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(57) Abstract

In a communication
system comprising a base
station (10) and a plurality
of asynchronously operating
remote units (20, 22,
24, 26, 28), a method of
communication between
the base station and each
of the remote units includes
each remote unit randomly
transmitting (208) a first
bit pattern to the base unit.
Upon detecting the reception
of an error—free bit pattern,
the base wunit transmits
(234) an ACK during a first
window of time. The remote
unit which detects the ACK
during a comresponding first
window of time becomes the
selected - unit and thereafter
communicates (218) with
the base station. All other
remote  units continue
monitoring (214) for the
transmission of a command
belonging to a first set of

patiern to the base unit.

(54) Titlee METHOD OF COMMUNICATION BETWEEN A PLURALITY OF REMOTE UNITS AND A CONTROL UNIT

commands, afterwhich the selected unit goes into a qmet mode and the unselected units resume their random transmissions of the first bit




RFIDs (&l so referred to as tags), nodulated to convey 30 i nformation to

the tags. N&%ﬂhﬁ%}g¥ circuitry in the tags permt transgr-$aisedlebe

. information 8> he base statiof. | n" nost

. applications, many tags are present in the interrogation field so that
a transmssion fromthe 35 base station typically will be detected by
nore than one tag. Thus, a reppestiplyiéhe base station for
i nformati on contained in a tag can produce multiple transm ssions
- 2- frommany tags, resulting in a garbled response detected

at the base statiumﬂBCmnwnwSEMWWUNIﬂAEIQNiBEEWmEMnEeHLURALITRODFa t ag

particular will be plckedF&ﬂI I nterrogation
- field. 5 Thesé™ pro CP%EE em; ca e avog%T%O%yuiqrEgnsm tting
identifying information so that only the target tag will respond.

O tentines, f@@gﬁgéALtngggngs&QE(yﬁvgyyi know a priori which
tags are deployed wthint |nterr08at|on field. Moreover, it is

often the case that 10T etE§§S@ﬁﬁeﬁgﬂ%}q HRlatRergeRerabiyiteld as a
result @igiba1dyaes @oﬂﬁbkhﬁ%a@fldrh%u@’t\dddln@ﬂi rhé‘ré\héﬁécﬁfi@ally

tags are used | dentific tlon SC av devel oped wherein the
base stati ont? nFPPEIBLCE ﬁPBC§§§%b? plu 4%#§M1Qﬁu¥%mﬁﬁ%y F8gsthfe
identifded. Abmber and idenkdtiesayd ehich dr%e Jrgtreswin Nos. 5, 365, 551 and
5,500, 650 a system and net hod are taught wherein a commander station
(reader unit) transmts a command to t he responder stations (tags),
causi ng eachBAGKGROUNP OF THE IWENTION a r andom nunber which thereafter
serves as an Some communication systems consist of a base
station and a plurality of remote units deployed within
15 a communication field about the base station. Typically,
the base station collects information contained in the
remote units and may write information into the remote
units. The communication field may consist of copper or
fiber optic links between the base station and each
20 remote unit. Alternatively, the communication field may
be in the form of radio wave transmissions between the
base station and the remote units. An example of the
latter is a system employing radio frequency
identification devices (RFIDs) which are attached to
25 items such as livestock, luggage in airport luggage
handling system, personnel badges in a security area, and
S0 on. An interrogator unit (also referred to as a
reader unit) broadcasts radio frequency signals to the
RFIDs (also referred to as tags), modulated to convey
30 information to the tags. Modulation circuitry in the
tags permit transmission of information back to the base
station. _
In most applications, many tags are present in
the interrogation field so that a transmission from the
35 base station typically will be detected by more than one
tag.. Thus, a request by the base station for information
contained in a tag can produce multiple transmissions



20 arbitration nunmber to identify the responder. The commuander ;

station then collects the arbitration nunber of each responder, thus
permitting WR&/ 8 ander station to _,_ subsequently commrﬁ‘g'ﬂp@"d’fz?@ct ly
wi th any one responder station. 2% In U S. Patent No.
5,434,572, a nmethod is - disclosed for accessing a desired tag by
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ch
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bits of itsagsl apdeusedd | fdentifieavisnaschemesuhavehbekeng does not

respond. W@ 6E¥§£e&h§here1n the base station initiates a process by
which the deployed tags are identified.

15 For example, in U.S. Patent Nos. 5,365,551 and
5,500,650 a system and method are taught wherein a
commander station (reader unit) transmits a command to
the responder stations (tags), causing each responder to
generate a random number which thereafter serves as an

20 arbitration number to identify the responder. The
commander station then collects the arbitration number of
each responder, thus permitting the commander station to
subsequently communicate directly with any one responder

. station.

25 | In U.S. Patent No. 5,434,572, a method is
disclosed for accessing a desired tag by progressively
eliminating the other tags. Each tag is assigned a
unique binary ID number having N bit positions. The
reader transmits bit commands to the tags. One such

30 command, the BITO command, causes each tag whose current
bit position is ‘0’ to respond and each tag whose current
bit position is ’1l’ to go into reset. Similarly, a BIT1
command causes each tag whose current bit position is ‘1’
to respond and each tag whose bit position is ‘0’ to go

35 into reset. A response by the tag includes transmitting
a return signal and incrementing an internal counter to
the next bit position. The reader can therefore gain
access to a tag of a given binary ID by issuing an
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 tags are accggsedseively appefided Ul Ierolid FeEIdr hases-09 eash Lag's

proximty t051ngle response has been received, at Whléh point the

15 code is stored. The entire sequence is repeated until
the id codes for all of the tags in the field are
recorded.

In U.S. Patent No. 5,602,538, a multiple tag
system is taught wherein the tags transmit their id codes
20 in response to receiving an interrogation command from
the reader. The signal from the tag closest to the
reader is detected and its id code is stored. The reader
then transmits another interrogation command including
' the received id code. All tags respond by sending their
25 id codes, with the exception of the tag whose id code is
included in the transmission. Again, the reader detects
the strongest signal and records the id code contained in
the signal. The reader transmits yet another
interrogation ‘command, this time including the first and
30 -the second id codes. Again, all tags respond with their
id codes, with the exception of the two tags whose id
codes are contained in transmission. The reader detects
the strongest signal and stores the id code contained in
the signal. This is repeated until all the tags in the
35 interrogation field have been identified.
U.S. Patent No. 5,294,931 teaches a different
approach whereby individual tags are accessed in a
multi-tag environment based on each tag's proximity to
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pat tern, transmts_ an_acknow edge pul se. |f
uni t station and/or the RFID tag to implement an ge p a renote

identification protocol. The ‘931 patent, for example,
requires precision components in the tags in order to

. detect the narrow voltage windows within which operation

20  is permitted.

' A need therefore exists for an RFID tag
identification method that minimizes the complexity of
the design and implementation of the base station and the
RFIDs comprising the system. It is desirable to have a

25 ' mwethod that is applicable to similar communication
systems wherein a control unit communicates with two or

more remote units.

SUMMARY OF THE INVENTION

30 In a communication system having a pase station
and a plurality of remote units, a method of
communication in accordance with the present invention
comprises, in the remote units, delaying for a random
period'of time and transmitting a first bit pattern.

35 Upon receiving an error free bit pattern, the base
station transmits an acknowledge pulse. If a remote unit
detects the transmission of the acknowledge pulse during
a first period of time subsequent to its transmission of
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first or a second command. In such a case all such

remote units re-transmit the first bit pattern at random
intervals. The selected remote unit, upon detecting the
first command, enters a state of monitoring for the
second command.

If a remote unit does not detect any
transmissions for a randomly selected period of time
subsequent to the first period of time then the remote
unit continues to transmit the first bit pattern at
random intervals.

In a preferred embodiment of the invention, the
remote units are radio frequency identification devices
and the base station is a reader unit. The first command
is a SET QUIET BIT command and the second command is a
RESET QUIET BIT command.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B show a generic illustration
(Fig. 1A) of multiple remote units in communication with
a base unit, and a specific example (Fig. 1B) of such a
communication system.

Fig. 2 is a flow chart of the processing in
accordance with the present invention.

Fig. 3 is a state transition diagram showing
the state transitions which occur in a remote unit.

Figs. 4A - 4C are time lines showing the
various events which occur in a remote unit.
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station) lPemdeeaunivsakoty 28. STher efetemudist &h&&acté&lzeﬁ'ﬁrﬁys'[emls
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arac

station 10 rized renote units
20 - 28 the n@@meeuasyﬁcnpmmsc;tw by b@gpéctasmngnelsmlhaerover

|ncly@|ng éﬁénéahéthéﬁlhﬂfEB”BEansEQtﬁéﬁelétatTﬂ@ )stem is
Al t hough the conmunj cation nethod o 15 present invention is

appl|cablerﬁthﬁﬁyCBBFﬁﬁﬁFE&FFGn1n that renote units 20 26

operate asynchronously with respect to one another,

including transmitting information to base station 10.

Although the communication method of the

15 present invention is applicable in many communication
environments, the method has been reduced to practice in
the area of radio frequency identification devices
(RFIDs). Thus, the discussion which follows will be
directed to an. RFID application, keeping in mind the

20 applicability of the method to systems such as those
listed above.

Referring to Fig. 1B, a typical RFID
application comprises a base station (interrogation unit,
reader unit, etc.) 10 and a plurality of RFIDs (tags) 20

25 - 28 deployed within the interrogation field of the
reader unit. The principles of communication are known.
Briefly, reader unit 10 transmits a carrier frequency
radio signal which is detected by the tags. The tags
derive their power by rectifying the received RF carrier

30 and charging a storage capacitor with the rectified
signal. Information is conveyed to a tag by modulating
the RF carrier, which the tag detects and demodulates.
The tag reflects the incident RF carrier back to the
reader unit and in this manner communicates with the

35 reader unit. Thus, information is "transmitted" back to
the reader unit by modulating the reflected signal.

Typically, a tag comprises circuitry to rectify
the RF carrier and a modulated tank circuit to cause a
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circuitry to FEELVH)T an ﬁbtﬁ?rﬁﬁeEéﬁﬁQQa%ﬂﬂfQFrﬁﬁgﬁ%ﬁkﬂgiﬁn%BCiFgﬁpt to
cause ®O 202. After running through an initializing seqeéheeti on of

the RF carri i Lt nf | 0on). t ade it. In
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store deeahniiguegsexistdéer Prosiucima drixancom mimeers Fornf or mati on

in the tag. example, an identification number stored in the tag can

serve as a seed for a random number generator.

15 Alternatively, a separate memory location in the tag can
be allocated to contain the seed. This would permit the
user to individually seed each tag with a different seed
number. Yet another technique is to derive the seed from
an error detection code corresponding to the

20 identification number of the tag, such as a cyclic
redundancy check code.

Next, each tag delays processing for a period
of time equal to the randomly generated time, step 206.
In principle, each of the tags will have a different

25 delay period by virtue of their randomly selected time
periods. Upon expiration of the delay period, each tag
transmits a header to reader unit 10, step 208. In the
preferred embodiment, the header is a 4-bit datum that is
the same value for each tag. This approach simplifies

30 the design of the reader unit, since the reader unit then
need only detect an error-free reception of the 4-bit
datum. Alternatively, the header can be a subset of each
tag’s identification number. In another embodiment, a
memory location is allocated for storing a user-specified

35 - header. It is noted that the header is not limited to
four bits and can be a longer or shorter bit pattern.

After transmitting the header, each tag
monitors for the transmission of an ACK pulse from the
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i ndi vi dual seed each t ff ¢ b v "
t echni que FE2REHRPIOR ? tggeg ﬁggﬁ] e&ﬁggnggrggp ggtgépﬁer Cogé anot her

COF[ESDOHdrﬁﬂefﬁethOZQS thedehsténtnyi windowber of the tag, such as a
cyclic redundanpcy %g&.delays
processing for a per af@8§§a8$9§ ﬁ%bgdﬁanF tﬁe ra%%:ﬁ%y generated tine,
step-206. be replacgdlwcthle cemmhndfsuﬁb e8gd wertranemii diepderent 25 -
del ay per'Q&Ta%%a'6£U€h8f1£ﬂ8'r TﬁQdQHEMaiebsﬁkéﬂttb@ethe periods. Upon

expiration del ay_period, each ta transmts a header to reader
unit 10, st§®n§@8891ﬂnthé not 1mEP€FéPFedS@n%889n§ﬁtth@hé eMIIE 5 4-bit
datuﬂbthatlhftlates éhﬁrﬁﬁgﬂlgéhbﬁ foringcBhtagpethificappereddn sifplifies
30 t he de5|9 he rea unit, since the reader unit then need
only detectP@n §§Fﬁ?l?geglp 8¥pt|on of the 4-bit dat um
Agtern?tively, t he heedeinaidngbframsabept 20D, eaéhan ACK pmgse is
identification u t dj . a r ation is

al | ocat ed é%gegg%ri %tgiﬁsgﬁgsggéuﬁggg ggﬁeaﬁn 8f the E&E?%%H d that the
header is wbndbwi seept 301, thenotheptag Hhécbadeﬁécéeﬂo&gﬁ'NﬁKshorter bi t
Patt@EN. 311 transmit. ifh! $Aecht2P$BhtibAInhiRBeReqd®), @A) AR, '

nDnltors for the transm ssion of an ACK pul se fromthe
) and proceed to monitor for commands sent from reader unit

10, step 205. This tag is said to be selected. 1If a
command is not received by the selected tag during
another listening window subsequent to the transmission
20 of the ID, then the selected tag will repeat step 218.
However, if the selected tag does receive a command, then
a check is made to determine if it is a SET QUIET
command, step 207. If the command is not the SET QUIET
command, then a check is made to determine if it is a
25 RESET QUIET command, step 209. If a RESET QUIET command
was sent, then processing resumes at step 204.
Otherwise, the tag executes the command which may involve
additional transmissions between reader unit 10 and the
tag, step 222. Upon completion of the command, the tag
30 is ready for the next command, step 205, and resumes
monitoring for additional commands. Returning to
decision step 207, if the SET QUIET command is received,
the tag goes into a state wherein subsequent commands
from the reader unit are ignored with the exception of a
35 RESET QUIET command, step 224, at which point the tag
resumes processing at step 204. '
Preferably, the ID for each tag is unique and
includes error detection information. Thus, in the
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Beted Wy
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P8R) nunffbe megdextwpi gpn then rasplygether SoREAicsH bor

Bendiog eXEIETPUIET corﬂ:ﬁhn&t@@dZQéarEﬁh? tft@dbt%q@@é@et 0 be
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f
Féﬁiﬁ&eﬁ'ndom/subsequent to the transmssion 20 of the 1D,
t hen the sel ected t agReturn eppattstdgecdBon stepHaoryedif ah ACK @ ected

B e SRR Muriet e 1445 HA50E HInBRS KBe“ERE TeTBanr

comuih@, thép bechosieliestadle thlldamsedecteéd tagssgen2FateRESBEWQUI ET

command 1s not received by the se

SBndlR pedidy gﬁ?gc}@'ﬁ G0 ne : ?ﬁ‘é@fggsm , Thaen

resunes~at ste execltes the

ready. for_the next conmand, siep 205, and resunes
PEELEHA Blformineo MR et i fg7 1 8ucB ©
Qecettedmanetp RLorceitvatkans thetdeibag gedecktetotagstiaf e

EggquEégng¥g¥En field with which the reader unit is
communicating. That being the case, the unselected tags
will go into a continuous monitoring .state (loosely
referred to as an infinite listening window) until a SET
QUIET command or a RESET QUIET is detected, step 216, at
which time the unselected tags will resume processing at
step 204.

Returning to decision step 203, if a
transmission is not detected during the unselected tag’s
random time period, it is deemed that the reader unit is
not in communication with any tag (i.e. none of the tags
have been selected), in which case the tag continues
processing at step 208 in an attempt to catch the
attention of the reader unit.

Two points worth noting at -this time. First,
the SET QUIET command serves a dual function: (i) the SET
QUIET command causes the selected tag to go into an
infinite listening mode until a RESET QUIET command is
detected (step 224), or until it is powered down by the
cessation of the RF carrier signal from the reader unit;
and (ii) the SET QUIET command causes the unselected tags
to "wake up" from their infinite listening window (step
216) and proceed to attempt to gain access to the reader

ragsmiSedans: @507,

t | r | ; erhbsSkani | ndow,
dh él‘.g:%cfr.eqfﬁ &?e%%é%ﬁ&&%&h \t/:mhlél &té Lide (s.tte\g

S



fromthe reader unit are ignored with the exception of a 35 RESET QU ET

command, step 224, at which point the tag resunmes processi step
204. WO 99/49335  preferably, the ID for each tag is uni q{fgr'%{%m%%

i ncludes error detection information. us, in the unl i kely
chance that two or nore tags transmt their headers (step 208) at

exact|y e, SAM h (@ edd G d &P unie, P! Endi LEaibREE0HEA! by dgkect such

an occurrence by an error in the reception qof the I D code
(step 5 o¥86)SET MIELER emmand RS t Henstess| thet selesked a9y

sendi ng ageFledddRia il SkAfhi 09 4hQ wERYSNGP the all over.
Return nowto decisjion step ected during the

201, if an ACK | not d
IisteningqﬂﬁﬁﬁﬁﬁtﬁqmFﬁgﬁyi%Pé&ﬁ%FﬁEg tﬁ%tbéﬁﬁngﬁ?gﬁgeﬁ?gkAﬁﬁ a78&ect ed
t agslsgetneaﬂ%xe traiaya ctiox]}s antkenin pestloeh: of agi neThist §ivepoeneryst ep 212. The
unsel ecte ags nitor for .an ransplssLon r e it 10
during tmﬁqséiﬁégééi%ﬁgr%n ﬁéggﬁegéfzég £t %g%%oggaanFan%n;tep 214,
| f any sudihe resisedtsad dregas e Sébon@etehgeﬁEssreﬁUEEE,Cpmmﬁﬂdnbaﬁhere is a
sel ected téﬁéléﬁﬁf?t dfeid fm%ggggipntﬁéeﬁggﬁnangﬁhaﬁnéhehgeader unit is

communi cating a belnght e t he unselected tags will gointo a
cont i nuoussekertesd | trRgktthat (thegefyn attempckpecdaiB BeaAtLRRLALTe

| i stigi ng Y N rékkidt @nSET(@0eps QL ETas@nuaay.or a RESET QUET is

detected, step 216, at which tine the unsel ected_fags_w.ll .resune
processing at ~ stRpthpspresent 1mp1€mengﬁ£%ﬂ?n?ﬁgt%8 BRI st ep 203,
if a tHd BB GBIED ¢Smmatd deawséedear sajethedubagl ot eett ag' s

QUIET bit in its memory store. This bit disables the
modulation circuitry in the tag so that the tag is unable

15 to transmit anything to the reader unit. The RESET QUIET
command resets the QUIET bit, thus re-enabling the
modulation circuitry.

In addition, the tag supports global commands.

Global commands are those which are acted upon by all

20 tags, whether selected or unselected. An example of a
global command is the RESET QUIET command. Not all
global commands result in the transmission of signals by
the tags, however. For example, unlike the RESET QUIET
command, a global WRITE WORD command causes each tag to

25 write into its non-volatile memory information sent by
the reader unit, without the affecting the
selected/unselected state of the tag.

‘Returning to flow chart 200, processing in

reader unit 10 begins with transmitting an RF carrier

30 signal, step 230. This provides the power to initialize
the tags. Next, reader unit 10 monitors for the '
reception of an error-free header from one of the tags,
steps 232 and 211. Upon detecting an error-free header,
the reader unit transmits an ACK pulse during a period of

35 time subsequent to the detection of the error-free
header, step 234. Thie period of time will coincide with
the listening window of one of the tags, namely the tag
whose header was successfully detected. Next, the reader



25 random ti:ne period, it is deerred that the reader unit is not in
- conmmuni cation wth any tag (i.e. none of the tags have be £4)
~in which cas¥Q W ?ﬁb contlnues pro§§55|ng at step 208 |nF§nR§%$§%pt
to catch the attention of the reader unit. 30 Two points
worth noting at this tinme. First, the SET QUI ET command serves a
dual functi it iwitheanciElcorx for%ETréeaﬁamdncausasl tipe cﬁﬁieﬁcﬁﬁﬁntag to

0o into an infinite listenin ntil a RESET ET dis
get ected (st ?ﬁ%ecqﬁé JrRF ?'Ee?g gg\mer BOHowiT <y Ve lggs%% §on of

the RF carritte Segider fumit tiill eatlansmiitt pne or mame (Commarides SE e ET
command cau se te o_" fr finite
| i stening V\nsr%lb?/‘\fl}(%#% éego gEﬁ%ﬁgé ng%e(e) \Q? é‘tg?‘( élqg.élél %%cess to
the red&der the selected tag, steps 238 and 213. Wn@n.the readgwt Thus

the reader ?]ﬁ&btéﬁhéiﬁﬁ@&1§§é°ErQBsEB€1ons with @ﬁg(géfaéf§Pm? ahd

puts to sl eep the sel ected EOI’] concl ud I.Ng busi ness wt

wakes up théag, l%rf'éél%c‘f’é@“?‘ag‘é aj QULEDt FREMERs:y el &&for andt is ready

5 for transafihdnoN torangt F6F hABtheFhhealke¥es sevgy 32, unsel ected
tag a chance to follow tg%gsarre sequenc the sel ected tags. Second,

t he RESET QUI ET conmarReHekring neweter %éar 3r itht GAR B§ A9°R HFRLR
(includi ng thwey existel petadytag) fitat pbeeyblansabitesnt 4 p@ain ddwen

-~ attention 10 of reader.unit . (st.e 16 d 224). in
t he priasent Sitrﬁﬁeen%(ﬂf’at?%nl%?'gf!ﬁil%ﬁ%%?lagﬁ, 38% atﬁ)§l§€FeaJlst§latc%mrand

- causes the sHictadyibat tatzee 304, an@JaET}lbiselientietdssmauHﬁ@aﬁore. Thi's

- bit disablespilie whildCEHbRt ERArE! 56! bhkwkNat Belagise that the tag is

unabl e

1mplementatlon of the method of the present invention,

15 state diagram 300 provides a more abstract description of
the behavior of the tags in accordance with the invention
irrespective of any implementation specific
considerations.

A tag initially is in the powered down state

20 301. This is the condition when the reader unit (base
station) is not transmitting any RF carrier. Upon
receiving RF carrier, the tag will transition (312) to
the initialized state. Conversely, a tag will transition
(321, 331, 341, 351) back to the powered down state from

25 any other state when RF carrier is removed.

During the initialized state, each tag
transmits its header at random intervals. A tag moves
(323) into the selected state 303 upon detecting an ACK
pulse during a specific period of time of its listening

30 window. Alternatively, the tag moves (325) into the
unselected state 305 if the tag detects any transmission
from the reader unit outside of its listening window.
From the unselected state, the tag transitions (352) back
to the idle state upon detecting a SET QUIET command or a

35 RESET QUIET command.

If the tag does not detect any transmission
during a time period subsequent to its listening window,



15 to transnmit anything to the reader unit. The RESET QUET -« - comand
resets the QU ET bit, thus re-enabling the nodul ation circuitr

I n additi owO e9335sag supports gl obal commands. d obal K &?Nﬁa?ﬁ’agnﬁre

t hose which are acted upon by all 20'1"égs, whet her sel ected or

unsel ected. An exanple of a gl obal commend is the RESET QU ET

connand Eg; al | e tag. q&géggo 1ﬁeéH+ g%%gf#%énggkaTgﬂdOf signal s
connand erqnuﬂnuesN%fEhsMIEIxmgnmﬂﬁihﬁ@@@% @ﬁcﬁaﬂdgmtéanrvaﬁﬁlte intoits

non-vol atile nemory g U B0 e Welected ! eat8ages , ubhe. cugt hout the

affecting the ected/ unsel ected state of ,the ta

Ret ur ni ng nemFinsy thege 0IIB) FRckRI RS+ rece’-Y%%d‘é?‘%ﬂﬁPflslérBE‘gl ns with
trang ttigye %rﬂ:eﬁaiﬁi@r 3the tsa@r@i-anﬁepoﬂQO(BsIhl Srpmochdes the power

to |n|t|aI|ze eta reader un I to f t he
recepti on S5 %ﬁF%Qr%ﬁaq?é%g%e%%e¢h¢r%ﬁ}%%e55 é?hig%a gen the g??eps 232 and
211. UponQMﬂEmﬂddmméﬁdfﬂscmeﬁeefe@eadﬁhe tag remaenseadethanquletansnlts

an ACK[MH%% urlnrtlgkaJh per i et%?tg tk#%Ef feggy&?nhhgtdﬁ%gghlon of

the error od o coi nci de
Wwith timﬁaitsﬁransmﬁywmﬂoﬁﬁﬁﬁ)oh@ bhethdleagtatﬂanewyetﬁégtag

mhOSf-‘o headgf, rfﬁreﬁjﬁé‘i 'fr&ﬁt&?éo%lé\%éd g‘astéeaseehe idle

unit™w |l THoni e reception from t he sel ect ed

tag, step PE:e Jpoh wheriyiRES '?ﬁthljﬁ'Eo‘a‘émmand 1?h§eF§8EI€F1 unit will
transmt one or ”DreRéﬂé@ﬁmlé to bigs. 4A sehert edmeayihesebtecheate the

OperatHmﬂé3e£¥§|$§§£€ftake place in a tag begin with a power up
event which occurs when the reader unit broadcasts the RF

15 carrier signal. Each tag delays for a randomly selected
period of time. as indicated in Fig. 4A by time period D.
Next, the tag transmits its header during time period H.

- This is followed by a listening window Ll.
A close inspection of Fig. 4A shows that

20 listening window L1 comprises first, second and third bit
times. The RF carrier signal sexrves as the time base for
both the reader unit and the tags. Each cycle of the RF
carrier is a clock cycle. Thus, a bit time is defined as
the passage of a number of carrier cycles (clocks) of the

25 RF carrier signal. In one embodiment of the invention,
the RF carrier is a 13.56 MHz signal and a bit time can
be defined in the range of 64 clocks/bit to 1024
clocks/bit. In another embodiment, the RF carrier is 125
KHz, having a bit time that can be in the range of 8

30 clocks/bit to 128 clockse/bit. Since the RF carrier is
broadcast from the reader unit to each of the tags, a
common time base for both the reader unit and the tags is
provided for the purpose of measuring the passage of
time. _ '

35 Returning to Fig. 4A, recall that detection of
an ACK pulse from the reader unit subsequent to the
transmission of the header by the tag occurs during
listening window L1. In accordance with the present



5 t he .sel ect.:ed tag, steps 238 and 213. Wen the reader unit has

concl uded it 65§%§§§§t ions with the sel ected tag, it wll pEfaRséhizzé
QUI ET comand, €p 240, and resuneipgoni toring for another header,

step 232. Referring nowto Fig. 3, it can be seen that a 10
tag exists in any of five possible states: a power down state 301, an

initialized siwéet 362, theetagt @dokbafer the 2AX pulpe dto stater 3@y and an
unsel ected state ] il esflo 0 é?ﬁﬁg . i £]

I npl ement at i%lr‘lm%fggggrn%?ﬁoggg% tt %Ep?éts“gn\tgtlcﬁe%tll%b% ) ﬁ%ﬁ%‘?‘g %fllggr am
300 provi desbefaoe ethosendcofdeber Bgrpod it time heCompshidenrfer the tags
I n. apcprdanch%%fep erbRMERYLAB systen eRRGHY & Ofn Y1 2SRy STENt At | on
specific consi der at1 ons. . . A t%%ﬁénlllally I's in the
pover ecP dowra¥sier2and ugapg aThis tdmenefcS@hadFELtih (heer c@BBr unit

(base RFﬁi@ti;Qﬂé itg aqt misi)aﬂislmfg:b&'nﬂ_r?@énﬂl(_sﬁi?ﬁi@f-ié@olﬁkta%der, a

recei vi ng carrier, e Wi ransitio . e .
initialized g%at@.lfi:oﬁeiﬁge%r gt d§a%0 64 sétff%rf’fo firsg it sige) 349
351) back t dbéberpomentdodawy foat eher det2otiomf AMaACKtmhEsahfnoirF
carrier is regnoved, . I I ng.the initlallzed e, each tag
transmts iteh?leﬁﬁg?eﬁt upéﬁdomsl‘lﬁ'tl%ravgg‘&s. %Ret grgfa;ﬁ)%/iégkﬁf@’ &éi%@ into the
sel ect®d st atec8V8ingoandetrezoti-figeanha@der, wilpuldslaturfong at speastic
period of ti ' LS ' . 3Q & Malele) ! y. noves
(325 i nto 5 1 bEEGELTEERNIRITE ing SHEONCK RUTMRENE Yrecdiviag Moves
transmi ssi onthe headesm t he reader unit outside of its |istening w ndow

Fromthe unsel ected stabgtihl8nbawithaksigl.! @S (a?s“s?amﬂgkan ACK pQikge idle
state upon detec |€gagF§ET | ET command or a 35 RESET QUI ET conmand.

If the tag d¥@% #% c BORRY 1mea AiLog fhe secong, bify tipeFeCheri od
subsequent tbistenihgt eihdgwwildowhe selected tag will then transmit

its ID code during time period Il. The tag then enters
another listening window L2 and waits for the
transmission of a command from the reader unit.
Preferably, the tag will loock only during the second bit
20 time for the transmission of the entire command. In
fact, in the preferred embodiment, even the ACK pulse is
transmitted within the second bit time. By ignoring the
first and third bit times, the tag avoids the possibility
of erroneocusly detecting its own transmission as incoming
25 from the reader unit. Upon receiving the command, the
tag proceeds to execute the command during time period X,
which may involve additional transmissions with the
reader. Upon completion of the command, the tag once
again monitors for commands during listening window L3,
30 repeating the above described sequence.
The time line of Fig. 4B shows a scenario where
the tag has not detected an ACK during listening window
Ll. In accordance with the invention, the tag continues
to listen for a randomly selected time period D2. If no
35 transmission is detected still, then the tag re-transmits
its header at time periocd H2 and repeats the listening
sequence. In this case, an ACK pulse was detected during
- the third bit time of time period 1L2. The selected tag



-12- then the tag remains (322) in the initialized state and
continues transmtting its header at randomintervals. Upon

reachi ng t WO 99835t ed state 303, the t remai ns thererfggjﬁgl(s’zon? ong

494
as it receives commands from5 the rlgqader unit. The tag transitions
(334) fromthe selected state 303 to the quiet state 304 when the SET

QUI ET co nd i t e 1 NS d " : e, until
it det ec{ns@{ e %&F%ﬁﬁf%%ﬁngt % ?héél %&ﬁf%ﬁ?t%?gnéﬁa%ons (342)
to the ididuming &imehdl Apd ccontinigias (Rsoed ralpve ndith| ected state

to the idhggpect HRl@ip04ahen a RESET QU ET command is detect ed.
Referring to I—glgs. 4A -7 4C, time |ines events_whi ch take pl ace .
u

\ of the .
in atag begin with BEi$oks ihlustratgsf %ﬂ?%t’o% ¥REJr3n the reader unit
br oadcast ¢ idisiisdivn drdésdcted et ter Bacdténbnglebiydowokla randon y

sel ected . periad of timne i ndj cat i.n. Fi 4 t] period D.
Next, the d(“&ﬁ"rfq é#érﬁ% spglfjsoc}ugg?dérd%%‘%ﬁg ‘flﬁr%: %%‘?}é%@# thEe This is

fol | owed kihotHeérstteg N vilslaimtdrrogation field is/seleckednapdcti on of
Fig. 4A shqQws th .l 1.sten | dog AP ses. fifst cgnd and
third bitq;c‘i'”a éea?lierrrgg'}n]'l%.e c%%@g%%?&ser vllésfgs t%lz ts}lérrg base for
both the roseter the ttamdvibe entrr thermselectgdieat®E (305, carrier is a

cl ogly cyclgeg TS o83 Rid {A¢® 45 fefimeee aFisteningwina@swage of a number
of carrier cycles, (clocks) of the 25 RF carrier ﬁtggal. In.one

embodi mentMeFH EHEIRGH K i tdhe transmigriel QL the O F9mBERH P sPgnal  and
a bit timylskhal commdxed defFigd 40 siews atiyet cdt 6dimé otksabQUIES 1024

clocks/bit. 1n anofher enbadi nent, t rierey , having
a bit tinmEITANY AEHEF n 11ROV ariR %?etgg%f)‘?‘r’ &f o%%%é/%ug‘gm?ﬁdiﬁﬁglzocks/ bit.
Si nce the thig oeaké®rup sand oncéragaltmsattemptsheorgaterthait to each of the
tagsg a att?xﬁlg pup%%'séﬁ%]?ﬁégdé:?ruﬁﬂ {herdRedet c YRYt i 88dnERAeags is

provided for nmeasuring the passage of
(step 208, Fig. 2).



time. 35 ’ Ret ur ni ng to Fig. 4A, recall that detection of
an ACK pul s fromthe reader unit subsequent to the t r agfingdboin2e f

t he header the taq occurs duri sdistening wi ndow L1.

?(r:\\(ig:\??g(r:\e thﬂwujjwﬂu"me ACK pul se to occur any

In
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time after the

first bit time of the Ilstenlng W ndowelanigns before the end of the
second bit time. Consider for exanpl e a reader/tag system operating
wth a 125KHz 5 carrier and using a bit tine of 8 clocks/bit (i.e. one
bit tinme is164 nB) meghbdr ofr mmmmnub@tmmea cantrol uagtwangd del ay

for at Ieas% giu%gkgggdogf d&ﬂetﬂﬂ1$] rlspﬁ ore nmonitoring for the
e reade

detection o rom

unit. Simlarly, the reader

unit, Bpon 10 recei ﬁﬁ?ge@r?fé@%rthﬁ’éée%‘é%ieﬁmlﬁ\ﬁl delay for at |east

64 nB bef ore transn1tg]ngéjytg%ggranﬁghgﬁﬁqﬁeffgglafnglme andhe header.
Conti nui ng w EL In%' 4A, assumqg f_an A(é?é Stect ed s 81rInatl e
during the SELEXATG £rENRTS S5 romq rﬁ?@?ﬁfnﬁBﬁ/ETl RETILLelfed tag
will then teadamen t its 1D code during time period I1. The tag then
enters anot her Listenin indow L2 and waifs.forth

transm ssion of a con#ﬁn %%ﬁﬁiqgé?¥¥%%érgﬁn??wléélng ﬁégggrably, the tag
wil |l RBook odnﬁatmauﬂynlﬁrqunhaitﬁmoQQ unif neof bhet hentredsmingdi;on of the

entire conmmand. In Wﬁ tf@%pgﬁéeaiggcggggdbgigt

pul se is transn1tte he second brt t
first and tﬁlrladlsmltsstliqﬂﬁes‘-rqmé:h%lgc%ﬂ%?@% BRBt possibility

even the ACK

I gnoring the

d) if a transmission from the control unit is

detected during a first window of time subsequent to

15 transmitting the first information, then transmitting

second information to the control unit;

e) if a transmission from the control unit is

detected prior to or subsequent to the first window of

time, then monitoring for the detection of one of a first

20 set of commands from the control unit; and

f) if a transmission from the control unit is

not detected after an amount of time following the first

window of time, then repeating the steps (b) -

(£).

25 2. ' The method of claim 1 further including selecting a

random period of time as the amount of time used in step

(£).

3. The method of claim 1 wherein step (d) further

30 includes substeps of:

(i) monitoring for the detection of a command

from the control unit during a second period of time;

(ii) if a command is detected during the second

period of time, then processing the command;

35 {(iii) if a command from the control unit is not

detected during the second period of time, then
transmitting the second information; and
(iv) repeating substeps (i) - (iv).



of erroneously detecting its own transm ssion as incomn ' +ofmt he

reader unit. Upon receiving the conmmand, the execute
t he com‘rand”ﬁa?/ﬁﬁesu me period X Whl ch may |Hm ‘l& g‘
transm ssions with the reader. U%on conpletio , the

tag once ~again nonitors for conmands during Ilstenlng wi ndow L3, 30

repeatng e apycndenshl BRIcIRIHEChherein prep () ruBllhdd e i ne of

Fig. 4B shows scenari o where as not detecte an ACK during
li stening Wﬁbe@fes, in resppRsgcEsr ésﬁeet&pshat FETRRSh HediPnaing ttey

continues the fit8tl beteBsf ebmAahdBdoftpesehingt edebsmyaperd og)D2. |f no 35

transm ssion is detected still, then the tag re-transmts I ts header
at tinme period H2 and repeats t he | i stening sequence. In this case,
an ACK pul se was detected during the third bit time of tinme period
L2. The selected tag -14-

then proceeds with transmtting its identification code during tinme 11

and contin®le asTheswethed abfoedabmt h furthersspocluddng,gimihe
Fig. 4Ci 'J:Hﬁtt.fé‘i e8ndt i hHﬁltBi‘ngeEof Bhe Hé@@%@l%ﬁ' %'I khedatigdied after

i stening w ndow L1, during Oelay periood D2. Recall this 1ndicates
t hat baEereatign; | Andhani AEEPPBE&L FBndeteriing gy sxwer-4xge t he

r eadgg Unli‘ed:éﬁ;tﬂoﬁoﬁﬁuﬂhéafh.Q@tV\ﬂ.thorﬁ\athnSb%baacastlngaiﬁ;@be the tag will
enter the uns ected state (305, 10 Fig. 3) and go into an infinite

Ilstenlng 1O npnitoring for the transnission of the QU ET conmand
or a global connand Fig. 4C shows that at tinme t1 a QU ET
command i ssues. Upon the detection of the command, the

15 6. The method of claim 5 further including broadcasting
a master signal from the control unit to the remote units
and deriving a timing signal from the master signal;
whereby the timing signal is used by the control unit and
each of the remote units as the basis for measuring time.

20
7. The method of claim 1 wherein the step of
transmitting the first information is a step of

25 transmitting a bit pattern that is the same for each of
the remote units.

30 8. The method of claim 1 further including providing a

local memory store in each of the remote units and

storing user specified bit patterns in the local wmemory

stores; wherein the step of transmitting the first

information is a step of transmitting the bit pattern
35 stored in the local memory store. .



tag wakes up anc1 mﬁﬁim%mﬂlmaﬁﬁpts to gain the 15 attention of the
- reader unit t eader (step 208, Fig. 2permusesn222é
. % rl* c | L M s * 1. A nethod O?

- 15- Cl aLqysg- _
comuni cati on between a control unit and a plurality of renote units, -
conprising: 5 for each of the renote units: a)

sel ecting a gandanmethod of tompuatidation Beltadery at)rlﬂnmaf 'B'St;tjplrbf romthe
renote for saigd period of tinme: after_de i ng,
{ransm 141 ng 4 e EEushey o FRaPPRRRARER, (FEoRl-ard BhiRadEs R EYht Po
unit; comprising} nonitoring for the detection of a transm ssi on

- fromthe control unit; ; dhel bk s ssion fromthe control
’ each. i
unit is det ect ed %8??%3“8 PFrst mnngom10f t subsequent to 15

transniting the firstiRneachatpen, defayingafyansmifgpion taddemd

infornationféha$§ &ﬂﬂ&rﬁerHiEéndom_period of t&mdf éhdfﬁﬂﬁﬁﬂéﬁéon from
the control unit is detected priqQr to or subsequent to the first

wi ndow of  ©XPirakionntherBRit 5rpPR§MASE1RGe A diid@dh MitoPHHeLH?: BOfirst 20

set of comegkls fFeéadeihantenkhal mofitordnd for an acknowlddgé fpalse
transm ssion fromthe.,control ' ot detected after an anpunt of

time fol | owiTy THeFi AUFing a Ta#hﬁéapgfwé' Wit hen repeating the steps (b)

- (f).10 in the reader unit, detecting for an error-free
reception of the first bit pattern and transmitting an
acknowledge pulse during a first period of time
subsequent to detecting the error-free reception;

if the listening window of one of the tags is

15 substantially coincident with the first period of time
then transmitting a second bit pattern from such a tag
and monitoring for a transmission of one of a first set
of commands from the reader unit, such a tag being
referred to as the selected tag;

20 if, in any of the tags, a transmission is
detected outside of the listening window then monitoring
for a transmission of a second command from the reader
unit, the second command being exclusive of the first set
of commands, such tags being referred to as unselected

25 tags; and _

if, in any of the tags, a transmission is not
detected for a randomly selected period of time
subsequent to the listening window then transmitting the
first bit pattern.

30
10. The method of claim 9 further including selecting a
fixed pattern of bits to be used as the first bit pattern
in each of the tags.

35 11. The method of claim 9 further including inputting a
user-provided bit pattern to be used as the first bit
pattern, whereby each of the tags can be assigned a
different user-provided bit pattern.



25 . further including selectinga -  random
perlod of t| time used in step () §

The net hod“ﬂj“j ll H!m E[“Ii tep (d) urt her 30 i ncl udesP?lﬂ't])ssplp’%n

(i) nonitorin n of a t nnand : fromthe control unlt
during a second period of tine; (ii) if a command is

det ect ed '”grﬁé‘%é&%}& =3 51a%lﬂe§i9fie%éhl FE. chiceBbaeassivag (he

conmand; a command from the control unit is not
det ect ed dietegts ha %@%@ﬁ@l®%¥©6doﬁftbﬁnﬁeCPﬁén°°mman dt £XRENYE ng t he

second 'nfféﬁgéfoﬁnlénghen monitoring fof'&)ti&ﬁﬁﬁibéﬂoﬁubit%pth@ﬁﬁ (iv).
- 16- The nmethod of .claim 1 wh re|n st her
i ncl udes, ¢?WW%B$0%§%mt%h%e¥%€@?ﬁgu8150 nHeBBPﬁﬁng Péy O thee first

set of COHMﬁﬂﬂé coepeadi ng steps (a) - (f). 5 . The net hod of
claiml further including, in the control unit, nDnltoring for the
detection of the first I nformation; and in response to detecting an

error-freeld0 Theceethod of chelmu12twharennathgnssﬂe&@gdbﬁﬁsg t he
transmss'gﬂbsequent to detecting the second command, ignores the
reception of all commands except for the third command.
10

14. The method of claim 12 wherein if the unselected
tags detect a transmission of the second command then
" delaying for a randomly selected period of time and
.15 transmitting the first bit pattern.

15. The method of claim 14 wherein if the unselected
_ tags detect a transmission of the third command then
20 delaying for a randomly selected period of time and
transmitting the first bit pattern.

16. The method of claim 15 wherein the second command is
25 a SET QUIET BIT command and the third command is a RESET
QUIET BIT command.

17. The method of claim 9 wherein powering each of the
30 tags includes broadcasting a carrier frequency signal

from the reader unit and, in each of the tags, rectifying

the received carrier frequency signal to produce power.

35 18. The method of claim 17 further including measuring
the passage of time in the reader unit and in the tags
based on the carrier frequency signal.



15 6. « The.nethod of claim5 further including broadcasting a
mast er sign fr he control unit to the renpte units _ la¥4-20 a
- timng si gng\klofgf}éﬁ%#he mast er signal; whereby the tim ng%’ﬁ%ﬁoﬁsﬂ
used by the control unit and eachjf the renote units as the basis for
measuring tine. 20 7. The nmethod of claim1 wherein the step of
transmtting the first information is a step of 25 transmtting a bit
pattern that is the sanme for each the renote units. 30 8.
The nethod of claim1 fu>§her i ncl'ud\pg _providing a | ocal menory store
in each of the renote unitg and pT1 ng user spd@0fied bit patterns in

the I ocal nenory storesT—yherein the step of transmtting the first
information is a ggep of transtting the bit pattern 35 stored in the
| ocal menory store. \ — 17- A et hod of
comuni cati on between a~pluralit r adi=e~=Fequency transponders
(tags) and a reader unit, ”8




conpri si ng: powering up each of the tags; 5 < in
each tag, delaying transm ssion to the reader unit for eriod
of time, aWe3348#5t he expiration thereof transmtting g%flf(lfsg?ﬁ{o?lz{s)
pattern to- the reader unit and gsppitoring for an acknow edge pul se

to occur during a listening w ndow, 10 in the reader unit,

det ecti ndTAGS a free reception of the first bit pattern and
transmitting an@knovﬂ edge pul sgggluring a firsREADER of tine
subsequent to_detecling the erpgr-free reception; if the

| i stening ndow ol _one. of e tags is 15 substanti nci dent with
the first pgr ] RIER ---ihen transmtting a seCemd patterﬂfrom :
such a tag | & T g £t Set

of commuands
selected tagr—=20 > bh, in any of the i onydss
det ect ed oul sGEN.RANROM Nl ng w ndow t hen f '
transpi ssi off FIMEFERIQDc nd fromthe readg

o1y <
g

command bei he first set _.-7 0} gs |bei ng
referfed to as 26 tags; and-"” t he
tags, | a transni fDERAYs Mot detscfed for a randop i od of
tinme subse the |istert’ng wi ndow t hen

first|bit pgrterm—30 0,.-The nethod of clagmB 1o

sel ecling-al XMITHERADER tr o8f bits to be used™s 9 ttern
in eagh of f{ . 35 The net hod of cl ai er 23%cl udi ng

i nputtijng a

pattefn, ereby each of the :gs can be assigned p ol ent
user - priov] IMOMITORFORK ACK [----~-------=--—====mee- XMIT ACK 236

_
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218 /
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- - 18- . 12. The method of claim9 wherein if the selected t ag
- detects a trgpsimssi.on of the second command fromthe hen
. nmonitoring fgjlbg/@?%nsm ssion of a third command from t he reagwﬂhair?l
“and responding only to the 5 third c3/Mrand. 13. The net hod of
claim 12 wherein the selected tag, subsequent to detecting the second
command, ignores the reception of all comrands except for the third
command. 10 14. The method of claim 12 wherein if the unsel ected
tags detect a transm ssion of the segermi~conmand t hen del aying for a
randomy sel ected period of tine and 13J { ansmtting the first bit
. pattern. 15. The net hod of cl%gﬂ%14
tags detect a transm ssion of the 1

andskpen 20 del aying for a
' tting the first bit

pattern. 16. The met &4 ' wherei n the second command is
25 a SET QU ET BIT conmand asd t he th| d command\is a RESET QUI ET
BI T conmand.

RCV QUIET OR RESET

| RCV NON-ACK

RCV NO
RESPONSE

312
CARRIER
RCV ACK
CARRIER

E—— RCV RESET
CARRIER

RCV RESET

334
RCV QUIET

342



17. The method of claim9 wherein powering each of the 30 t ags-i ncl udes
broadcasting a carrier frequency signal fromthe reader_unit 3

each of t hWO9%¢8335rectifying the received carrier fredG&H"% S‘ﬂm to
produce power. - 35 18. The net of claim 17 further including
measuri ng the passage of tine 1n the reader unit and in the tags
based on the carrier frequency signal.
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