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PCT/ 3B96102742 ENHANCED DETECTI ON OF MULTI PLE DATA TRANSM SSI ONS
BACKGROUND OF THE | NVENTI ON THI'S invention relates to a nmethod of
identifying a plurality of transmtters, each of which transmts data

at interval s WO¥NTeGTei ver. The invention also relates to aredmesdsioiidzati on
5 wsystemconprising a plurality of transmtters and a receiver, and to the
transmtters t hensel ves. The invention further relates to nethod and
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are known in-which a plurality of transmtters, typically

t ransponders, 4 . Ry an interrogation signal and then transmt
reply signal s,23etUsayD OFake INVENIIONient i fi cation data, to a receiver,
which typically forns part of the i'nterrogator. The signals may be

transmtted in many ways, including el ectromagnetic energy, e.g. radio
frequency ( RF)THIS iveationgelates iQ)a methail of ideatifying alphgdlity oftrsisraieRfeack o Swhich

ul trasound. Fqr exanple.  the transm ssion mpy be achi eved by actyal .
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amounts of RF ener% I'n the interrogation signal being reflected or
back- scat t er edhemssiies. hdhe inyventian; furtherrelaten tamethod and apparayemfor amprovingtthe
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Thus, the system " nmust provide for each transmitter to transmit

repeatedly un:lil J.ts transm ssiop takes place 20 in a "quiet" time and is
successful |y nesotificatignpsysiems asg; KRgweyan gyhich @pphirality; of gansmitters,  typically

transponders, are activated by an interrogation signal and then transmit reply signals,

10 usually containing identification data, to a receiver, which typically forms part of the
interrogator. The signals may be transmitted in many ways, including electromagnetic
energy, e.g. radio frequency (RF), infra red (IR), and coherent light, and sound, e.g.
ultrasound. For example, the transmission may be achieved by actual emission of RF
energy by the transmitters, or by the modulation of the reflectivity of an antenna of the

15 transmitter, resulting in varying amounts of RF energy in the interrogation signal being

reflected or back-scattered from the transmitter antenna.

In general, if the transmissions of two transmitters overlap or clash, the transmissions are
lost, since the receiver cannot distinguish the separate transmissions. Thus, the system
must provide for each transmitter to transmit repeatediy until its transmission takes place
20 in a “quiet" time and is successfully received by the interrogator. GB 2,116,808 A
discloses an identification system in which the individual transponders are programmed to
retransmit data in a pseudo-random manner. Timihg signals for the transponders in this
identification system are derived from a crystal oscillator, thereby making the transponders

© more expensive to manufacture.

25 EP 467.036 A describes another identification system which uses a pseudo-random delay _

between transponder data transmissions. In this example. a linear recursive sequence
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di scl-oses an identification systemin which the individual transponders are
programed to retransmt data in a pseudo-random manner. Tim ng
signals for the transponders in this identification systemare derived
froma crystal oscillator, thereby making the transponders nor e
expensi ve t o W€t ur e. 25 EP 467.036 A describes anoticavGnosiz742

i dentification systemwhich uses a pseudo-random del ay bet ween
transponder data transmi ssions. In this exanple, a linear recursive

S ??l:i?gg $ generator is seeded by the transponder identification address to make_thle_ pseudo-random o
PCT/ GB96/ 027 4lglay as randomy@spossibler i s seeded by the transponder identification
address: to nake the pseudo-random del ay as random as possi bl e.

It is an object of the invention to provide an alternative system for

enhanci ng t het igei ekjédt 6fithe inventdh 18 BtbTilOalibmaney ' sfem.of this
ki nd. 5 EP 494,114 A and EP%S', 132 A di%%%%?é@?%#‘@?% ({egcg}ém%ystens

in which t he of multiple tanswissigns in asusterh of thisdgadammed with the same data. 1t is
an object of this invention to provi de an inproved system for
generating the pseudo-random del ays between transponder transm ssi ons.

5 EP 494,114 A and EP 585,132 A disclose identifications systems in which the
transponders may be programmed with the same data. It is an object of this invention to

provide an improved system for generating the pseudo-random delays between transponder

transmissions.
Y INV N

10 According to a first aspect of the invention there is provided a method of identifying a
plurality of transmitters, each transmitting at intervalsto a recei\}er, comprising varying the
duration of the intervals between successive transmissions from each transmitter by
enabling each transmitter at intervals which are calculated randomly or pseudo-randomly
and are related to an operating frequency of local timing means associated with that

15 transmitter.

The intervals are preferably varied between a maximum duration which is related to a

predetermined number of cycles of the local timing means, and a minimum interval.

In the above method, the duration of the intefva.ls between transmissions may be calculated
by periodically generating pseudo-random numbers, comparing the pseudo-random number
20 with an output of counter means cloéked by the local timing means, and enabling the
transmitter when the pseudo-random number and the output of the counter means

correspond.

According to a second aspect of the invention there is provided an identification system

comprising a piurality of transmitters each adapted to transmit at intervals and at least one
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SUMMVARY OF THE INVENTION 10 According to a first aspect of the invention
there is provided a nethod of identifying a plurality of transmtters,
each transmtting at intervals to a receiver, conprising varying the
duration of the intervals between successive transm ssions from each
transmitter DYOINM7667ongp|ing each transmitter at interval s WN/GRIGHZE

cal cul ated random y or pseudo-randonmy and are related to an operating
frequency of local timng nmeans associated with that 15 transnmtter. )
The i nt er val Sreadier Riredceivini! ' NEERs ' rat.i gn,.which is =
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enabling the transmtter when the pseudo-random er and the out put
of the counter neans correspond. According to a second aspect
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| east one transmit at inteidls Barhrisifg Mmeans for generating transmissions, means for calculating
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timing means.
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10 The local timing means is preferably an oscillator of the transmitter, with an unspecified
clock frequency which is subject to a relatively large tolerance, so that the oscillators of

different transmitters tend to run at different frequencies.

The enabling means may include a pseudo-random number generator arranged to generate
pseudo-random numbers, counter means arranged to count at a rate related to the oscillator
15 frequency, and comparator means arranged to compare the outputs of the pseudo-random
number generator and the counter means and to enable the transmitter only when the

outputs correspond.

The transmitters may be radio frequency identification (RF/ID) transponders. In
transponders which embody the “anti-clash protocol” described in EP 494,114 A and EP
20 585,132 A, it is not necessary for the identification code of each transponder to be different;
the transponders can be identical, allowing them to be manufactured in large quantities,
very cheaply. It is an advantage of this invention that when such an anti-clash protocol is
used there is bettcr immunity against clashes. However, reading a plurality of transponders
may be completed more rapidly if unique seeds are used in the pseudo-random number

25 generator.



successive transm ssions and neans for enabling the transmtter at random

or pseudo- randomintervals related to an operating frequency of | ocal
timng nmeans. 5 According to third aspect of the invention there is
provided a transmitter adapted to transmt at intervals conprising

nmeans for geM¥@3¥1768 t r ansni ssi ons, means for calcul ating PCT/GBdsmzmiar ati on
of 'the intervals between successive transm ssions and neans for enabling
t he transmtter at random or pseudo-randomintervals related to an

operati ng frefhen®¥ntitn dx@has 1o a methbd &f a &ﬁ l.ocal . t.imng nedns
is preferably_an oscillator of the t?madr?g%t gr&?nsvrxrn“t aﬁﬁ}fr\@%@%}eﬁ%ﬁm

cl ock frequentgmpiieinthe Fansmiftess of theinyentioh atei cugtbmatilyrcgmstictedr ance, so t hat
the oscillators of different transmtters tend to run at different
frequenci es. The enabling nmeans nmay include a pseudo-random nunber
gener ator arrBRUE AERIONI@®F THE DRswudGs r andom nunber s, counter neans
arranged to count at rate related to the oscillator 15 frequency, and
conpar at or nmeans arranged to conpare the outputs of the pseudo-random

nunber genera dt - e.the transmtier only
when the - CHRErGOT. " 1n BON il Sl Ul BBy vdbophh ) ot o
frequency bBdentificati ameipiRiatibh)) transponders. In transponders which
enbody the " i -cl ash.pr col" desgcribed_ in EP 494,114 A and EP 20

585, 132 A, i?p'ligg"rc#ot néfgég'té’ ?@%?%%f@a%f%ﬂf the trapsmuibconggiier blgekda Figure 1
transpondert cafgde different; ~ the transponders can be identical,
allowing themto be manufactured in | arge quantities, ' very cheaply. It
i s an advant afiguest3 t hi ds R schematio diagtan shawving the Gmizghofathe itransmaissionsrafttvool i s
used there is better i ioha/ersa&_qge%;st cl ashes. However, reading a plurality
of transponders may De conpl eted nore rapidly if unique seeds are used
I n the pseudo-random nunber 25 generator.

10 DESCRIP

The purpose of the present invention is to provide a method and a system which enhances
the probability of identification of a number of transmitters, typically transponders, which
are all transmitting data to a receiver. Although the embodiment described below refers to
passive radio-frequency transponders which are activated and powered by an interrogation
15 signal received from an interrogator, the invention is also applicable to other systems. For
example, the invention may be employed in systems in which a number of self-powered
transmitters must be identified by a receiver, or systems in which a number of transmitters

_broadcast using a randomly delayed “back-off and retry” algorithm.

The invention addresses this requirement by having the transmitters, or transponders,
20 transmit at different times, at random or pseudo-random intervals, rather than at regular
intervals. In addition, the degree of randomness of successive transmissions from each
transponder is enhanced by deriving the random or pseudo-random timing from local
timing means, typically an oscillator, of each transponder. The transponders may be of the
type described in EP 494,114 A and EP 585,132 A, the entire contents of these documents

25 being incorporated herein by reference. The relatively large tolerance in the opcrating
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PCT/ GB96/ 02742 The invention extends to a nethod of operating a
transmtter and the integrated circuits fromwhich the transmtters of
the invention are customarily constructed. BRI EF DESCRI PTI ON OF THE
DRAW NGS WOPT/ig6%e 1 is a block schematic di agram of BCT/G8P2742
frequency transponder according to 5 the i nvention;

‘Figure 2 is a block schematic diagramof the transmt controller block
in Figure 1; ¢ - N e i_c. di agram show ng t he
‘tining of thetr%qrug?\cg%gtshg iogcﬁléﬁ%rgggr\ﬁ%ngna"y b RS R 1"?’?3%%@‘85 P@“‘E?g t ags.
10 DESCRI PTI Obf thifir teddsini<sions. VENT The purpose of the present invention

is to provide a nethod and a system whi ch enhances the probability of
identification of a nunber of transmtters, typically transponders, which

are all transRifekindholeic Figlre?L! £OREVETRF BhiHONRD if DSwRMRAGLIRAly der | bed

below refers to passi ve radi o-frequency transponders I ch are

activat ed andtrgnspenderihdsyancantdanna ¢0 mehipht reerives Snergy dnosd am RE éatereagafioro sigaai

interrogatqr, the.jnyention is also applicable to.other tens. Far

exanpl o, t Re’ IARVEHER B 2P ipestor it s siton o Bun.enenry is vt i irer o oaparitop

sel f - power ed C whicH dot"§"d Hdvidt Suppls for iR riSundér. eThelt¥anspon@értiay 8 onBbardy St €N

in which a nunber of transmtters br oadcast using a rar]dorﬂ.‘i/ﬂ del ayed

"back- of f andosclatof12 highrqperates at the same namingl {irguancy As eternogneally idangcal

requi renent by ' t N it LT 1L at
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different tines, random or’ pseu m-i nterv rt

regul ar integeatedadircuit transpantiets, dre, outpue frepgneeofithe osiithtorri@sgpicdllydiagsaessi ve
r i SSi f h
transmss '18”Sma£u Qgtt?r?ncg tolerance of & 25%. The output frequency is also affected by the supply

voitage VDD from the capacitor C, which is in turn affected by the strength of the received
energy from the interrogation signal due to proximity to the interrogator, antenna
orientation and other factors. Thus each tag has an oscillator whose frequency is subject
to significant uncertainty, being dependent on both manufacturing tolerances and supply
15 voltage, which is itself dependent on received RF field strength. The frequency of each

oscillator is therefore indeterminate, being unspecified until the tag is in operation.

The heavy black line 1 indicates the components of the transponder which may be

integrated into a monolithic integrated circuit.

The transponder includes a non-volatile memory element 14, typically an EEPROM, which

20 . stores the transponder's identification code and configuration information which programs
the transponder for different code data transmission frequencies (bit rates), maximum delay

time (Nmax.T), and seeds for a pseudo-random time delay circuit. The transponder further
includes an output driver 16 which in the described embodiment modulates the load applied

to the antenna 10, thus modulating its reflectivity, bx_xt which could also be an active

. 25 transmitter. A control logic circuit 18 controls the operation of the output driver 16 and
reads data from the memory clement 14 in response to signals from a transmit controller

circuit 20 which is shown in greater detail in Figure 2. A power on reset circuit 22



transponder is enhanced by deriving the random or pseudo-randomtimning from
| ocal timng neans, typically an oscillator, of each transponder. The .
transponders may be of the type described in EP 494,114 A and EP
585,132 A, the entire contents of these docunments 25 being incorporated
herei n by ref%@8HEH667 The rel atively large tolerance in the pORGBbRM:2
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PCT/ GB96/ 02742 frequency of the oscillators of nomnally identical

t ransponders il their transm ssions. ) )
Ref erri ng now to l?:‘lﬁgﬁér%c’tn?a lgé}gg%sq?\q/gmafnfc%tg%ﬂ eV P Ap WRer e peltagE it al | y.

The t r ans pepiige to thasirauit. ant enna 10 whi ch recei ves energy froman RF
interrogation signal 5 transmitted by an interrogator, and a portion of
this energy is diverted to charge a capacitor C which acts as a power

supply for t N FigaSPORE Ghnsukd Bodb BB SRRIR20 DO GRBOULy 1his 355k | 31 01

12 whi ch operates at the same nom nal frequency as nopip gircuit

i denti cal includesrasgauediesr 24 whivheareives theidodkosignahfuém elelostiligiof D &idadecioss | N

t he preferred Lntegrated circuit transponders, the output
frequency 3f Fh‘g‘w&ggli%ﬁ'fegf%rwq Tg‘b&%@f"@ t}, Benerate & "mergoRy readt gignalgwhieh isr ance
of + 25% Theapplitdtotthd controldogy cikcuitaB 36geMick S5thekk Q¥ck!siifal Ui, e tage
VDD fromthe Qgﬁ’gcitor_c, V\hagiich i's ine%urn affectecds%athe str‘eglr? th of the

recei ved SIEHGISGFORYTNIRTS Seauenen of prisesat 4 enpsignidreghendy and withpr peciodiTt Fadho t he
i nt errogat or, oARdse Bl eSitofldl factors. Thus egch. tag has
an oscill ator Wnosg ?“Fsé:aﬁsgsn@% 'S %%&rab(l:(?cﬂqs% n\g%ucst?hﬁrﬁ oﬁﬁ@"ﬁﬂtc@r ¥4t y,
bei ng dependefreadomt dppirhandtisiprial¢d autpun the idehitflatioesda sored tRRin/sed@entixB ihdJE,
which is ibsle dep?ndent. on rHecei ve'g RF, field st rent%t h. The, freguency of
each 1 he control logic circuit. However, the code is not passed to the output driver 16 by the
control logic circuit for transmission unless the transmit controlier 20 also outputs a
“transmit enable” signal to the control logic circuit 18 simultaneously with the respective
"memory read" pulse. This occurs only occasionally, at pseudo-random time intervals, as

described below.

15 The output of the sequencer circuit 24 is also fed to a code cycle counter 26 which is
therefore incremented each time the identification code output sequence from the memory
element 14 is started. The code cycle counter is never reset, but counts up to its maximum
count, after which it returns to zero and counts up again. A psendo-random number
generator circuit 28 generates a pseudo-random number from time to time, and both the

20 output of the pseudo-random nu:ﬁber generator 28 and the current output of ihe code cycle
counter 26 are fed to a comparator 30.. The comparator 30 gives an output whenever the
two numbers being compared are equal, which output is the "transmit enable" signal
referred to above. The transmit enable signal also triggers the pseudo-random number
generator to generate a new pseudo-fandbm number. When the "transmit enable" signal

25 goes high at the same time as the "memory read” signal, the code which has been read from
the memory element 14 by the control logic circuit 18 is output to the output driver 16 and

transmitted.



osciltator is therefore indeterm nate, being unspecified until the tag is

i n operation. The heavy black line 1 indicates the conponents of the
transponder which may be integrated into a nonolithic integrated
circuit. The transponder includes d non-volatile nmenory el enent 14,
typi cal ly an ¥OPREW? whi ch 20 - stores the transponder's i deptriges@izzean code
and configuration information which prograns the transponder for
different code data transmi ssion frequencies (bit rates), naxi mum del ay
time (Nmax. T) Re I del Lrcuit. The

t ransponder fur?ﬁgrg&e%répuf&dﬁ %E%Q%SLO?MS?H%&SPO@FSI%?%% |“WdtTH52m
descri bed enb&empased. Tﬁgdlhhml@smlidmmm@samWhaﬂasterthanT 1. BeuARLERmR

t hus nodul at i ﬁgna&ts reflec {PV%‘?"K whi ch caoul d al so e an active
transnitter. ?)JQ‘P t (?Hﬁ”(t“fé’a%’ﬂ{afﬁ% SIB‘?W!‘ '@ﬁhﬁr@!&r&n g lt\hél

out put dri ver rebfaiRfita passive (Iﬁmngﬂ,ﬂﬁﬁgjﬁlgag fopg ni i4 LN rg_‘lsponse
to signals fromatransmt contr ol cut V\/mc

greater detdai Fag rffqﬂﬁl'gmlén/QUICWYpbm@F—Hﬁ—Nm); wmle Tag 2 réidains passive for N2.T.
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pr edet er ni nedasﬁtafﬁeqmcﬁtﬁr&dwﬁibva Fétteadsre] B, T2, T3....8 &ta{}gnot
circuit. In Figure 2, the transmt ‘cont rol I'er CI rcwt 20° 1's shown

in greater d ofxacily eqyal owing te lyp.qlanons with time in the supply voltage for the particular tag.
There are therefore frequency variations between tags, and between different times with the

10 same tag. The anti-clash system used in this invention achieves a considerably better
immunity against clashes than if the tag clock signals were derived from the RF carrier
frequency (by frequency division, for example), as is the case in some other RF

identification systems, and is relatively inexpensive to implement.

The value of Nmax is determined by the number of bits being compared by the comparator
15 30. In the case of an 8 bit comparison, Nmax=255. Nmax is configured at the time of
programming or manufacture of the transponders. It has been experimentally determined
that for a particular figure of Nmax there is a practical limit to the number of transponders
or tags which can be read simultaneously, in the same RF interrogation field. If the number
of transponders in the same interrogation field is compared with the time taken for all
20 transponders to be identified successfully, that time is roughly proportional to the number
of transponders, due to clashes between transponder transmissions, until the number of
transponders approaches Nmax/2. If the number of trafiSponders is increased beyond this
ppint, the time taken to identify the tags increases rapidly towards a condition where no

transponders are identified at all, as all transmissions result in clashes.

25 Because of the various advantageous aspects of the design of the above described
transponders, a large degree of randomness is oblained in the transmission of data from
each transponder, notwithstanding that the transponders are programmed with the same .
value of Nmax and are essentially identical.. This means that the only value which may

need to be adjusted from one transponder to the next is the transponder identification code.
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includes a sequencer 24 which receives the clock signal fromthe oscillator
12 and derives 5 fromit a frequency, which nay be lower, to generate a
"menory read" signal which is . applied to the control logic circuit 18,
together with the clock signal. The "nenory read" signal is a

conti nuous SWQA¥HWE of pul ses at a constant frequency and RET/EB/GIER| od T.
Each of these pul ses causes the control logic block 18 to instruct the
menory el enment 14, via a "read out conmand" signal, to output the

| dent | i cal 10B:PQAGSLAES Hy 1S RIIRd BAALEhhd Hvdrbbf G logic
circuit. degvgﬁ% ?ﬂelcodgy§§§%ot passed to tie outputggFFgg?&%g%%y t he
control | ogianumbecafidiffdran systemss in sysiems inuwhiel thetvagationafi sovel tingiag teadslier 20

al so outputs a . "transm t enabl e" signal. to, the control logic circuit
16" o1 il { andBle JRErPh FEHER R dpeen e B ineliHs o Gty St occur s
only occasi qiahhi¥, a ifnbeSErRréR BYSAN dséillRor cire@s\WaHich ruf Bt a variousd8&as inkpd

bel ow. 15 The output of the sequencer circuit 24 is also fed to a code
cycl e couft ere sl \Hackcmansmitter may bé progided with a diffenent pecilatar sircuit aithoughethe

id ifi [ .cod | h . el . i
Start e, TheRie: of SaRE SR ERHE £ o 2 HabstulE it csenuel’ AERAeER, ' °

maxi mum tedBiStHikrs niblybe BbM/d @fhaiicall@hlter tie frequeny of the docabrithing meangpi n. A
pseudo-random nunber enerator circuit 28 generates a pseudo:random

MDE gen
number f r om &-8-Fwitghing hetneen Asriflates cRcuite Intbe samp spiFt lopal timingeang it Vi om
nunmber genergi or, 28 306kobAle tcdﬁre%gﬁﬂfal ﬁ%ﬂ‘é?. Rinplifird B Iigh©may providgeunt.er
or %o. e conparator 30 qgi F

26 are fed to a tonpara ves an out put whenever

t he 10wothe Hedessary Vadativn iofregaeneyd are equal , which output is the
"transm t enabl e" signal referred to above. The transmt enabl e signal
al'so triggers the pseudo-random nunber generator to generate a new

pseudo-random nunber. When the "transmt enable" signal 25 goes high at
the sane tinme as the "nmenory read" signal, the code which has been read

from the nenory elenment 14 by the control logic circuit 18 is output
to the output driver 16 and transmtted.
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PCT/ GB96/ 02742 Referring to Figure 3, the transm ssions of two
transponders or tags, Tag 1 a npared. Tag | has an
oscillator running sonewhat faster than Tag 2. Both have the sane Nmax
programred i (W@UHEH but at 'tj H “n"jm”mm shown in tberdbsmaam Tag
1 wll remain in a passiv 4 g) node for a period of
N1.T, where N | varies with 5 each transnfssion/quiet cycle,
(0<:N<:NWX)1CY¥§'}ELG Tag 2 remains passive for N2.T. Note that T for -
Tag | is not the sane as for T for Tag 2, but subject to the sane
variations 1. asA tietholl bfideififivg 4 SNy rhBmRRAY Bach FAAIGLID Hrervhlsto 12 . 13
....... . TN for any tag are not | exactly equal owmng to variations wth
time in the sugpiS’ehofimrpsingovarying tharduretignael theyintervals beingeen mirceessiver ef or e

frequency varggii : bet. ifferent tinmes wi.th the 10
sane tag. The ant gﬁgpggiﬁ»@%l} {é%qﬂﬁlénggﬂf ﬁpa?)mqgg#fn‘ YR ﬁdﬁf"‘a@éswvgé"h are
consi der abfy dabulaed randomlyi onpseutdé-yandegnly and aré ked@éts ah Bpetating fefiGenkR6f 16¢PCK
signals were derived fromthe RF carrier frequency (by frequency

di vi si on, f or""BRE H5AYS assactated with that traasmiter. sone ot her RF i dentification
systems, andd.s e aethodl % dMBIPRNTIAR 1 B W i L ue of
Nmax is determned by the Qurlrber of.abi tsﬁbe%%ﬁ%?ra]esdargya{lyeﬁ%%g Jaf at or
15 30. In t Heaximym duvatiomwigiclis relaesitp a predeterminddmumBé&ref cydimof the lecaltfniggr ed at
the tine of ramm ng. or nuf acture of the transponders. It has
been experi rrenr'ﬁag?’%}&)ggﬁrélr 8%”’1[[? that for a particular figure of Nmax
there is &0pr3acti ¢amethodiak clainddia LD €lin Which iR \SHRAMHE TRquenc oP{hetlé&ﬁ whi ch
can be read sjnmultanequsly, in the same RF interrogatrion f|e¥d. I'f the
nunber JHINg FeasIR Hdetsrmipate.-ne same interrogation field i s conpared '
with the timg taken, b LT . n LEle ccessful ly,
that tinme is roug%]ngl g’?g%%)rhtalgtgeﬁe{f' "?‘gﬁlt glq%?ﬁ)glrg dg&tlbggf&% rlﬂg‘glrgﬁ%;égtévregrf due
to cl ashes bdtanemissionsmapbnchioulataddrysgenarstingseudontindont emivessiRomparing the

transponders a oaches Nmpx/ 2. | f the nber of transponders is jncreased
beyong this psgﬁ’o%ﬁ‘% YR ét‘?"f?ea“t oltRYY 0335"’1“&8@?% c?"r‘fz&( Q’@éhei 1ﬁ{‘ﬂ‘ é’lﬂ%%
rapidly t ps\amians abdéblingdfe SR shly when thé FRERAAABSR nathBer 08 Rei dutidl at

all, as all transm ssions result in clashes. 25 Because of the various
advant ageous A #jscountersneans gontpspangn of t he above descri bed

5. A method as claimed in claim 4 in which the pseudo-random numbers are generated

periodically.
6. An identification system comprising a plurality of transmitters each adapted to

20 transmit at intervals and at least one receiver for receiving transmissions from the
transmitters, each transmitter including means for generating transmissions, means for
calculating the duration of the intervals between successive transmissions and means for
enabling the transmitter at random or pseudo-random intervals related to an operating
frequency of local timing means. _

25 7. An identification system as claimed in claim 6 in which the calculating means
varies the intervals between 2 maxilhum duration which is related to a predetermined
number of cycles of the local timing means, and a minimum interval.

8. An identification systeﬁl as claimed in claim 6 in which the local timing means is
an oscillator.

30 9. An identification system as claimed in claim 8 in which the clock frequency of each

oscitlator is subject to a relatively large tolerance.

9.



transponders, a |large degree of randomess is obtained in the transm ssion
of data from each transponder notw t hst andi ng that the transponders
are programred with the sane val ue are essentially
identical. This nmeans that the on I ich may need to be

adj usted froW@PHI76¢7ansponder to MMﬂ#ﬂF,ﬁﬁ”’l’W’,’r anspondepcmdmiuyfacatlon
code. ooy

97/ 17667 '

PCT/ GB96/ 0274 preci ated by those skilled in the art
that the inventi onArrlrﬁie}"glga‘b%‘tsyT'ﬂf' & %?‘?‘&‘gi“ Flﬁm‘sm vehich the escillaforsifidifferemt
systens. |n syafsmirers @nddl réfaitdifertti Fedlenaigs, Of 1 ocal timing neans is not
an i nherent fFature such a variation may be included into the system

desi gn. For extihjsdentification system a5 tlaimedf inrclaim SinysiticH the 8pdritingfsuéicy CUi t S
whi ch run at g iN&ra mme?%‘%ﬁ ﬁ%ﬁ% > D€ used. Each transmitter may be
provided with a different osci *or circuit although the provi si on- of
uni que fre§uelki esArf alentificadion syseeasas diiges it slalRs lﬁ%tﬂlékalclﬁ#th&rrgg%ével Y,
transmtters | dbe abl e t(c)i dynam cally alter the frequency of the Tocal
ti'm ng means,'® ées 2 pseugo-gan AP bRr Beperian Aganged ingentrate pseudé-randomsumbers t he
sanme spirit, dnd& uenc endent on
external fact orsa%?tglﬁétagﬂ%@ tur g?m?eﬁ{cé:%eenrf 'af"‘dréﬁﬁ’? ﬁng sy 8%%!@’ %giom‘f‘ﬁe
necessary varmegion in frequency. WO 97/ 17667_

PCT/ GB96/ 02742 ' '

-

An identification system as claimed in claim 12 in which the enabling means
10 compares the butput of the pseudo-random number generator with the output of the counter
and gnables the transmitter only when the pseudo-random number and the output of the
counter means correspond.
14 An identification system as claimed in claim 13 in which the pseudo-random
numbers are generated periodically.

15 15. A transmitter adapted to transmit at intervals comprising means for generating
transmissions, means for calculating the duration of the int_ervals between successive
transmissions and means for enabling the transmitter at random or pseudo-random intervals
related to an operating frequency of local timing means.

16. A transmitter as claimed in claim 15 in which the calculating means varies the

20 intervals between a maximum duration which is related to a predetermined number of
cycles of the local timing means, and a minimum interval.

17. A transmitter as claimed in claim 15 in which the local timing means is an
» oscillator.
18. A transmitter as claimed in claim 17 in which the clock frequency of the oscillator

25 is subject to a relatively large tolerance.

19. A transmitter as claimed in claim 15 in which the calculating means includes a
pseudo-random number genérator arranged to generate pseudo-random numbers and
counter means arranged to count at a rate related to the frequency of the local timing means
20. A transmitter as claimed in claim 19 in whiph the enabling means compares the -

30 output of the pseudo-random number generator with the output of the counter and enables

-10-



Cl ai s 1. A nethod of identifying a plurality of transmitters. each
transmtting at intervals t ' —conprising varying the
duration of the intervals between successive transm ssians from each

transmtter hyoepnakds ng each Iﬁ“ﬁh‘ﬂ“ﬂ Lulﬂtu mt erval s whic
cal cul ated randomy or pseudoH* sl '1 I I related to grﬁé‘%@?@ﬁzng

frequency of | ocal ti mng nmeans adsoliated with that transnitter.

2. A net hﬂ?d as ¢l ai r’[Ed in.claiml in which the intervals are varied

bet ween a e trapsiitey, paly wheg the pseyrp-sanden numbertaudi the outputofaitatoanter memhs nuTber
of cycles ofgeot&oh®cal timng "means, and a minimuminterval. 10 3.

A nethod as clarnmed in claim1l in which the operating frequency of the
local .  t2Ini ng\ tremsmttéras ichitnddeinrelad@t20.in which the pseudérifIbROSmr i@l Med in
claim1 in which &he.durgt ion of the intervals between transm ssi ons
may be cal cA°BEEQd BSHYSHY-at i ng pseudo-Tandom nunbers, conparing the
pseudo-r agdgp nu ethtidt | afer_means. cl gcked by the | ocal
timng 155] (r?\?ans?pg{nd enéa}.bﬁ%g the r_asﬁ@%]?%%ra%\t/\tﬂe %‘g‘mb “random
nunber and tdeepeising)Narying the dfratitreofitin iinteevaly Betuien S0 &BRAMsmissions fom A
met hod as cl aihrred i_g{ﬁ:@gi 4 itg whi ch t he pseudq-random nunbers are
generated % T Tq%l_mg ¢ trangmitter atApfervals ythich are caleated mndomly onpr i si ng
a plurality BbudoaRamY 8 ae fed 45 Shelafing Greghdi) F lhodt sk Shiddh S 2N
at | east one receiver for receiving transms ions om the :
transmitt er sAssogiated withathe transmitteri ncl udi ng means for generating

transm sgjons, ans far. .. al cul ati ng the duyation of the intervals
bet ween iﬁc@Ssi "{e}}%?ﬁsaﬁicé%‘ﬁ? éﬁﬂ‘%ﬁh@’ﬁ’f’&ﬂm interv %%Naﬂafbﬁ@'“n a
transmtter radxihoddamion wmmewaaxéggdggéuét&hﬁeﬁhﬁb&edf%&&& of theddtalRfing! | NI

frequency of local tim.ng neans. _ An identification systenTas

cl ai med in cheanpagd pmipgmushinterval.cal cul ati ng neans varies the intervals
bet ween a maigli mu [ ' hS. I8l at 0 redet.er.m ne nunber
of cycles of“t hergglgg%&talg%m%gdﬁrgeé:@? zgﬁwgghhﬁ ‘ﬁ“ﬁ%"ln ?&l}e\}gﬁe‘f‘""g betwegn An
i dent i fi cat itemsmissiofsinag be baiulael bygehbrating Freidb-hdch nhiBerk, Woilpatingiiheg means
S an oscj Il An identification systemas clained in

. 3 9. (
claimsg ilp virseede- a@’%l oty Wik ik Autput At coupter means clacked by thy locdl tapMEect to

f’lgf el ati vel ypl Ak 964 LhAAARE Gansmitter only when the pseudo-random number and the output

of the counter means correspond.
25. A method as claimed in .claim 24 in which the pseudo-randoin numbers are
‘generated periodically. _

20 26. Anintegrated circuit for use in a transmitter comprising local timing means, means
for calculating the duration of the intervals between successive transmissions and means
for enabling the transmitter at random or pseudo-random intervals related to an operating
frequencf of the local timing means,

27.  Anintegrated circuit as claimed in claim 25 in which the local timing meaus is an

25 oscillator. ' ,

28.  Anintegrated circuit as claimed in claim 27 in which the clock frequency of the
~ oscillator is subject to a relatively large tolerance.

29.  Anintegrated circuit as claimed in claim 25 in which the calculating means includes

a pseudo-random number generator arranged to generate pseudo-random numbers and

30 counter means arranged to count at a rate related to the frequency of the local timing means

-11-



WO 97/ 17667 PCT/ GB96/ 02742 10. An identification
.systemas claimed in claim8 i nwhieh—the oscillators of different
transmitters tend to run at dlfferentm \ ‘ :

i dentificati m as cl ai ned u“l M‘mm chthe

frequency ‘989%¥7§§7ﬁe transmtterH \ n nat e. "?‘*‘R"'&g"
identification systemas clained in cIa|n16 in which the calculatlng nmeans

i ncludes a pseudo-random nunmber generator arranged to generate
pseudo- r and®m nmmdcmuﬁmlﬁmﬁmlmm“&mmlmmmm rate

rel'ated to hefre n tim

i dentificat f‘%ﬂut% (%Hﬁ? %’uc‘? al rgt%lﬁq lgdefx%a{fngmtﬁ %f’%‘ﬁ&t?féh%ﬁ%%f ﬁﬁd means 10
conpar es t hpales s anthitfehehlpemdie: pRidoahdoriRRibed SRRhedusut bf thécduli@r out put

of the counter and enables the transmtter only when the pseudo-random
nunber and méass eartegpAndof t he counter neans correspond. 14 -An
identification systemas clainmed in claim13 in which the pseudo-random
nunbers are generated periodically. 15 15. Atransmtter adapted to
transmt at intervals conprising neans for generating transm ssi ons,
means for calculating the duration of the intervals between successive
transm ssions and neans for enabling the transmtter at random or

pseudo-randominterval s related to an operating frequency of | ocal
timng neans. 16.- A transmitter. as claimed in claim15 in which the
cal cul ating neans varies the 20 intervals between a nmaxi mum duration which
is related to a predeterm ned nunber of ~cycles of the local tining
means, and a mnimuminterval. 17. Atransmitter as clainmed in claim
15 in which the local timng nmeans is an oscillator. 18. A
transmtter as clainmed in claim17 in which the clock frequency of the
oscillator 25 1is subject to a relatively |large tol erance. 19. A

transmtter as clainmed in claim15 in which the cal cul ati ng nmeans .i ncl udes
a _

;12.



pseudo- random nunber generator arranged to generate pseudo-random nunbers
-and - counter neans arranged to count at a rate related to the frequency
of .the local timng nmeans 20. Atransmtter as clained in claim 19
in which the enabling nmeans conpares the 30 output of the pseudo-random
nunber gener WMON/1#6T h t he out put of the counter and enabl eFCT/GBI602742

- 10- the transmtter only when the pseudo-random nunber and
t he out put of the counter neans correspond. 21 Atransmtter as
claimed in claim20 in which the pseudo-rqqgonlnunbers are gener at ed
periodically. 5 22. A method of generating transm ssions froma
transmitter at randominterval s conprising, varying the duration of the
interval s between successi vegtransm ssions from each transmtter by
enabling the transmtter aL_inLervaIs whi ch are cal cul ated randomy or
pseudo-randonly and are rellatgd fto an operating frequency of local tining
means associated wth thestrlansmtter 10 23. A nethod as clainmed in
claim?22 in which the int vdﬁs e varied between a maxi MUMme=aur at i on
which is related to a prdd¢t @&ni|ndd nunber of cycles of the | ocal gghning
means, and a mnini num i nt gryaf<t 24. A method as clained in aim 22
in which the duration of |te—tmtlerjval s bet ween transm ssi ons y be
cal cul ated by generating |pseudo-rgndom nunbers, conparing the 15
pseudo-random nunber with an]out put of counter neans cl ocked by the | ocal
timng means, and _enablling the transmtter onlv when the pseudo-random
nunber and the outp of tlhe counter neans correspond. 25. A
met hod as clainmed irf claim2§ ijn which the pseudo-random nunbersfare
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generated periodically. 20 26. An integrated circuit for use in a
transmtter conprising |ocal timng neans, neans for calculating the
duration of the intervals between successive transm ssions-and means

for enabling the transmtter at random or pseudo-randomintervals rel ated
to an oper at ways7/17667 frequency of the local tim ng neans. pcr/GBdé0274AN
integrated circuit as claimed in claim25 in which the |ocal timng neans

is an 25 oscillator. 28. An integrated circuit as clainmed in claim
27 in which the clock frequency of the 2/20scillator is subject to a
relatively large tolerance. 29. An integrated circuit as claimed in
claim25 in which the cal cul ati ng neans i ncl udes a pseudo-random

nunber . generat or aeranged to generate pseudo-random nunbers and 30 counter
means arranged to Eoﬁnt at arate related to the frequency of the | ocal

timng means a2 97/ 17667 . PCT/ GB96/ 02742
30. An |ntegrateq ircuit as clainmed in claim?29 i {Jchet he epabl i ng
means comnpares t he=0 t put of the pseudo-random nunbeg= erdtor Wth the
out put of the counwer—prd—enablesthe transmtter onl erfthe |
pseudo-random nunber ahd the outpyt_of the counter neans chTrespopd.
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{57) Abstract

The present invention provides method and apparatus which enhance the probability of identification of a number of transmitters
(1), typically transponders, which are all transmitting data to a recciver, The invention is applicable to a number of systems including
passive radio-frequency transponders systems, systems in which a number of self-powered transmitters must be identified by a receiver,
or systems in which a number of transmitters broadcast using a randomly delayed "back-end and retry" algorithm. Each transmitter (1)

is adapted to transmit at intervals and comprises means for generating transmissions, me:

means for calculating the duration of the intervals

between successive transmissions and means (20) for enablmg the transmitter at random or pseudo-random intervals related to an operating
frequency of local timing means (21). In passive RFID systems, the frequency of the local timing means is indeterminate, being urispecified

until the transmitter is in operation.
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