utilized in the

determination of the determined time of passing of the tag.

[0078] Referring now to the drawings various exemplary embodiments

are illustrated and will be discussed.

[0079] The system 100 of FIG. 1 includes two tag reader systems

102A and 102B spaced apart from one another and positioned on a race track or

course 104 in which a participant 106 having an RFID tag 108 is traveling along route

110 with a velocity VA . A S shown each tag reader system 102 A , 102B has a plurality

of antennas 112A, 112B, respectively positioned about a particular location on the

track 104 and about participant travel route 110. TRS 102A and 102B each include a

computer system (also generally referred to as TRS A 114B and TRS B 114B which will

be referred generally hereafter) each of which is communicatively coupled to its

respective antenna 112A, 112B via a communication link 120. The TRS 102A is

positioned about monitored point M PA and TRS 102B is positioned about monitored

point M P . In this exemplary embodiment M PA is also positioned at the reference

line R, which can be equated to a starting line, a checkpoint, or a finish line on race

track 104. The M PB of TRS B positioned at an offset distance ODi from reference

line R, and is also referred to as position R+l. Each TRS A 114A and TRS B 114B is

communicatively coupled to timing system (TS) 116 via communication network 118.

TRSA 114A transmits one or more tag read messages TRM A to the timing system TS

116 and TRS B 114B transmits one or more tag read messages TRM + to timing

system TS 116.

[0080] The system 100 of FIG. 2 is similar to that of FIG. 1 except in

this system, there are three tag reader systems TRS. TRS A 102A is positioned at M PA

which is equivalent to reference line R. A second tag reader system TRS B 102B is

positioned at M PB, which is equivalent to line R+l that is positioned at an offset

distance ODi from reference line R. A third tag reader system TRSc 102C is

positioned at a distance OD2 + ODi from reference line R, or OD2 from M PB at line

R+l. In this embodiment, each participant 106 has their RFID tag 108 read by each

of the tag reader systems 102, first by 102A, at which time TRS A 114A transmits a

first tag read message TRM A to the timing system T S 116. As the participant

continues along route 110 of track 104, the second TRS B 102B reads one or more tag

reads of tag 108 associated with monitored point MPB that is located at the offset



distance OD1 behind M PA which is reference line R. The second tag reader system

102B reads the tag 108 and transmits the tag read message TRM + that includes the

time stamp or timing of the second read. As the participant 106 continues along route

110, tag reader system 102 begins to read tag 108 at monitored point MPC. TSRc

transmits tag read message TRM R+2 to the timing system TS 116. As such, each TRS

102 has recorded a tag read and generated at least one tag read message TRM at each

spaced apart monitored point and transmitted a tag read message TRM to the timing

system TS 116 with the time stamps of each tag read. The processes within timing

system TS 116 are as described herein.

[0081 ] The system 100 of FIG. 3 illustrated an embodiment having the

reference line R being spaced apart from each of two separate tag reader systems

102A, 102B. As such, the timing system 116 must determine the time of passing of

the participant 106 at reference line R based on information received from each of two

tag readers 102A, 102B. As shown, a first tag reader system 102A includes four

antennas 112A1, 112A2, 112A3, and 112A4 each of which makes an antenna tag read

ATR A in the direction of the participant 106 after the participant has passed monitored

point M PA . M PA is positioned at line R-1 that is at an offset distance of OD R_ before

reference line R. One or more of the antennas 112A, makes the first antenna tag read

ATR A . The tag reader system TRS R I receives each of the ATRA tag reads and

transmits the tag read message TRM R_ to the timing system timing system TS 116.

Tag reader system 102B includes multiple antennas 112BI , 112B2 , 2B3 and 112B4

each of which can make one or more tag reads ATR B. The second tag reader system

102B and each of its antennas 112B are positioned at monitored point M PB at a

distance of ODR+1 after the reference line R. Tag reader system 102B includes the

computer system TRS R+I that receives the various antenna tag reads ATRB from the

second antenna 112B and transmits a second tag read message TRM R+I to the timing

system TS 116 over communication network 118.

[0082] As has been discussed in the figures so far, each set of tag

reader systems 102 is associated with a single reference line R for which a time of

passing of the tag 108 on participant 106 is determined by the timing system TS 116

based on the tag read messages TRM received from a plurality of tag reader systems

102, 114. FIG. 4 illustrates a schematic layout of a race event system 120 with a

single timing system 116 and four reference point monitoring systems 100A, HOB,

1IOC, and 110D, each of which is associated with a different monitored reference



point RA , R B , R C , and R positioned along route 110 of race track 104. Each of the

four reference point monitoring systems 100 has one or more tag reader systems 114

for monitoring each reference point R .

[0083] The first reference point monitoring system 100 A is positioned

for monitoring reference point R A and does so with two tag reader systems TRS A

114 A and TRS A+I 114A+I . TRS A 114A+I positioned at reference point RA that

equates to a start position along rout 110. TRS B is positioned at an offset distance

OD A+I after the start line of reference line RA . Each of TRS A 114A and TRS A+I

114A+iobtained tag reads from their antennas (not shown in Fig. 4). As described

earlier, the tag reader systems TRS A 114A and TRS A+I 11 A+I transmit their own tag

read message TRM A and TRM A+I respectively to the timing system T S 116 over

communications system or facility 118 each of which includes its own tag read time

stamp associated the reading of tag 108 associated with its passing as reference line

RA-

[0084] As the participant 106 with RFID tag 108 continues along route

106 of track 104, it will next come to checkpoint # 1. Checkpoint # 1 includes

reference line R B that is monitored by monitoring point system 100B using a single

tag reader system TRS B 114B. TRS B 114B receives one or more antenna tag reads

ATR B when the tag 108 is detected in proximity to reference line R B and transmits a

tag read message TRM B to the timing system TS 116. Next, the participant reaches

checkpoint # 2 with a reference line Rc. Reference line Rc is monitored monitoring

system lOOC having two tag reader systems TRSc-i and TRSc. Tag reader system

TRSc is positioned at reference line Rc as its monitored point MPC. In this case, the

second tag reader system TRSc-i is positioned prior to the reference line Rc . As such,

it is denoted as C-l, as its monitored point MPc-i is positioned at an offset distance

ODc-i from the reference line Rc. Each of the tag reader systems TRSc and TRSc-i

receives one or more tag reads and transmits one or more tag read messages to the

timing system TS 116 over communication network 118.

[0085] Finally, the participant 106 with tag 108 reaches the finish line

that is monitored by monitoring system HOD. In this case, there are three tag reader

systems TRS D-2 , TRS D I , and TRS D+I , monitoring the passing of RFID tags 108

passing reference line R . A S shown however, the reference line R that is associated

with the finish line is not directly monitored. Rather each of the three tag reader

systems TRSD-2 114D-2 TRSD I H4D-I , and TRSD +I H4D +I is positioned at spaced apart



distances from the finish line. TRS D-2 11 D-2 is positioned at offset distance OD -2

prior to the reference line R . A S such, tag reader system TRS D-2 11 D-2 will detect a

passing by its monitored point first. Tag reader system TRS D-2 114D-2 will transmit a

tag read message TRM -2 to the timing system T S 116. Next as the running proceeds

to the actual finish line of reference line R , tag reader system TRS D I 11 I I detects

a passing by its monitored point M P D-I that is positioned at a leading offset distance of

ODD-i prior to the reference line RD. TRS D-I transmits its own tag read message

TRM D-I to the timing system T S 116. Finally, after the participant has actually passed

the finish line of reference line R D , the third tag reader system TRS D+I detects the

proximity of the tag 108 to monitored position M P D+I that is located at a following

offset distance of O D D+I after the reference line R . The tag reader system TRS D+I

114D+I transmits one or more tag read messages TRM D+I to the timing system T S 116.

[0086] FIG. 5 illustrates a more detailed breakdown of the operation of

one monitored point system 100 having three spaced apart tag reader systems 102A,

102B, 102C each associated with a monitored point M P and each of which is spaced

apart at an offset distance OD from the reference line R. As shown herein, reference

line R equates to a virtual monitored point M P virtual - Each tag reader system 102 has a

plurality of antennas 112 positioned at its monitored point MP. In this representation,

the route of travel is from left to right in the image. For a representation of passage in

time, the movement of a single tag is shown starting at the top left, and as it moves

forward along route 110 the movement in the figure moves downward and to the

right.

[0087] A first tag read TRi is taken by tag reader system 102A. In this

case, tag reader system 102A has three antennas 112A1, 112A2, 112A3 positioned at

an offset distance of OD _ + O D R prior to or in front of reference point R . As shown,

a lapsed time for traversing the offset distance of t=tR_i can be associated with the

distance ODR-1 based on some determined or calculated or predefined participant

velocity VAc between MPc and M P . Considering the velocity of the tag 108 along

route 110 is VAc at monitored point MPc, antenna 112C1 obtains three antenna tag

reads ATR C i , ATR C2 and ATR C3 from the tag 108 to obtain tag read 112C. The tag

reader system TRSc 114C receives each antenna tag read ATRci, ATRc 2 and ATRc 3

and prepares one or more tag read messages TRMc that are transmitted to the timing

system T S 116. As shown, in this exemplary embodiment TRSc 114C is

communicatively coupled to TRS B 114B, as the tag reader system TRS B 114B either



is packages or integrated with the timing system TS 116, or acts as a gateway for

communicating with the timing system TS 116.

[0088] Next the tag 108 continues past M PC toward M PB that is

monitored by tag reader system 102B. Monitored point M PB is positioned at a

leading offset distance ODi prior to reference point R. Tag reader system TRS B 114B

is equipped with four antennas 112B1, 112B2, 112B3, 112B4 for detecting the

passing of an RFID tag at monitored point MPB. As shown, based on the velocity of

at M P B, of V A B, the offset distance lapse time of t=tR can be associated with offset

distance ODi. In this example, antenna 112B2 obtains three antenna tag reads ATR B I ,

ATR B2, and ATR B3 as the tag passes in proximity to it. Of course, one or more of

other antennas 112BI , 112B3 , 112B4 can also obtain reads from the tag passing M PB .

Tag reader system TRS B 114B obtains these tag reads and creates one or more tag

read messages TRM B that are transmitted to timing system T S 116 over

communication system 118. The same process applies at monitored point M PA after

the tag passes the reference line R and continues along rout 110 at velocity V A A . Tag

reader system 102A has two antennas 112A1, 112A2 position at monitored point M PA

that is an offset distance OD + after reference point R. Based on the velocity V A A ,

the offset distance time t=t +i can be associated with offset distance OD R+I . As

shown, the antenna 112A of tag reader system 102A obtain antenna tag reads ATR A I ,

ATR A2 and ATR A3 as the tag passing monitored point M PA to obtain tag read T R 3 .

Tag reader system TRS A receives each of these tag reads and transmits a tag read

message TRM A to the timing system T S 116.

[0089] FIG. 6 illustrates a timing diagram 130 for the communications

between antenna tag reader systems 114 and antenna 112 as tag 108 passes by a

monitored point MP. As shown, the tag reader system 114 transmits a power on

message and a read request message to each antenna that gets transmitted at the

monitored point MP. Each of these is pulsed wirelessly and continuously by antennas

112A, 112B and 112C that are located at the same monitored point MP. A first set of

antenna tag reads ATR A I , ATR BI and ATRci are received by a tag reader system

antenna 112 from the tag 108. Each of these is received from different antenna 112A,

112B, and 112C at the MP, and hence the first sub character of the antenna reads

correlating therewith. As the tag 108 continues to move and time lapses and the tag

continues to transmit tag reads which are received by the tag reader system 112 as

ATR A2, ATR B2, and ATRc2- The tag continues to move in range of the antenna 112



and final antenna tag reads ATR A3 , ATR B3 , and ATRc3 are obtained from antenna

112. Each of the three antenna tag reads per antenna are communicated to a coupled

tag reader system 114 all while the tag 108 is within proximity to the same monitored

point and in wireless communication with the antennas 112A, 112B, and 112C

associated therewith. In this embodiment, all antenna tag reads occur at a single

monitored point having multiple antennas. The processes discloses herein determine

the actual passing of tag 108 by this monitored point MP in view of these multiple

antenna tag reads.

[0090] FIG. 7 illustrates another timing diagram 132 that is different

than FIG. 6 in that the timing flow is from different tag readers systems with one or

more antennas, each of the three tag reader systems TRS being located at spaced apart

or offset distances from each other, at least two of which are not coincidental with the

reference line R. In this illustration, when the participant is at location of monitored

point R-l, a first tag reader system A obtains three tag reads TRAI , TRA2, and TR A3 .

The tag reader system TR A transmits each of these tag reads to the timing system 116

in packaged tag read messages. As the tag moves from the first monitored point to

the second monitored point at point R or reference line R obtains three more tag reads

TR BI , TR B2 and TR B3 are obtained by second tag reader system TR B that then

transmits each of these to the timing system 116. Finally, after the tag has passed the

reference line, a third tag reader system TRC is located at monitored point R+l. This

third tag reader system obtains three tag reads TRci, TRc2 and TRc 3 and transmits

these to the timing system 116. Of course a different number of tag reads per

monitored point MP is possible and the illustration of three tag reads per tag reader

system is only illustrative.

[0091] As shown in FIG. 8, on embodiment of a process 150 illustrates

determining tag reads for data storage in a tag reader system TRS and/or a timing

system TS. In this exemplary embodiment, the tag read data is stored in any suitable

manner in a memory associated with the TRS or timing system TS. In some cases,

when you have two or more TRS systems at the same monitored position or in the

same monitored zone, the timing system TS will receive multiple tag reads from the

same tag but from different tag readers at different monitored points. The system and

methods described herein enable for the synchronization of these multiple tag reads

for the determination of the determined time of passing of the tag. Such



determination can be handled in any of a number of ways as should be known to those

skilled in the art after review of the present disclosure.

[0092] process 152 of FIG. 8 the timing system TS parses the

information packets to determine the tag read information for each TRS. This

information is sorted by TRS system identifier and passed to a process that will

compute the moving average delta time for each TRS. Next as shown in steps 154R-

1, 154R, and 154R+1, the system computes the average delta time for a tag read at

each TRS. The tag read is checked to see if the same read occurred at another TRS.

If the tag was seen at the TRS that is most closely related to the reference line,

(sometimes referred to as the primary TRS or reference TRS, as well as the other TRS

systems, a delta time can be computed to identify how long it took for the tag to

transition from one system to another. Once the delta time is determined in process

154, the delta time is used to update a moving average delta time for all reads coming

from each TRS. This moving average delta time can then be used to update the tag

time for a tag read which occurred at each TRS accordingly to adjust to the reference

TRS or virtual reference line as shown in process 156. By using the process 150, the

tag read at any TRS can effectively be used as the final or actual determined time of

passing the reference line.

[0093] One such embodiment can be a rolling moving average that

uses the last X number of tag times from the two systems that are separated by some

offset distance, such as 20 to 30 feet in a racing application. The initial value of X

can be set at a defined number such as 20, but can be changed for the application by

the user. A range of 15 to 25 may be common in many applications. The number of

samples considered by the timing system TS can be from one to the total number of

tag reads obtained by the one or more TRS systems associated with the same

monitored zone. For example, there can be 20 tag reads occurring in the monitored

zone in a 2 minute period or monitoring window. However, there can also be 20 tag

reads occurring in a 30 second window. In addition to the rolling moving average, it is

also possible to make adjustments based on a calculated standard deviation of the tag

reads so that the rolling forward number is used rather than just the average. In this

manner, the average used in the calculations will be adjusted to remove tag reads or

data points that are one-time anomalies, or noise in the system, such as a tag read

associated with a tag that came to a halt within the monitored zone or shortly

thereafter.



[0094] In some embodiments, the distance between each monitored

position and the offset distances between each monitored position and a virtual or

physical reference line, can be determined and entered at the time of installation of

each multi-TRS system at each monitored zone. In such embodiments, the known or

predetermined distances can be entered into the system and can thereafter be utilized

by the timing system TS for various determinations including the determination of the

determined time passed by the tag at the reference line of the monitored zone. The

distances can also be used in conjunction with the multiple tag reads of the various tag

read messages to determine a velocity of a tag as it moves by and between each TRS

and through the monitored zone. Other uses are also possible.

[0095] However, in other embodiments, the systems can be set up at

distances that are variable or non-determined at the time of installation. In such

embodiments, as described herein, the various tag read messages with the tag reads

and time stamps can be utilized by the timing system TS in determining adjusted

times for one or more of the tag reads and also for determining the determined time at

passing of the tag. The described averaging for each TRS averages out the

differences in speeds of the different runners covering the same constant distance,

even though such distance is not defined within the system. In one embodiment, the

amount of time between different TRS systems monitoring the same monitored zone,

as used in the adjustment of the tag read, is based on a standard defined value set by

the user. Such can be set by the system or the user also only at the initial setting,

which can then be modified or adjusted by the timing system TS as it computes the

averages. In other words, the system can be configured to continuously calibrate its

adjustments and determinations.

[0096] As addressed, each monitored zone having multiple TRS

systems each at a monitored position within the zone spaced a distance from each

other, can be referenced by the timing system to a common reference point in the

RFID read monitored zone (such as on the track) that can be a virtual location. Of

course the virtual location can in fact also be a real location but we will address that

below. Each TRS in the timing system for each monitored zone is in effect

synchronized to that virtual or common reference line so that the times can be

captured at different location or different monitored positions, and then adjusted for a

common or standard point for determination of the determined time of passing.



[0097] However, in other embodiments where the system can actually

locate a tag within the monitored zone, each tag can be located or pinpointed at a

virtual location within the zone or in association with the reference line. Additionally,

such virtual location determination can also enable more accurate determinations of a

passing of a tag at a virtual location that cannot otherwise be physically monitored.

For instance, a finish line or monitored position across an open body of water, such as

in a lake or ocean swim event. The virtual definition of such a finish line or

monitored reference line can enable the accurate determination of a time of passing

without actually having a TRS positioned at the physical location of the finish line. In

such cases, each TRS tag read message time stamp can be adjusted appropriately such

that the adjusted time stamp for the read corresponds to the virtual reference line. In

some embodiments, one TRS was established to include the timing system TS or to

act as the reference or "primary system. " This is further enhanced where the location

of the tag within the zone can be pinpointed or determined based on the location

identification capability of the antennas and one or more TRS systems. For example,

having two TRS systems each with multiple antennas as described above, can be used

to identify the location of the tag through triangulation on the tag and then reference

that with the coordinates of a virtual finish line.

[0098] While not shown in the drawing figures, two or more TRS

systems can be combined at a single monitored position to add width to the monitored

position, such as in a wide race track or a marathon or similar wide area monitored

zone applications. Such side-by-side TRS systems can work together to increase the

width of the monitored position and the width of the monitored zone. Such side-by-

side systems can be synched, for example, to act as a single system.

[0099] As one skilled in the art will understand after reviewing the

present disclosure, while the primary exemplary embodiment as described herein has

been related to timing passings or elapsed time of a tag used in a racing event, other

applications of timing activities using RFID tags is also possible and considered

within the scope of the present disclosure. The following is a brief description of

some additional applications and/or embodiments.

[001 00] a. in medical facilities such as hospitals for tracking the flow

of patients into and out of their emergency rooms. This can include tracking patient

flow through their facilities so they know the speed of entry, time of wait, time for

certain treatments, location of the patients in their ER centers, etc.



[001 0 1] b. in prisons and schools for tracking and timing individual

movements therein.

[001 02] c . at trade-shows to track the traffic flow of people attending a

show, including tracking the paths that attendees take through the exhibition center

floor and how much time they spend at various booths.

[001 03] d. sporting events for tracking players on the playing field or

surface, time on the field or playing surface versus the bench or a penalty box. Such

real-time tracking data can be fed to coaches, television and radio broadcasters, and

officials.

[001 04] One or more embodiments as described herein can provide a

comprehensive solution for networking two or more RFID tag readers and/or one or

more timing systems together and computing an improved accuracy of the time of

passing of the tag at a monitored line or zone. This later embodiment is illustrated in

FIG. 9. Additionally, the present systems can ensure that no tags are missed as they

pass through the monitored zone, which with increased quantity of tags can be a

critical issue. Each RFID TRS system transmits information to the timing system TS

for some or all tag reads. This information can include the RFID system identifier,

the tag serial number, the tag read time, and the antenna identifier of the antenna

receiving the tag read.

[001 05] Furthermore, while the design solution will be described in

conjunction with the current embodiments, it will be understood that they are not

intended to limit the design solution to these embodiments. On the contrary, the

design solution is intended to cover alternatives, modifications and equivalents, which

may be included within the spirit and scope of the design solution.

[001 06] As tag reads occur at each TRS, a tag read message or packet is

transmitted over a network (can be wired or wireless) to timing system TS.

[001 07] The timing system TS collects the information packets coming

from each TRS and stores this information along with the tag reads it is also

collecting.

[001 08] As in process 152 of FIG. 8 the timing system timing system

TS parses the information packets to determine the tag read information for each TRS.

This information is sorted by TRS system identifier and passed to a process that will

compute the moving average delta time for each TRS.



[00109] Next as shown in steps 154 of FIG. 8, the system's processes

computes the average delta time for a tag read at each TRS. The tag read is checked

to see if the same read occurred at another TRS. If the tag was seen at the TRS that is

most closely related to the reference line, (sometimes referred to as the primary TRS

or reference TRS, as well as the other TRS systems, a delta time can be computed to

identify how long it took for the tag to transition from one system to another. Once

the delta time is determined, it can be used to update a moving average delta time for

all reads coming from each TRS. This moving average delta time can then be used to

update the tag time for a tag read which occurred at each TRS accordingly to adjust to

the reference TRS or virtual reference line as shown in process 156 of FIG. 8. By

using this technique, the tag read at any TRS can effectively be used as the final or

actual determined time of passing the reference line.

[001 10] As illustrated in FIG. 9, where there are two timing systems

116A and 116B, each of them can include a packet collector 162A, 162B for

receiving tag read messages TRM from one or more tag reader systems 114, that may

be the same as the other, or not. Each timing system 116A, 116B implements a

process as shown in FIG. 8 for its own determination of an assembled final time for a

tag read, e.g., a time of passing of the tag at a particular monitored point.

COMMUNICATIONS INTERFACE

[001 11] As described herein, the communications systems and protocols

of the timing system TS and the Tag Reader Systems (TRS), collectively referred

herein as a sports timing system (STS) by way of example, can implement an

Integrated Communications System (ICS), method and/or protocols that support the

transmission of information using variable length messages that can be customized by

an STS user. The information can be transmitted via numerous technologies

including, but not limited to, wired networks, wireless networks, satellite networks,

cellular networks, serial networks, or private networks. The messages can be

transmitted over any type of network communications protocol including, but not

limited to, TCP/IP or UDP. The protocol uses a plain text message format that can be

modified to include any number of new message types. A number of pre-defined

messages are available for the transmission of typical sports timing information

between systems. In addition, new messages can be added by utilizing a packet

structure containing message type indicators at the beginning of the packet, and the



EOMI end of message identifier that tells the receiving system that all information for

that particular packet has been received. These indicators make it possible to parse

individual information packets that are being received in a constant stream. The

contents of the information packets use a variable length text message format. There

are pre-defined messages for handling many of the common information exchanges

often used in sports timing.

[001 12] The ICS was designed for sporting events, it could be used for

any number of other applications. Furthermore, while the ICS will be described in

conjunction with the current embodiments, it will be understood that they are not

intended to limit the protocol to these embodiments. On the contrary, the design

solution intended to cover alternatives, modifications and equivalents, which may be

included within the spirit and scope of the design solution.

[001 13] In one exemplary embodiment, a system for communicating

sporting event timing information among a plurality of timing systems, the system

includes a sport timing system (STS) having a data interface, a memory and a

processor. The data interface is for communicating over a data communication

network. The memory includes executable instructions for operating the data

interface to communicate over the data communication network and for storing

participant data including participant data that includes a participant identifier for

uniquely identifying each participant and participant timing data. The participant

identifier can be a bib number or a participant identification number for example.

[001 14] The processor is coupled to the memory and the data interface

and executes the executable instructions for operating the data interface to transmit

datagram messages over a stateless packet data communication network wherein the

datagram messages include multicast and unicast messages, each of which includes at

least a portion of the participant data. The stateless packet datagram message protocol

can be a user datagram protocol (UDP) in one exemplary embodiment, but can be

other such protocols in other embodiments and for use on other stateless packet data

communication networks. In some embodiments, a portion of the predefined message

can include a uniquely assigned packet number that is a next sequential number for

that particular data interface.

[001 15] As shall be discussed a plurality of timing systems TS and TRS

can implement the described ICS network interface systems and method. In some

embodiments, a single event will include a few to as many as a dozen or more timing



system TS and/or TRS systems such as for a cross country race or multi-kilometer

bicycle or triathlon, each of which when implementing the timing system TS and tag

reader system TRS can share event and individual participant data. Often in such STS

systems, a single system will act as the primary or master for compiling the final race

results for each participant. However the other timing system TS and/or TRS systems

cooperate to provide race timing services and support such as racer registration, start

times, intermediate detections and times, by way of example. As such, as will be

described in some embodiments herein, a first and second timing system (TS) is

possible, but such systems can have multiple first or second such timing system TS

and still be within the scope of the present disclosure. As such, each of the above

may be a first TS system and a second TS system will have second components.

However, each will access the same or coupled data communication network using

the stateless broadcast protocol using the plurality of predefined multicast and unicast

messages including the portion of the participant data.

[001 16] Of course, one or more of the STS systems may have a timing

clock that provides a present time signal. A second data interface can provide for the

receiving of participant detection data from a tag reader or other detection system

when the detection system detects proximity of a participant in the sporting event to a

predefined detection point associated therewith or monitored by such detection

system. Generally, executable instructions in the ICS provide the processor with the

ability to determine the participant timing data responsive to the received participant

detection data and the present time signal. These components may be separate

components with separate processors, memories and data interfaces or may be

assembled as a single unit.

[001 17] As known, each TRS system or other detection system, such as

an can have one or more RFID tag readers. When detecting RFID tags, the RFID

reader detection systems detect the RFID tag number uniquely assigned to the

detected participant and this can become the participant identification and included in

participant data.

[001 18] As noted and described in detail below, the multicast messages

include an identification of an originating STS system but do not include an

identification of an intended receiving STS system. In other words, the recipient

knows who sent the message but any listening device can receive the message based

on their screening on the sender. Such, multicast messages can include one or more



of the later descried messages: READ, TSYNC, and RSIG, by ways of example and

not intending to be limited thereto. Similarly, the unicast messages include both an

identification of an originating STS system and an identification of an intended

receiving STS system, and as such are a point to point message that is transmitted

within the broadcasting message structure. The unicast messages can be, for example,

message such as will subsequently be described to include, but not limited to,

RESEND, LOOKUP, STARTRFID, STOPRFID, and COMMAND.

[001 19] In addition to the multicast and the unicast messages, the data

interface can communicate using the stateless broadcast protocol by one or more

broadcast messages that do not include an identification of an originating STS system

or an identification of an intended receiving STS system, and therefore are purely

broadcast messages. These can include messages such as system level messages and

can include the TRSTART message by way of example as will be further described

herein.

[001 20] In yet another embodiment, the TS and TRS systems can

include a data interface of a timing system for communication over a coupled data

communication network to cause a computer for storing in a memory participant data

including participant data that includes a participant identifier for uniquely identifying

each participant and participant timing data and transmitting, via a data interface,

datagram messages over a stateless packet data communication network, datagram

messages including multicast and unicast messages including at least a portion of the

participant data. The system and methods can include the following process steps, the

order of which is not significant, as other orders are possible and each of which are

still within the scope of the present disclosure:

[001 2 1] a. providing a present time signal from a timing clock;

[001 22] b. receiving at a second data interface participant detection

data from a detection system responsive to the detection system detecting a proximity

of a participant in a sporting event to a detection point;

[001 23] c . determining in a processor the participant timing data

responsive to the received participant detection data and the present time signal;

[001 24] d. storing a plurality of the participant data in the memory

including the determined the participant timing data;

[001 25] e . wherein the detection system is an RFID tag reading system

having one or more RFID tag readers and wherein the participant detection data



includes an RFID tag number uniquely assigned to the detected participant,

communicating with the RFID tag reading system and receiving the participant

detection data including a RFID tag number of the detected participant's RFID tag;

[001 26] f . transmitting the datagram messages using user datagram

protocol (UDP);

[001 27] g. storing an identification of the STS system, and formatting

the multicast datagram messages to not include the stored STS identification in the

multicast message but to include an identification of an intended receiving STS

system, and formatting the unicast messages to include the stored STS identification

and to include an identification of an intended receiving STS system;

[001 28] h . formatting multicast messages are selected from the group of

message consisting of: READ, RESEND, TSYNC, and RSIG; and wherein the

unicast messages are selected from the group of messages consisting of: RESEND,

LOOKUP, STARTRFID, STOPRFID, and COMMAND;

[001 29] i . storing an identification of the STS system; formatting one or

more broadcast message to not include the STS identification or any identification of

an intended receiving STS system; and transmitting via the data interface the one or

more broadcast messages;

[001 30] j . formatting the participant identifier in the format selected

from the group consisting of a bib number, and a participant identification number;

and

[001 3 1] k . wherein one or more of the predefined messages includes a

uniquely assigned packet number that is a next sequential number for the data

interface.

[001 32] Of course other steps and processes are also possible as will be

understood by one of skill in the art of timing systems.

[001 33] FIG. 10 is a schematic drawing showing the system architecture

of the timing system (TS) 200 integrated communication system (ICS), according to

one exemplary embodiment. As illustrated, and by way of example only, the system

architecture includes four timing systems, TSA -TSD, 116A, 116B, 116C, 116D and

two timing auxiliary systems, TASA -TAS B 210A, 210B, and a distributed clock

system DC 204, which provides a present time signal to the timing systems, TSA -

TSD 116A, 116B, 116C, 116D, Each of the timing systems TSA -TSD H6A, 116B,

116C, 116D uses a corresponding integrated communication interface, ICS to



communicate with each other and with the timing auxiliary systems, TAS A -TAS B

210A, 210B over a communications network 118. Each of the timing systems, T SB -

T SD 116A, 116B, 116C, 116D includes may be paired with a plurality of tag reader

systems T SB-1 ,TRS B-2, TRS C -i TRS C-2, TRS D _i, and TRS D_2, shown as 114

respectively. Each tag reader systems TRS N generally, is configured to read a tag

worn by an event participant and to communicate one or more read times,

synchronized to the distributed clock system, DC, to the corresponding timing systems

T SA -TS D. shown, each tag reader system 114 can communicate directly with the

timing system 116 or can communicate using communication network 118.

[001 34] As shown in FIG. 10, timing system T SA 116A is not paired

with a detection system. Rather, timing system, T SA equipped with a Graphical

User Interface 206 and input system 208. Together, the Graphical User Interface 206

and input system 208 are configured to allow either manual entry by a human user or

electronic entry from an outside system, and interacts with a database application for

storing a plurality of participant data in the memory wherein each participant data

including a participant identifier for uniquely identifying each participant, along with

other participant data, without limitation, including contact information and group

affiliation. Graphical User Interface 206 and input system 208 may be implemented

in any suitable application programming environment, including but not limited to the

Microsoft® .NET Framework.

[00135] The exemplary embodiment shown in FIG. 10 depicts two

timing auxiliary systems, STAS A -STAS B 210A, 2 10B. Timing auxiliary system,

TAS A 210A is equipped with a display 212. The display 212 may include, but is not

limited to a computer monitor, message board, time clock or any other display device.

Timing auxiliary system, TAS A 210B is configured with suitable computer executable

instructions for using the integrated communication interface timing system T S and

TRS to communicate with other timing auxiliary systems, such as TAS B , and one or

more of the timing systems, T SA -TS D over the communications network 118. In an

exemplary embodiment, timing auxiliary system, TAS A may function as a remote

controller, coordinating the communications between the other timing systems 214

and timing auxiliary systems.

[00136] In the exemplary embodiment depicted in FIG. 10, timing

system T SA 116A may function as a participant check-in location, timing system T SB

116B may be positioned near the starting line of the race within two or more tag



reader systems, TRSB-I , and TRSB-2- Timing system TSc 116C may be positioned at

an intermediate point between the starting and finish lines and have two more of its

own tag reader systems TRSC i and TRSc-2- Timing system TSD 116D has two or

more tag reader systems TRSo iand TRSD-2 positioned near the finish line of the race.

[001 37] One skilled in the art will recognize that the system may be

configured to include more or fewer timing systems and more or fewer timing

auxiliary systems as the configuration of the race course or quantity of participants

would dictate. Additionally, the exemplary embodiment of FIG. 10 as shown depicts

a circular race course over which one or more laps may be run. One skilled in the art

will recognize that any course configuration may be supported by providing an

appropriate quantity of timing systems, TS's, TRS's and TAS's arranged in a manner

suitable to cover the entire course.

[001 38] During operation of the system, a participant P , wearing an

RFID tag suitable for detection by each of the RFID tag reader systems TRS would

begin near timing system TSB , travelling along the path PB-C. A S the participant nears

TSB , the tag reader systems TRSB-I and TRSB-2 will detect the participant's unique

identifier or other participant data, record participant timing data, which constitutes

part of the participant data, which includes the determined time of detection of the

participant in proximity to a detection point at the location of TRSB-I and TRSB-2

system . Timing system STSB may then use the integrated communication system to

communicate the participant data to one or more of the timing systems, STSA, STSC -

STSD , or timing auxiliary systems, STASA -STASB over the communications network

STS NET. As the participant continues along the path PC-D through path PD-B timing

system TSc receives tag reads from its tag readers TRSc-i and TRSc-2 and TSD

receives tag reads from its tag readers TRSD I and TRSD-2- In this way, the collective

system is able to track the progress and timing of the event participant as they traverse

the race course covering paths PB-C, PC-D through path PD-B-

[001 39] FIG. 11 illustrates a schematic drawing of a typical

communications architecture 250 that could be used at a sporting event. The timing

system TS and TRS communications interfaces make it possible for the devices

shown to share race information. A system implementing the STS architecture

consists of a Distributed Clock System DCS 204, one or more timing systems TS 116,

one or more auxiliary timing systems TAS 210 and external devices 60. The external



devices 60 can include any type of external devices without limitation, and can

include cellular telephones or smart phones.

[001 40] A message as described herein can include a variable length

message information packet structure that is used to communicate event data. This

packet may contain any type of information and the format of the packet includes the

following: message type, source, custom field(s), and end of message indicator.

Several message types are already defined, as documented below. However, the

message type may contain any text which uniquely identifies a message. The system

receiving the message will use the message type to determine the action required.

The next field in the packet includes the source. The source is a name or unique

identifier that indicates which system transmitted the message. This information is

used by the receiving system to know where to send a response. The source field can

include any text, but typically the IP address of a computer or device is used. The

next fields within the packet are customer fields that may contain any type of

information. The flexibility of the protocol makes it possible to send any type of

information from one system to another. The final field that should be included in

each information packet contains EOMI. This is the end of message indicator which

is used by the receiving system to know when all information within a packet has

been received. The packet also uses the Icharacter to delimit each field.

[001 4 1] The timing system TS and TRS facilitates and streamlines the

communication of tag reader or participant detection system timing information

between multiple computers used at sporting events. The protocol is flexible and

adaptable and can be used to transmit any type of information across any type of

network. The use of variable length messages makes it possible to customize the

messages sent or received from any type of device. The protocol is simple and

efficient and can be quickly implemented.

[001 42] The foregoing descriptions of specific embodiments of the

present design have been presented for the purposes of illustration and description.

They are not intended to be fully exhaustive or to limit the design to the precise use,

form, or methods disclosed, and it is obvious that many modifications or variations

are possible in the light of the information provided above. The embodiments were

chosen, shown, and described in order to best explain the concepts and principles and

the practical application of the design, thus providing others skilled in the art the



ability to best utilize the design and various embodiments with various modifications

as are suited to the particular use desired.

[00143] Some of the advantages of the timing system TS and TRS

include facilitating and streamlining the communication of tag reader or participant

detection system timing information (such as RFID systems by way of example)

between computing systems of similar or non-similar nature. For example, the

protocol would permit the communication of sports timing information between

desktop computers and cellular phones.

[001 44] The Timing System (TS) Interactive Communication System

and Method (STS) as described herein include both text files and network interface

files.

[001 45] timing system TS and TRS can have text files that a user or

STS system developer can access for creating timing system TS and TRS compatible

systems or applications.

[001 46] In addition, a network interface provides an ability to

communicate with STS in real-time. The file interface is very quick and easy to use.

The network interface is much more complex and can require experience in writing

network applications. In addition, as describer herein one skilled in the art of this

timing system TS and TRS network interface and method requires an understanding

of any operating systems environments in which the present timing system TS and

TRS system and method are implemented. As such, it is assumed that any person of

skill in the art implementing the present timing system TS and TRS system and

method is well versed in such implementing operation system environment.

[001 47] The timing system TS and TRS systems that make up an STS

or similar RFID tag reader system can have a state-less network interface such as

provided by a user data protocol (UDP) system as used for outbound and inbound

messaging over a suitable communication network. The timing system TS and TRS

system utilizes these messages to include outbound packets using timing system TS

and TRS for READ information, as well as other data as described herein. In

addition, an STS using timing system TS and TRS monitors the Internet connection

for UDP timing system TS and TRS messages from other timing system TS and TRS

systems or third-party programs coupled to the same communication network. This

interface allows third-party programs to be developed which can work within the STS

architecture.



[001 48] The following includes the packet structure for all timing

system TS and TRS supported UDP packets. Timing system TS and TRS can be

configured to listen and send on any socket ranging from 5000 to 9999. In addition,

timing system TS and TRS can be set to send to a specific computer by using either

the computer name or its IP address. Furthermore, timing system TS and TRS can

send to all computers on the network by using .255 as the last bytes in the IP address.

Of course in other systems and embodiments other broadcast messaging address can

also be used and still be within the scope of the present invention. In this example, if

the timing system TS and TRS have an IP address set to 192.168.1.255, the timing

system TS and TRS sends its messages as Broadcast packets. Timing system TS and

TRS message are sent as clear text contained within the UDP packet, with fields

separated by the "I" characters. IEOMI should always come at the end of each

message.

[001 49] As noted, the timing system TS and TRS network interface is

configured for stateless broadcast communications systems, such as UDP using a

broadcasting IP address indicator such as 255. The networking interface can however

support a variety of different types of messages. These can include broadcast

messages, multicast messages and unicast messages, between and among various

timing system TS and TRS systems.

[001 50] Broadcast timing system TS and TRS messages are transmitted

from the timing system TS and TRS interface over the stateless broadcast

communication network with no addressing as to the intended recipient as well as no

identification the timing system TS and TRS system that is sending or sent the

message. As such, each of the Broadcast timing system TS and TRS Messages can be

read by any listening timing system TS and TRS device, and once received by that

device, the receiving STS system does not know which other STS system sent the

message. As will be discussed, these include, by way of example, the TRSTART

messages.

[001 5 1] Multicast timing system TS and TRS messages are transmitted

from the timing system TS and TRS interface over the stateless broadcast

communication network with no addressing as to the intended recipient. However,

these messages include an identification of the sending STS system, e.g., FROM

identifier. These timing system TS and TRS multicast messages can be read by any

timing system TS and TRS system and once received by that STS system, the



receiving STS system knows which of the other communicating STS systems the

message originated. These include, by way of example, the READ, RESEND, and

TSYNC, RSIG, and KREFRESH messages.

[00152] Unicast timing system TS and TRS messages are transmitted

from the timing system TS and TRS interface over the stateless broadcast

communication network with an identification of which the sending entity is (FROM

identifier) as well as an identification of the intended receiving STS system (DEST or

Destination identifier). These unicast timing system TS and TRS messages are

essentially point to point messaging within a stateless broadcast messaging

communication system. Only the identified destination timing system TS and TRS

system should receive these messages and they are ignored by all other listening STS

system. The receiving STS system knows that the message was intended for its use

and it knows the identification of the sending STS. These include, by way of

example, the RESEND, LOOKUP, STARTRFID, STOPRFID, and COMMAND

messages by way of example.

[001 53] It should be understood to those skilled in the art that other

broadcast, multicast and/or unicast messages can also be developed as an application

may require or benefit from the present disclosure, and still be considered within the

scope of the present disclosure.

[001 54] The following is just one set of possible message descriptions

and definitions, according to one embodiment.

[001 55] Read Message (READ) : This message can be sent from a

system that has just read a participant tag. The message could be sent to any other

device and the message includes the tag serial number just read. It also includes the

time of the tag read as well as an optional packet number. The READ message is the

primary information packet used to communicate tag read data to all devices. The

packet could be expanded to include additional fields as necessary. The READ

packet is sent by timing system TS and TRS to the network and can be captured by

any device that is listening on the network for UDP packets. The packet is a real-time

feed of any reads that are occurring at the particular STS timing system.

[001 56] Packet length = variable size

[00157] Total fields = 6

[001 58] READIFROMIBIB#ITIMEIPACKET #IEOMI



[001 59] Packet number is a value that begins with 1 and goes to 999.

Once it reaches 999, it starts over again at 1. This packet number is used to reference

past messages in case a message is lost on the network and a re-send is requested.

[001 60] Additionally a separate READ message can be used that

includes the PARTICIPANTNAME field in lieu of the BIB#.

[001 6 1] Resend Message (RESEND) : This message can be sent from a

receiving device to a transmitting device to request another send of a particular

packet. If packet numbers are being used for the purpose of verifying that all packets

are received, the re-send message can be used to request another transmission of a

packet that never arrived at the receiving device. The packet could be expanded to

include additional fields as necessary. The RESEND message is sent between any

timing system TS and TRS system to questing that it re-send a past message. If a

message is lost over the network, a request to resend can be made for any of the last

999 messages sent previously. Timing system TS and TRS maintain a buffer with the

past 999 messages. Once the 999 position is used, timing system TS and TRS start

over at position 1. Thus, timing system TS and TRS are maintaining a circular buffer

of messages.

[001 62] Packet length = variable size

[00163] Total fields = 5

[001 64] RESENDIFROMIDESTIPACKET #IEOMI

[001 65] The Destination field is the STS system that should respond to

this request. This is the same name set in the STS Defaults for "My Name" in the

networking section. If a request is made for a packet number that has not yet been

used by timing system TS and TRS, a packet response starting with the BLANK field

can be received.

[001 66] Time Sync Message (TSYNC) : This message can be sent to all

devices on the network to indicate the current time at the transmitting device. This

message is used to synchronize the time on all devices, which is crucial for RFID

systems that are used for timing sporting events. The TSYNC message is sent using

timing system TS and TRS to any STS system that is listening for Time Sync

commands. This is typically used by a STS system to make sure the time on its clock

is the same as that of the interconnected systems. There can always be a slight delay



in the network transmission, and as such a .25 to .5 second delay may be added to the

time received using timing system TS and TRS to compensate for the delay.

[001 67] Packet length = variable size

[00168] Total fields = 4

[001 69] TSYNCIFROMITIMEIEOMI

[001 70] The FROM field is the name set in the STS Defaults as My

Name.

[001 7 1] Remote Signal Message (RSIG) : The RSIG message is sent

using timing system TS and TRS to any system that is listening for RSIG command.

This is typically used by STS Remote to make sure the connection over the network is

good to timing system TS and TRS and also to verify that timing system TS and TRS

is scanning and listening for remote entries.

[001 72] Packet length = variable size

[00173] Total fields = 4

[00174] RSIGIFROMITIMEIEOMI

[001 75] The FROM field is the name set in the STS Defaults as My

Name.

[001 76] Lookup Message (LOOKUP) : This message allows a device to

request race information from another device. The identifier may be any text. In

most cases, the identifier will be a tag serial number, race bib number, participant

name, or perhaps a unique identifier that refers to a particular type of information.

For example, if a device needs to know the current duration of a race, the LOOKUP

message could be sent to a time system that is tracking the total race time. The

identifier field might contain the text entry "RACETIME" and this entry could be

used to indicate that the race duration is desired. The packet number field is optional

and if not used, the field could contain a single space. The LOOKUP message allows

a timing system TS or TRS (both referred as a STS system herein) to request race

information from another device. The identifier may be any text.

[001 77] Packet length = variable size

[00178] Total fields = 6

[001 79] LOOKUPIFROMIDESTIIDENTIFIERIPACKET #IEOMI



[00180] Start RFID Message (StartRFID) : This message could be sent

to a device to indicate that it should start performing a specific tag reader or

participant detection function. If the function is to begin at a certain date or time, the

TIME field could contain that information. This field could be used to initialize and

start a remote participant detection system so that it begins to read tags. The

StartRFID message can be sent to a TRS or timing system TS to indicate that it should

start performing a specific RFID function. If the function is to begin at a certain date

or time, the TIME field could contain that information. This field could be used to

initialize and start a remote RFID system so that it begins to read tags. As also, as

used here this is specific to RFID readers. It should be understood to those skilled in

the art, that other reader or detection systems are possible and in such embodiments,

other messages can be developed or this message can be adapted for their use.

[001 8 1] Packet length = variable size

[00182] Total fields = 7

[00183] StartRFIDIFROMIDESTIFUNCTIONITIMEIPACKET #IEOMI

[001 84] Of course those skilled in the art will understand that when

other technology is used for the tag reader or participant detection system, this

message can be renamed and still be within the scope of the present disclosure.

[00185] Stop RFID Message (StopRFID) : This message could be sent

to a device to indicate that it should stop performing specific participant detection or

tag read function. If the function is to stop at a certain date or time, the TIME field

could contain that information. This field could be used to stop a remote tag reader or

participant detection system so that it no longer reads tags. The StopRFID message

can be sent to TRS or attached device to indicate that it should start performing a

specific RFID function. If the function is to begin at a certain date or time, the TIME

field could contain that information. This field could be used to initialize and start a

remote RFID system so that it begins to read tags. Other systems could include: laser

detection, video detection, etc.

[001 86] Packet length = variable size

[00187] Total fields = 7

[001 88] StopRFIDIFROMIDESTIFUNCTIONITIMEIPACKET #IEOMI



[001 89] Of course those skilled in the art will understand that when

other technology is used for the tag reader or participant detection system, this

message can be renamed and still be within the scope of the present disclosure.

[00190] Command Message (COMMAND) : This message could be

sent to a device to request that a particular command be executed. The IDENTIFIER

field may contain any text desired. This field could be used to send any tag reader or

participant or tag detector command to a remote device. For example, if the current

battery charge level on a remote system needed to determined, a Command message

could be sent with the text BATTER YSTATS in the IDENTIFIER field. The remote

system would need to have functions built in that can process the command.

[001 9 1] Packet length = variable size

[00192] Total fields = 6

[001 93] COMMANDIFROMIDESTIIDENTIFIERIPACKET #IEOMI

[001 94] The following provide additional specifications for the

communications interface in some exemplary embodiments.

[001 95] a) UDP packets are not guaranteed to be delivered on a

network, as is the case with TCP. In some networks, routers can not automatically

send UDP packets unless they are configured to do so. For the timing system TS and

TRS communication system as described herein, the router should be able to send

UDP packets, as well as a broadcast datagram.

[001 96] b) In some embodiments of the timing system TS and TRS

communication system, an STS system can only process inbound messages while it is

connected to the timing system and the timing system TS and TRS software is

Enabled and Scanning. In such embodiments, if packets of information are sent to the

timing system TS and TRS, such sent packets will be discarded unless in the Scanning

mode.

[001 97] c) In some embodiments, a timing system TS and TRS

system can send and receive messages only if configured to do so in the software

defaults. As such, the defaults should be set properly and enabling system/software

may need to be rebooted after making any changes to ensure that the networking

functions have started properly.



[001 98] e) There are no error messages sent using timing system

TS and TRS if packets are transmitted with an improper format. The malformed

packet is discarded.

[001 99] f) While STS is scanning for chip reads, it can check the

network packet buffer approximately every 1 to 3 seconds for new messages that have

been received. The communications between the timing system TS and TRS uses an

automatic load balancing system for packet processing. If STS determines that the

chip read load is lighter than normal, it can speed up the processing of inbound

messages using a timing system TS and TRS application. Thus, it is possible that

STS could process as many as 20 messages every second. Thus, it is best to never

send more than 20 messages per second to a timing system TS and TRS system.

[00200] g) When the timing system TS and TRS are sending out

messages, it can not process inbound messages until the send can have completed.

[00201] h) The volume of messages coming via timing system TS

and TRS can be quite large during a major race, so it's crucial that any code be able to

quickly process these messages. Depending on the type of race or event being

monitored by the timing system TS and TRS system, as many as 300 messages per

second is possible.

[00202] i) All timing system TS and TRS applications use one

socket for outbound packets, and a different socket for inbound messages. Thus, any

timing system TS and TRS application should use the sockets designated in the timing

system TS and TRS specification be connected by the timing system TS and TRS

communication system and method as described herein.

TIMING SYSTEM TS AND TRS INTERFACING APPLICATION

EXAMPLE

[00203] The following is pseudo code for creating a TS and TRS UDP

client application. This is simply an example of the type of timing system TS and

TRS communication code that can be implemented using the timing system TS and

TRS system and method as described herein.

[00204] int main()

{
int socketnum;
struct socketnumaddress_in server_address;
struct hostloc *host;



char packet_data[128];
host = (struct hostloc *) gethostbyname((char

*)"192.168.1.255");
server_address.sin_family = AF_INET;
server_address.sin_port = htons(6002);
server_address.sin_addr = *((struct in_addr *)host->h_addr);
bzero(&(server_addres s.sin_zero) ,8) ;
while (True)
{
printf("Type EXIT when done. ") ;
gets(packet_data) ;
if ((strcmp(packet_data , "EXIT") == 0))
{
printf("Program done.");
exit;
}
sendto(socketnum, packet_data, strlen(packet_data), Obstruct

socketnumaddress *)&server_addr,
sizeof(struct socketnumaddress));
}

ITS, STS AND TRS COMPUTER OPERATING ENVIRONMENT

[00205] Referring to FIG. 12, an operating environment for an

illustrated embodiment of one or more variable spaced multi-point RFID tag reading

and timing systems is a computer system 700 with a computer 702 that includes at

least one high speed central processing unit (CPU) 704, in conjunction with a memory

system 706 interconnected with at least one bus structure 708, an input device 710,

and an output device 712. These elements are interconnected by at least one bus

structure 708. As addressed above, the input and output devices can include a

communication interface including an antenna interface.

[00206] The illustrated CPU 704 for an RFID semiconductor chip is of

familiar design and includes an arithmetic logic unit (ALU) 714 for performing

computations, a collection of registers for temporary storage of data and instructions,

and a control unit 716 for controlling operation of the computer system 700. Any of a

variety of processors, including at least those from Digital Equipment, Sun, MIPS,

Motorola, NEC, Intel, Cyrix, AMD, HP, and Nexgen, is equally preferred but not

limited thereto, for the CPU 704. This illustrated embodiment operates on an

operating system designed to be portable to any of these processing platforms.

[00207] The memory system 706 is generally includes high-speed main

memory 720 in the form of a medium such as random access memory (RAM) and



read only memory (ROM) semiconductor devices that are typical on an RFID

semiconductor chip. However, the present disclosure is not limited thereto and can

also include secondary storage 722 in the form of long term storage mediums such as

floppy disks, hard disks, tape, CD-ROM, flash memory, etc., and other devices that

store data using electrical, magnetic, and optical or other recording media. The main

memory 720 also can include, in some embodiments, a video display memory for

displaying images through a display device (not shown). Those skilled in the art will

recognize that the memory system 706 can includes a variety of alternative

components having a variety of storage capacities. In some embodiments, these are

non-transitory computer readable medium.

[00208] Where applicable, while not typically provided on RFID tags or

chips, an input device 710, and output device 712 can also be provided. The input

device 710 can include any keyboard, mouse, physical transducer (e.g. a microphone),

and can be interconnected to the computer 702 via an input interface 724 associated

with the above described communication interface including the antenna interface for

wireless communications. The output device 712 can include a display, a printer, a

transducer (e.g. a speaker), etc, and be interconnected to the computer 702 via an

output interface 726 that can include the above described communication interface

including the antenna interface. Some devices, such as a network adapter or a

modem, can be used as input and/or output devices.

[00209] As is familiar to those skilled in the art, the computer system

700 further includes an operating system and at least one application program. The

operating system is the set of software which controls the computer system's operation

and the allocation of resources. The application program is the set of software that

performs a task desired by the user, using computer resources made available through

the operating system. Both are typically resident in the illustrated memory system

706 that may be resident on the RFID semiconductor chip or other forms of non-

transitory computer readable medium.

[0021 0] In accordance with the practices of persons skilled in the art of

computer programming, the present disclosure is described below with reference to

symbolic representations of operations that are performed by the computer system

700. Such operations are sometimes referred to as being computer-executed. It will

be appreciated that the operations which are symbolically represented include the

manipulation by the CPU 704 of electrical signals representing data bits and the



maintenance of data bits at memory locations in the memory system 706, as well as

other processing of signals. The memory locations where data bits are maintained are

physical locations that have particular electrical, magnetic, or optical properties

corresponding to the data bits. One or more embodiments can be implemented in

tangible form in a program or programs defined by computer executable instructions

that can be stored on a non-transitory computer-readable medium. The computer-

readable medium can be any of the devices, or a combination of the devices,

described above in connection with the memory system 706.

[0021 1] When describing elements or features and/or embodiments

thereof, the articles "a", "an", "the", and "said" are intended to mean that there are one

or more of the elements or features. The terms "comprising", "including", and

"having" are intended to be inclusive and mean that there may be additional elements

or features beyond those specifically described.

[0021 2] Those skilled in the art will recognize that various changes can

be made to the exemplary embodiments and implementations described above without

departing from the scope of the disclosure. Accordingly, all matter contained in the

above description or shown in the accompanying drawings should be interpreted as

illustrative and not in a limiting sense.

[0021 3] It is further to be understood that the processes or steps

described herein are not to be construed as necessarily requiring their performance in

the particular order discussed or illustrated. It is also to be understood that additional

or alternative processes or steps may be employed.
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CLAIMS

What is claimed is:

1. A timing system for determining a time of a passing at a reference line of

a tracked RFID tag traveling along a route, the system comprising:

a first tag reader system having a processor, a memory, a clock, a communication

interface, a radio frequency transceiver for wirelessly communicating with the RFID tag,

and one or more antennas coupled to the radio frequency transceiver that are positioned at

a first monitored position at a first offset distance from the reference line, the first tag

reader system transmitting a first tag read request and receiving one or more first tag

reads from the RFID tag, and transmitting over the communication interface a first tag

read message including at least a portion of the received first tag reads;

a second tag reader system having a processor, a memory, a clock, a

communication interface, a radio frequency transceiver for wirelessly communicating

with the RFID tag, and one or more second antennas coupled to the second radio

frequency transceiver that are positioned at a second monitored position at a second

offset distance from the reference line and spaced apart from the first monitored position

along the route traveled by the RFID tag, the second tag reader system transmitting a

second tag read request and receiving one or more second tag reads from the RFID tag

and transmitting over its communication interface a second tag read message including at

least a portion of the received second tag reads; and

a timing system having a processor, a memory including storing of a tag reader

normalization parameter, and a communication interface communicatively coupled to the

communication interfaces of the first and second tag reader systems for receiving the

transmitted first and second tag read messages, the timing system determining the time of

passing of the RFID tag at the reference line responsive to the received first and second

tag reads and the stored tag reader normalization parameter.

2 . The system of claim 1 wherein the timing system computes an average

delta time for each of the first and second tag read and determines the time of passing

from the first and second computed average delta times.



3 . The system of claim 2 wherein one or both of the first and second tag

reader systems transmit a plurality of first and second tag reads, respectively and wherein

each average time is calculated on each of the received first and second tag reads.

4 . The system of claim 1 wherein the timing system is implemented

integrally with at least one of the first and second tag reader systems.

5 . The system of claim 1 wherein the timing system is a first timing system

implemented integrally with the first tag reader system, further comprising a second

timing system implemented integrally with the second tag reader system.

6 . The system of claim 1 wherein the first offset distance is zero and the first

monitored position is coincidental with the reference line.

7 . The system of claim 1 wherein neither the first nor second offset distances

are zero and neither the first or second monitored positions is coincidental with the

reference line, and wherein the timing system memory includes a stored tag reader

normalization parameter associated with each of the first and second offset distances, and

wherein the timing system determines the time of passing of the RFID tag at the

reference line responsive to the received first and second tag reads and the stored tag

reader normalization parameters for the first and second offset distances.

8. The system of claim 1 wherein the RFID tag is a passive RFID tag and

wherein each of the wireless transceivers of the first and second tag reader systems are

configured to transmit a powering activation message and the read request message to

RFID tag.

9 . The system of claim 1 wherein the first and second tag read requests are

continuously transmitted as pulses.



10. The system of claim 1 wherein each of the first and second tag reads

includes a tag serial number of the RFID tag.

11. The system of claim 10 wherein each first and second tag read message

includes a data packet having a tag reader system identifier, a tag read time, and the tag

serial number, wherein the timing system determines the passing of the RFID tag

response to the received tag read times.

12. The system of claim 11 wherein each first and second tag read message

includes a data packet having a tag reader system identifier, and the tag serial number.

13. The system of claim 1 wherein at least one of the first and second tag

reader systems includes a plurality of antennas and wherein each first and second tag read

message includes a data packet having an antenna identifier that is unique to each antenna

and wherein the timing system determines the time of passing of the RFID tag responsive

to antenna identifiers received with each of the first and second tag read messages.

14. The system of claim 1 wherein the timing system includes a clock and

wherein the timing system transmits a timing message to each of the first and second tag

reader systems via the communication interfaces and wherein each of the first and second

tag reader systems sets a timing of its respective clock responsive to the received timing

message.

15. The system of claim 1 wherein each of the first and second tag reader

systems time stamps each received tag read and generates each tag read message to

include the time stamp and the received tag read in the tag read message that is

transmitted.

16. The system of claim 1 wherein each of the first and second tag readers

receiving a plurality of first and second tag reads from the same RFID tag, and wherein



each transmits its tag read message to include a selected one of the plurality of first and

second tag reads.

17. The system of claim 16 wherein the selected of each plurality of first and

second tag reads is the last such tag read received.

18. A timing system for determining a time of a passing at a reference line of

a tracked RFID tag traveling along a route, the system comprising:

means for wirelessly transmitting one or more first tag read requests to the RFID

tag at a first tag reader system having one or more antennas positioned at a first

monitored position at a first offset distance from the reference line along the route

traveled by the RFID tag:

means for receiving one or more first tag reads responsive to the first tag requests

wherein the first tag read includes an RFID identification number from the RFID tag

responsive to the first tag read requests;

means for recording a time stamp for each received first tag read that includes a

time of receipt of each first tag read;

means for transmitting one or more first tag read messages containing the RFID

identification number, the time stamp, and a tag reader system identifier;

means for wirelessly transmitting one or more second tag read requests to the

RFID tag at a second tag reader system having one or more antennas positioned at a

second monitored position spaced apart from the first monitored position and at a second

offset distance from the reference line along the route traveled by the RFID tag:

means for receiving one or more second tag reads responsive to the second tag

requests wherein the second tag read include the RFID identification number from the

RFID tag responsive to the second tag read requests;

means for recording a time stamp for each received second tag read that includes

a time of receipt of each second tag read;

means for transmitting one or more second tag read messages containing the

RFID identification number, the time stamp, and a tag reader system identifier;

means for storing a tag reader normalization parameter at a timing system;



means for receiving the transmitted first and second tag read messages;

means for calculating an average delta time for each of the first and second tag

read messages based in part on the stored tag reader normalization parameter;

means for determining the time of passing of the RFID tag at the reference line

responsive to the calculated average delta times for the first and second tag reads within

the first and second tag read messages.

19. A timing system for determining an elapsed time of a tracked RFID tag

traveling between a first and a second monitored position on a route, the system

comprising:

a) for each of the first and second monitored positions:

means for wirelessly transmitting one or more first tag read requests to the RFID

tag at a first tag reader system having one or more antennas positioned at a first

monitored position at a first offset distance from the reference line along the route

traveled by the RFID tag:

means for receiving one or more first tag reads responsive to the first tag requests

wherein the first tag read include an RFID identification number from the RFID tag

responsive to the first tag read requests;

means for recording a time stamp for each received first tag read that includes a

time of receipt of each first tag read;

means for transmitting one or more first tag read messages containing the RFID

identification number, the time stamp, and a tag reader system identifier;

means for wirelessly transmitting one or more second tag read requests to the

RFID tag at a second tag reader system having one or more antennas positioned at a

second monitored position spaced apart from the first monitored position and at a second

offset distance from the reference line along the route traveled by the RFID tag:

means for receiving one or more second tag reads responsive to the second tag

requests wherein the second tag read include the RFID identification number from the

RFID tag responsive to the second tag read requests;

means for recording a time stamp for each received second tag read that includes

a time of receipt of each second tag read;



means for transmitting one or more second tag read messages containing the

RFID identification number, the time stamp, and a tag reader system identifier;

b) at a timing system:

means for storing a tag reader normalization parameter at a timing system;

means for receiving the transmitted first and second tag read messages;

means for calculating an average delta time for each of the first and second tag

read messages based in part on the stored tag reader normalization parameter;

means for determining the time of passing of the RFID tag at the reference line

responsive to the calculated average delta times for the first and second tag reads within

the first and second tag read messages, wherein the determined time of passing of the first

monitored position is the start of the elapsed time and the determined time of passing of

the second monitored position is the end of the elapsed time; and

means for determining the elapsed time for the RFID tag traveling between the

first and second monitored positions as the difference between determined time of

passing of the second monitored position and determined time of passing of the first

monitored position.

20. A method for determining a time of a passing at a reference line of a

tracked RFID tag traveling along a route, the method comprising:

a . at a first tag reader system having one or more antennas positioned at a first

monitored position at a first offset distance from the reference line along the route

traveled by the RFID tag:

wirelessly transmitting one or more first tag read requests to the RFID tag;

receiving one or more first tag reads including an RFID identification number

from the RFID tag responsive to the one or more of the first tag read requests;

recording a time stamp for each received first tag read that includes a time of

receipt of each first tag read;

transmitting one or more first tag read messages containing the RFID

identification number, the time stamp, and a tag reader system identifier;



b. a second tag reader system having one or more antennas positioned at a second

monitored position at a second offset distance from the reference line and spaced apart

from the first monitored position along the route traveled by the RFID tag:

wirelessly transmitting one or more second tag read requests to the RFID tag;

receiving one or more second tag reads including the RFID identification number

from the RFID tag responsive the at least one of the second tag read requests;

recording a time stamp for each received second tag read that includes a time of

receipt of each second tag read;

transmitting one or more second tag read messages containing the RFID

identification number, the time stamp, and a tag reader system identifier;

c . at a timing system:

storing a tag reader normalization parameter;

receiving the transmitted first and second tag read messages;

calculating an average delta time for each of the first and second tag read

messages based in part on the stored tag reader normalization parameter;

determining the time of passing of the RFID tag at the reference line responsive to

the calculated average delta times for the first and second tag reads within the first and

second tag read messages.

2 1. The method of claim 20, further comprising:

transmitting a time synchronization message by the timing system;

receiving the time synchronization message by each of the first and second tag

reader systems; and

resetting a clock associated with each of the first and second tag reader systems

response to the received time synchronization messages,

wherein recording the time stamp by the first and second tag reader systems are

based on the resetting of each respective clock.

22. The method of claim 20 wherein each of the first and second tag reader

systems includes one or more antennas, where each tag reader performs the method

comprising;



identifying each antenna having received each tag read,

wherein each tag reader generates the tag read message to include an antenna

identifier for each identified antenna, and

wherein the timing system computes the average delta time for each tag read as a

function of the antenna identifier.

23. The method of claim 22, further comprising at the timing system

determining a position of the RFID tag relative to the first and second monitored

positions and wherein determining the time of the RFID tag passing the reference line

includes associating the determined position of the RFID tag relative to the first and

second monitored positions.

24. The method of claim 20 wherein determining the time of the RFID tag

passing the reference line includes identifying a position of the reference line relative to

both the first and second monitored positions.

25. The method of claim 20 wherein the recording of the time stamp by the

first tag reader is a time at a start of the elapsed time and recording a time stamp by the

second tag reader is a time at an end of the elapsed time, the method of the timing system

further includes computing an elapsed time for the RFID tag traveling between the first

and second monitored points as the difference between determined time of passing of the

second monitored point and determined time of passing of the first monitored point.
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