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This invention relates to the field of radio frequency (RF) tag identification.
More specifically, the invention relates to the field of identifying and reading in-
formation from more than one RF that transmittling at simultancously.

BACKGROUND OF THE INVENTION

Radio Frequency Identification (RF ID) is just one of many identification tech-
nologies for identifying objects. The heart of the RF 1D systcm lies in an infor-
mation carrying tag. The tag functions in response to a coded RF signal reccived
from a base station. Typically, the tag reflects the incident RF carrier back to the
base station. Information is transferred as thc reflected signal is modulated by
the tag according to its programmed information protocol. '

The tag consists of a scmiconductor chip having RF circuits, logic, and memory.
Thc tag also has an antenna, often a collection of discrcte components, capacitors
and diodes, for example, a battery in the case of active tags, a substrate for
mounting thc componcnts, interconnections bctwecn componcents, and a means
of physical cnclosurc. One varicly of tag, passivc tags, has no battery. They
derive their energy from the RF signal uscd to interrogate the tag. In gencral,
RF ID tags arc manufacturcd by mounting the individual clements to a circuit
-card.’

Basically, passive RF tags consist of two basic parts:

a) An analog circuit which detects and dccodes the RF
signal and also provides power o the digital part of the Tag
u<mg RF ficld strength from the Basc Station, and

b) A digital circuit which lmplcmcnls the mult:plc items of the
tag identification protocol

A radio frequency (RF) identification system also consists of an RF basc station
and a plurality of RF tags.

In a typical configuration, the base station has a computer section which issues

commands to an RF transmitter and reccives commands from the RF recciver.
The commands serve to identily tags present in the RF ficld of the basc station.
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In somc implementations, co_rrir_ﬁa_nds exist to gather information from the tags'.
In more advanced 'systé:ms,- commands exist which output information to the tags.
This output information may be held temporarily on the tag, it may remain until
over writlen, or it may remain permanently on the tag.

The RF transmitter of the base station encodes the command from the computer
section, modulates it from a base band to the radio frequency, amplifies it, and
passes it to the RF antenna. The RF receiver gathers the return signal from the
antenna, demodulates it from the RF frequency to the base band, decodes it, and
passes it back to the computer section for processing. The base station antenna
sends RF signals to and reccives RF signals from one or more tags with in the

RF signal range.

While the application of RF ID technology is not as widespread as other 1D
technologics, bar code for example, RF 1D is on its way to becoming a pervasxve
technology in some areas, notably vehicle identification.

Multiple objects can be ldcnuﬂed by checking each individually using bar code
rcader. However, this process consumes a lot of time. It is also error prone - the
crror ratc made by either human beings or by the bar code reader is very high.

This iterative process can be simplified and solved by introducing the RFID Tag
technology. The RFID tag can be used to identify muluplc objects in a very short
time, on the order of a second.

Onc way of implcmcnting multiple RF tag identification is as follows:

a. the tag powers up in the RF ficld, starts a clock, and secds a random number
geaerator. '

b. the tag sends out a 64-bit 1D (at internal clock frequency) at intervals deter-
mincd by the random number generator :

c. the basc station synchronizes 1o the tag transmission from a transmitting tag
in the ficld. If there is a successful reception (no errors), the station uses a power
interruption to transmit a simple shutdown code to the tag. This approach works
because the station is synchr'onizcd to that tag and times its shutdown code using
that tag frequency. The tag uscs the gap dctection cnrcuury to identify power
interruptions.

- d. Two shutdown modes are available: i) the tag is prevented from talking as long

as it remains in the ficld; and ii) the tag is prevented from talking even afier de-
- parting ficld (for approximately 10 minutes or more.) The shutdown mode (i) is
- accessible only after shutdown mode (i) has been entered.
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c. In this application, multzple items are identified by shumng down cach tag
immediately after a successful read. Other tags in the field, ideally, will not be
synched to the internal frequency of the tag which has just becn read, nor, ideally,
will they have just finished transmitting their id when the base stations sends the
shutdown signal to the tag which has just becn idcntified.

This technology only applies identifying tags only, i.c., there is only a single rcad
channel. The system can not write to the tags. _

STA TEMENT OF PROBLEMS WITH THE PRIOR ART

When multiple RF identification tags are simultaneously prescnted to a reader
. (base station), the tags conflict with each other. The simplest RF identification

readers respond by either: 1. identifying the nearest tag in the ficld or 2. by not
identifying any of the tags in the field. Another approach for identifying multiple
tags in the field, as described above, has becn to have the tags repcatedly identify -
themselves after random delay times beiween their transmissions, and then to
disable the tag following successful reception by the rcader.

This approach must be optimized for the expected number of tags in the ficld.
If therc are fewer than the expected number of tags in the ficld, this approach can
potentially be very slow because thc dclay times between cach tag read will be
longer than necessary. If thcre more tags than the expected number of tags in the
ficld, this approach will again be very slow, because there will be times when the
base station will bc faced with rcading morc than onc tag. In thesc cascs, the
protocol will have (o restarted. In extreme cascs the base station may not be able
to identifly any of the tags in the field.

OBJECTS OF THE INVENTION

An objcct of this invention is an improved radio frequency tag identification sys-
tem. ' i

An obijcct of this invention is a RF identification protocol for identifying an ar-
bitrary number of tagged items in the ficld in 2 minimum amount of time.

Anather object of this invention is an improved radio frequency tag identification .
system that can identify and gather information from more than onc {ag that is
s:multancously transmlttmg an RF signal.
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SUMMARY OF THE INVENTION

The present invention uses a novel ada'ptation of a tree Splitting algorithm applied
to Radio Frequency (RF) tagging technology to identify many tags in the RF
field of a base station.

The invention uses the tree splitting algorithm to identify a single tag in a field
of a plurality of tags. Once the single tag is identified, the identified tag is placed
in a Data_Exchange state where the base station can access data from the tag
memory by using mformahon that identifies the tag.

-~ BRIEF DESCRIP'TION OF THE DRAWINGS

Figurc 1 is a block diagram of a novel radio frequency identification system.
Figure 2 is a block diagram of a novel base station used in the present invention.
Figurc 3 is a flow chart of the algorithm executed by the base station.

Figure 4 is a block diagram'ot' a novel RF tag structure used by the present in-
vention.

Figure 5 is a flow chart of a preferred algorithm being executed by each of a
plurality of RF tags. '

Figurc 6 is a dréwing showing one example of how the features of the present
invention coopcrate to cnable identification and information access to more that
onc RF tag simultancously transmitting to the base station.

DETAILED .I_)ESCRIPTION OF THE INVENTION

Figurc 1 shows a block diagram of the Multiple Radio Frequence ldentification
system (100). Base station (110) will transmit a RF signal (130) through the an-
tcnna (140) o the RFID tags (120). The base station (110) runs a novel algo-
rithm (300) that is uscd to cnable the reading of a large number of RFFID tags
(120) that simultancously arc communicating with the base station (110). When
cach of the RFID tags (121 - 125) received a command, the tags will response by
. sending an RF signal back to the basc station. The tags (121 - I25) cach also
. runs a novcl tag aigonlhm (440).

'Flgurc 2 shows a block dnagram of the base station (110). The base station design
includes a Base Memory (220).. The Base Memory is used to keep application
data and identification information (tag number) of the RFID tags that could be
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-in the ficld. The Base Memory (220) also stores a spccial command structure thét
is used to communicate with the RFID tags. In a preferred cmbodiment, a novel
command structure for tag group selection are included also. These group select
structures are described in the U.S. patent application entitled "SYSTEM AND
METHOD FOR RADIO FREQUENCY TAG GROUP SELECT" to C. Cesar
et al. filed on September 9, 1994 and is herein incorporated by refcrence in its

enlirety.

A Base Logic (230), contains a digital design that can control and execute the
base station algonthm (300). The Basc Logic (230) uscs a Base RF (240) front
end to send and receive the RF signal (130) through the attached antenna (140)

of the Base Station (110).

The Multiple RFID Tag and Basc Station (1 10) protocols arc bascd on a trec

splitting protocol with novel components -- the sct of special commands, their -

structures, and inputs of the tag statcs.

Figure 3 shows a flow chart of the base station algorithm (300). ‘Oncc the base
station is turned on (310), the Radio Frequency field (130) will have a ccrtain
power level. This power level will dictate the distance within which the base

station (110) can communicate with tags (120). Those.tags (120) able to com- .
municate with the basc station (110) are said to be in the field.(130). This com-

munication link will be die out (320) when the basc station (110) is turncd off.

With the RF signal (130) is active (312), a special set of identification commands
can be issued (330) by the base station (110) to the RFID tags (120). If no idcn-
tification command is issucd (332) or sent (332) and the RF signal (130) is active
(i.c., at its power level, 312), the base station will be in its idlc (340) state.

When an identification command is issucd (330) or sent (330), a responsc (350)
'Slgnal will be sent back from RFID tags (120). If no responsc (352) signal comcs

back from RFID tags (120), the basc station will cither resend the identification

-.command (330) or go to the idle (340) statc.

If the RFID tags (120) respond to the identification command (350) that the basc
station (110) sent out (330), further checks arc made. [f the basc station (110)
identifics (360) the signal coming back from the tag (thc responsc), basc station
application commands can be sent (370) to the identificd tag (360). Zcro or morc
application commands can be sent (372). When there are no morc application
- commands, the algorithm ends (380).

A ngcn tag (121) signal is identified if the tag (121) is thc only tag rcspondmg to -

the base stauon (1 10) idcatification command (330).
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' AchmJuvcly, there may be morc than onc tag (120) that tries to, rcspond (350)
to the base station (110) identification command sent (330) In this case, the tag
identification (360) fails (362). Upon failure (362), the. identification command
is resent (330) via (362 and 352) This processes is repeated until a single tag re-

sponsc (350).

In a preferred embodiment, application commands include read commands, that
enable the base station (110) to read application data from the tag memory (460);
write commands, that enables the base station (110) to write application data to
the tag memory (460); and lock commands, that prevents further writing to cer-

tain tag memory (460) locations.

In a preferred embodiment, the identification commands include a Group_select
command and a Group_unselect command. These commands are described in
~ the U.S. patent application to C. Cesar et al. incorporated by reference above.
Note that in the preferred embodiment both the Group_select and
 Group_unselcct command can cause the following comparisons: equal, not _equal,
less than, and greater than. Further, two other identification commands’are in-
cluded in this preferred embodiment -- fail command and resend command. The
fail command is sent out by the base station if more than one tag transmits to the
base station (110) at one time and cause the state counter (432) to increment (by
one). (See 362 in Figure 3) The resend command causes the state counter (432)

(in Figure 4) to decrement (by one).

Figure 4 is a block diagram of a typlcal preferred embodiment of a RFID tag
(120). Each RFID tag (120) contains a tag antenna (410), which is used to receive
and transmit an RF signal. The tag antenna connects to the tag system (450)
which includes a tag RF front end (420), tag logic (430), tag algorithm (440), and
the tag memory (460). A tag RF (420) front end is used to convert the RF signal
into DC voltage which powers up the tags logic (430) and the tag alg,onlhm (440)
and transmits information and commands to the tag. The tag logic (430) includes
four main components: a) a Random number gencrator (431), b) an cight bit
up-down state counter (432), ¢) a command decode logic (433), and d) a state -
register (434). A value in the state register (434) indicates what state the tag is
in - Ready (510), ldentify (530), and Data_Exchange (560). The random number
generator is used to generate a true random number which is used to tell the
RFID tag (120) to increment or decrement the up-down state counter (432) by
one. The command decode logic (433) decodes a special command set which is
sent from the base station (110). The tag algorithm (440) uses a novel tree split-
ting tcchnique to identify all the tags in the field successfully even when more
than onc tag initially trics to simultaneously communicate with the basc station.

Since cach tég is assumed to have minimal intelligence, it does not recognize the
~ existence of other tags in the [field. The tags do not transmit except in response -
1o querics from the basc station (110). When queried by the base station (110),
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.i.c., when the tags (120) arc sent one or morc identification commands, all the
tags response simultancously, thus interfering with ecach other’s transmission. In
this case the results received at the base station arc a corrupted data set. (Sec the
failed identification match 362 in Figure 3.) The purpose of the algorithm to or-
ganize and sequence the transmission from the tags in an orderly manner so that
the base station (110) can successfully reccive the data. :

Refer to Figure 5. The tag algorithm (440) includes Three statcs --- 1) Ready
state (510), 2) Identification state (530), and 3) Data Exchange statc (560). There. -
are certain commands can only be rccognized in a spccxﬁc state.

Tag memory (460) is use to store alI the application data and the tag identifica-
tion number.

Figure 5 is a flow chart of the RFID tag algorithm (440). 'In a preferred cm-
bodiment, when the RFID. tag (120) is powered up by the RF signal (130) in the
field, the RFID tag (120) itself is in thc Ready state (510). (Note that ifi'an al-
ternative embodiment, an active tag - a tag with on-board battery power - can
be used.) Since each tag is assumed to have minimal intclligence, it docs not
recognize the existence of other tags in the field. The tags do not transmit cxcept
in responsec to identification commands (330) (queries) from the basc station
(110). The RFID tag will die (515) out if the RFID tag is out of the RF signal
(130) field. For example, when the base station (110) stops transmitting.

The Ready state (510) is the initial state of thc tag (120). In a prcferred embod-
iment, RFID tags (120) in the READY state (510) will listcn to all transmissions
and responscs 1o the all identification commands and application commands. In
a preferred embodiment, the identification command is the Group_sclect com-
mand and the application command is thc Read command. After the basc sta-
tion (110) powers up, it waits a small amount of timc (100-300 ms) for all the tags
(120) in the ficld 0 stabilizc in the READY state (110).before it sends out other
commands. The RF carrier will be constantly sent oul from the basc station
(110) cven during this wait. This is donc so that the RF scction (420) of the tag
maintain power to the tag (120). '

All the logic circuitry in the tag (120) is powered up in the READY state (510),
but the tag docs not transmit anything uatil commandcd by the basc station.

‘The tag goes into the Identification (ID) state (530) only when a Group_sclect
command is received (520) by a tag in thc READY statc (510). If no command
is reccived (520), the tag will wait (522) until 2 Group_sclect command (520) is
received. The 1D state (530) is necessary since the basc station may not know
identification information of the tags (120) in the ficld.
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If a Read comimand is received by a tag in the READY state (510), the tag will
go (512) to the Data_exchange state (570). In this case the tag will send an ac-
knowledgement to the base station. In a preferred embodiment, this acknowl-
cdgement is 8 bits of data. This is possible if the base station already has the

identification of the tags in the field.

In the 1D state (530) the tag will continue to transmit identification i_nfbrmation
(like its tag number) back to the base station (110) as long as the state counter
of the tag is a predctermmed value. In a preferred embodiment, and throughout

this discussion, this value is zero. -

If more than one tag is transmitting information to the base station (1 10), the
base station issues a Fail command (540).

When the tags in the field receive a Fail command (540), cach tag increments
their statc counter (432) by one if either:

1. the state counter (432) has'a value greater than zero or

2. the state counter (432) has a value equal to zero and a value of the tag random
number (431) is a given value. In a preferred embodiment this value zero.

Notc that tags with state counter (432) values that are not zero, stop transmitting.
Therefore, these tags will not transmit at all until there counters can be decre-
mented to zero because in all future fail command transmissions of the base sta-
tion (110) will cause their state counter to increment (by condition 1 above). Note
also that these tags are still in the 1D state (530) even though they are not trans-

mnttmg

However, those tags (120) in the field that are in the 1D state (530) that have
statc counter (432) with a zero value, will continue to transmit. After this trans-
mission, these tags will redetermine, e.g. “roll”, their random number value (431).
If there are more than one of thesc tags (120) transmitting, the base station (110)
will again send out a Fail command (540). At this point, the conditions for in-
crementing the tag state counters (432) are reapplied.

The process in repeated (542) until, only one tag remains with a zero value in its
statc counter (432). When this occurs, there is a non fail condition (544) and the
basc station will reccive the identification information (tag number) of the tag.
Then the basc station will issuc an application command (550), (in the preferred
cmbodiment this is a- Read command), (o access (read) the appropriate data in
the memory (460) of the solc tag that is transmitting. In a preferred embodiment,
‘'this is cight bytes of data at the tag memory locatlon {460) specified in the Read
command (550). _ _

This Sheet Has Been Re[ilaced

il

Y09-94-185 . o 8-

e ——



RE?LACED

THIS SHEET HAS BEEN.

) zI,..«...—....«.n«—-..---

After the data of the solc tag is read (550) thc tag logic (430) causcs. the tag to
go to the Data_exchange state: (560). That is the tag, Icaves the ID state (530),
and stops transmitting its identification information. In the Data_Exchange
state, the base station, knows the identity of the tag, c.g, thc basc station (110)
can issue (570) any application command directly to the identificd tag. In a pre-
-ferred embodiment, these application commands are the Rcad command, Write

command, and Lock command.

In an alternative embodiment, a Group_ unselect (580) command can_ be issued

by the basc station to remove some of the tags from the ID statc (530) In this

casc, the tags that are unsclected go back to the READY state (510).

All tags in the Data_exchange state have alrcady been successfully identificd by

the base station. Tags in this statc only response to certain commands. Data can
be read, write or Lock (570) to a specific tag basec on thc command that sends

from base station. Tag remains in Data Exchange state until tag leaves the RF

field for a predctermined amount of time. In this case, the tag goes into.Ready
state and can only be activated again by a RF signal which power up by the basc

statlon

|

| After the READ command (550), subsequent to a non fail condition (544), is is-

sued, thc basc station (110) issucs a Resend command (540). The Resend com-’

mand causcs all tags (o decrcment their counters by one. Thercfore, tags in the
ID state (530) with counters that had a onc value, will have a zcro value and will
begin to transmit their identification information back to the basc station (110).
“If there is more than onc tag responding the identification process using Fail
commands as described above is repecated. If there are no tags responding after
the Resend command is issued (540), onc or more Resend commands arc.sent to
the tags in the field in an cffort to reduce somc tag stalc counters to zcro.

If after onc or morc Resend commands is issucd and there is still no rcsponsc
from any tag in the ficld, a Group_select command (590) is send in order to resct
‘all of the tag (120) statc counters (432) to zero (the initial statc). This
~ Group_sclcct (590) may bring morc tags into the 1D statc (530) from the
READY state (510) particularly if these tags arc new in the ficld. Thosc tags in
the Data_cxchange state (560) are unaflcctcd by the ‘Group_ qclcct (590) com-

mand.

In a preferred embodiment, tag state counters (432) only increment when the basc
station (110) scnds a Fail command. Likcwise, the tag statc counters (432) only
decrement when the base station (110) sends a Resend command. By counting
thc number of sent Fail commands and Resend commands, the basc station (110)
can determine that all the tags in the field havc been identificd when Lhc number
of Fail commands and Resend commands are equal
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FFigurc 6 shows an example of the Multiple Item RF Identification protocol This
algorithm uses two pieces of hardware on the tag, an 8 bit state counter (432, S)
random number (one bit -- 1 or 0) generator (431, R), and a command decode
logic (433, 605).

In the beginning, a group of tags (I to 4) are moved to the ID state and their state

counters (S) arc set to-0. Subsets of the group were uaselected back to the
READY state. Other subgroups were selected before the identification process

begins. Only the finally selected tags are shown in Figure 6.

After selection, the following method (see Figures 3 and 5) is performed:

"1 - Tags (1 to 4) in the ID state with the counter (432) at O transmit their ID.

Initially all the selected tags have a zero value in their state counter (S, 432).

2 - Since more than one tag transmits, the base station (110) receives an error.
The FAIL (610, 540) command is sent. FAIL (610) causes all tags with a count .
not equal to 0 to increment their counter (432). That is, they move furthér away

from being able to transmit.

FAIL (610) also causes all tags with a count of 0 (those who just transmitted) to
generate a random number (431). Those who roll a zero, increment their counter,
and do not transmit. Those who roll a | keep the counter at zero and try again.

In this case, tag 2 and tag 4 will rc-lransmxucd But tag | dnd tag 3 will not
transm:t

3 - A sccond tag transmission is done. |
This Sh
Sincc tag 2 and tag 4 transmitted together, a collision R s oee Rep
signal will be received by the base station (110). ”",l" ,l"" ,"I l, m’

Thercfore a FAIL (610)
command will be issued from the base station (110)
to the tags once again.

4 - The count of the tag 1 and tag 3 will be incremented by 1 w0

became 2 _
duc to the FAIL (610) command received. And the count of tag 2

and tag 4 (with a zero in the state counter)

will also incremented by 1 to

became 1 duc to the random

number roll to zero and the FAIL command (610) received.

5 - Now there will be no RF signal transmitting back to the base station '

due to the non zero state .
counter value at the tags [ - 4. Therefore when the time out

Y09-94-185 -10-



|

1
-

situation is met, a RESEND (620, 540) | |
-

command will be sent to the tags. This ,
causes all the tags state counters _ This Sheet Hag

T I

6 - Now the state counter (432)

value of the tag 2 and tag 4 are zero and they
re-transmit again. But tag 1 and tag 3, due to their
state counter value being non zero, do not transmit.

7 - Since tag 2 and tag 4 transmitted together, a collision

signal will be received by the base station (110). Therefore a thxrd

FAIL (610) .
command will be issucd from the base station ([10) to thc tags.

8 - The counter (432) value of tag 1 and tag 3 will be

incremented by 1 to

became the

value 2. But since tag 2 has a random number (431) roll (R) to | and
a previous

state counter (432) valuc of

~zero and it re-transmits. For the tag 4, its state

counter (432) valuc had been incremented by [ due to the
random number (431) roll to zcro and will not transmit.

9 - A success transmission (non fail - 544)

occurred since a single tag 2 1D is received

by thc base station (110) .

A READ (630, 550) command with the ID of tag 2

is scnt by the basc station (110). If the

READ (550, 630) command is rcceived correctly, that tag movces to the
DATA_EXCHANGE state (560) and transmits its data (8 bytcs).

IO A sccond

RESEND (620, 540) command will be send right after the READ (630,
550) command is sent. Tag i, 3, and 4 will decrement their state
counter (432) :

by 1 after they

‘reccive the RESEND (620, 540)) command. Tag | and 3 will havc

a state counter (C)

valuc of 1 and tag 4 will have statc .

counter (C) valuc of zero. Only

tag 4 transmit.

I1 - A success transmission (non fail 544)

YO09-94-185 S 3 O
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occurs since a smglc tag 4 ID is reccwcd

by the basc station. : This Sheet Has Been Replaced
A second READ (630, 550) '
command with the tag 4 “III" ml I I'

1D is sent by the base station. If the
READ command is received correctly, tag 4 moves to the
DATA_EXCHANGE state and transmits ‘its data (8 bytes).

12 - A third RESEND (620, 540) command will be send again nght

I3 -

14 -

{5-

after the READ (630)
command is sent. Tag I, and 3 will decrement their counter

by 1 after they
receive the RESEND (620) command. Tag 1 and 3 will have

state counter
valuc of zero. So both of the tags will transmitted.

Due to the collision signal detected by the base station (110). A
forth FAIL (610) command
will be issued to the tag I and 3. A counter value
of the tag 1 will be incremented to 1 due to its
random number roll (R)
to zcro. Tag 3 will have
the same state counter value zero due to
the random number roll (R) to 1. Therefore, only tag 3 will
transmit.

A success transmission occurs since a single tag 3 1D is received

by the basc station.

A third

READ (630) command with the ID is sent by the base station. If the
READ command is received correctly, tag 3 moves (o the
DATA_EXCIHANGE statc and transmits its data.

A forth .

RESEND (620,

540) command will be send righl'aflcr the READ (630)
command is sent. Tag 1 will decrement its state counter (S)

by 1 tu became zcro
after receiving the RESEND (620, 540) commdnd Tag I will transmit.

16 - Again a success transmission occurs since a single tag [ ID is

received by the base station.

A forth '

READ (630) command with the tag 1
ID is sent by the base station. If the

-
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READ command is reccived correctly, tag 1 moves to the
DATA _EXCHANGE state and transmits its data.

17 - Finally, all tags (I to 4)
in the field are identified and ready
to do any applications _
that the base station wants it to perform. This can be confirmed
because the number of Resend and Fail commands sent by the
base station are equal (to 4).

Given this disclosure, one skilled in the art can develop alternative equivalent
embodiments that are within the contemplation of thc inventors.

This Sheet Has Been Repl

ced
wmimn
l
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We claim:

1. A radio frcquency tag for communicating with a base station, comprising:

a. an antenna and tag radio frequency circuit for sending and rcccxvmg radlo.
frequency signals to and from the base station; :

b. a tag memory for storing tag data;

c. a tag logic circuit connected. to the tag radio frequency circuit and the tag
memory, the tag logic circuit having a tag state register that indicates the tag is
in a state that is one of the states including READY, ID, and Data Exchange,
the tag logic further having a state counter and a random number generator; and

d. a tag algorithm, run by the tag logic, that places the tag in the READY state
by setting the state register to READY when the tag is powered and places the
tag in the 1D state by setting the state register to 1D when the base station sends

‘the tag an identification command.

2. A tag, as in claim I, where the identification command is a Group_select
command and the tdg transmits a command responsc back to the basc station

while the tag is in the ID state.

3. A tag, as in claim 2, wherc the command responsc is tag identification infor-
mation. :

4. A tag, as in claim 3, where the tag receives a Fail command from the base
station that causcs the mg algorithm (o increase a state counter value in the state

counter il

a. the state counter has a valuc not cqual to a predetermined value, or

b. the state counter has a value cqual to the prcdclcrmmcd value and the random

‘number gcncralor has a given value,

whereby the tag stops transmitting lhc tag identification information while lhc
statc counter valuc is not equal 10 the predetermined value and the tag algorithm
causes the.-random number gencrator to generate a new random valuc.

Y09-94-185 o -14- -
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5. A tag, as in claim 4, wherc the tag receives a Rcscnd command from the basc E
station that causes tlic tag algonthm to decrease the statc counter valuc '

6. A tag, as in claim 5, where the tag starts scnding the tag 1denuﬁcauon infor-
mation when the state counter valuc is equal toa prcdetcrmincd valuc.

7. A tag, as in claim 6, where the base station sends the tag a READ command
and the tag algorithm placcs the tag in the Data, _Exchange state whercby the
base station can sent one or more application commands to the tag by identifying
the tag with the identification information sent to the base station. .

8. A tag, as in claim 5, where the Fail command causes the tag algorithm to dc-
creasc the state counter value and the Resend command causes thec tag algorlthm
1o increase the state counter value.

9. A tag, as in claim 5, where the predetermincd value is zero and the given value
. is zero. . .

10. A tag, as in claim 5, where the algorithm increascs the state counter by one
for each Fail command sent and decrcments the state counter by onc for each
Resend command sent whereby the base station has read the identification in-
formation from every tag in a field of tags when the numbcr of Fail and Resend
commands are equal.

1. A tag, as in claim 5, where the tag algorithm rescts the valuc in the state
counter to the predectermined value when the tag receives a Group_sclect com-
mand from thc base station. '

12. A tag, as in claim 1, where the tag algorithm placcs the tag in the READY
stalc by resctling the statc register 1o READY when the tag reccives 2
Group_unsclect command {rom the basc station.

13. A tag, as in claim 1, wherc the tag is placed in the Data_Exchange state by
sctting the state register to Data_Exchange when the tag reccives a READ com-
mand from the basc station whercby the tag scnds back an acknowledgement.

14. A system for rcading information from a plufality of radio frcquency tags that
are in the ficld of a radio frcquency signal scnt by a basc station, comprising:

i.a tag, further comprising:

a. an antenna and tag radio frequency circuit for sending and rcccnvmg radlo
f requency signais 10 and from the basc station;

_—

b. a tag mcmory for storing tag data; _ This Sheet Has Been

i
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c. a tag logic circuit connccted to the tag radio frequency circuit and the tag
memory, the tag logic circuit having a tag state register that indicates the tag is
in a state that is onc of the states including READY, ID, and Data Exchange,
the tag logic further having a state counter and a random number generator; and

d. a tag algorithm, run by the tag logic;

" ii. a basc station that is able to transmit information commands to the field of
tags, the information commands including a Group_select, a Group_unselect, a
Fail, and a Resend command,

a. the Group_sclect command causing the tag algorithm to place one or more se-
lected tags in the ID state by causing each selected tag algorithm to set its re-
spective state register to 1D and resct its respective state counter to a
predetermined value, '

b. the Group_unsclect command causing the tag algorithm to place one or more
unselected tags in the ID state to the READY state;

c. the Fail command being generated by the base station when more than one tag
sends tag identification information to the base station simultaneously, the Fail
command causing the algorithm of each selected tag to increment its respective
-statc counter if:

1) the statc counter has a value not equal to a prcdcterm}ncd value, or

2) the state counter has a value cqual to the predetermined value and the random
number gencrator has a given value,

d) the Resend command sent by the base station when tag identification infor-

- mation is sent back to the base station in responsc 10 2 READ command by a
single tag in the field, the Resend command causing the state counter of all the
tags in the ficld to dccrcmcnt

whereby the basc station can identify an individual tag in the field of tags, and
causc the identificd tag to go into a Data_Exchange state where the base station
can access information from the tag memory.

15. A mecthod, for reading a radio frequency identification tag in a radio fre-
qucncy ficld of a plurality of tags c0mpr|smg the stcps of:

a. sending a group_: select command from a basc station that places one or more
selcctcd tags in the fi cld in a'1D state;

This Sheet Has Been Reilaced :
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b. scnding identification information from all the sclecicd tags to the basc station;

c. sending a fail command from the basc station if morc than onc tag scnds
identification information simultancously;

d. increasing a state counter value in the state counter of onc or morc sclected
tags if: .

1) the state counter has a value not equal to a predctcrmincd valuc, or

2) the state counter has a value equal Lo the predetermined valuc and the random
number generator has a given value, the tag stopping transmission of thc tag
identification information while the state counter valuc is not cqual to the prede-
termined value and the tag algorithm causing the random number generator to
generate a new random value;

e. sending identification information a ncxt time from all the sclected tags to the
basc station, the selected tags havmg a state counter valuc ecqual to the predeter-

mined value;

f. repecating steps c¢ - ¢ until a sole tag is scnding identification information to the
basc station;

g. issuing a READ) command to the solc tag using the identification information
of the sole tag; and

h. placing the solc tag in a Data_cxchangc state wherc the base station can access
data from thce sole tag memory by using-application commands.
—

——
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