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FIELD OF THE INVENTION

This invention relates to the field of radio frequency tagging. More specifically,
the invention relates to communication with and/or identification of subscts of a
group of radio frequency tags.

BACKGROUND OF THE INVENTION

A radio frequency (RF) identification system consists of an RF basc station and
a plurality of RF tags.
In a typical configuration, the basc station has a computer scction which issues
commands to an RF transmitter and reccives commands from the RF receiver.
The commands serve to identify tags present in the RF field of the base station.
In some implcmentations, commands exist to gather information from the tags.
In morc 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 writlen, or it may remain permancently on the tag.

Thec RF transmitter of the basc station cncodes the command from the computer
scction, modiulates it from a basc band to the radio frequency, amplifies it, and
passcs it to the RF antenna. The RF receiver gathers the return signal from the
antcnna, demodulates’it from the R¥ frequency to the basc band, decodes it, and
" passes it back to the computer scction for processing. The basc station antenna

~ sends RF signals to and reccives RF signals from onc or more tags within the

RF signal rangc.

Two uscful functions of the system arc to:

1) Determining if any lags mceting certain criteria arc in the ficld (the range of
the RF signal transmitted and/or reccived by the the base station) of the basc

station, and
2) ldentilying tags mcceting certain critcria for subscquent processing.
In the prior art there are systems that must identify all tags in the ficld of the

rcader before cither of the above functions can be performed. In one system, tags
arc temporarily turned off when successfully idcntified by the rcader. After a
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BACKGROUND OF THE I NVENTION [err] Draw ng(s) : paged . .. ..-T‘cr‘”aged

[err] Abstract : paged ....... to paged A radio frequency (RF as Been Replaced
identification systemconsists of an RF base station and a p
.tags. In a typical configuration, the base station has a congm ﬁ M
whi ch i ssues comuands to an RF transnmitter and receives comma

RF receiver. The commands serve to identify tags present in the RF fiel d of
the base station. In sone inplenentations, cofmrands exist to gather
information fromthe tags. In nore advanced systens, commands exi st which
output information to the ta Thi s output information my be held
tenporarily periehel ta@@wmaﬁ%y K-manptesnthicy asodeaghivated andomuyst again beder n
per manent | y activated nehpn pre3¢rdeRitotareoadai.t t er of the base station encodes

the conmmand fromthe conputer section, nodulates it froma base band to the

radio f req“e&%r aalr{rg)rlnatnves als}) exls[' in the prior art. Some systems must identify all tags
~ in the field. However, tags cannot be disablcd to accomplish this. In another
system only a single tag in the ﬁcld can be identifi cd Tags in this system also can

not be disabled. )

STATEMENT OF PROBLEMS WITH THE PRIOR ART

The prior art requires that all tags in the RF ficld be identified and that data be
recad from thcm in order to detecrmine if any of the tags met the criteria specified -
by the tagging application. This process is slow to the point where certain tagging
applications are precluded. :

For cxamplc, a security application might have a number of tags passing through
a basc station RF ficld in a short time. It is important that tags meeting certain
alarm criteria be detected during this short time (also called real time). The re-
quircment may be to identify and read all tags to determine alarm status during
the real timce that the tags are passing through the basc station ficld. If there are
a large number of tags paséing through the RF ficld andfor the tags are passing
through very rapidly, the prior art may fail to identify and read all the tags in the
RF ﬁcld before they pass out of the ficld. .

As another cxampilce, a t'ranSit application might have a large number of tagged
items in a tagged containcr. To log the movement of a container, all the tags
must be identificd in the container as well as the containcer itsclf. Using prior art
techniques, the container might be required to pausc in the ficld to allow cnough-
time to identify and rcad all of the tags in the ficld. This pausc may causc an
undesirable delay in the movement of the containcr.

OBJECTS OF THE INVENTION

An object of this invention is an improved system and mcthod to rapidly deter-
minc which tags of a group of tags mcct a certain criteria.

Another o.bjcct of this invention is an improved system and method to rapidly
identify and/or sclect tags meeting ccrtain criteria for subsequent processing.
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passes it to the RF antenna. The RF receiver gathers the return signal from
t he antenna, denodul ates it fromthe RF frequency to the base-band, decodes

it, and passes it. back to the conputer section for processing. The base
station antenna sends RF signals to and receives RF signal sTHis Sheet SRR g

nmoré tags within the RF signal range. Two useful functions o Splaced
are to: 1) Determning if any tags nmeeting certain criteria wmm ,I
field (the range of the RF signal transmtted* and/or receive '

base station) of the base station, and 2) ldentifying tags nmeeting certain

criteria for subsequent processing. In the prior art there are systens that
nust identi f SUMMARY tm‘éEng?’ ENTTOY reader before either of the
above functions can be perfornmed. In one system tags are tenporarily
turned of f wiThe psesenchnintiby endbhsirhpibqiiryidis seleadng, awd dentifying of a large
number of radio frequency (RF) tags. This is donec by implementing an efficient
state machine on each tag. The'tags power up in a default state (READY) where
they do not transmit or participate in an identification algorithm. A subset of the
tags in the field can be moved into a second state (SELECTED) by a signal from
the base station. In the SELECTED state the tags transmit their unique identi-
fier to the basc station in an attempt to identify themselves. i
The process of moving the tags to the second state, SELECTED, is based on the
data in thc tag data memory. With a comparison unit and two tag commands,
any arbitrarily complex selcction criteria can be realized to move a given tag into
the SELECT state (or back to thc READY state).

Dectermining if any tags meeting certain criteria are in the ficld is performed very
efficiently since the invention docs not require individual tag identificatipn. This
is accomplished by each tag proccssing one or more “group sclect” and/or “group
unselect” commands in sequence using control logic located on the tag. This tag
control logic determines whether the respective tag meets the selection criteria.

Tags mecting the selection critcria participate in the idcntification process. This
" identification process may be limitcd to dctermining whethcr one or more tags are
participating, but not uniquely identifying individual tags.. -

The invention also simplifics the identification of tags in a large group of tags.
This is donc by using one or morc “group sclect” and/or “group unsclect” com-
mands to sclect only the rclevant tags for identification. This allows the system
to process only tags which arc of intercest, i.c., meet the sclection criteria. This
fecaturc improves the speed at which the system can process tags and allows the-
system to sclcct subgroups of tags for processing from very large numbers of tags.

Other protocols may be usced with the present invention. In onc preferred em-
bodiment, morc than onc tag simultancously communicating with the basc station
can be identificd by using the protocol described in U.S. Patent application to S.
Chan ct al. entitled “"MULTIPLE ITEM RADIO FREQUENCY TAG IDEN-
TIFICATION PROTOCOL" filed on Scpicmber 9, 1994 which is hercin incor--
porated by reference in its cntirety.

BRIEF DESCRIPTION OF THE DRAWINGS

Figurc I is a block diagram of thc present system showing a basc station and a
plurality of novel tags. :
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This is the Date: 9/9/96 2 period of apbroxi mately 10 m nutes, they arc
rcactivated and nust again be de- activated when presented t0 a reatder—-

O her

alternatives also exist in the prior art. Some systens_nust |dent|fy '
all tags in the field. However, tags cannot be disabled to a laced .
I n a@nother systemonly a smgle tag in the field can be ident m

‘this systemal so can not be disabl ed STATEI\/EI\FI' OF PROBLEMS

ART

Figure2is a drawing showing the concept of tag groups and subgroups.

Figurc 3 is a block dlagram of a prefcrrcd cmbodiment of the novel tag of the
prescnt invention. : :

Figure 4 comprises Figure 4A which is a flow chart showing the steps of an OR
function performed in the tag and Figure 4B is a flow chart showing the steps of
an AND function pcrformed m the tag.

Figure 5 comprises Figure SA which is a block diagram showing the format of a

“.preferred embodiment of a “group select” command and Figure 5B which is a

block diagram showing the format of a preferred embodiment of a "group unse-
lcct command sent out by the base station.

Figurc 6 is a flow chart showing thc stcps performed by one preferred embod- _
iment of a novel base station algorithm.

DETAILED DESCRIPTION OF THE INVENTION

The system 100 is comprised of two types of hardware, a base station 105 and a
plurality of tags 150.

The basc station 105 includes a microprocessor 110 running a novel base station
algorithm 115. The microprocessor has a duplex connection to a radio frequency
(RF) front end 120, which in turn connccts to an RF antenna 125. The resulting
RF signal 130 is broadcast to the tags. Basc stations 105 of this type (without the
novel algorithm 115) are well known.

Each tag (typically 160) in the group 150 of tags contains a tag antenna 162
which couples the RF signal 130 to the RF front end 164. This in turn connccts
to the tag control circuit 166. The control circuit implements-an algmuhm 170,
and interfaces to the tag memory 168.

Figurc 2 shows the concepl of tag groups 150 and subgroups (210, 220, 230. 240.
230 and 260).

The plurality of tags 150 in the RF ficld 130 of the basc station 105 is represented
by the 18 tags shown. A basc station 105 is ablc to communicatc with a tag
(typically 160) in the RF ficld 130 of thc basc station 105 using the RF ficld 130
or signal 130. Tags in the RF ficld 130 are said to be in the tag group 150. '

A group select command can. be used to select the subgroup (for example, 210)

from the tag group 150 and move it to a SELECTED state using the algorithm
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The prior art requires that all tags in the RF field be identified and that

data be read fromthemin order to determne if any of hhaptafis B RpRGd
criteria specified by the tagging application. This proc t he
poi nt. where certain tagging applications are precluded.’ ||Hl “[E!L
security application mght have a nunber of tags passi ng

station RF field in a short tinme. It is inportant that tags rreetlng certain
alarmcriteria be detected during this short tine (also called real tine).
The re- quircncnt may be to identify and read all tags to determine alarm

status during t {HO
station fiel dI $ ?n tﬁgrbég%gét}fm %&ﬁhhﬁg%% ‘Ea %%é’sﬁ]g& ht 3r{}?%lbl$§1§ l—'?—(’
field and/or Tf’l‘?&“ﬁﬁ@sth&rc@"ﬁﬁégflﬁé ﬁﬁl"gr%@ vg‘r'"y y, the prior art may
fail to identify and read all the'tags in the RF fleld before they pass out
of the field Nots thadtseverabdififprncat subgroapsicanabpimeved fremiagREARE state doge
nunber of ta®EHECTED state by sending a signal 130 from the base station 105. The sub-
groups moved, i.e., the subgroups that have tags that change state, are deter-’

mined by criteria sent out by the base station.

-

In essence, tags meeting any onc of the selection criteria of the group select com-
mands are placed in the SELECTED statc. In the cxample above, tags meceting
the first OR the second criteria (i.c., tags in subgroups 210 and 220 of group 150)
are selected, forming the subgroup 230.

To illustrate, supposec that the plurality of tags 150 identify and/or are attached
to clothing items. Further, suppose that it is desired to determine whether there .
arc any socks or shirts in the RF field 130. Finally, supposc that the tag memory
168 has an address A10, with data D10 for socks and D11 for shirts. '

Socks or shirts are sclected, like subgroup 230, of group 150 above by running the
base station algorithm 115. Refer to Figurcs 4 and 6. The first step 605 would

be to send a group select. command 410 (rececived by the tags) with the following
fields:.

command 510 - group sclc& -
function 515 - equals

address 520 - including A0
mask 525 - mask only AIO
data  530- DI0

which would cause the subgrbup 210 of sacks to move from the READY state to
the SELECTED state.

The next step would be to send a group select command 410 (reccived by the
tags) with the following ficlds:

command 510 - group sclect
function 515 - cquals

address 520 - including A10
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items in a tagged container. To |log the novenent of a-conf’"ner aII the
tags nust be identified in the container as well as the con

Using prior art techniques, the container mght bc re |n t he
field to allow enough tinme to identify and read all of

field. This pause nmay cause an undesirable delay in th

container.. OBJECTS OF THE | NVENTI ON An object of this |nvent|on S an

I mproved system and method to rapidly dctcr- mnc which tags of a group of
tags nmeet a certain criteria. Another object of this invention is an

I mpr oved syst&%gnd 3Rt ht‘?:gsﬁ Bn{f‘R' gl y identify and/or select tags neeting
certain criterra for Subsequent processing.

data 530 - DII

which would cause the subgroup 220, of tags associated with shirts to move from
the READY state to the SELECTED state. Therefore, the subgroup 230, com-
prising subgroups 210 (socks) and 220 (shirts) is the logical OR (or union) of the
two subgroups 210 of socks and 220.of shirts, and is now in the SELECTED

- state.

A group unsclcct command can move a subgroup back to the READY state.
The group unsclect command performs a logical AND (or intersection) function.

For examplc, suppose that it is desired to determine whether there arc any palc

grecn pants in the RF field 130. Further, supposc that the tag memory 168 has
an address Al0, with data D12 for pants and an address A20, with data D21 for -

palc green colors

The first step would be to send a group sclect command 410 (reccived by the tags)
with the following ficlds:

command 510 - group select

function 515 - cquals

address 520 - including A10

mask 525 - mask only A1Q

data 530 - D12

which would causc the subgroup 240 of hanls to move from-the READY state
to the SELECTED statc. : '

The next step would be Lo send a group unsclect command 460 (received by the
tags) with the following ficlds:

command 560 - group sclect
function 565 - not cquals
address 570 - including A20

mask 575 - mask only A20
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This is the replacenent sheet Date:9/9/96 SUVWARY OF THE | NVENTI ON The
present invention enables rapid querying, selecting, and identifying of a

| arge nunber of radio frequency (RF) tags. This s (done by inplenenting an
efficient state machine on each tag. The tags power up in a default_state

( READY) where

state (SELECTED) by a signal fromthe base station. In the
the tags transmt their unique identi- fier to the base statf

they do not transmit or participate in an identification

algorithm A subset of the tags in the field can be noved iT¥s hatﬂﬁmaﬁkﬁ

attenpt to id
second state,
conpari son un
criteria can

entify e ves. The process of noving the tags to
CoaB g

dajd £ based on the data in the tag data menory. Wth a
it and two tag conmands, any arbitrarily conplex selection
mhicke araulé cause mtwgubg@upe @ af pamts whosc color is not pale green to
move from thc SELECTED state to the READY state. The subgroup 260, which

is the logical AND of the two subgroups 240 of pants and not 250 of not pale
green, is now in the SELECT ED state.

Figure 3 is a block diagram of one typical prcl’crrcd embodiment of a tag 160 and
further illustrates how the tag moves bctwecn statcs

Data enters and leaves the control block 166 through the RF block 164. |

Within the control block 166, the appropriatc ficlds (scc description of Figure 5

‘below) of the command sent from the basc station 105 are routed to an address

register 305, a mask register 320, a function rcgister 335, and a command data
register 315. More specifically, the value in the command field (510, 560) and
function field (515, 565) of the base station 105 signal 130 is placed in the func-
tion register 335, the value in the data ficld (530,580) of the signal 130 is placed
in the command data register 315. The valuc in the mask field (525, 575 in Fig-
urc 5) of thec command signal 130 is placed in the mask rcgister 320, and the value
in the address field (520 570) of thc signal 130 is placcd in the tag address rchs-

ter 305.

In one preferred implementation, the data emanating from the RF block 164 is
scrial digital data, and the registers (305,320,315,335) arc shift registers which arc
loaded in turn. The registers could also be paralicl loadablc registers, with a field
of data bcing assembled before being loaded into a register.  The determination
of wherc the data ficlds arc loaded is determined by the command ficld (510,560).

Alter the ficlds of the sign'al 130 arc stored in the tag registers, a group sclect or

‘group unsclect opcration begins by reading data from the tag data memory 168

into the tag data rcgister 310. The data rcad is determined by the value previ-
ously loaded into the address register.3035. :

In one preferred implementation, the tag memory 168 holds byte wide (& bit)
data, and the tag data register 310 is a parallel infscrial out shift register. The
memory could also be bit wide, with the tag data register being a simplc onc bit
storage dcvice. '

In a preferred embodiment, the mask indicates whether or not the data should
be acted upon. If il is to be acted upon, the tag data 310 and command data 315
arc compared in the compare block 325. In another preferred embodiment, the
mask could bc more complex. For example, it could modify the typc of function
to be performed rather than simply enabling a function.

Y09-94-184 : 7



the SELECT state (or back to the READY state). Determining if any tags

nmeeting certain criteria are in the field is performed very efficiently
since the invention does not reqU|re i ndi vi dual tag i dent if L tﬁﬁ? BL m£§
acconpllshed by each tag processing one or nmore "group sel

"group unsel ect"” conmands in sequence using control Ioglc l -
‘tag. This tag control |ogic determ nes whether the rcspccti he
selection criteria. Tags neeting the selection criteria part|C|pate in the

i dentification process This identification process may be linmted to

."Séﬁ[ |mf ;: 28 “i’ﬂ ‘ﬂ‘?f&” n{BHflﬁmtcﬁgsth@rc%nﬂﬂEfAHCdaqgtﬁcflg 5@6%89%99 4BALE the

i dentifi cat [ §m?r|¥ 8| Qr ’“8u 'dﬁf a?ga c?%ta cdsﬁoﬁ a&ﬁ
or nore "gr oggt%é’f@‘é SQHHWoPa“g‘%’Bﬁ {Theha eRmPARsan ar?éjn&s t'8 ?ﬁé&ﬂs ICfihe
rel evant tagsheeld beignored.c s each byicsingfurais read fegmt e tag ctﬁrtécresgwmlw
tags which arte thé tagidatesegister 810 ambrouted tocthectampany unitrd2f, ofiei kit of the

mask register 320 is used to dctermine whether the data should be used or ig-
nored.

Note that in a preferred embodiment, a mask of all zeros says that all data is ig-
nored. The result is a useful select all tags or unselect all tags function.

The compare unit determines the results (grcater than, greater than or equal,
equal, less than, less than or cqual) as data is rcceived. The compare unit 325
computes the results for each masked data itcm using standard digital arithmetic
and passcs the results to the tag statc machine 330. Once the compare operation
is complete, the tag state 330 is updated. -

If required, the compare operation can be repeated multiple times as data is re-
ccived in thc command data register and data is rcad from the tag data memory

to the tag data register.

For example, suppose that thc address Al rcads 8 bytes and the first three bytes
(hcre these first three bytes might be the address A10 described above) contain
data D10 dcscribing the item as socks. To group select all socks, the command
data ficld 410 would have the following ficlds

command 510 - group select
function 515 - cquals
address 520 - Al
mask. 525 - 11100000
data  530- DI0
Once the compare opcration is'cmnplctc, the tag state 330 is updated. In this
cxample, an & bytc comparc with mask is performed. /\llcrnalwcly a diffcrent
number of bits could be used, or the mask could be bit wide.
" The tag states in the tag state machinc 330 arc READY (the tag is in the sct of
- unselected tags) and SELECTED (the tag is in the sct of sclected tags). A pre-
ferred state machince is a one bit register. In onc preferred embodiment, that tag

might have other states (for example, shut down, identified, error states, ctc.) with
a correspondingly more complex state machine 330.

k Y09-94-184 g



featturc inproves the speed at. which the syétem can ‘process_tags._and
all ows the systemto select subgroups of tags for processing fromvery
[ argc nunbers of tags. Qther. protocols may be used with T}Mh&%ﬂ&%&nR

invention. In one preferred cm bodinent, nore than one t Iy
communi cating with the base station can be identifed by u: mmm F
described in U S. Patent application to S. Chan et al. en LE
| TEM RADI O FREQUENCY TAG | DEN- Tl FI CATI ON PROTOCOL" filed on Septemnber 9,
1994 which is herein incor- porated by reference in its entirely. BRIEF

~DESCRI PTI ON OF THE DRAW NGS -Fi gur ell |s a bl ock di agram of the present

system shoghng, BR8P pSeLb ke theledl 13 fephed! bBE) AE%r section. This

read data path can be uscd to 1denufy and classify individual tags in the base
station. In a typical impiementation, the connection bctween the RF block 164
and the control block 166 contains a transmit path 340 and a reccive path 345.
Alternatively, there could be one bidirectional path.

-

Figure 4a shows the tag 160 selection algorithm 170 in more detail.
In step 410 the group select conimand is received by the tag control logic.

In'step 415, the conditions of the command are chccked as described in thure. 3
using the tag data memory 168, the tag data rcgister 310, the mask register 320,
the command data register 315, and the comparc block 325..

In step 420, the control logic decides whether the conditions were met, using the
compare block 325 and the function register 335. .

If the conditions (i.c. the compare conditions) were not met, the tag statc 330 does
not change and the tag waits for the next command.

If the conditions are met, step 425 changes the tag state 330 from READY to
SELECTED. Thatis, the tag movces from the sct of unselected tags to the set of

sclected tags.
For example, to select all tags which indicate socks, the group seclect commend
410 would indicatc a group sclect on cquals, with the address pointing to the po-

tential socks data, thc mask sclecting only the potential socks ficld within the
addrcss, and the data indicating socks.

Figurc 4b shows the tag 160 unsclection algorithm 170 in more detail.

in step 460, the group unsclect command is rcccived by the tag control logic.

In step 465, the conditions of the command arc checked as described in Figurs 2
using the tag data memory 168, the tag data register 310, the mask register 29,

the command data regisier 315, and the comparc block 325.

In step 470, the control logic decides whether the conditions (i.c., the compare
conditions) werc met, using the compare block 325 and the funclmn rcgmcr KICh ]

If the conditions werc not mct, the tag statc 330 docs not changc and the :ag
waits for the next command.

Y09-94-184 ' -9-



This is the replacenent sheet Date:9/9/96 Figure 2 is a draw ng showi-ng-tte
conccpt of tag groups and subgroups. Figure 3 is a block diagramof a
preferred enmbodi nent of the novel tag of the present inventygBpeefH

cctfiog Beep Raplaced
conprises Figure 4A which is a flow chart show ng the steps \
function perforned in the tag and Figure 4B is a flow chart Bmm\‘ﬁﬁ“
steps of an AND function perforned in the tag. Figure 5 conp Igure 5A -

whi ch is a bl ock diagram showing the format of a preferred enbodi nent of a-
"group select” comrand and Figure 5B which is a bl ock di agram show ng the

format of a |prgtbhBRidHELAL HBNIst&] 425 HBARE SRy $186 330 FFOMBEEETTED!
by the base JIREPY. That is, the tag moves from the set of selected tags to the sct of
unselected tags. - _ .

For example, to unselect all tags which indicate colors other than pale green, the
group unselect command 460 would indicate a group unsclect on not equals, with
the address pointing to the color data, the mask sclecting only the color field
within the address, and the data indicating palc green. -

Figure 5 shows preferred formats for a group sclect or group unselect command
received from the tag RF block 164 through the path 340 (Figure 3) initially sent
from the base station 105. ' '

" The first ficld, 510 or 560, indicates the typc of command, sclect or unselect, field
510 for sclect commands and ficld 560 for unsclect commands. In a preferred
cmbodiment, the tag implements other commands, (c.g. read, write, etc.) and the
field contains multiple bits which describe the command. In a typical imple-
mentation, the bits could be either coded or contain onc bit per command.

The next field, 515 (sclect) or 565 (unsclect), indicates the type of command
function. In a typical implementation, the functions includes equal, not equal,
greater than, less than, greater than or equal, or less than or equal. A more
complex tag could implement additional functions or combinations of functions
in the function register 335, the mask register 320, and the compare block 325.

The next field, 520 (sclect) or 570 (unsclect), contains the tag memory address.
Its exact format dcpends on the configuration of the tag data mcmory. In a
preferred embodiment, the address would access & bytes of tag data memory,
with individual bytes sclected via the mask ficld. In an alternative implementa-
tion, a onc bytc address or a bit address could be uscd.

The next ficld, 525 (sclect) or 575 (unsclect), holds the mask. Its format also de-
pends upon the tag data memory format and the mask granularity desired. For
example, the mask could be on a bit by bit basis, or it could mask 8 bit bytes.
In a typical implementation, thc mask cnables or inhibits the comparc block 325.
but morc complex masking is also possible. '

The final ficld, 530 (sclect) or 580 (unsclect), holds the command data. This is
the data with which the tag data is compared. Again, the format is dependent
on the tag data memory configuration and the application. A typical sizc could
be onc bit, an 8 bit byte, or a number of bytcs. o

Ina preferred'cmbodiment, the format of the command sclection conditions 505
and 555 would be identical. In this way, thc tag control logic acts on the com-

' Y09-94-184 -10-




Figure 6 is a flow chart showing the stcps perf'orrred by one preferred
enbod-" i nent of a novel base station algorithm DETAI LED DESCRHFI ON-CF—THE—

| N\VENTI ON The system 100 is conprised of two types of hardware, a: base
statjon 105 and a plurality of tags 150. Thc base station 10Whi§$hest Replaced
m croproccssor 110 running a novel base station algorithm 115. ﬂ ﬂ
*m croprocessor has a duplex connection to a radi o frequency (

120, which in turn connects to an RE antenna 125. The resulting RF signal
130 is broadcast to the tags. Base stations 105 or this type (w thout the

novel algorithm115) are we known 1 n-thc r u
15.0 of ?ags"mﬂﬁav 168 SEmaqnanedi AL B ARiCEhanke agendPahupot 4ber o
‘the RF frontagyal E@Hmaﬂﬂs inturn connects to the tag control circuit

166. Thc control cicuit inplenments.an algorithm 170.
For example, the command to select pale green items would be:

command 510 - group select

function 515 - equals

address 520 - address iﬂcludiﬁg the color field in tag data memory
mask 525 - mask of the actual color bytes in tag data memory
data 530 - code indicating palc green

Similarly, the command to unselcct pale grecn items would be:
command 560 - group unscicct
-function 565 - equals

address 570 - address including the color field in tag data memory
mask 575 - mask of the actual color bylcs in tag data memory
data 580 - code indicating pa'Ic' green

Figurc 6 describes the basc station algorithm.

The first siep, 605, is a group sclect command. This moves a subset of tags from
the READY state to the SELECTED state. This group sclect step 605 can be
repeated any number of times as required, 615, to move more tags from READY
to SELECTED. This performs an OR Tunction.

The next step, if required, is 610. This group unsclect comménd acts on the tags
in the SELECTED statc. A subsct of them moves back to the READY statc.
This performs an AND function. This group unsclcct step 610 can be repeated
any numbcr of timcs as _rcquircd; 620, to move more tags from SELECTED to
READY. _
For example, to sclect socks and shirts, onc group sclect command 605 sclects

socks. Through 615, another group sclect command 6035 sclects shirts. The result
is that items which are shirts OR socks are sclected.

i - Y09-94-184 -11-



and interfaces to the tag nenory 168. Figure 2 shows the -c-Oﬁeep%-—-Qf__Lag___&_____
groups 150 and subgroups (210, 220, 230. 240. 250, and 260 The pIuraIity
of "tags 150 in the RF field 130 or the base station 105 is &&H&rﬂe&d
the 18 tags shown. A base station 105 is able to communi cat
(typically 160) in.the RF field 130 of t-he base station 105
field 130 or signal 130. Tags in the RF field 130 are said to be |n
group 150. A group sel ect conmand can be used o sel ect the subgroup (for
exanpl e, 210) fromthe tag group" 150 and nove it to a SELECTED state using
the algorit hm anoili'nhcrscxlaxsnr;lg etorsecﬁ)cc‘fil angg}‘cc‘?‘\hﬁanls a group sclect command 605 se-

' lects pants. Then a group unsclcct command 610 unsclects not pale green. The

result is that itcms which are pants and palc green are sclected.

After the tags now in the SELECTED statc are accessed, the entire selection
pro(:ess can bc repeated as required, indicated by the path 625.

In a typical application, accessing the tag could consist of identifying individual
items and reading a universal pr_oduct code (UPC).

This ﬂex;bmty allows tags to be sclccted using an arbxtranly complex logical
equation.

For example, it would be possible to identify all pale green pants sizes 30 through
34 manufactured in Connecticut or mens socks manufactured between January

and March. ' : )

In one application, querying, a flag is sct if the sclected subgroup has one or more
members. In that application, tags remaining in thc SELECTED state after
processing a group select or group unsclect command would transmit back to the

basc station.

The basc station, in 630, would detcct the presence or absence of a return signal
from onc or more tags. If a signal is detected, a flag is sct in 635. If a signal is
not dectected, the flag is cleared in 640. The flag statc can be determined without
identifying individual tags. In othcr words, the basc station has quericd the tag
group to dctcrminc if any tags mct ccrtam conditions (or criteria) without ever

identifying a tag.

Far cxample, an application could scan a display of palc green pants for mis-
shclved items, The application would first group scicct on not pants. - A sct flag
indicates the presence of not pants tags, and the application knows that items arc
misshelved. If the flag is not sct, the application next group sclects panits and
then group unsclects pale green colors. A sct flag now indicates the presence of
pants which arc not pale green. Again the application knows that items arc

misshelved.

In another application, the flag is an alarm. The sclection conditions arc ar-
ranged by the application so that the only tags remaining in the SELECTED
state arc those tags for which sccurity is being breached. In that case,.in step 645,
the application would check the flag. If the flag is sct, the application lmplcmcnts
its alarm procedure 650. '

L Y09-94-184 | “12-



Date: 115 on the base station, algorithm 170 on the tag, and—the-tag— .
control |ogic 166 processing the commands 410 and 460. Scc Fi gure 4. Note
that several differcnt subgroups can be noved froma READY EaStHcemRe Iaced
.SELECTED state by sending a signal 130 fromthe base stati %

groups noved, i.e., the subgroups that have tags that chan

‘deter- mned by criteria sent out by the base station. In essence tags
meeting any one of the selection criteria of the group sel ect com nands
are placed in the SELECTED state. In the exarrpl e above, tags neeting the

s o ST i P M Wt S
the pl ural i BJPHR upsgject ﬁb FRIS fRR o Flffﬂp RASENE
Further, su ghtthgficld, Btcaé@nrlecduw twttBF m@cmet I‘l%rmg&"é'r%“ alarm.

Given this disclosure, one skilled in the art could construct other embodiments
that .are equivalent to those disclosed herc. These cmbodnments are within the
contemplation of the inventors.

CLAIMS
We claim:

1. A method of selecting subgroups of a group of radio {requency tags comprising
the steps of: -

a. sending a group selcct radio signal command from a base statlon to a plurality
of radio frequency tags, the command defining certain sclection conditions, the
tags cach having a radio frequency communications component for receiving the
command and a tag memory with tag fields;

b. changing a state of one or more tags in the group of tags, the state change be-
ing from a READY state to a SELECTED statc, the tags changing state being
a sclected subgroup of tags from the group of tags, and the selected tags having
data in their respective tag memory that mects the sclection conditions.

‘2. A mcthod of sclcctmg subgroups of tags, as in claim I, where the sclccted tags
scnd a tag identifier to thc basc station.

3. A mcthod of sclecting subgroups of tags, as in claim 1, where the sclcctcd tags
changce data in onc or more tag ficlds of their respective memory. '

4. A method of sclecting subgroups of tags, as in claim I, where steps a and b are
repcated onc or more times to create a ORed subgroup which includes the union

of the tags of cach of the subgroups. -

5. A mcthod of sclccting subgroups of tags, as in claim 2, where the tags arc
quericd to indicate that the sclected subgroup has onc or more members.

6. A method of sclecting subgroups of tags, as in claim 5, where a flag is sct if the
sclected subgroup has members, the flag being an alarm and the sclection condi-

tion being that there was a security breach.

7. A method of sclecting subgroups of a group of radio frequency tags comprising
the steps of:

Eh Y09-94-184 -13-



are any socks or shirts in the RF field 130. Finally, suppese-that—the tag
menory 168 has an address Al0, with data D10 for socks and D11 for shirts.

Socks or shirts are selected, |ike subgroup 230, of group-l n Replaced
rupni ng the base station al gorithm 115. Refer to Figures 4 a 'IMEnim
step 605 would be to send a group sel ect command 410 (receiv

with the following fields: command 510- group sel ect function 515 -

address 520- including A10 nask 525 - mask‘*only A10 data  530- D10 Whl ch
woul d cause the subgroup 210 or socks tOTmove fromthe READY state to the

SELECTED sggt Sxample, an application could group sclect all retail items, followed by a

group unsclect on items marked paid. A sct flag indicates unpaid items passing
through the ficld, which can be used by the application to trigger an alarm.

Given this disclosure, one skilled in the art could construct other embodiments
that are equivalent to those disclosed here. These cmbodiments are within the
contemplation of the inventors.

CLAIMS
We claim:

1. A mcthod of selecting subgroups of a group of radio frequency tags comprising
the steps of: - .

a. sending a group select radio signal command from a base station to a plurality
of radio frequency tags, the command defining certain sclection conditions, the
tags cach having a radio frequency communications component for receiving the
command and.a tag memory with tag fields;

b. changing a statc of one or more tags in thc group of tags, the state change be-
ing from a READY state to a SELECTED statc, the tags changing state being
a selected subgroup of tags from thc group of tags, and the selected tags having
data in thceir respective tag memory that meets the sclection conditions.

2. A mcthod of sclecting subgroups of tags, as in claim I, where the sclected tags
scnd a tag identificr to the basc station.

3. A mcthod of sclecting subgroups of Lags, as in claim 1, where the sclected tags
changce data in onc or more tag ficlds of their respective memory.

4. A mcthod of sclecting subgroups of tags, as in claim |, where steps a and b are
repeated onc or more times to create a ORed subgroup which includes the union
of the tags of cach of the subgroups.

5. A mcthod of sclecting subgroups of tags, as in claim 2, where the tags arc
qucricd to indicate that the sclected subgroup has onc or mare members.

6. A mcthod of sclecting subgroups of tags, as in claim 5, where a flag is sct if the
sclected subgroup has members, the fag being an alarm and the sclection condu-
tion being that therc was a security brcach

7. A method of sclecting su bgroups of a group of radio frequency tags comprising
the steps of: i

YO9-94-184 -13-



The next step woul d be td send a group select command 410 (received by the
tags) wth the followng fields: command 510-groupsel ect function 515-
equal s address 520 - including AlIO This is the repl aqgﬁemt}&beehkﬁifed

Date:9/9/96 mask =~ 525 - mask only Al10 data 530 - DI use:
'the subgroup 220, of tags associated with shirts to nove

?

a. scnding a group sclcct radio signal command from a base station to a plurality
of radio frequency tags, the command defining certain logical sclection condi-
tions, thc tags each having a radio frequency communications component for re-

cemng thc command and a tag memory with tag ficlds;

b. changing a state of one or more tags in the group of tags, the state change be-
ing from a READY state to a SELECTED state, the tags changing state being
d first selected subgroup of tags from the group of tags, and the selected tags
having data in their respective tag memory that meets the selection conditions;

c. sending a group unsclect radio signal command from a base station to a plu-
rality of radio frequency tags, thc command dcfining certain logical unselection
condmons, and :

-d. changing a state of one or more tags in the first selected subgroup of tags, the
state change bcing from the SELECTED state to thc READY state, the.remain-
ing tags in thc SELECTED state being a second selected subgroup of tags, the
tags in the sccond sclected subgroup having data in thcir respective tag memories
that meet both the selection and unsclection conditions.

8. A mcthod of selecting subgroups of tags, as in claim 7, where where steps ¢ and
d are repcated one or more times Lo create an ANDed subgroup which includes
the tags in the intersection of each of the second sclected subgroups.

9. A method of seclecting subgroups of tags, as in claim 7, wherc the sclection
conditions are one or morc of the logical comparisons including greater than, less
than, cqual, not cqual, greater than or cqual, and less than or cqual.

10. A mcthod of sclecting subgroups of tags, as in claim 9, where the comparison
is made between a data valuc sent from the basc station and a lag value stored

in the tag memory.

11. A mcthod of sclecting <uhg,mup§ of tags, as in claim 10, where lhc tag valuc
is a valuc oblamcd by masking in the tag. :

12. A mcthod of sclecting subgroups 01‘ tags, as in claim 7, where the unsclection
conditions arc onc or.morc of the logical comparisons including greater than, less
than, cqual, not cqual, greater than or cqual, and less than or cqual.

13. A mcthod of sclecting subgroups of tags, as in claim 12, where the comparison.

is madc between a data value sent from the basc station and a tag valuce stored
in the tag memory.

i YO09-94-184 -14-
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the READY state to the SELECTED state. Therefore, the subgroup 230, com

-prising subgroups 210 (socks) and 220 (shirts) is the a eer{ acelon)
of the two subgroups 210 of socks and 220.of shirts,
‘SELEGTED state. A group unsel ect command can nove a sub i
READY state. The group unsel ect comand perforns a | ogi
I ntersection) function.. For exanple, suppose that it is dcsircd to
determ ne whether there arc any palc green pants in the RF field 130.
Further, suppose that the tag nmenory 168 has an address AlO, with data D12
for pants and4am arthed ©f Aclocting skbgfavas O 1agvasgal dlaign d@n wherothse tahwaluc
first step wisihdvabee dbbtasmedibp mpasking settectagconmand 4 10 (received by the
tags) with the following fields: command 510 - group sel ect

15. A system for selecting subgmups of radio f rcqucncy tags from a group of tags,

comprnsmg

a. a base station for communicatirig radio frcquency commands to the tags, the
commands comprising command type, function, tag memory address value, and
command data;

b. a plurality of tags having radio frequency component for receiving the radio
frequency commands from the base station and sending radio frequency infor-
mation to the base station, a tag memory with a tag memory address and tag
memory data, tag control logic, a tag compare function, and a tag state, whereby
the command type sent by the base station causcs the tag control logic to perform
the function sent by the base station in the tag compare function to compare tag
memory data located in the tag memory address specified by the tag memory
address value with the command data, and if comparison conditions are*met, the
tag control logic causing the tag statc to changc.

16. A system, as in claim 15, where the command type is a select command and
the tag logic causes the tag to move from a READY state to a SELECTED statc.

17. A systcm, as in claim 15, where the command Lype is a unselect command and
the tag logic causes the tag to move from a SELECTED state to a READY state.

18. A syslcm, as in clairﬁ 15, where the tags idcntif); clothing.

" 19. A system, as in claim 16, whcrc lhc basc station querics the lag< in the SE-
LECTED statc.

20. A system, as in claim 19, where an sccurity alarm is cnablcd if thcrc arc any
tags in the¢ SELECTED slalc : :

Hll\lll |||||| I|I|| lll\l || III\
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e
~-function 515 - equals address 520 - incl uding AlO mask - ”5"’-’ mask onl y
Al0 data 530- D 12 which woul d cause the subgroup 24() R4 1SS Been
fromthe READY state to the SELECTED state. The next ste d
a group unsel ect command 460 (received by the tags) with tmmm
fields: command 560 - group sel éct function 565 - not . equa Sss 570
‘including A20 nmask 575 - mask only A20

¢

SYSTEM AND METHOD FOR RADIO FREQUENCY TAG GROU!’ SE-
LECT

ABSTRACT

A system and method is disclosed for sclecting certain subgroups of radio fre-
quency (RF) tags for querying, communicating, and/or identifying by a base
station. The base station sends commands to a group tags within a RF field of
the basc station. The tags use control logic to determine whether or not they meet
certain critcria sent out by the commands. This may cause the tags to change
state which either prevents or allows a given tag to participate in an identification
process. In this way, a given subgroup(s) of tags meeting certain criteria can be
sclected for querying, communicating, and/or identifying.

Y09-94-184 16




This is the replacenment sheet 7 Date: data -586”‘—EQI"MﬁTEH’“‘—
woul d cause the subgroup 250 of pants whose color is not pale kelq%v
fromthe SELECTED state to the -READY Fate The subgroup et 7

| ogircal AND of the two subgroups 4Q“§ gpgants and not 250

~ green, is nowin the SELECTED stafg yhdsgHsgee 3 is a bl ock

typi cal preferred enbodi nent of a tag 160 and furt her |IIustrates hom/the
tag noves between states. Data enters and | eaves the control block 166

through the RF block 164. Wthin the control block 166, the appropriate
fields (scc description of Figure 5

FIG. 1
: /—100
195 130
. r | 4 o
1o 125- .
l\ ; ) 7 : ----- Lo -
. "\‘
- MICRO- - oF - <
PROCESSOR - N
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ALGORITHM
~\\_115 120
150
N o .
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i TAG TAG
! ™ | | TG
| 160

| §52f—\T"S§;7- TAG ’/,—155

| W < CONTROL MEMORY
| 7 S

! 164 470 —"] ALGORITHM 168
| |



bel.ow) of the conmand sent fromthe base station 105 are routed to an
address register 305 a mask register 320, a function register 335, and a
command data register 315. Mre specifically, the val ugyj sheéthiies

ed
field (510,560) and function field q%%S 565) of the ba
signal 130 is placed in the funct®t 4'?'8égi ster 335, th :
nd data

data'field (530,580) of the signal 130 is placed in the

regi ster 315. The value in the mask field (525, 575 in Fig- ure 5) of the
command signal 130 is.placed in the nask regi ster 320, and the value in the
address field (520, 570) of the signal 130 is placed in the tag address
regis- ter 305. In one preferred inplenentation, the data emanating from
the RF block 164 is serial digitaléqé@@, Zﬁd the registers o
(305, 320, 335) 335) are shift regi stler-dsOwhi arc loaded in turn. The

regi sters could al so be parallel |oadable regigﬁprs; with a field of data

bei ng asse ed before being loaded. into a regyster.. The determ nation
T T e 9" “““““““ n
N e ety t et i
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of .where the data fields arc | oaded is determ ned by the—command fielrd

(510,560). After the fickle of the signal 130 are stored._in the t d
.Tegisters, a group select or group ungel ect operation beg a“
data fromthe tag data nenory 1. 68/ mesi-the tag data regis " ﬂ '

read is determ ned by the value previ-. ously |oaded into

regi ster 305. In one preferred inplentation, the tag nennry 168 hol ds bytc
wide (8 bit) data, ahd the tag data register 310 is a parallel in/seria
~out shift register. The nmenory could also be bit wide, with the tag data
regi ster being a sinple one bit storage device. In a preferrced enbodi nent,
the mask indicates whether or not the data should be acted upon. If it is
to be acted upon, the‘'tag data 3104§2§aco nd data 315 arc conpared in the
conpare bl ock 325. In another prefédr odi nent, the mask coul d be nore

~ conpl ex. For exanple, it could nodify the type of fgggLLgm '
410 | D10,D11, 012

A0 | D20,

TAG DATA |~ 168
MEMORY
(e.%. TAG
I0ENTIFIER)

§
|
ADDRESS | |
REGISTER |1
|
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to be perfornmed rather than sinply enabling a function.

repl-acnent sheet Date:

' 0/9/96 8 In one preferred enbodi nent,
data field (530,580) is 8 bytes, the tag data nenory 168 is one byte wder

This is the
t he command

and the mask contains a logic | for #&ach byte which shoupd ar

the conparison and a 0 for each Byt d%4#%h shoul d be igno
inturnis read fromthe tag data nenory 168 to the tag d
and routed to the conmpare unit 325,

one bit of the nmask r

used to. determ ne whether the data should be used or ig-

4B
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in a preferred enbodi nent, a mask of all zeros says that
all -data is i'g- nored. The result is a useful select aH—tags—er--uhsclect—
all tags function. The conpare unit determ nes the results (greater than,

greater than or equal, equal, 3 ﬁé HIess t han or eqhasedaﬁwﬂamaelawd
recei ved. The conpare unit 325 C J § Qhe results for a

nor-ed. Note that

itemusing standard digital arithnetic and passes the re g
state machi ne 330. Once the conpare operation is conplete, the tag state
330 is updated. If required, -the conpare operation can.be repeated nultiple
times as data is re- ceived in the command data register and data is read
fromthe tag data nenory to the tag data register. For exanple, suppose
that the address Al reads 8 bytes and the first three bytes (here these
first three bytes mght be the ad AlQ descri bed above) contain

yies mo 8.4 :

’/,,410
510 515 520 35 530
N -/ / J
GROUP |
SELECT FUNCTION | ADDRESS HASK DATA Y/g
SELECTION
CONDITIONS
505
FIG. 5B 0
560 565 570 575 580
N 2 Y,
GROUP
WGELECT | FUNCTION | ADDRESS MASK DATA
UNSELECTION
"~ CONDITIONS

555



data D10 describi'ng the item as socks. To group select_all socks, the
comrand data field 410 would havé the followi ng fields . command 510-

group select function 515- equals address ;520 - Al NBASH;s SheetHasBe R0
data 530- D10 Once the conpare o eb/&ition is conpl et e,

330.is updated. In this exanple, Ld'ﬁ 89%3fe conpare with wm‘ EHL T“
Alternatively, a different nunber or bits could be used, Sk coul d
be bit wide. The tag states in the tag state nmachine 330 arc READY (the tag
is in the set of unsel ected tags) ZﬁmEL ED (the tag is in the set of
selected tags). A pre- ferred stat h Is a one bit register. In one
preferred enbodi nent, that tag /__“5

éggﬁ%
SELECT 605
COMMAND

615 —

625 ~_|

620 ~_|

SEND
GROUP | 610

UNSELECT
CONMAND

630

“ANY MEMBERS ™~ NO

IN TAG SET?

680~ aram ( oone )




m ght have other states (for exanple, shut down, rrggﬁ |L|ed error states,
etg.), Mth a correspondi ngly nore conplex state Bd %3@ ement sheet the
repl acenment sheet 9 Date: 9/9/96 An additional path connects the tag
data regi ster back to the RF section. This read Oba: pgv‘ ggan be used to
identify and classify |nd| vi dual tags ih the base stati I'n a typical

i mpl ement a ‘ ° . . I

bl OCk 166 3t - ) a) -!- I~ B/ i a2 < A D, Eﬁ‘ﬁ% éﬁ

Al ternatively, there coul d be one bi d|L&£Ionl LAFJEMEM‘ISMITS\AB ste
tag 160 selection algorithm 170 in nore detailj. Descnpuon paged ..l.. to paged I3

Clalm(s) :paged . to paged 16.
o Drawing(s) : paged d.. 10 paged L.

FIELD OF THE INVENTION Abstract  : paged'2Stto paged ..

the ~invention relates to communication with ajd/or ﬁ%ﬂ A éCésogHths‘ugsets §&a

group of radio frequency tags. _

- 17} Description : paged .rne.e. 10 paged .......

' Claim(s) :paged ..!2.. to paged ..7...
BACKGROUND OF THE INVENTION {1 Drawing(s) : paged ...-.. to paged ....o..
i Abstract  : paged ....... to paged ...

A radio frequency (RF) identification system consrs-ts-of-a-n-R-F-bzse—stmrt‘a'n'd—" '

a pluralxty of RF tags. ' .
In a typical configuration, the base station has a computer section which issues
commands to an RF transmitter and receives commands from the RF receiver.
The commands serve to identify tags present in the RF field of the base station.
In some implementations, commands exist ta 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, 1t may remain until
over written, or it may remain permanenﬂy on the tag. - :

The RF transmitter of the base statio.r'l 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 anterina. 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 sngnals to and receives RF sng,nals from one or more tags within the -
RF signal range x

Twao useful un'ctions of the system are to:

1) Dctcrmnnn{, ir any tags mcctmg, certain criteria arc in the ficld (thc range of
the RF signal transmitted: and/or lcccwcd by the the basc station) of the base

station, and
2) ldentifying Lags mccting certain criteria for subscquent processing.
In the prior art there arc systcms'that must identify all tags in the ficld of the

rcader before cither of the above functions can be performed. In one system, tags
arc temporarily turned off when successfully identified by the rcader. After a



In step 410 the group select command is received _2% t.g 8nd & ‘_tacmﬁ?@l%i C
I n stepf 415, the conditions of the conmand arc ch R escribed in
Figure 3 using the tag data nenory 168, the tag data regl ster 310, the
mask regi ster 320, the conmmand data register 315, ‘ﬁ}dAt@chbmﬁre bl ock
325.. In step 420 t he control | ogi ¢ dgci des whet her the ondltlons wer e
net, usmgthg are,blo 25 and-t-gefunctlonre{st r 335. é,
condi t i on$C {pde OXHHA )e ORR oY RICereighiva h‘é‘”ﬁ'a@gé‘f‘a & d830
does not ahhwgt@dawhcm ipecicagedvde asrcader.t he next command. | f the conditions
are net, step 425 changes the tag state 330 from READY to SELECTED. That

s, thet set..o unselect dtast thes
Lags Eor CLREF AfiRend fBs iz gfisc “eeagyo oS §t “f°n %Fﬁf}g
sel ect cofrhiel field. \AHGPV&Vthﬁagétcé‘“&m sy fisag] {-0 @ﬁ°% “t‘h@

addr ess peystemrenlya singlepiag in the field can be identificd. Tags i 1n thxs system also can

not be disabled.

STATEMENT OF PROBLEMS WITH THE PRIOR ART

The prior art requires that all tags in the'RF ficld be identified and that data be
read from them in order to determine if any of the tags met the criteria specified

- by the tagging application. This process is slow to the point where certain tagging
applications are precluded.

For cxample, a security application might have a number of tags passing through
a base station RF ficld in a short time. It is important that tags meeting certain
alarm criteria’ be detected during this short time (also called real time). The re-

- quircment may be to identify and read all tags to dclcrmine alarm status during -
the real time that the tags are passmg through thec basc station field. If there are -
a large numbcr of tags passmg through the RF ficld and/or the tags are passing .
through very raptd!y, the prior art may fail to rdcnufy and read all the tags in the --

"RF ﬁcld before thcy pass out of lhc ficld. :

' Aq anothcr cxamplc a transit apphc’atlon might have a large number of tagged
items in a tagged conlainer. To Iog the movement of a containcr, all the tags
must_be identificd in the container as well asthe container itscll. Using prior art
tcchniques, the container might be lcqtnrcd to pauscin the ficld to allow enough
time o identify and rcad all of the tags in the ﬁrkl This pausc may causc an'
undesirable delay in the movement of the container.’ :

OBJECTS or THE IN VENTION

An ObjCCl of this mvcnhon is an_improved <:ystcm and mcthod to rapsdly deter-
minc which tags of a group of tag.; mect a cer tam crltcrna :

o~

Anolhcr object of this invention is an improved system and mcthod to rapidly
idenlify and/or sclect tags mcetmg certain criteria for subecqucnt processing.



tential socks data, the mask selecting only the potential socks field.
'withi'i the address, and the data indicati ng sock ,ﬂé)gfer cehmmshﬁ@t tag
160 unsel ection algorithm 170 in nore detail In st t he group

unsel ect command is received by the tag control logic. In,step 465, the
conditi ons of the command are checked S descri bedDate-Fl‘th‘r”e & lusi ng the

tag data 310, the mask register 320 the
co?mand Mﬁéﬂ@ Qt’h?ﬁz.gmlﬁ@;me bl ock 325. In stgp 470, the
control |ogic decides whether the conditions (i.e., thc conpare
condi t i onEjc presentnimvention regablus tapig queryinge keleetingnaind fiderftifying ofadargest er
335. | trenbanell tadim Sreqieacp (R Metags! NEhisdg cﬁmtley:iﬁﬂaldﬂeﬁtmgtarpbmb@mwnd
the. taggspakimadiihe bR%aefXagC oM@ LS power up in a default state (READY) where
they do not transmit or participate in an identification algorithm. A subset of the
tags in the field can be moved into a second statc (SELECTED) by a signal from
the base station. In the SELECTED state the tags transmit their umque identi- -
fier to the basc statlon in an attempt to 1dcnt1fy themselves.

The process of moving the tags to the -sccond state, SELECTED, is based on the
data in the tag data memory. With a comparison unit and two tag commands,
any arbitrarily complex selcction criteria can be realized to move a given tag into .
the SELECT state (or back to the READY state).

Dctermining if any tags meeting certain criteria arc in the ficld is performed very
efficiently since the invention docs not rcquire individual tag identificatipn. This
is accomplished by each tag processing one or morc “group sclect” and/or “group
unselect” commands in-sequcnce using control logic located on the tag. This tag
control logic determincs whether the respective tag meets the sclection criteria.

Tags mecting the selection criteria participate in the identification process. This
identification process may be limited to determining whether one or more tags are_ o
partlclpatmg, but not umque]y |dcnt1fy1ng individual tags x

Thc invention aleo simplifics thc 1dcnt1f'cauon ol‘ tag: in a’ largc group of tags
This is donc by using one or more .“group sclect” ancl/or “group unsclect”.com-*
mands to sclect only the rclevant tags for identification. This allows the qystcm
- Lo process only tags which -arc of inferest, i:c., mect the sclection criteria.” This
feature improves the speed. at. which. the system can process lags and allows the-
system to sclect subgroups of tags for processing from very large numbcrs of tags. .

Otlicr protacals may be used with the present invention. In onc preferred cm-
bodiment, more than onc tag simultancously communicating with the basc station
can be identificd by using the protocol described in U.S. Palent application to S.
Chan ct al. entitled “"MULTIPLE ITEM RADIO FREQUENCY TAG IDEN--
TIFICATION PROTOCOL" filed on September 9, 1994 which is hcrcm incor- -
porated hy rcfcrcncc in its cntncty . o '

BRIEF DESCRIP TION OF THE DRA WlNGS |

Figurc | is a block d1agram of lhc ptcscnt syctcm showing a basc station and a
plurality of novel tags. -



This is the replacenent sheet Date: 9/9/96 1 0 | .31 0n r t,
step 475 changes the tag state 330 from SELECTED tTéﬁ%EA@%%%gFm?ﬁsg?get ag
moves fromthe set of selected tags to the set of unsel ected tags. For

exanpl e, to unselect all tags which indicate col oDstent hQthbqg pal e green, |
the group unsel ect conmand 460 woul d |Ed|cate a group unsel ect on not

equal s, g ectin
only t hewgtoéb rf @f@,&@fﬁﬁsw,@ t(ﬁfr esS%pﬁﬁ&?éﬁ%@éﬁpé&!ﬁﬁlé@oﬁgé ‘pal e )
green. ure 5 shows preferred formats for a group select or group

unsel ect ignmend is acklogkddirgoamt ofe at prglercd cockodisaen theb tath nowvel g nl’ )

(Fi gure 3présont imlenyionent

Figure 4 comprises Figure 4A which is a flow chart showing the steps of an OR
function performed in the tag and Figure 4B is a flow chart showing the steps of
an AND function performed in the tag.

Figure 5 comprises Figure SA which is a block diagram showing the format of a
.preferred embodiment of a “group select” command and Figure 5B which is a
block diagram showing the format of a preferred cmbodlment of a group unse-
lcct command sent out by thc base statlon :

Figurc 6 is a flow chart showmg the stcps performed By one preferred embod-
iment of a novel base station algorithm.

DETAILED DESCRIPTION OF THE INVENTION

The system 100 is compmcd of two’ types of hardware, a base station 105 and a
plurality of tags 150 . :

Thc base statlon 105 mcludcs a mlcroproccssox 110 lunnmg a novcl base station
algorlthm 115. The microprocessor - has a duplex’ connectlon to a radio frequcncy
(RF) front end 120, which in turn connects to an RF anienna 125. Thc resulting ™. =
RF signal 130 is broadcast (o the tags. Basc stations 105 of this typc (w:thout thc.', .
novcl a]gorlthm 115) are well known ' - . -

Eac.h tag (typically 160) in thc 'group lSO of tags contlains a tag antenna 162
which couples the.RF signal 130 to the RF froni end 164. This in turn connects
to the tag control circuit 166. The control circuit. nnplcmcntt. an algorithm 1700

and interfaces to thc tag mecmory |68,

Figurc 2 shows thc conccpl ol' Laz, groups 150 .md <ubg,roup< (210 220 230. 240.
250, and 260). .

The plu'rality of tags 150 in the RF ficld 130 of the basc station 105 is represented
by the 18 tags shown. A basc station 105 is ablc to communicatc with a tag
(typically 160) in.the RF ficld 130 of the basc station 105 using the RF ficld 130
or signal 130. Tags i in the RF ﬁcld 130 are said to be in thc tag group 150.

A group sclect command can be used to select the subgroup (for example, 210)
~from the tag group 150.and move it to a SELECTED state using the algorithm



fromthe base station 105. The first field, 510 or_560, ..ndj e,tuhghégtpe
of .command, select or unselect, field 510 for sel ecﬂ“scﬁn‘hﬁﬂé@%@@ field 560

for’ unsel ect commands. In a pr_eferred enbodi ment, the tag,inpl ements ot her
conmands, (e.g. read, wite, etc.) and the field cepgi "& labple bits
whi ch describe the command. In a typi8al] inple- ncntation, the bits could

be either ,qgig;g“g bﬁ@ E?dt rprbqné&‘lﬁhrﬁef'](ﬁem@dtagg'ﬁdnﬁ?@ ha’gf @&rﬂroﬁﬂo@ 166

(sclect) ar InC Y onman unct i on.
typi cal |r?15? |o m‘P gdisu 0 cﬁ e§cﬁd @u £| not equal, greatcr

than, less than, greater than or equal, or |ess than or equal. A nor e

conpl ex t A¥pledhia spmaémeﬁprcauoﬁqhg@mps randhq sravesy froonisi RdtABhE state to a

f uncti ons SELEGE BMDrstafeoby seqdiigea sEB@m! t3efnoas khe dgisetseéatiGRd 05anThe lsab-
conpar e blge&kpSBBrﬁweiﬁhe eNeie KuBEfbups2thdtSRAREAgPhB Qhange 8LRE] hre detdi nNs

the tag ngpm 1@:?% sénrt%lﬂxt?)ﬁh ggglgtag;%ends on the conflguratlon of

the tag data rre

In essence, tags meetmg any onc of the selection criteria of the group selcct com-
mands are placed in the SELECTED state. In the cxample above, tags meeting
the first OR thc second criteria (i.c., tags in subgroups 210 and 220 of group 150)

are selected, forming the subgroup 230 ,

To illustrate, suppose that the plurality of tags 150 idcntify and/or are attached
‘1o clothing items. Further, suppose that it is desired to determine whether there .
are any socks or shirts in the RF field 130. Finally, supposc that the tag memory
168 has an address A10, with data D10 for socks and D11 for shirts.

-

Socks or shirts are sclected, like subgroup 230, of group 150 above by running the
base station algorithm 115. Refer to Figures 4 and 6. The first step 605 would
be to send a group select command 410 (rcccwcd by the tags) with the followmg

fields:

command 5 l'O"'- group _selcc.t |

fun.c'tib.n 51'5..- équalq _

addrcss 520 - mcludmg Al() |
"mask | 1525 - mask only AIO
data | 530- D10

W ‘hich \vould cause lhc qubgmup 2l() of socks Lo move ﬁ om Lhc READY statc to .
the STLFCTFD state. : :

The next step woulcl be o c.cnd a g.mup c.elcc_l cnmm.md 410 (rececived by the
tags) w:th the following ficlds: S

command 510 - group sclect
function 515 - cquals

address 520 - incldding AlO



preferred enbodi nent, the address would access 8 bytes.of tag data nenory,
wi t:h individual bytes selected via the mask Field, In an alternati o

i mpl enenta- tion, a one byte address or a bit améﬁsm&cﬁg‘%&géggﬁrhe
next field, 525 (select) or 575 (unselect), holds the mask. Its format al so

de- pends upon the tag data nenory forpat and the mask gr grity desired.
For exanpl e, the mask Could be on a b.i.ﬁ_hy bi t bag?g' otg liaﬂuﬁoul d mask-8

bit bytes. LOka 353 Calask G ation, the mask enables or inhibits the
conpar e bl Ock 325 but-afc)r{;?}e?l ggﬁp ex masking is al so possible. The final
580 (unselect), holds the command data. This is the

field, 530, (sele

data with Q\*(ﬁach g%&;bl data is conpared. Again, the format is dependent on

the tag data nenory configuration and the application. A typical size could

be one bi twhioh ®obid chyseahesubgrouma, of tdpst &ssociated wWitleshirtetb ardvedromnt ,

the for matthef REPEDYOSINEE€o $Re SEI RCTEDEthiedNT hePélore, the subgroup 230, com-
prising subgroups 210 (socks) and 220 (shirts) is the logical OR (or union) of the
two subgroups 210 of socks and 220.of shirts, and is now in the SELECTED

state. :

A group unsclect command can move a subgroup back to the READY state.
The group unseclect command performs a logical AND (or intersection) function.

- For cxafnplc, suppose that it is dcsired to determinc whether there arc any pale

grecn pants in the RF field 130. Further, supposc that the tag memory 168 has
an address A10, with data D12 for pants and an address A20, with data D21 for

“palc green colors. :

The first step would be to send a g}oup' sclect command 410 (received by .thc'tags)
with the following ficlds: '

command 510 - group select
functi.‘on 515 - 'c.quéls .
'.'ad_d.'rcs.s 520 - iﬁcluding A10
mask 525 ﬁ1a$k or_il} Al0. -'
data’ 530- DI2 '

_vu;hich would cause the subgroup 240 of pants to move {rom the READY statc
to the SELECTED statc. - : :

The next step.would be to send a group unsclect command 460 (received by the
tags) with the following ficlds: ' ' : "

command 560 - group scfcc( |
function 565 - not cquals
address 570 - including A20

mask 575 - mask oniy A20



and 555 would be identical. In this way, the tag control logic acts on the

com " This is this replacement sheet Date: 9/ 9 Phis Jlg,rt]@p%ﬁaéé}né{}e samend.

manner, with only thc final state change dependent upo
For exarrpl e, the command to select pale green itens would b command 510 -
group select function 515 - equals addi7ess 520 - adlb:esﬂg (lonjll’ddl ng the

color fi elgl Lan tggodabil menory

which would causc the subgroup 250 of pants whosc color is not pale green to
move from thec SELECTED state to the READY state. The subgroup 260, which
is the logical AND of the two subgroups 240 of pants and not 250 of not pale -
green, is now in the SELECTED state.

Figure 3 is a block diagram of one typical preferred embodiment of a tag 160 and
further illustrates how the tag moves between states.

Data enters and leavcs. the control block 166 through the RF block 164.

Within the control block 166, the appropriate ficlds (scc description of Figure 5 '
below) of the command sent from the basc station 105 are routed to an address
register 305, a mask register 320, a function rcgister 335, and a command data
register 315. More specifically, the valie in the. command field (510, 560) and
function field (515, 565) of the base station 105 signal 130 is placed in the func-
tion register 335, the value in the data ficld (530,580) of the signal 130 is placed
in the command data register 315. The valuc in the mask field (525, 575 in Fig-
urc 5) of the command signal 130 is placed in the mask register 320, and the value
-in the address field (520, 570) of the mgnal 130 is placcd in the tag addrcss l"cng-

ter: 305

In one prcfcrrcd 1mplcmcntatmn the data cmanatlng from the RF: block 164 is

scrial digital data, and the.registers (305,320,315,335)-are shift registers which arc’
-loaded in‘turn. The registers could also be paralicl loadable regtsters with a field
~ of data being assembled before bcmg loaded into a register.”. The determination
~of .where the data ficlds arc loaded i is dctcrmmcd by thc command ficld (510,560). -

“Aflter the f‘clch of thc s:gnal 13() arc <tmcd m thc tag, rcgﬁtcm a group sclect or
_'group unsclect operation begins by rcading data from the tag data memory 168
into the tag data register 310. The data rcad is dctcrmmcd by the value previ-.
ously loaded into'the addrc's< rcgmcr 205. -

In one preferred. nnplcmcnlalmn the lag memory 168 holds bylc wndc (R bit)
data, and the tag data register 310 is a paralicl infscrial out shift register. The
memory could -also be bit Wldc with (hc tag datn register being a qlmplc onc bit .
ﬁloragc device. ST : -

In a preferred embodiment, the- mask indicates whether or not the data should
be acted upon. If it is to be acled upon, the tag data 310 and command dala 315
arc compared in the compare block 325. In another preferred embodiment, the
.mask could be more complex. For example, it could madify the type of functlon
to be performed rather than simply enabling a function.



mask 525 - mask of the actual color -bytes in tag"ﬂmasﬂmdéﬂieﬁtshéao

code i rdi cat i ng pale green Simlarly, the conmand to unsel ect pale green

items woul d be: command 560 - group unsel ect funct éyj ﬂgq&al s .addr ess
570 - address including the color .field in tag dat 575 -
mask of the actual color bytes in tag_@8ata ncnory data 580 - code

i ndi cat i ngnpc&icﬁpmfemdl'_drﬂbldi@m@crﬂ?fmé cbefma ke raeficidaldinnsso)oiars bivtes, The

first stepag &fgfa éméryd 9{% %EH% %qavvm lT@'rﬁa*l@cHﬁVaﬁﬁs% RS loPkatRoS
ti

from the BERADY, AL LAY Bg%t&;rgga;f e Ao Ele b Wigf "

be repeate
READY Lo SERRISTERENOFAs. AR08 YLar e et fom 1n¢ tag d5la merory
to the tag data reg1 cr 310 and routed to the comparc unit 325, onc bit of the

mask register 320 is used to dctermine whether the data should be used or ig-
nored.

Note that in a preferred embodiment, a mask of all zeros sa}"s that all data is ig-
nored. The result is a useful select all tags or unsclect all tags function.

The compare unit determines the results (greater than, greater than or equal,
.equal, less than, less than or cqual) as data is received. The compare unit 325
computes the results for each masked data jtcm using standard digital arithmetic
and passes the results to the tag statc machine 330. Once the compare operatxon-
is complete, the tag state 330 is updatcd

If rcquired, the compare operatlon can be repeated multiple times as data is re-
ccived in the command data rcgmer and data is rcad ﬁom the tag data memory

to the tag data register.

For cxamplc, suppose that the address Al rcads 8 bytes and the first three bytes
(here thesc first three bytes might be the address A10 described above) contain
data D10 describing the item as socks. To group select all ﬁocks the command -
data field 410 would have thc follomng ﬁclds : SR

command 510.- group sclcct e

. fu,nclion' 515 -:'__cq_'u._al,s '
address 520 - Al
mask . 525 - 11100000 i
data 530 - Dl() :
Oncc the compmc opcration is cumplctc thc tag statc T%O is updatcd In this
cxample, an & byle comparc with mask is performed. Altcrnatlvcly a duﬂ’cncnl
numbcr of bits could be.used, or the maqk could be bit wide.
The tag stales in thc tag slatc machinc 330 arc READY (thc tag is in the sct of
unsclected tags) and SELECTED (the tag is in the set of sclected tags). A pre-
ferrcd statc machince is a onc bil register. In onc preferred embodiment, that tag

might have other states {for examplc, shut down, identified, error states, ctc.) with
a correspondingly more complex state machine 330.



The next stcp, if required, is 610. This group unsel ect command acts on the
tags i the SELECTED state. A subset or them nobves back to the READY state

Thi s performs an AND function. This group unselwﬁg g,egfag can. be repeat ed
any nunber of tinmes as required, 620, to nove nore tags glaatD t o
READY. For exanple, to sel ect socks and shirts, .one group sel ect commuand
605 sel ects socks. Through 615, anot her 9group Batesct ¢ hd 605 sel ects
shirts. The result is that itens which are shirts OR socks are sel ect ed.

This is t hﬁn?@&iﬁ%ﬁﬂ?%tﬁ §5hedE Y Re tagldngtgesregistcr back to the RF scction. This
read data.path can be used to identify and classily individual tags in the base
station. In a typical implementation, the connection between the RF block 164
and the control block 166 contains a transmit path 340 and a reccive path 345.
Alternatively, there could be one bidirectional path.

Figure 4a shows the tag 160 selection algorithm 170 in more detail.
In step 410 the group select command is rcceived by the tag control fogic.

In step 415, the conditions of the command are checked as described .in Figure 3
using the tag data memory 168, the tag data rcgister 310, the mask register 320,
the command data register 315, and thc comparc block 325..

In step 420, the control logic decides whether thé conditions were met, usmg the
compare block 325 and thc function register 335. _ - .

If the conditions (i.c. the compare conditions) werc nol met, the tag statc 330 does
not change and the tag waits for the next command

If the conditions are met, step 425 changes the tag state 330 from READY to _
SELECTED. That is, the’ tag moves from the sct of' unselected tags to the set of_ '

sclected tags.

For ex’amplc ‘to select all tags which indicate.socks, the group sclect commznd
410 would indicatc a group sclect on cquals, with the address pointing to the po-
tential socks data, the mask sclecting only thc pnlcnlml socks ﬁcld ‘within the
addrcqs 'md the data mdlcatmg socks. . -

Figurc 4b sh'pws thc 1ag l'60_un$clcction algorithm 170 in morc detail.

In step 460, the group unselect command is reccived by the tag control logic.

[n step 465, the conditions-of the cnmmand are checked as described in’ Figurs 2
using the tag data memory 168, the tag -data register 310, the mask register 320,

the command data rcgislcr 315, and the compare block 325.

In step 470, the control- loglc decides whether the conditions (1 c., the comb: re
canditions) were met, uslng the comparc block 325 and the funclmn register 335,

If the conditions were not mecl, the tag statc 330 docs not changc and the. r.ag
waits for the next command. :



12 In another exanple, to select pale green pants, @ Qgrou !ﬁgh@ﬁ& W&nd
605 se-'lects pants. Then a group unsel ect conmrekiis @18‘%‘5‘?@ S ﬁo pal e
green. The rcsult is that itens which are pants and pale green are
selected. After the tags now in the SELECTED staé e@r@‘gc‘g@seed; the entire

sel ection process can be repeated as required, indicate y the path 625.
In a typical application, accessing the tag could consist of identifying

i ndividual items and reading a uniyver product code ((UPC). Thj
f I exi bi | ilfythgl ansstiopg dre gnele dep dodeehangasgthentag piate a’r%ol b'o(% !gﬁf‘eﬁqTo%Dc al
equat i on.toFBEARMp| Ehat is,vihiel tighemaqyes diroire tho set@ftscigeted itagaite theesst of

pants si aaschtédtagsgh 34 nmanufactured in Connecticut or nens socks
manuf act ured between January and March

For example, to unsclect all tags which indicatc colors other than pale green, the
group unselect command 460 would indicate a group unsclect on not equals, with
the address pointing to the color data, the mask sclecting only the color field
within the address, and the data indicating palc green. : ’

Figure 5 shows prcferréd formats for a group sclect or group unsclect command
received from the tag RF block 164 through the path 340 (Figure 3) initially sent
from the base station [05.

The first ficld, 510 or 560, indicates the type of command, sclect or unselect, field
510 for select commands and field 560 for unsclcct commands. In a preferrcd
cmbodiment, the tag implements other commands, (c.g. read, write, etc.) and the
field contains multiple bits which describe the command. In a typical imple-
mentation, the bits could be either coded or contain onc bit per command.

The next field, 515 (sclect) or 565 (unsclect), indicates the type of command
function. In a typical implementation, the functions includes equal, not equal, :
greater- than, less than, greater than or equal, or less than or equal. "A more
complex tag could implement additional functions or combinations of functions . -
in the function register 335, the mask register 320, and the compare block 325.:

The next field, 520 (sclect) or'_570 (unsclect), contains thq"tag’mcmon'y addrcss.
Its exact format dcpends on the configuration of the tag data memory. In a-
preferred embodiment, the address would access § bytes.of tag data memory, .
with individual bytes sclected via the mask ficld. In an alternative implementa-
tion, a onc bylc address or a bit address could be uscd. . B '

The next ficld, 525 (sclect) or 575 (unsclect), holds the mask. Its format also de-
pends upon the tag data memory format and the mask gtja'nul'ari!'.y desired. For
cxample, the mask could be on a bit by bit basis, or it could mask 8 bit byles.
In a typical implementation, the mask cnables or inhibits the compare block 325,
but morc complex masking is also possiblc. ' :

The final ficld, 530 (sclect) or 580 (unsclect), hoids the command data. This is
the data with which the tag data is compared, Again, the format is dependent
on the tag dala memory configuration and the application. A typical sizc could
be onc bit, an 8 bit byte, or a number of bylcs. -

In a preferred embodiment, the format of the r_ﬁommand sclection conditions 505
and 555 would be identical. In this way, the tag control logic acts on the com-



In one application, querying, a flag is set if the selected subgroup has
one or nore nenbers. .In that application, tags re | rﬁg}‘ﬁw
state after processing a group select or group unrsrg'@ 'Fq rmé{lﬁge

transmt back to the base station. The base station, in 630, would detect
the prcsence or absence of a return signal from onPate: nﬁ‘té%t(e@g& If a

signal is detected, a flag is set in 6?i5 If a signal is not detected, the
flag is cleared in 640. The flag st at e2dan be determi ned wit hout

i denti fyi nganddinviltugdmeagsnnén withemiyahddindlmatnekasgadepmdan wpsT tigd
the tag grRupait@nii@ia@gri ne if any tags met certain conditions (or criteria)
W t hout ever identi fy| ng a tag. For exanple, an application could scan a

di spl ay of_.pale gr antsfo m s- she|ved it. m; The lication would
first grofpﬁps"&a@g‘f 6‘?’“]5%141’! to\selegt pf‘lca%chHd ?é%o‘f'ﬂag‘gresence of not

pants tags, and the application knows that itens are
command 510 - group select

function 515 - equals

address 520 - address iricludiﬁg the color field in tag data memory -
mask 525 - rﬁask of the actual color byles_in tag data memory
data 530 - code indicating palc green

Similarly, the command to unselect pale green items would be:
command 560 - group unsclect

.f,unctioh 565 - equals

address 570 - address including the color field in tag data memory
mask 575 - mask of the actualléolor byles in tag data memory
data 580 - code ._indicating- pale g’r&cn_ :

Figurc 6 describes the basc station alédrithm. |

The first step, .605, is a groﬁp sclect command. This nﬁ_ovcs a subsct of t'ags from ..
‘the READY stalc to the SELECTED state. This group sclect sicp 605 can be
repeated any number of times as required, 615, (o move morg tags from READY
to SEL ECTED ‘This pcrforms an OR Tunctmn

The next step, if xcquncd is 610. This group unsclecl command acts on the tags
in the SELECTED state. A subsct of them moves back Lo the READY statc.
This performs an’ AND function. This group unsclect step 610 can be repeated
any number of times as required, 620 to move morc Lag: from SEI ECTED to
READY. _ . . :

For cxample, to sclect.socks and shirts, one group sclect command ‘605 sclects

socks. Through 615, another group select command 605 sclects shirts. The result
is that items which arc shirts OR socks are sclected.



m sshelved. If the flag is not set, the application next group selects
pant s and then group unsel ects pale green col ors. AKists e topravamertishebes
t he presence of pants which are not pale green. Again the application

knows that itens arc mi sshelved. In another application, ' ?iaui s an
alarm The sel ection conditions are ar- ranged by t%eapp n so that
the only tags remaining in the SELECTEIDzstate arc those tags for which

security iig hei Ao BrSAGRCT qkﬁct?aﬁc BT s b ShoRPscibe: ARk eI LB,
2l arm pro ‘é%ﬁrpé“ésso Then agraug ugelee ‘r‘e‘HPELjé’ﬁﬁﬁ yﬂégisnm ki th#

rcsult is that items which are pants and palc green are sclcctcd

After the tags now in the SELECTED statc are accessed, the entire selection
process can be repeated as required, indicated by the path 625.

In a typical application, accessing the tag could consist of identifying individual
items and reading a universal product codc (UPC).

This flexibility allows tags to bc sclected using an arbxtranly complex logical
cquation.

For cxample, it would be possible to idéntify all pale green pants sizes 30‘through
34 manufactured in Connecticut or mens socks manufactured between January

and March: -~ _ .

In one application, querying, a flag is sct if the sclected subgroup has one or more
members. In that application, tags remaining in the SELECTED state after
processing a group select or group unsclect command would transmit back to the

basc station.

The basc station, in 630, would dctect the presence or absence of a return signal
from onc or more tags. If a signal is' dctccted, a flag is sct in 635. If a signal is
not detected, the flag is cleared in 640. The flag state can be determinéd without . .,
identifying individual tags. In other words, the basc station has queried the tag .
group to determinc il any tags mct ccrlam conchtmm (or criteria) without ever

Kicnurymg a tag.

For cxaniplc, an épplication could scan a display of palc green pants for mis-
shelved items, The application would first group sclect on not pants, “A sct flag
indicates the presence of not pants tags, and the application knows tha( items arc
misshelved. If the flag is not sct, the application next group sclects panis and
then group unsclects pale green colors. - A sct flag now indicates Lhe presence of
pants which -arc not palc green. . Again the application knows that ilems arc

mmhclvcd

In another application, the flag is an alarm. The sclection conditions arc ar-
ranged by the application so that the only tags remaining in the SELECTED
stale arc those tags for which sccurity is being breached. In that case, in step 645,
the application would check the flag. If {he flag is sct, the application implements

its alarm procedure 650.



Date: 9/9/96 1 3 For exanple, an application could group select all retail
itens, followed by a group unselect on itens mark lgda rdbigSdmemtosheet

i ndi cates unpaid itens passing through the fiel d,?&iﬁﬁgﬁﬁ%a‘? be used by the
application to trigger an alarm G ven this disclosure, on s‘ illed in the
art could construct other enbodinents that are eqDatel efh ﬁb those

di scl osed here. These enbodi nents are ygthin the contenpl ation of the

inventorsgor oxbiti el §nt9ﬁplﬁ&Qlo%C§HEm g$§§8tsc¥c%L all retail itemSAbflowdd HPG
group unsclect on itcms marked paid. A sct flag indicates unpaid items passing
through the ficld, which can be uscd by the application to trigger an alarm.

Given this disclosure, one skilled in the art could construct other embodiments
that .are equivalent to those disclosed herc. These cmbodiments are within the
contemplation of the inventors.



CLAIMS \\ claim 1. A method of selecting subgroups of a group of radio

frequency tags conprising the steps of: a. sending fh? g féﬂ (q
signal command froma base station to a plurality o equency ags
t he conmand defining certain selection conditions, the tags, each having a
radi o frequency conmmuni cations conponemﬂ for recelvmmg-tﬁﬁ o hd and a
tag nenory with tag fields; b. changlng a state of one or nore tags in the
group of tags, the state change bc- ing froma READY state to a SELECTED
state, the tags changing state being. a selected subgroup of tags fromthe
group of tags, and the selected tags having data in their respective tag
menory that neets the selection conditions. 2. A nethod of selecting
subgroups of tags, as in claim1, where the selected tags

CLAIMS

We claim:

1. A mcthod of selecting subgroups of a group of radio frcquency tags comprising
the steps of: - :

a. sending a group select radio signal command from a basc statton to a plurality
of radio frequency tags, the command defining certain sclection conditions, the -
tags cach having a radio frequency communications component for rcceiving the
command and a tag mcmory w:th tag ﬁelds : :

b. changmg a state of one Or more tags in the group of tags thc state change bc-'
ing from a READY state to a SELECTED statc, the tags changing state being
a selected subgroup of tags from the group of tags, and the selected tags havmg
data in their rcSpectwe tag memory that mccts the sclcctlon condmons '

2. A mcthod of sclcctmg subgroups of tags a<; in clalm 1, whcrc thc :clccted tagq
scnd ‘a tag ldcnuﬁcr to the basc slauon ' S :

3. A mcthod of ﬁclcctmg <'.ubgmup§ of lagc. as in chlm I whcrc thc sclcclcd tags '_
changc data in onc or: more lag ﬁckh of their :cqpcctlvc mcmnry - R

4. A mcthod of sclcctmg <ubgroum of tagq as in claim I, whcrc stcpq aand b dre.
repeated onc or more times (o crcatc a ORcd <ubgrnup wh:ch mcludm the unmn
of the tags of cach of the wbgroup< - :

5. A mcthod or sclcctmg qubgrnupﬁ ol' tags, as in claun 2 ‘where the tag< are
quc1 1cd to mdlcatc that the sclected ﬁubgroup has onc or mmc mcmbcm

6. A mcthod of sclcctmg <ubgroups of tags, asin clanm 5, where a flag is sct if the
sclected subgroup has members, the flag being an alarm and the sclection condl-
tion being that thcrc was a sccunty brcach ' : :

7. A method of sclecting subgroups of a group of radlo frequency tags comprising
the steps of:

Illlllll ) |I|l| IlI|| 1l



send a tag identifier to tHEhigisthesreplacomedt sheetet hod of setecting
subgroups of tags, as in claim 1, where the selected tags, change data a2

one or nore tag fields of trﬁ reqv\ﬁ;‘n,(ye menory. 4. A n §ﬂ‘] ﬂilcrel%
or.

subgroups of tags, as in clal e steps a and b arc

nmore times to create a ORed subgroup whtZh includes the un
tags or each of the subgroups.. 5. A net hod of sel ecti ng subgroups of tagsy

as in claim C e t
subgr oup hgf % f&ﬂl@) ?é?fgeﬂag 0 %%ngﬁ? %W@ﬁ%@?ﬁ:%w 'r %Si r&ﬂv
tags: as i Al FRLIATELQURREY Lagsy Hhigycpmman t'H@gs‘é’Ir ‘° Haso
menbers, tkens|dg 1Er egchmaxing i L4dip {M@@pymmuwfsﬂﬂon& ¢Qmp9@¢rngf0trrrgt
there was eecisigithic gorhmeachand .a gnmehoryokithelagdi¢lds; subgroups of a group
of radio frequency tags conprising the steps of:
b. changing a state of one or more tags in the group of tags, the state change be-
ing from a READY state to'a SELECTED state, the tags changing state being
d first selected subgroup of tags from the group of tags, and the selected tags
having data in their respective tag memory that mects the selection conditions;

c. sending a group unselect radio signal command from a base station to a plu-
rality of radio frequcncy tags, thc command defining ccrtain logical unselection -
condmons, and - S

'd. changing a state of one or more tags in the first selectcd subgroup of tags, the
state change bcing from the SELECTED state to thc READY state, the. remain-
ing tags in the SELECTED state bcing a second selected subgroup of lags, the
tags in the sccond sclected subgroup having data in their respective tag memories
that mcet both the selection and unsclection conditions.

8. A mcthod of selcctmg subgroups of tags, as in claim 7, where where steps c and
d are rcpcatcd one or more times 10 creale an ANDed subgroup which mcludes '
the tags in the mlerscct:on of. each of the second sclcctcd subgroups

9. A mcthod of selecting subgroups of tags “as in claim 7 wherc the sclcctlon
'_condmons are one-or morc of the logical comparisons mcludmg greater than, less
-than, cqual not cqual grcatcr than-or cqual and lcqq Lhan or cqual

10. A mcthod of sclecting subgmupq ol' tags, as in clmm 9, where the comparison '
is-made between a data valuc sent from thc basc station and a-lag valuc ':.tmcd

m the tag mcmory

[1. A method of sclecting <ubgmups of lags, as in c.lalm 10, whc:c the tag value
is a valuc oblamcd by maskmg in the Lag

12. A mcthod of qclccling subgmups of lags as in claim 7, where the unsclection
conditions arc'onc or.morc of the logical comparisons mcludmg greater than, lcqq g
than, cqual, not cqual grcatc: than or cqual, and less than or cqual.

I3 A mcthod ‘ofsclcctmg subgroum ol' tags, as in claim 12, whcrc the compariqon
is'madc between a data value sent from the basc <tat|on and a tag value stored
in the tag mcmory : :

Hll\ll\ l\ll\\ III\\ I \\ \|I|
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MAR 1997 1 5 a. sending a group select radio si gr{ s@oW?om a base

station to a plurality of radio frequency tags, the command defi ning
certain logical selection condi- tions,;dhe tags gagh b‘a b\dgﬁh radi o

frequency n|c tions conponent for = ceivi,ng. the mand and a t
menor y V\Atﬁg%nﬁt P! sglccing sYPEE upse@biagsops dREIHM pé*"fcagsiﬁprfagh\@ de

group of t ifgd vaiurobtaned bﬁdﬁgﬂ\lbé—mllhg lagom a READY state to a SELECTED
state, the tags changing state being a first selected subgroup of tags from

the group 05, pagstcaTer télectd QERdubgas radio requency tags from a group of tags,
comprising:

a. a base station for communicating radio frequency commands to the tags, the
commands comprising command type, function, tag memory address value, and
command data; .

b. a plurality of tags having radio frequency component for receiving the radio
frequency commands from the base station and sending radio frequency .infor-
mation to the base station, a tag memory with a tag memory address and tag
memory data, tag control logic, a tag comparc function, and a tag state, whereby
the command type sent by the base station causcs the tag control logic to perform
the function sent by the base station in the tag comparc function to compare tag
mecmory data located in_ the tag memory address specified by the tag memory
address value with the command data, and if comparison condmons are’met, the -
tag control loglc causing the tag state to changc. :

16. A system, as in claim 15, where the command type is a select command and
thc tag logic causes thc tag to move from'a READY state toa SELECTED statc '

17. A systcm asin claxm 15, where the command type is a unselect command and
the tag loglc causes thc tag to move from a SELECTED state to a READY ';tatc L

18. A systcm as in clalm 15, whcre thc tags |dcnt1fy clothmg

19. A systcm as in claim 16 whcere the basc <Lau(m (|UCI'IC§ thc lag< m thc QE-
LECTED state. : : :

20 A sysicm, as in claim 19 whcrc an cccunly alarm is cnablcd il lhcrc arc any
tags in the SELECTED state. L )

T LLLLE



having data in their respective tag nenory that neets the selection «haa
condi ti'ons; c. sending a group unselect radio si gnﬁhisdammp‘?‘fetﬁ?’g %‘gg&
station to a plu- rality of radio frequency tags, the command defi ning
certain logical unselection conditions; and d. cha@%’g]g ﬁ(s:; ey of one or
nore tags in the first selected subgroup ostags, st at'e change bei ng
fromthe SELECTED state to the READY st he remain- ing tags in the
SELECTED statc being a second sel ected subgroup of tags, the tags in the
second sel ected subgroup having data in their respective tag nenories that
meet the selection and not the unselection conditions. 8. A nmethod of

sel ecting subgroups of tags, as in claim7, where where steps ¢ and d are
repeated one or nore tinmes to cr eat e fal GANDcHl subgroup whi ch includes the
tags in the intersection of each of the second sel ected subgr% ps. 9. A
met hod of sel ecting subgroups of tags, as in claim7, whgre t'He sel ection
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conditions are one or nore of the logical conparisons including greater

t han, ‘ress than, equal, not equal, greater than or Thiglslthe sepiabament: sheet or
equal . 10. A nethod of selecting subgroups of tags, as in claim9, where
t he conparison is made between a data val ue sent fromthge hase station and
a tag value stored in the tag nenory. 11 . A netho %‘@bT?Hb subgr oups
of tags, as in claim10, where the tag aléue. is a val ue obtai ned by
Jmsking in the tag. 12. A nethod of selecting subgroups of tags, as in
claim7, where the unsel ection conditions are one or nore or the | ogical
conparisons including greater than, |ess than, equal, not equal, greater
than, or equal, and |less than or equal. 13. A nethod of selecting subgroups
of tags, as in claim12, where the conparison is nade between a data val ue
sent fromthe base station and a tﬁglnglueé?tored in the tag nenory.
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This is the replacenent sheet 16 Date: 9/9/96 14. A peth
sel ecti'ng subgroups of tags, as in claim 13, whcrhighis mgep‘épﬁ%‘gﬂ'sg'geevtal ue
obtai ned by nmasking in the tag. 15. A systemfor sel ecting subgroups of
radi o frequency tags froma group of tags, corrprisq'l) : ﬁL@,b’%se station
for conmmunicating radio frequency conmands to the é}gs, e fcommands
conprising command type, function, tag Réfory address val ue, and command
data; b. a plurality of tags having radio frequency conponent for receiving

the radio
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frequency commands fromthe base station and sending radio frequency infor-
mation'to the base station, a tag nenory with a tag nenory address and tag
mérmory data, tag control logic, a tag conpare f | earﬁb gnghedrt e,
whereby the command type sent by the base stat itmnﬁcgaﬁ{séets thﬂ ag contr ol
logic to performthe function sent by the base station |n the tag conpare
function to conpare tag nenory data | ocated in Date:ta@Llﬁmi)M) addr ess
specified by the tag nenory address value with the cormmand data, and if
conparison conditions are net, the tﬁgacontrol | ogic causing the tag state
to changc. 16. A system as in clai ; ere the command type is a sel ect
command and the tag |l ogic causes the tag to nove froma READY state to a
SELECTED state. 17. A system as in claim15, where the command type is a
unsel ect command and the tag |ogic causes the tag to nove froma SELECTED
state to a READY state. 18 A system as in claim15, where the tags
identify clothing.
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19. A system as in claim 16, where the base station queries the tags in
the SE- LECTED state. 20. A system as in claim19, where an security alarm

is.enabled if thcrc are any tags in the SELECTEDTySﬂga'éethe.replacemeﬁfsheét‘ |
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SYSTEM AND METHOD FOR RADIO FREQUENCY TAG GROUP SE-
LECT

ABSTRACT

A system and method is discloscd for sclecting certain subgroups of radio fre-
quency (RF) tags for querying, communicating, and/or identifying by a base
station. The base station sends commands to a group tags within a RF field of .
. the basc station. The tags use control logic to dctermine whether or not they meet
certain critcria sent out by the commands. This may cause the tags to change
state which either prevents or allows a given tag to participate in an identification
process. In this way, a given subgroup(s) of tags meeting certain criteria can be
selected for querying, communicating, and/or identifying: '

FIGURE 1 '
SE—————
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a. sending a group seiéct radio signal command from a base station to a plurality
of radio frecquency tags, the command defining certain logical sclection condi-
tions, the tags each having a radio frequency communications component for re-
ceiving the command and a tag memory with tag ficlds;

b. changing a state of one or more tags in the group of tags, the state change be-
ing from a READY state to'a SELECTED state, the tags changing state being
d first selected subgroup of tags from the group of tags, and the selected tags
having data in their respective tag memory that meets the selection conditions;

c. sending a group unsclect radio signal command from a base station to'a plu-
rality of radio frequency tags, thc command defining certain logical unselection .
conditions; and - _—

'd. changing a state of one or more tags in the first selected subgroup of tags, the’ _
state change bcing from the SELECTED state to thc READY state, the.remain-
ing tags in thc SELECTED statc _being a second selected subgroup of tags, the
tags in the sccond sclected subgroup having data in thcir respective tag memories
‘that meet the selection and not the unselect:.on cond:Lt:Lons

8. A mcthod of sclcctmg subgroups of tags, as in claim 7, where where steps ¢ and
d are repcated one or more times 10 create an ANDcd subgroup which mcludes
the tags in the mterscctlon of. cach of the sccond sclcctcd subgroups

9. A mecthod of sclectmg subgroups ol‘ tags, as in clalm 7 wherc the sclcctlon
'_condmons are one-or morc of the log1ca1 comparisons including’ greater than, less
‘than, cqual not cqual grcatcr than or cqual and lcqq Lhan or cqual.

10. A mcthod of sclecting subgtoupq of' tags, as in clcum 9 whcrc the comparison '
is-made between ‘a data valuc sent ﬁom the baﬁc station and a‘tag valuc stored
in the tag mcmory

11. A method of qclcctmg <ub;,wup<: of lags, as in c.l:nm 10, whc:c the tag valuc. o
-is a value oblamcd by manmg in the lag '

_ [2 A mcthod of cclcctzng subgloups of tage, as in claim 7 whcnc the un<c|cclmn
-~ conditions arc’onc or.morc of the logical comparisons mcludmg grealer than, lc« A
than, cqual, not cqual, grcatcr l.hzm or cqual, and less than or cqual.

13. A mcthod 'ofsclccting subgroupq of tags, as in claim 12, whcrc the compariqo'n
is'madc between a data value sent from the basc <tat|on and a tag valuc stored
in the tag mcmory :



