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(57) ABSTRACT 

An exemplary embodiment uses a novel adaptation of a tree 
splitting algorithm applied to Radio Frequency (RE) tagging 
technology to identify many tags in the RF ?eld of a base 
station. The embodiment uses the tree splitting algorithm to 
identify a single tag in a ?eld of a plurality of radio 
frequency tags. Once the single tag is identi?ed, the iden 
ti?ed tag is placed in a Data_Exchange state Where the base 
station can access data from the tag memory by using 
information that identi?es the tag. 
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MULTIPLE ITEM RADIO FREQUENCY TAG 
IDENTIFICATION PROTOCOL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a division of application 
Ser. No. 10/979,866 ?led Nov. 2, 2004, Which is a continu 
ation of application Ser. No. 09/179,481 ?led Oct. 27, 1998, 
now US. Pat. No. 6,812,852 issued Nov. 2, 2004, Which is 
a continuation of application Ser. No. 08/646,539 ?led May 
8, 1996, now US. Pat. No. 5,828,318 issued Oct. 27, 1998. 
Said application Ser. No. 09/179,481 is a continuation-in 
part of application Ser. No. 08/694,606 ?led Aug. 9, 1996, 
now US. Pat. No. 5,942,987 issuedAug. 24, 1999, Which in 
turn is a continuation-in-part of application Ser. No. 08/303, 
965 ?led Sep. 9, 1994, now US. Pat. No. 5,673,037 issued 
Sep. 30, 1997. Reference is also made to US. Pat. No. 
5,550,547 Which is commonly oWned With the aforemen 
tioned applications. Said US. Pat. Nos. 5,550,547, 5,673, 
037 and 5,828,318 are hereby incorporated herein by refer 
ence in their entireties, including material incorporated in 
said US. Pat. Nos. 5,550,547, 5,673,037 and 5,828,318 by 
reference. Application Ser. No. 10/979,866 ?led Nov. 2, 
2004, is hereby incorporated herein by reference in its 
entirety including material incorporated in said application 
Ser. No. 10/979,866 by reference. 

GENERAL DISCUSSION OF THE 
DISCLOSURES INCORPORATED HEREIN BY 

REFERENCE 

[0002] Because the master often does not knoW ahead of 
time the number of slaves present and because that number 
may be very large and possibly unWieldy, it is advantageous 
for the master to be able to select a subset of the slaves With 
Which to communicate further. Such a selection must of 
course be done by a conditional. Those slaves that meet the 
condition are thus considered selected, While those that do 
not meet the condition are considered not selected. The 
selection is performed by broadcasting to all slaves the 
condition that must be met. This is akin to asking those 
among a large croWd of people Whose last name is LoWell 
to raise their hand. Each slave is de?ned as having at least 
the capability to listen to the master’s broadcasts, to receive 
the broadcast condition and to self-test so as to determine 
Whether it meets the condition. See US. patent application 
Ser. No. 08/303,965, to Cesar et al. ?led on Sep. 9, 1994, 
now US. Pat. No. 5,673,037 issued Sep. 30, 1997, Which is 
herein incorporated by reference in its entirety. US. Pat. No. 
5,673,037 in turn incorporates US. Pat. No. 5,550,547 by 
reference in its entirety, and accordingly, US. Pat. No. 
5,550,547 is hereby incorporated herein by reference in its 
entirety. US. Pat. No. 5,550,547 discloses a base station 
With a base memory (220, the second ?gure of Pat. No. 
5,550,547) Which stores a special command structure that is 
used to communicate With the RFID tags. In a preferred 
embodiment, the base memory includes a novel command 
structure for tag group selection also. US. Pat. No. 5,550, 
547 states that group select structures are described in the 
US. patent application Ser. No. 08/303,965 entitled “SYS 
TEM AND METHOD FOR RADIO FREQUENCY TAG 
GROUP SELECT” to C. Cesar et al. ?led Sep. 9, 1994 (now 
US. Pat. No. 5,673,037), Which is incorporated by reference 
in its entirety in US. Pat. No. 5,550,547. The ?fth ?gure of 
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the incorporated US. Pat. No. 5,550,547 shoWs an algorithm 
being executed by each of a plurality of RF tags Which 
includes processing of an identi?cation command Which in 
a preferred embodiment is the group select command. 

FIELD 

[0003] This invention relates to the ?eld of radio fre 
quency (RF) tag identi?cation. More speci?cally, the inven 
tion relates to the ?eld of identifying and reading informa 
tion from more than one RF that transmitting at 
simultaneously. 

BACKGROUND 

[0004] Radio Frequency Identi?cation (RF ID) is just one 
of many identi?cation technologies for identifying objects. 
The heart of the RF ID system lies in an information 
carrying tag. The tag functions in response to a coded RF 
signal received from a base station. Typically, the tag re?ects 
the incident RF carrier back to the base station. Information 
is transferred as the re?ected signal is modulated by the tag 
according to its programmed information protocol. 

[0005] The tag consists of a semiconductor chip having 
RF circuits, logic, and memory. The tag also has an antenna, 
often a collection of discrete components, capacitors and 
diodes, for example, a battery in the case of active tags, a 
substrate for mounting the components, interconnections 
betWeen components, and a means of physical enclosure. 
One variety of tag, passive tags, has no battery. They derive 
their energy from the RF signal used to interrogate the tag. 
In general, RF ID tags are manufactured by mounting the 
individual elements to a circuit card. 

[0006] Basically, passive RF tags consist of tWo basic 
parts: 

[0007] a) An analog circuit Which detects and decodes the 
RF signal and also provides poWer to the digital part of the 
Tag using RF ?eld strength from the Base Station, and 

[0008] b) A digital circuit Which implements the multiple 
items of the tag identi?cation protocol. 

[0009] A radio frequency (RF) identi?cation system also 
consists of an RF base station and a plurality of RF tags. 

[0010] In a typical con?guration, the base station has a 
computer section Which issues commands to an RF trans 
mitter and receives commands from the RF receiver. The 
commands serve to identify tags present in the RF ?eld of 
the base station. In some implementations, commands exist 
to gather information from the tags. In more advanced 
systems, commands exist Which output information to the 
tags. This output information may be held temporarily on the 
tag, it may remain until over Written, or it may remain 
permanently on the tag. 

[0011] The RF transmitter of the base station encodes the 
command from the computer section, modulates it from a 
base band to the radio frequency, ampli?es 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 receives RF signals from one or more tags 
With in the RF signal range. 
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[0012] While the application of RF ID technology is not as 
Widespread as other ID technologies, bar code for example, 
RF ID is on its Way to becoming a pervasive technology in 
some areas, notably vehicle identi?cation. 

[0013] Multiple objects can be identi?ed by checking each 
individually using bar code reader. HoWever, this process 
consumes a lot of time. It is also error proneithe error rate 
made by either human beings or by the bar code reader is 
very high. 

[0014] This iterative process can be simpli?ed and solved 
by introducing the RFID Tag technology. The RFID tag can 
be used to identify multiple objects in a very short time, on 
the order of a second. 

[0015] One Way of implementing multiple RF tag identi 
?cation is as folloWs: 

[0016] a. the tag poWers up in the RF ?eld, starts a clock, 
and seeds a random number generator. 

[0017] b. the tag sends out a 64-bit ID (at internal clock 
frequency) at intervals determined by the random number 
generator 

[0018] c. the base station synchronizes to the tag trans 
mission from a transmitting tag in the ?eld. 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 synchronized so 
that tag and times its shutdoWn code using that tag fre 
quency. The tag uses the gap detection circuitry to identify 
poWer interruptions. 

[0019] d. TWo shutdoWn modes are available: i) the tag is 
prevented from talking as long as it remains in the ?eld; and 
ii) the tag is prevented from talking even after departing ?eld 
(for approximately 10 minutes or more.) The shutdoWn 
mode (ii) is accessible only after shutdoWn mode (i) has 
been entered. 

[0020] e. In this application, multiple items are identi?ed 
by shutting doWn each tag immediately after a successful 
read. Other tags in the ?eld, ideally, Will not be synched to 
the internal frequency of the tag Which has just been read, 
nor, ideally, Will they have just ?nished transmitting their id 
When the base stations sends the shutdoWn signal to the tag 
Which has just been identi?ed. 

[0021] This technology only applies identifying tags only, 
i.e., there is only a single read channel. The system can not 
Write to the tags. 

STATEMENT OF PROBLEMS WITH THE 
PRIOR ART 

[0022] When multiple RF identi?cation tags are simulta 
neously presented to a reader (base station), the tags con?ict 
With each other. The simplest RF identi?cation readers 
respond by either: 1. identifying the nearest tag in the ?eld 
or 2. by not identifying any of the tags in the ?eld. Another 
approach for identifying multiple tags in the ?eld, as 
described above, has been to have the tags repeatedly 
identify themselves after random delay times betWeen their 
transmissions, and then to disable the tag folloWing success 
ful reception by the reader. 

[0023] This approach must be optimiZed for the expected 
number of tags in the ?eld. If there are feWer than the 
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expected number of tags in the ?eld, this approach can 
potentially be very sloW because the delay times betWeen 
each tag read Will be longer than necessary. If there more 
tags than the expected number of tags in the ?eld, this 
approach Will again be very sloW, because there Will be 
times When the base station Will be faced With reading more 
than one tag. In these cases, the protocol Will have to 
restarted. In extreme cases the base station may not be able 
to identify any of the tags in the ?eld. 

OBJECTS 

[0024] An object of this invention is an improved radio 
frequency tag identi?cation system. 

[0025] An object of this invention is a RE identi?cation 
protocol for identifying an arbitrary number of tagged items 
in the ?eld in a minimum amount of time. 

[0026] Another object of this invention is an improved 
radio frequency tag identi?cation system that can identify 
and gather information from more than one tag that is 
simultaneously transmitting an RF signal. 

SUMMARY 

[0027] The present invention uses a novel adaptation of a 
tree splitting algorithm applied to Radio Frequency (RF) 
tagging technology to identify many tags in the RF ?eld of 
a base station. 

[0028] The invention uses the tree splitting algorithm to 
identify a single tag in a ?eld of a plurality of tags. Once the 
single tag is identi?ed, the identi?ed tag is placed in a 
Data_Exchange state Where the base station can access data 
from the tag memory by using information that identi?es the 
tag. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a block diagram of a novel radio fre 
quency identi?cation system. 

[0030] FIG. 2 is a block diagram of a novel base station 
used in the present invention. 

[0031] FIG. 3 is a How chart of the algorithm executed by 
the base station. 

[0032] FIG. 4 is a block diagram of a novel RF tag 
structure used by the present invention. 

[0033] FIG. 5 is a How chart of a preferred algorithm being 
executed by each of a plurality of RF tags. 

[0034] FIG. 6 is a draWing shoWing one example of hoW 
the features of the present invention cooperate to enable 
identi?cation and information access to more that one RF 

tag simultaneously transmitting to the base station. 

DESCRIPTION 

[0035] FIG. 1 shoWs a block diagram of the Multiple 
Radio Frequence Identi?cation system (100). Base station 
(110) Will transmit a RF signal (130) through the antenna 
(140) to the RFID tags (120). The base station (110) runs a 
novel algorithm (300) that is used to enable the reading of 
a large number of RFID tags (120) that simultaneously are 
communicating With the base station (110). When each of 
the RFID tags (121-125) received a command, the tags Will 
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response by sending an RF signal back to the base station. 
The tags (121-125) each also runs a novel tag algorithm 
(440). 
[0036] FIG. 2 shoWs a block diagram of the base station 
(110). The base station design includes a Base Memory 
(220). The Base Memory is used to keep application data 
and identi?cation information (tag number) of the RFID tags 
that could be in the ?eld. The Base Memory (220) also stores 
a special command structure that is used to communicate 
With the RFID tags. In a preferred embodiment, a novel 
command structure for tag group selection are included also. 
These group select structures are described in the US. patent 
application entitled “SYSTEM AND METHOD FOR 
RADIO FREQUENCY TAG GROUP SELECT” to C. Cesar 
et al. ?led on Sep. 9, 1994 and is herein incorporated by 
reference in its entirety. 

[0037] A Base Logic (230), contains a digital design that 
can control and execute the base station algorithm (300). 
The Base Logic (230) uses a Base RE (240) front end to send 
and receive the RF signal (130) through the attached antenna 
(140) of the Base Station (110). 

[0038] The Multiple RFID Tag and Base Station (110) 
protocols are based on a tree splitting protocol With novel 
componentsithe set of special commands, their structures, 
and inputs of the tag states. 

[0039] FIG. 3 shoWs a How chart of the base station 
algorithm (300). Once the base station is turned on (310), the 
Radio Frequency ?eld (130) Will have a certain 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 communicate With the base station (110) 
are said to be in the ?eld (130). This communication link 
Will be die out (320) When the base station (110) is turned 
off. 

[0040] With the RF signal (130) is active (312), a special 
set of identi?cation commands can be issued (330) by the 
base station (110) to the RFID tags (120). If no identi?cation 
command is issued (332) or sent (332) and the RE signal 
(130) is active (i.e., at its poWer level, 312), the base station 
Will be in its idle (340) state. 

[0041] When an identi?cation command is issued (330) or 
sent (330), a response (350) signal Will be sent back from 
REFID tags (120). If no response (352) signal comes back 
from RFID tags (120), the base station Will either resend the 
identi?cation command (330) or go to the idle (340) state. 

[0042] If the RFID tags (120) respond to the identi?cation 
command (350) that the base station (110) sent out (330), 
further checks are made. If the base station (110) identi?es 
(360) the signal coming back from the tag (the response), 
base station application commands can be sent (370) to the 
identi?ed tag (360). Zero or more application commands can 
be sent (372). When there are no more application com 
mands, the algorithm ends (380) 

[0043] A given tag (121) signal is identi?ed ifthe tag (121) 
is the only tag responding to the base station (110) identi 
?cation command (330). 

[0044] Alternatively, there may be more than one tag (120) 
that tries to respond (350) to the base station (110) identi 
?cation command sent (330). In this case, the tag identi? 
cation (360) fails (362). Upon failure (362), the identi?ca 
tion command is resent (330) via (362 and 352). This 
processes is repeated until a single tag response (350). 
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[0045] 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 com 
mands, that prevents further Writing to certain tag memory 
(460) locations. 

[0046] In a preferred embodiment, the identi?cation com 
mands include a Group_select command and a Group_un 
select command. These commands are described in the US. 
patent application to C. Cesar et al. incorporated by refer 
ence above. Note that in the preferred embodiment both the 
Group_select and Group_unselect command can cause the 
folloWing comparisons: equal, not equal, less than, and 
greater than. Further, tWo other identi?cation commands are 
included in this preferred embodimentifail 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 FIG. 3.) The resend com 
mand causes the state counter (432) (in FIG. 4) to decrement 
(by one). 
[0047] FIG. 4 is a block diagram of a typical 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). 
Atag RF (420) front end is used to convert the RF signal into 
DC voltage Which poWers up the tags logic (430) and the tag 
algorithm (440) and transmits information and commands to 
the tag. The tag logic (430) includes four main components: 
a) a Random number generator (431), b) an eight bit 
up-doWn state counter (432), c) a command decode logic 
(433), and d) a state register (434). A value in the state 
register (434) indicates What state the tag is iniReady 
(510), identify (530), and Data_Exchange (560). The ran 
dom number generator is used to generate a true random 
number Which is used to tell the REFID tag (120) to 
increment or decrement the updoWn 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 splitting technique to 
identify all the tags in the ?eld successfully even When more 
than one tag initially tries to simultaneously communicate 
With the base station. 

[0048] Since each tag is assumed to have minimal intel 
ligence, it does not recogniZe the existence of other tags in 
the ?eld. The tags do not transmit except in response to 
queries from the base station (110). When queried by the 
base station (110), i.e., When the tags (120) are sent one or 
more identi?cation commands, all the tags response simul 
taneously, thus interfering With each other’s transmission. In 
this case the results received at the base station are a 
corrupted data set. (See the failed identi?cation match 362 
in FIG. 3.) The purpose of the algorithm to organiZe and 
sequence the transmission from the tags in an orderly 
manner so that the base station (110) can successfully 
receive the data. 

[0049] Refer to FIG. 5. The tag algorithm (440) includes 
Three statesil) Ready state (510), 2) Identi?cation state 
(530), and 3) Data Exchange state (560). There are certain 
commands can only be recogniZed in a speci?c state. 

[0050] Tag memory (460) is use to store all the application 
data and the tag identi?cation number. 
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[0051] FIG. 5 is a How chart of the RFID tag algorithm 
(440). In a preferred embodiment, When the RFID tag (120) 
is powered up by the RE signal (130) in the ?eld, the RFID 
tag (120) itself is in the Ready state (510). (Note that in an 
alternative embodiment, an active tagia tag With on-board 
battery poWerican be used.) Since each tag is assumed to 
have minimal intelligence, it does not recognize the exist 
ence of other tags in the ?eld. The tags do not transmit 
except in response to identi?cation commands (330) (que 
ries) from the base station (110). The RFID tag Will die (515) 
out if the REID tag is out of the RF signal (130) ?eld. For 
example, When the base station (110) stops transmitting. 

[0052] The Ready state (510) is the initial state of the tag 
(120). In a preferred embodiment, RFID tags (120) in the 
READY state (510) Will listen to all transmissions and 
responses to the all identi?cation commands and application 
commands. In a preferred embodiment, the identi?cation 
command is the Group_select command and the application 
command is the Read command. After the base station (110) 
poWers up, it Waits a small amount of time (100-300 ms) for 
all the tags (120) in the ?eld to stabiliZe in the READY state 
(110) before it sends out other commands. The RF carrier 
Will be constantly sent out from the base station (110) even 
during this Wait. This is done so that the RF section (420) of 
the tag maintain poWer to the tag (120). 

[0053] All the logic circuitry in the tag (120) is poWered 
up in the READY state (510), but the tag does not transmit 
anything until commanded by the base station. 

[0054] The tag goes into the Identi?cation (ID) state (530) 
only When a Group_select command is received (520) by a 
tag in the READY state (510). If no command is received 
(520), the tag Will Wait (522) until a Group_select command 
(520) is received. The ID state (530) is necessary since the 
base station may not knoW identi?cation information of the 
tags (120) in the ?eld. 

[0055] If a Read command is received by a tag in the 
READY state (510), the tag Will go (512) to the Data_ex 
change state (570). In this case the tag Will send an acknoWl 
edgement to the base station. In a preferred embodiment, 
this acknowledgement is 8 bits of data. This is possible if the 
base station already has the identi?cation of the tags in the 
?eld. 

[0056] In the TD state (530) the tag Will continue to 
transmit identi?cation information (like its tag number) back 
to the base station (110) as long as the state counter of the 
tag is a predetermined value. In a preferred embodiment, and 
throughout this discussion, this value is Zero. 

[0057] If more than one tag is transmitting information to 
the base station (110), the base station issues a Fail com 
mand (540). 

[0058] When the tags in the ?eld receive a Fail command 
(540), each tag increments their state counter (432) by one 
if either: 

[0059] 
Zero 01' 

l. the state counter (432) has a value greater than 

[0060] 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. 

[0061] Note that tags With state counter (432) values that 
are not Zero, stop transmitting. Therefore, these tags Will not 
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transmit at all until there counters can be decremented to 
Zero because in all future fail command transmissions of the 
base station (110) Will cause their state counter to increment 
(by condition 1 above). Note also that these tags are still in 
the ID state (530) even though they are not transmitting. 

[0062] HoWever, those tags (120) in the ?eld that are in the 
ID state (530) that have state counter (432) With a Zero value, 
Will continue to transmit. After this transmission, these tags 
Will redetermine, e.g. “roll”, their random number value 
(431). If there are more than one of these tags (120) 
transmitting, the base station (110) Will again send out a Fail 
command (540). At this point, the conditions for increment 
ing the tag state counters (432) are reapplied. 

[0063] The process in repeated (542) until, only one tag 
remains With a Zero value in its state counter (432). When 
this occurs, there is a non fail condition (544) and the base 
station Will receive the identi?cation information (tag num 
ber) of the tag. Then the base station Will issue an application 
command (550), (in the preferred embodiment this is a Read 
command), to access (read) the appropriate data in the 
memory (460) of the sole tag that is transmitting. In a 
preferred embodiment, this is eight bytes of data at the tag 
memory location (460) speci?ed in the Read command 
(550). 
[0064] After the data of the sole tag is read (550), the tag 
logic (430) causes the tag to go to the Data_exchange state 
(560). That is the tag, leaves the ID state (530), and stops 
transmitting its identi?cation information. In the Data 
Exchange state, the base station, knoWs the identity of the 
tag, e.g, the base station (110) can issue (570) any applica 
tion command directly to the identi?ed tag. In a preferred 
embodiment, these application commands are the Read 
command, Write command, and Lock command. 

[0065] In an alternative embodiment, a Group_unselect 
(580) command can be issued by the base station to remove 
some of the tags from the ID state (530). In this case, the tags 
that are unselected go back to the READY state (510). 

[0066] All tags in the Data_exchange state have already 
been successfully identi?ed by the base station. Tags in this 
state only response to certain commands. Data can be read, 
Write or Lock (570) to a speci?c tag base on the command 
that sends from base station. Tag remains in Data Exchange 
state until tag leaves the RF ?eld for a predetermined 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 base station. 

[0067] After the READ command (550), subsequent to a 
non fail condition (544), is issued, the base station (110) 
issues a Resend command (540). The Resend command 
causes all tags to decrement their counters by one. There 
fore, tags in the ID state (530) With counters that had a one 
value, Will have a Zero value and Will begin to transmit their 
identi?cation information back to the base station (110). If 
there is more than one tag responding the identi?cation 
process using Fail commands as described above is 
repeated. If there are no tags responding after the Resend 
command is issued (540), one or more Resend commands 
are sent to the tags in the ?eld in an effort to reduce some tag 
state counters to Zero. 

[0068] If after one or more Resend commands is issued 
and there is still no response from any tag in the ?eld, a 
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Group_select command (590) is send in order to reset all of 
the tag (120) state counters (432) to Zero (the initial state). 
This Group_select (590) may bring more tags into the ID 
state (530) from the READY state (510) particularly if these 
tags are neW in the ?eld. Those tags in the Data_exchange 
state (560) are unaffected by the Group_select (590) com 
mand. 

[0069] In a preferred embodiment, tag state counters (432) 
only increment When the base station (110) sends a Fail 
command. Likewise, the tag state counters (432) only dec 
rement When the base station (110) sends a Resend com 
mand. By counting the number of sent Fail commands and 
Resend commands, the base station (110) can determine that 
all the tags in the ?eld have been identi?ed When the number 
of Fail commands and Resend commands are equal. 

[0070] FIG. 6 shoWs an example of the Multiple Item RF 
Identi?cation protocol This algorithm uses tWo pieces of 
hardWare on the tag, an 8 bit state counter (432, S) random 
number (one bitil or 0) generator (431, R), and a command 
decode logic (433, 605). 

[0071] In the beginning, a group of tags (1 to 4) are moved 
to the ID state and their state counters (S) are set to 0. 
Subsets of the group Were unselected back to the READY 
state. Other subgroups Were selected before the identi?ca 
tion process begins. Only the ?nally selected tags are shoWn 
in FIG. 6. 

[0072] After selection, the folloWing method (see FIGS. 3 
and 5) is performed: 

[0073] liTags (1 to 4) in the ID state With the counter 
(432) at 0 transmit their ID. Initially all the selected tags 
have a Zero value in their state counter (S, 432). 

[0074] ZiSince more than one tag transmits, the base 
station (110) receives an error. The FAIL (610, 540) com 
mand is sent. FAIL (610) causes all tags With a count not 
equal to 0 to increment their counter (432). That is, they 
move further aWay from being able to transmit. 

[0075] 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 1 keep the counter at Zero and 
try again. 

[0076] In this case, tag 2 and tag 4 Will re-transmitted. But 
tag 1 and tag 3 Will not transmit. 

[0077] 3iA second tag transmission is done. Since tag 2 
and tag 4 transmitted together, a collision signal Will be 
received by the base station (110). Therefore a FAIL (610) 
command Will be issued from the base station (110) to the 
tags once again. 

[0078] 4iThe count of the tag 1 and tag 3 Will be 
incremented by 1 to became 2 due 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 l to 
became 1 due to the random number roll to Zero and the 
FAIL command (610) received. 

[0079] SiNOW there Will be no RE signal transmitting 
back to the base station due to the non Zero state counter 
value at the tags 1-4. Therefore When the time out situation 
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is met, a RESEND (620, 540) command Will be sent to the 
tags. This causes all the tags state counters to decrement by 
l. 

[0080] 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. 

[0081] 7iSince tag 2 and tag 4 transmitted together, a 
collision signal Will be received by the base station (110). 
Therefore a third FAIL (610) command Will be issued from 
the base station (110) to the tags. 

[0082] 8iThe counter (432) value of tag 1 and tag 3 Will 
be incremented by l to became the value 2. But since tag 2 
has a random number (431) roll (R) to l and a previous state 
counter (432) value of Zero and it re-transmits. For the tag 
4, its state counter (432) value had been incremented by 1 
due to the random number (431) roll to Zero and Will not 
transmit. 

[0083] 9iA success transmission (non faili544) 
occurred since a single tag 2 ID is received by the base 
station (110) A READ (630, 550) command With the ID of 
tag 2 is sent by the base station (110). If the READ (550, 
630) command is received correctly, that tag moves to the 
DATA_EXCHANGE state (560) and transmits its data (8 
bytes). 

[0084] IOiA second RESEND (620, 540) command Will 
be send right after the READ (630, 550) command is sent. 
Tag 1, 3, and 4 Will decrement their state counter (432) by 
1 after they receive the RESEND (620, 540)) command. Tag 
1 and 3 Will have a state counter (C) value of l and tag 4 Will 
have state counter (C) value of Zero. Only tag 4 transmit. 

[0085] lliA success transmission (non fail 544) occurs 
since a single tag 4 ID is received by the base station. A 
second READ (630, 550) command With the tag 4 ID 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). 

[0086] l2iA third RESEND (620, 540) command Will be 
send again right after the READ (630) command is sent. Tag 
1, and 3 Will decrement their counter by 1 after they receive 
the RESEND (620) command. Tag 1 and 3 Will have state 
counter value of Zero. So both of the tags Will transmitted. 

[0087] l3iDue to the collision signal detected by the 
base station (110). A forth FAIL (610) command Will be 
issued to the tag 1 and 3. A counter value of the tag 1 Will 
be incremented to 1 due to its random number roll (R) to 
Zero. 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. 

[0088] l4iA success transmission occurs since a single 
tag 3 ID is received by the base 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 to the 
DATA_EXCHANGE state and transmits its data. 

[0089] ISiA forth RESEND (620, 540) command Will be 
send right after the READ (630) command is sent. Tag 1 Will 
decrement its state counter (S) by l to became Zero after 
receiving the RESEND (620, 540) command. Tag 1 Will 
transmit. 
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[0090] l6iAgain a success transmission occurs since a 
single tag 1 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 READ command is received correctly, tag 1 moves to 
the DATA_EXCHANGE state and transmits its data. 

[0091] l7iFinally, all tags (1 to 4) in the ?eld are 
identi?ed and ready to do any applications that the base 
station Wants it to perform. This can be con?rmed because 
the number of Resend and Fail commands sent by the base 
station are equal (to 4). 

[0092] Given this disclosure, one skilled in the art can 
develop alternative equivalent embodiments that are Within 
the contemplation of the inventors. 

1. A radio frequency tag for communicating With a base 
station, comprising: 

a. an antenna and tag radio frequency circuit for sending 
and receiving radio 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 ID state by setting the state register to ID When the 
base station sends the tag an identi?cation command. 

2. A tag, as in claim 1, Where the identi?cation command 
is a Group_select command and the tag transmits a com 
mand response back to the base station While the tag is in the 
ID state. 

3. Atag, as in claim 2, Where the command response is tag 
identi?cation information. 

4. A tag, as in claim 3, Where the tag receives a Fail 
command from the base station that causes the tag algorithm 
to increase a state counter value in the state counter if: 

a. the state counter has a value not equal to a predeter 
mined value, or 

b. the state counter has a value equal to the predetermined 
value and the random number generator has a given 
value, Whereby the tag stops transmitting the tag iden 
ti?cation information While the state counter value is 
not equal to the predetermined value and the tag 
algorithm causes the random number generator to gen 
erate a neW random value. 

5. A tag, as in claim 4, Where the tag receives a Resend 
command from the base station that causes the tag algorithm 
to decrease the state counter value. 

6. A tag, as in claim 5, Where the tag starts sending the tag 
identi?cation information When the state counter value is 
equal to a predetermined value. 

7. Atag, as in claim 6, Where the base station sends the tag 
a READ command and the tag algorithm places the tag in 
the Data_EXchange state Whereby the base station can sent 
one or more application commands to the tag by identifying 
the tag With the identi?cation information sent to the base 
station. 
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8. Atag, as in claim 5, Where the Fail command causes the 
tag algorithm to decrease the state counter value and the 
Resend command causes the tag algorithm to increase the 
state counter value. 

9. A tag, as in claim 5, Where the predetermined value is 
Zero and the given value is Zero. 

10. A tag, as in claim 5, Where the algorithm increases the 
state counter by one for each Fail command sent and 
decrements the state counter by one for each Resend com 
mand sent Whereby the base station has read the identi?ca 
tion information from every tag in a ?eld of tags When the 
number of Fail and Resend commands are equal. 

11. A tag, as in claim 5, Where the tag algorithm resets the 
value in the state counter to the predetermined value When 
the tag receives a Group_select command from the base 
station. 

12. Atag, as in claim 1, Where the tag algorithm places the 
tag in the READY state by resetting the state register to 
READY When the tag receives a Group_unselect command 
from the base station. 

13. A tag, as in claim 1, Where the tag is placed in the 
Data_EXchange state by setting the state register to 
Data_EXchange When the tag receives a READ command 
from the base station Whereby the tag sends back an 
acknowledgement. 

14. A system for reading information from a plurality of 
radio frequency tags that are in the ?eld of a radio frequency 
signal sent by a reader, comprising: 

i. a tag, further comprising: 

a. an antenna and tag radio frequency circuit for sending 
and receiving radio frequency signals to and from the 
reader; 

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; 

ii. a reader that is able to transmit information commands 
to the ?eld of tags, the information commands includ 
ing a Group_select, a Fail, and a Resend command, 

a. the Group_select command causing the tag algorithm to 
place one or more selected tags in the ID state by 
causing each selected tag algorithm to set its respective 
state register to ID and reset its respective state counter 
to a predetermined value, 

b. the Fail command being generated by the reader When 
more than one tag sends tag identi?cation information 
to the reader simultaneously, the Fail command causing 
the algorithm of each selected tag to increment its 
respective state counter if: 

1) the state counter has a value not equal to a predeter 
mined value, or 
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2) the state counter has a value equal to the predetermined 
value and the random number generator has a given 
value, 

c. the Resend command sent by the reader When tag 
identi?cation information is sent back to the reader in 
response to a READ command by a single tag in the 
?eld, the Resend command causing the state counter of 
all the tags in the ?eld to decrement, 

Whereby the reader can identify an individual tag in the 
?eld of tags, and cause the identi?ed tag to go into a 
Data_EXchange state Where the reader can access infor 
mation from the tag memory. 

15. A method, for reading a radio frequency identi?cation 
tag in a radio frequency ?eld of a plurality of tags compris 
ing the steps of: 

a. sending a group_select command from a reader that 
places one or more selected tags in the ?eld in a ID 

state; 

b. sending identi?cation information from all the selected 
tags to the reader; 

c. sending a fail command from the reader if more than 
one tag sends identi?cation information simulta 
neously; 

d. increasing a state counter value in the state counter of 
one or more selected tags if: 

1) the state counter has a value not equal to a predeter 
mined value, or 
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(b) each slave of said plurality of slaves being in one of 
three or more different possible conditions during the 
identi?cation and isolation process; 

(c) a memory in said each slave containing at least one 
information value for use in evaluation of a selection 

criterion; 
(d) a receiving unit in said each slave for receiving the 
command containing the selection criterion from the 
master unit; and 

(e) a processing unit in said each slave that processes the 
command containing the selection criterion from the 
master unit; 

(f) the processing units of the slaves having a mode of 
operation such that a subgroup of slaves that have an 
information value that satis?es the selection criterion 
are moved from a ?rst condition to a second condition 
for participation in an identi?cation and isolation pro 
cess; and 

(g) the processing units of the subgroup of slaves in the 
second condition having a mode of operation Whereby 
individual slaves of said subgroup can progress to a 
third condition during the identi?cation and isolation 
process, With slaves that have progressed to the third 
condition, and have been identi?ed, being isolated from 
further participation in the identi?cation and isolation 
process that continues so as to identify and isolate other 
of the slaves in the second condition. 

17. A method for selecting a subset of slaves that satisfy 

2) the state counter has a value equal to the predetermined 
value and the random number generator has a given 
value, the tag stopping transmission of the tag identi 
?cation information While the state counter value is not 

at least one selection criterion during a selection process, 
and then identifying slaves of the selected subset, and 
causing identi?ed slaves of the selected subset of slaves to 
be isolated from further participation in the identi?cation 
process, said method comprising; 

equal to the predetermined value and the tag algorithm 
causing the random number generator to generate a 
neW random value; 

e. sending identi?cation information a next time from all 
the selected tags to the reader, the selected tags having 
a state counter value equal to the predetermined value; 

f. repeating steps c-e until a sole tag is sending identi? 
cation information to the reader; 

g. issuing a READ command to the sole tag using the 
identi?cation information of the sole tag; and 

h. placing the sole tag in a Data_exchange state Where the 
reader can access data from the sole tag memory by 
using application commands. 

16. A system for selecting a subset of slaves that satisfy 
a selection criterion, and causing the selected subset of 
slaves to participate in an identi?cation and isolation process 
Whereby slaves of the selected subset are successively 
identi?ed and isolated from further participation in such 
identi?cation and isolation process, said system comprising: 

(a) a master unit for communicating a command contain 
ing a selection criterion to a plurality of slaves; 

(a) storing at least one information value in each of a 
plurality of slaves for use in evaluating at least one 
selection criterion; 

(b) representing at least one selection criterion in at least 
one selection criterion command; 

(c) communhicating the at least one selection criterion 
command to the plurality of slaves; 

(d) processing the at least one selection criterion com 
mand at each of said plurality of slave and deeming 
certain of the slaves based on storage of the at least one 
information value to be selected as a result of the 
selection process; 

(e) carrying out an identi?cation process With respect to 
the certain slaves deemed selected as a result of the 
selection process; and 

(f) causing slaves that are identi?ed during the identi? 
cation process of clause (e) to be isolated trom respond 
ing farther in the course of the identi?cation process of 
clause (e). 


