16 Decenber 2003 -1.- ELECTRONI C CONVERTER FOR CONVERTI NG AN ACOUSTI C
SIGNAL INTO A PSEUDO- DI G TAL SI GNAL TI MEPI ECE | NCLUDI NG SUCH; ApGEhMERSER
AND TWO- DI RECTI ONAL COVMUNI CATI ON METHOD VI A ACOUSTI C WAVES Trre present

i nvention concerns an el ectronic converter for converting an acoustic
signal into a pseudo-digital signal, in particular for controlling a

m croprocessor, as well as a tinmepiece-including such a converter- The

i nvention al sa a two-di rect | onal comrunl cat I on_net hod Vi a
acoustic wa VERTER ENVERTING ANA IS Ty I INR

for pr ocessummeoammmdatcme ﬂrmewnsd& NIBM&DIR@ sth\hz CONBARTERAND N t he
oo ath o e PhEEoRREr oA e aURh R et o VAT S REWISIER T

date and tinme of the tine for each | ap or even the final tinme achieved by
the athlete. al t 0 rtain si ol ogi cal
paraneters to bg%{%%gﬁqtmvaﬁ“ ﬁ%ar%\é\%rncﬁrﬂ%g\éﬁ lr#%ﬁﬁnﬁ{%ﬁg ?‘?ne?r&&%&ardl ogram
(ECG whi ctaopusticesignal indo éfpﬁwdo Mt&ésuyak hepﬂtlcmlaftfer carolling ahi s sporting
activity. AhkrdpRdcesssH 8¢ W@ﬁ Loy tlmeplec%h?crhcm‘fg #Jcﬁréséﬂr%ﬁé’r T}ﬂe hBRLGEALST T ©

l'ink, to a personal conputer In ormation w I'| be processed,
anal ysed arf@C8msaltwo-difestisnaleanmpunicationdpetbed viaracaustis wayep bebreenid Fi gure 1

annexed 3 0 tidnemitte? R andatrectdivefRRiti cati on shows a preferred enbodi nent of
the aforenentioned Biongetric system Thjs system. i nc|ludes a portable

obj ect such as & $¥SHEPIBPEOESsihgpeseapifata iy kapyndm Hedmtent Ng: Sq4RR2h,

abl e to st on the rmberoBBidmetiias cetleTHid systdrﬁaﬁdmst {drfwﬁmfp-&ﬁﬁep&ﬁirmaﬁ@é/om

t tt ut 2 _Ln. the form of .ac

genor at | ng M afEl S0 Rinoet BB RFel st B S S gyt RS

m cr ophone tié1e foheac lap(or eesn thayindldinzngchigvsd byfthelatidtal The systeruaisat

cont r ol {2d Yy HE iR esﬁémrpngg‘ao%%;%%é{ers%re,reesr&s{;)%ﬁar BE el GPRAL abl e

to gener ate acoustic ee S transm ssi on ersona conputer 2

is fitted pythm oaaemoeem@g@r&b&ﬁ@bweeh reflegt be@tiacieads pythg adklglee 10. The

conputer i %uhﬁ@ﬁrs%bﬂmb%cﬂ@ﬂyckll 1 |ﬁfHﬁH§ﬁderilﬂrtlﬁ§r§t% @aﬁ’snﬁiﬁ&?rﬁé Sﬁja@dhsir@e
acoustic " ut'er may al so be

bee " ti nmepi ece
T eted vi t i (PSR aL caraRitrAn WRERJD (TP Wil e BroGrEseHeamssainnd
Appl i cat|0Iﬁnaltyldi§mab ;e@a:nhneuscrlgudesm@compnernal m croprocessor 14 which
provid the ti as d, tinme 1. . cr.o cessor may al so
cont roﬁ%a st or age SYt i&n & %reg?rﬁ?%ger}gé\p%%ogﬁﬁow%.?gfe{grreq andom access
nenory. Fuetibediment pf e aftremeniianed| Bioreetric 5gstes. AbisesysterSAcigdera pbeatdé it s

out put a ptheEPéLEﬁ ‘3% ﬁrﬂ%ﬁé&é V Iorpéx%ﬁ%?é gﬁ@lt?lc % l%tw% hI 3%& %’%tol’esed to

generate tnhe acoust | gener a
gener at or datai ﬂf@sﬁUbF?ﬂlrﬁ?HY tranwt @Eﬂ\r\ﬁhcméatﬂ mayetua Wmﬂmlﬁw tol aapmsonal

computer 2 in the form of acoustic “ beeps " generating an acoustic pressure 4 which

20 will be picked up by a microphone 6. The timepiece may be any type of digital
instrument controlled by a microprocessor and containing a piezoelectric element able
to generate acoustic “ beeps " for data transmission. Personal computer 2 is fitted with
a sound card 8 connected to microphone 6 by a cable 10. The computer is thus able to
pick up acoustic pressure 4 generated by the acoustic “ beeps " emitted by timepiece

25 1. Said computer 2 may also be fitted with a display screen 2.

As shown in Figure 2 of the present Application, timepiece 1 includes an
internal microprocessor 14 which provides the timebase to said timepiece 1.
Microprocessor 14 may also control a storage programme 16 co-operating with an
intemal random access memory. Further, a piezoelectric element 18 is able to

30 generate at its output a pre-selected tonality. Piezoelectric element 18 is thus used to
generate the acoustic “ beeps " similar to those generated by sound generator devices
in most digital watches fitted with an aiarm.

The Biometrics systeg'l described above advantageously allows personal data
to be stored in a watch, then these data to be transferred by sound waves to a



The Bionetrics system descri bed above advant ageously all ows personal data
to be stored in a watch, then these data to be transferred by|spépsnMg2es3
to a 16 Decenber 2003 2 conputer where they will be processed and anal ysed.
This systemis unfortunately not two-di.pectional. It is thus not possible
to transfer data fromthe conputer to the watch, which considerably Iimts
the possible applications of the Bionetrics system Moreover, Sw ss Patent
No. 641 625 in the nanme of Seikosha, Tokyo (JP) is 5 also known, which
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to be noted that as g as transistor no current
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product L*di I S constant, means that as long as transistor TRl is

kept " ON "’ VPhe current which flows in coil L, increases linearly.
It is to be noted that as long as transistor Try is “ ON ", no current flows

through piezoelectric vibrator P,. The latter behaves in fact like a capacitor. The
current “ i " supplied by a capacitor is equal to the product C*dE/dt, where C is the
25 capacitance value of the capacitor, and E the voltage across its terminals. In the
present case, since E is a direct-current voltage, its derivate with respect to time is
zero, and the current which flows in piezoelectric vibrator P, is also zero. It may also
be noted that voltage “ v " across the terminais of coil L, is given by the equation
v = - L*di/dt = E, where L is the inductance value of said coii L,, and “ i " is the current
30 which flows through it. Consequently, the product L*di/dt is constant, which means that
as long as transistor Tg; is kept * ON ", the current which flows in coil L, increases
linearly.
At the moment that transistor Trs passes in the " OFF " state at the trailing
edge of each pulse of wave shape A, any accumulated energy in the coil is transmitted
35 to the terminals of the piezoelectric vibrator, charging the latter at a much higher
voltage than the supply voltage, and in the opposite direction. As can be seen on the
wave shape B of Figure 4, this oscillgting voltage has a first positive puise of great
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charging the latter at a nuch higher volt.age than the supply voltage, and
in the opposite direction. As can be seen on the wave shape 6 of Figure 4,
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recei ving aﬂfjthgib@bﬁ'lhﬁlbrw 1 re%@#é’é%\’x\@a’eep&léé" f.nncso'ii L,, diode D is polarised in the non
conductive direction and blocks the return of the current. As can be seen by comparing
25 voltage levels B of Figures 4 and 6, the energy which is provided to piezoelectric
vibrator P; is much greater than that which was provided to piezoelectric vibrator P, of
the prior art.
Consequently, the Seikosha invention allows a substantial increase in the
acoustic pressure ievel. However, this invention does not suggest the use of a
30 piezoelectric vibrator for receiving and digitising of sound wave trains.
The object of the present invention is to overcome the above problems and
drawbacks as well as others by providing an electronic converter for converting an
acoustic signal into a pseudo-digital signal for operating a drive circuit for a

piezoelectric vibrator in the manner of an acoustic wave sensor, and converting these
35 wave trains into digital pulses.



The object of the present invention is to overcone the above problens and
drawbacks as well as others by providing an el ectronic converi{gDet&hber 2003
converting an acoustic signal into a pseudo-digital signal for operating a
drive circuit for a piezoelectric vibratof_in the manner of an acoustic
wave sensor, and converting these 35 wave trains into digital pulses. 16
Decenber 2003 4 According to a first aspect, the present invention
therefore concerns the use of a sound generator circuit including a
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exceeds said reference voltage.
As a result of these other features, one can not only generate a sound, but also
pick up this sound and convert it into a logic voltage able to be used to control a
25 microprocessor. It therefore becomes possible to envisage exchanging all types of
data by acoustic waves between two distant objects, such as for example, two
wristwatches or a wristwatch and a computer, using only the addition of a comparator
circuit to the piezoelectric vibrator drive circuit. A two-directional communication
system via acoustic waves is thereby obtained which is much simpler and much more
30 compact than the wireless communication systems, for example via infrared or radio-
frequency, which are currentiy known.
The present invention also concerns a timepiece including a converter circuit
as described above.
The present invention finally concerns a two-directional communication method
35 via acoustic waves between an emitter unit and a receiver unit, each of these two units
including a microprocessor and an electronic converter, said converter including a

ry



30 conpact than the wireless comuni cati on systens, for exanple via
infrared or radio- frequency, which are currently known. The pge¢Redhber 2003
i nvention al so concerns a tinepiece including a converter circuit as
descri bed above. The present invention fingly concerns a two-directional
communi cation nmethod 35 via acoustic waves between an emtter unit and a
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9 &hgr t%a?ures an?d g %tages of the present invention will appear more

clearty upon reading the following detailed description of an embodiment example of
the electronic converter according to the invention, this example being given purely by
way of non-limiting illustration, in conjunction with the annexed drawings, in which: |

25 - Figure 1, which has already been cited, shows a timepiece able to store
personal data, then transmit these data to a computer via a sound link;

- Figure 2, which has already been cited, is a block diagram of a timepiece as
shown in Figure 1, including a data processing programime, as well as means for
storing and transmitting said data;

30 - Figures 3 and 4, which have already been cited, show respectively via an
eiectric diagram and via voltage level evolution diagrams as a function of time, the
constitution and operation mode of a first embodiment of a drive circuit for a
piezoelectric vibrator;

- Figure 5, which has already been cited, shows the diagram of a second

35 embodiment of a drive circuit for a piezoelectric vibrator;

- Figure 6, which has already been cited, is a voltage level diagram as a
function of time at two locations of the circuit of Figure 5;



storing and transmtting said data; 30 - Figures 3 and 4, which have

al ready been cited, show respectively via an electric d| agr arg peskmbef 2003
voltage | evel evolution diagrans as a function of tine, the constitution
and operation node of a first enbodinment of a drive circuit for a

pi ezoel ectric vibrator; - Figure 5, \Mal ch has already been cited, shows the
di agram of a second 35 enbodi nent of "a drive circuit for a pi ezoel ectric
vibrator; ~ Figure 6, which has already been cited, is a voltage |evel

diagramas a function of time at two |locations of the circuit of Figure 5;
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frequency transf function of the acoustic system fornmed bé}qt hese two

converters; 10 FayteJQseows an gleglrigS9MTE OEIP%?O&’H?%?r FrRutsraceerdingds S ansf er
function ,&fasédmveﬁmt emrcg‘edlaic@wyesdé)m orcseﬁltgueemae itiee @ec@heyreanisterdi agr am of

two el ect wa che XE W.th each other via sound
waves; flrE‘Péll?Pé’\s%l%éf"ﬁé %‘ﬁm grﬂ%%ﬁ ?§g§%ow tﬁe envel ope of the sound
Si gnal10 15 em-t't_@ldeﬂy inm gephictdiagramtot e feenugesy trapsfer fiencheuat Bepul sed
control vQllag ﬂ‘%ﬂb”@? to the switching transistor of said watch; -
Figure 14 shows ol tage | evel s at e nection poi nt of the

pi ezoel ectric - \}9‘!5?61\156?35 ”éﬁ“cldf’f'@r?mtot&o ‘%?&f%’g ‘%’F‘?&T’%&F@Wﬂ? tal converter
i n the reeehstye gma ehih eacitbothehiigssundboaves; a graphi ¢ di agram of the FSK
nodul ati on codi r [ fromthe
gener al ' i nventi irBhiS aft 38 FoRenlel FpR e EM%&:;E‘?Q*%‘@%? ral brator,
usual h§ emitted by an sotied wgtoheasivelf as Weeﬁlqe'éterme@c elonkags apPliediihg an al arm

devi ce, aﬁe%twﬁéds%t%yga,a%edhver The invention aI SO consists in
connecting sai g__ﬁgl ezoel ectri ctronic

conpar at or whi- Eﬂ%rsa?‘@%thﬁt"qt?gf lﬁffﬁf)a{ t?'g °B§'é'if§8” Brgs qcféhe g'%‘??i?&”c
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control | ed. _ o _ .
20 The present invention proceeds from the general inventive idea which consists

in using a piezoelectric vibrator, usually used as a sound generator in electronic
watches inciuding an alarm device, as an acoustic wave receiver. The invention also
consists in connecting said piezoelectric vibrator to the terminals of an electronic
* comparator which generates at its output a pseudo-digital signal representative of the
25 incident sound signal picked up by the vibrator and allowing, for example, the functions
of a microprocessor to be controlled.
Figure 7 shows the electronic converter according to the present invention
designated as a whole by the general numerical reference 20. As is clear from Figure
7. aforementioned electronic converter 20 is formed by the association of a drive
30 circuit 22 for a piezoelectric vibrator P; and a comparison circuit 24 the respective
operating principles of which will be described hereinafter.
Drive circuit 22 for piezoelectric vibrator P, includes a circuit branch in which 2
coil L; and a diode D5 are mounted in series, a resistor R* and piezoelectric vibrator P,
being connected in parallel across this circuit branch.
35 Since the operating mode of drive circuit 22 was aiready analysed in detail in
the background section of the present Patent Application dedicated to the state of the
art, only the main features thereof will be briefly recalied here. Drive circuit 2; receives



Figure 7 shows the electronic converter according to the present invention
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series, a resistor R and piezoelectric vibrator P3 being connected in
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connect edef%eﬁﬁ?a%a%@m"ﬁyﬁ ngn- "F"étfr@r%‘ﬁﬂ*@lﬁ\/mat@@%“pﬁffﬁﬁvpﬁﬁt%&pm| mting
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poi n our c i rec a + ile the
b hor 20 ot gtie S afeshgE Lear cetmp i CGhds PRt th LBtk eo e b
of drive “di Tafudrive 2Bcuiti 22, ot dtber warcd o the poite opcanmeclitn batwesrt piezoelémbioveen

pi ezoel eqhl by py f'ap 4 Bhist5PT ANgs Ei 's%EBF?c}Te ve/1P t6e Egﬁﬁe% ghy fied above,

in the absence cont 7ol 3 onh the transistor T
R3, Vi br godtrolsigna gpm@ﬂ@né'amb@seeo Eﬂ”ﬁ'é@’é racit5aler Pp ds iglerandie ¥oltageequal to

suppl y VvoldaaststEmisalé edBai tolsaBpi§ vBlagel +E tdMBREB, Figure 9). In these

25 conditions, and according to a first aspect of the invention, piezoelectric vibrator P; is
no longer used as a sound generator but may, however, be used as acoustic wave
receiver. Under the effect of an incident sound signatl, the voltage across the terminals
of vibrator P; will start to oscillate either side of its idle voltage +E, as shown by curve
B of Figure 9. It will be understood that the energy generated in piezoelectric vibrator

30 P, by an incident acoustic wave could be capable of dissipating in coit L;, so that it
would no longer be available across the terminals of said vibrator P3, which would lead
to a low voltage ievel at connection point “ b " with comparator COMP, and thus to a
higher sensitivity to noise. However, diode D3 mounted in series with coil L; has the
advantage of having a very high impedance, which is equivalent to an open circuit,

35 and thus prevents vibrator P, from discharging. Comparator COMP then compares the
voltage generated by said vibrator P, with its reference voltage, which is supply
voltage +E of drive circuit 22. Each time that the voltage generated by piezoelectric |



25 conditions, and according to a first aspect of the invention,

pi ezoel ectric vibrator P3 is no |longer used as a sound gener § Decditlber 7053
however, be used as acoustic wave receiver. Under the effect of an

i ncident sound signal, the voltage across the termnals of vibrator P3
will start to oscillate either side of8tts idle voltage +E, as shown by
curve B of Figure 9. It will be understood that the energy generated in

pi ezoel ectric vibrator 30 P3 by an incident acoustic wave could be capable
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circuit HP%\S#GP%I’IQI‘%E@H@IW& (o h&dq&nvéﬂém?rcg@%cﬁpﬁﬁﬁ Mink hﬁreﬁfl £ 8hé of S rrade to
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of the transfer characteristic of circuit MIC (which may be obtained during a
measurement of the frequency response thereof), but also of the transfer characteristic
of circuit HP and its amplifier formed of the eilements diode Da, transistor Tga and coil
Li. It should also be noted that the transfer characteristic largely depends upon the
30 features of the piezoelectric vibrators used in circuits MIC and HP.
As can be seen upon examining Figure 11, the system response formed of the
twa circuits HP and MIC is optimum for a frequency f of approximately 2.4 kHz of
control signal Vec applied to transistor Tra of circuit HP. At this frequency, the voltage
generated by piezoelectric vibrator P; of circuit MIC at its connection point “ b " is of
35 the order of 30 mV. it will be noted, on the other hand, that the transmission bandwidth
of the system HP/MIC for a voitage of 1 mV is of the order of af = 1kHz. These results

are obtained with the following values for the different parameters: .



which emts a sound signal (converter circuit HP), and the other one of

whi ch receives this sound signal (converter circuit MC), f o016 Be€miRA2003
distance " d " and control voltage 25 V. It should be noted that the

measur ement thereby obtained takes accougt, not only of the transfer
characteristic of circuit MC (which may be obtained during a neasurenent
of the frequency response thereof), but also of the transfer characteristic
of circuit HP and its anplifier formed of the el enents di ode D3, transistor

TR3 and coil | -3distahcs haulpdivitesah® vd) Bt fits HFaEnd IC ticaB8$d g&rochar act eri stic

| argel y depends upon the 30 features of the piezoelectric vibrators used in
circuits MC and Eﬁﬂ!‘mﬁxﬁ@&ﬁ\&é@ign upon exam ning Figure 11, the system

response forned otafddetandevaf piazoelectris vidPatarsdP)\dfGhe srdmpiof miinFfand a f r equency
f of approximately 2 f . C ral . si | Vc.- applied to transistor
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TR3 of circuit HP. € voltage generated by
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schenatically_two_ el ectropi | St tc S. a eac ltted Wt a
converter cP'%ﬁ?ﬁI?d%elggggpﬁtﬁﬁSg 9%"‘%\%8 aﬂ(raéz’ééwp ?‘ﬂb@gtion, any one of these
two watches 26 oket28 dssumg, fbkrarhplepthekwatsh 26apetates ps essunegStergtonendt ed
by the SOUBﬁega@ggéab}p fig&%}fﬂﬁ&%tttaﬁ}gof A&l 'J\Sa@shﬁlaumﬁb ah q'tb 3M thout

sayi ng that I Stwat ches 1's glven sq?rtla y by way of
i |1 ustrati ofellowediby v shart ‘creipg "34 ang 3N erdpetodengraje this aceistic wanat

control hed Byinda Shedre PLREE TR0l AR aF NS RWH iR Figure RRBZAGtB6tdpbeloarent abl e
to generate and pick Let us assune, for exanple, that watch 26

_ upé_soufnds,.
oper at es asPase ISR draPltMLRLWAIGB 8l at es (see Figure 13A) a train of
acoustic waves i T fréquehcq of thagpulsedaeptrdl sighal fsofol exerplbgelestedtb betequabeeps

pul sed cont Pt Refgfar ‘aleBRIE R atiTirE R4 airch ikl B Paplerd 7L 2
of transi stcrard@Brislic of the twveremittecind2@ceiVarewatchepi2iend 88. Theepyissdseantobnt r ol
the opt Pourferad SEAISC JELEFREE 12 0 Sl Rtatct 26 By Fllropiocfesdf MRS Pe® o
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desired frequency of 2 kHz, a division chain can be used which will divide the
oscillation frequency of the quartz oscillator by sixteen. Microprocessor MP of emitter
25 watch 26 may also be programmed so that, each time that said microprocessor MP
counts sixteen pulses provided by the quartz oscillator, it will command the polarity of
the control signal applied to the base of transistor T ra Of said emitter watch 26 to be
inverted.
The response of converter circuit 20 of receiver watch 28 is shown in Figure
30 14. It can be seen that, under the effect of the acoustic wave train generated by
emitter watch 26, the voltage at connection point * b " of piezoelectric vibrator P; of
receiver watch 28 begins to oscillate on either side of its supply voltage +E (curve B,
Figure 14). As already explained hereinbefore, each time that the voitage generated
by piezoelectric vibrator P, exceeds its idle voltage +E, comparator COMP of receiver
35 watch 28 will generate a pulsed signal at its output “ d ™ (curve D, Figure 14). The
acoustic wave generated by emitter watch 28 is thus converted into a pseudo-digital
- signal able to control microprocessor MP of receiver watch 28 as will be explained



latter. Emtter watch 26 includes a tinme base provided by a quartz
oscillator (not shown) which oscillates typically at the fregupB&aemnbef 2@3
kHz. In order to obtain the desired frequency of 2 kHz, a division chain
can be used which will divide the oscillation frequency of the quartz
osci,l lator by sixteen. M croprocessor 1hR of emtter 25 watch 26 may al so be
programmed so that, each tinme that said m croprocessor MP counts sixteen
pul ses provided by the quartz oscillator, it will comand the polarity of
the control signal applied to the base of transistor T R3 of said emtter
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“ silent " period is thus defined, whose duration may be, for example, 10 ms. This silent
period allows logic levels “ 0 " and * 1 " sent successively to microprocessor MP to be
25 distincily separated, and corresponds to a period of time during which emitter watch 26
does not sent any * beep " sounds. Microprocessor MP of receiver watch 28 thus no

longer records any pulses, or only a random number of pulses due only to the ambient
noise picked up by piezoelectric vibrator P3 of receiver watch 28. Consequently, if
after the first twenty milliseconds during which forty pulses have been sent, there
30 follows a silent period of 1¢ ms, microprocessor MP of receiver watch 28 will deduce
thatitis a “ 0 " logic. Conversely, if during the following 20 milliseconds,
“microprocessor MP receives forty additional pulses, it will deduce thatitis nota” a-"
logic, and will remain on standby for the foliowing pulses necessary to forma " 1"
logic. It will be noted that a certain tolerance threshold may be accepted in the
35 transmission of the pulses to microprocessor MP. For example, 200 pulses pius or
minus 10 pulses transmitted over 100 ms, followed by 10 ms of silence correspond to

B logic.



short " beep " corresponds to a " 0 " logic. It will be noted that the
parasitic signals present at each transition from" 0 " to "14Decébel 2O "
1" to" 0" at the output of 20 conparator COWP of receiver watch 28 nust
be filtered at the input of mcroprocessor M, for exanple by nmeans of a
digital filter. Thus, after the first t'v?énty mlliseconds, mcroprocessor
MP of recei-ver watch 28 will have counted forty pulses. A so called "
silent ' period is thus defined, whose duration may be, for exanple, 10 ns.
This silent per I o sent cce |ver
to ni croprocessollr qﬁfpgféo'g%ede?‘%bafjgg%c?rl]i/d@\b%ﬂ%daeiang aREBER ot r @Y oh to a
period of tpreeskintimepihs 2hmenand e duwdtoh 6 silesperiod ssgattirtyo’ beep "

- sounds. - M c5QREGRS U0 %&ECEF%%I?%E.QQSE}&OA o2 oh@RIBLadBIRLIS any

pul ses, or onl random nunber o ses ent  no

pi cked up bipe aéazféﬂéff E% betweep Bffélﬁ%rwalf@ 5 a’?%@éﬁ'?/@rw@télﬁ 8& wiigoe efghe etfleent | Y,

if aftes tafeapfprdxsﬁatremrmtnnsﬁbl:édcﬁaemunséudwrstlaedMIc@&s&OﬂhIanopuiﬁ‘éﬁe%thave been
sent, there, 30 f.ollo erio sor MP of

ote ver va: Bees ol B, Z2hs RakoR flof e migh ool e P Bhidredy, |

duri'ng the ey bewbtane20 m |l iseconds, m croprocessor MP receives forty

addi tional pul segg r%% %@hrl |l1ftfq?efy1]€a% r]igd’lﬂtlﬁ géss'ib?e nat, r%sult(?fth?g e%ghtcnv%ngpw .

remai n on standby €S necessar
It will be WRecewer hegers @éﬂtﬂ%lgﬁmr@tlemba@cfésttqwe@sh@pd Orr@dbe‘l "dogiefavets i n the

35 tr ansm Séiil@fb éﬁnﬂbh&e%br%ﬁﬁ:cb@sdﬂo%@@é&ﬁ%ﬁ%é& pME’ed EPJ d@fsﬂe@k@m th80 pul ses
ns of

pl us or é es . transmtted over by 1

si | ence cor rétsg ﬁ(foar%trarﬁsfer mMay- 04cl Patweep ML RIgAFRSIC ‘2@6@95 i‘ir qxﬁ"'tp %exanpl e
descri bed abendetwden alwaihiaad acforeputeongn appieetion’ exasnpld6f srt&h adyatem of a
short * er‘%!abeé ) tﬁ@nr%s]e_g.rr\ of Qifa‘?é‘r{ %b%a? r. o‘?‘ e J«zﬁ c%% r?.?@?‘(o%é ng two

successi ve sta |ca S S a OWS oOhe to
deduce t hat!ntermgs Sdapéthrelr@wuff%qﬂereb@& wedewa@maﬂd @Ftiwﬂs(ihe meamhngefgmt@er wat ch

28 W Il 1he gerddgy ﬁféjﬁ{e FPhé’f:orﬁB@tEP)ﬂ'ttH@WhTés%gn@bé@/@fﬁquemﬁta Weédsshe

under st ood, Qf couyse, differe " sound durati ons,
transm ssi o PEERF r‘ﬁF'@g cﬁ‘ﬂ%gr?o@ijé%\?%maﬂﬁaﬂ f@dbl té?%%tea?ﬂa as/G&) be obt ai ned.
As was seeruriderstdiel ﬁmegﬂtmmcetsdr$tt@a)&sthbMaxchaawdmwaseﬂéblwmetlét&rpds esent

/ on, b
YN0 kY8 e s B F ESCARTR e W ok BFRL
second obj etsta ﬁOla\dei WatChatO mesmcammert tomayt beca chder kapt inTthe svattdt mempagrastder nmay

occur - bgs WeRBwinqred! bk lﬁ’@ﬁﬁhﬁﬁiavj&fco%gﬁgb%y phies GYERSOFLIRRN 2 vatch

and a conputer. ~An li'cat1 on exa such ates to the
time- sett i Hgtegtet a't% ﬁWa*ﬂ’i‘e’”@@-&?@ﬁfe&fAftYHIéOQ/\%ftR?ﬁs%’éh?fééft‘%f dataiay fIsp&et he
| nt er net S|dxehafgearmnmmuf~aw;mgs of said watch and activates the

gggﬁdsg;: IdngWT F{Fr%qlljgg %%0?15 Ecgﬁccgéég\zeﬁg glsct)l.le‘nd sTghn%l ﬁ\?ongseu%o dlglta‘ d§g with a
: able to control the functions of a microprocessor will be described, again by way of
25 example. It concerns frequency shift keying (* FSK ") coding, shown in Figure 15. In
this case, the duration of a sound pulse is fixed, for example equal to 100 ms, and it is
the frequency of the control signal applied to the base of transistor Tr; of emitter watch
26 which varies. For example, a frequency of 1.5 kHz will correspond to a * 0 " logic,
while a frequency of 2.5 kHz will correspond to a “ 1 " logic. Microprocessor MP of
30 receiver watch 28 will thus count the number of pulses received every 100 ms, and will
deduce whetheritisa“ 0" or a“ 1" logic. One of the advantages of frequency shift
keying coding is that two successive bits of data are not separated by any silent
period.
It goes without saying that the invention is not limited to the embodiment which
35 has just been described, and that modifications and variants may be envisaged
without departing from the scope of the invention.
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of " beeps " which correspond to as many" 0 " and " 1 " logic |levels as can
be understood by the mcroprocessor fitted to the watch and 1éDehmberdiiOa
the latter to tconmand the tinme-setting of the watch. Conversely, one nay
envi sage transferring data fromthe watch to the conputer. It may be a
code kept in the watch nmenory and 20 all@wing free participation in a lucky
draw acconpani ed by prizes organised on the Internet site of the watch
manuf acturer. Any type of personal or other data may al so be exchanged

bet ween two matﬁEes. Finally, a second node of converting a sound signal

i nto pseudo-*k | data able to control the functions of a m croprocessor
w | be described, again by way of 25 exanple. It concerns frequency shift

keying (" FSK ") codi 19 <pEh0 B rg;ga GESt Hibiudifly 1 fesoaRerict Rralor aiin of

a sound pul se is Ttixe e €eq ua , and it is the
frequency obehéretesomrsoomd #i gasabnsaqom are@wtestlsw@r@és@dowhtchaﬂ‘r%q geRprateRANf

emtter watch varles i adndrateHeirvuit |
cor r espond p@cﬁ‘lo sngpal |n Begﬁpense \%5’9 Ec%?quaﬁrgn?gér%ﬁﬂgﬁ@%ﬁu Qe gene acor lrre slpond

toa" 1" If@meecombﬁsamdloeewbmhmwht said pisgeeleetric yilrater f%“WSF'ParSWQs count
t he nunber of pul ses received every 100 ns, and will deduce whether it is

a" 0"gor a” 15" *rﬂelsﬁun@enérfatdrhec@dymtcag@m cihint f ecpraprisingsswitchingkeyi ng

5
or od. 1t mpses sqR0sai 1o SLpVIRRCI S T P EleEe R SRR Ee s R aF o

enmbodi ment  jhj; pﬁ}anéﬂnhaﬁcu Hsbil been m@remnmm geines. arfﬁﬁst@rcaitdi taﬁs and

variants nmay be envi sa f. the

i nventi on. P'PGC’%E@%@Fﬁ%B%‘ng fﬁnﬁ:ﬂ%ad’f%[@gaérwggé nggglgte %rn em rcuit

i ncluding a pi ezael EFnérsbcnd/gbma‘atmr anbdrcing tgeleem & yﬁeael%gmﬂ”‘!chlnﬂég%ﬁse to
an acoustic 5| &q i V\/mch al so generates an electric signal |n

responé@ t Brekd vvave wherei n said sound gener at or (EI rcuj d ,E‘hurther
conpri ses a di ode vvhncehecpmmmvsféﬁﬁdﬂ‘ﬁp@%élsé’é'ﬂ? OENGTARTHIGHT P Wi

di schar gi ”% i cﬂ&%rbsrgfbr?gs%q%rs%é’énscédpﬁlﬁﬁg @@Q{eﬁc@gomageclmdaemrﬂl,t
conpr i si ng=&f 08{? R

means arranged crn FT\ e, ﬁq offvéwup n
recei vi ng ajrﬂmntncbldesﬁgwag mwsvomh &@V%”t % Eﬁ?qe%cfﬁ?ﬁ(‘f PE W ch a coil
and a di Odglséﬁ Iﬁﬁuﬁ'ﬁ@%r‘nﬁaﬁﬁn' rﬁéansawlﬁueﬁtsmcareamd réfleesnceiveitags cthei c

br at t ed | Th
\sflouLg Sgnewé?agge g;g@gceﬁgqqle BY Itl{lq)pqgéq?ﬁiq.ﬁ%@c VI revylieaﬂ[ tﬁg?ést‘éﬁ?#)cc%ksw %Cébougnc e

incl ude a {5054z éHmpéhsoﬁﬁr@dr%ogerrﬁmtmgmeedo@ngmahstgnaﬂlnger‘d'“‘gagktﬁge
generator Ci rcuit provi dEd W t h % 553‘7’3? e%% LbSa brator as wel | as means
suppl yi ng 8enefpiadd' PRl Rt urther includes driving means
whi ch” prevent sasd picneetteciaconding torcioy 4. fwheein the reference voitage is th

supply voltage which allows a current to flow in the sound generator circuit.

20 6. A converter according to claim 4, wherein the comparison means include
an analogue-digital comparator.
7. A converter accord:ng to claim 4, wherein the pseudo-digital signal

generated by the comparison means is used to controf the functions of a

microprocessor.
25 8. A converter according to claim 4, wherein the sound generator circuit

includes switching means arranged to be switched on and off upan receiving a control
signal, as well as a circuit branch in which a coil and a diode are mounted in series, a
resistor and the piezoelectric vibrator being connected in parallel across said circuit

branch.
30 9. A converter according to claim 8, wherein the switching means include a

transistor. |
10. A converter according to claim 8, wherein the control voitage IS equal to 3

V_in that the capacitance of the piezoelectric vibrators is of the order of 10 nF, and in
that the inductance of the coils is of the order of 50 mH.



di schargi ng. and conpari son nmeans whi ch conpare the reference voltage to
the 15 voltage generated by the piezoel ectric vibrator when theplabhiff 2003
pi cks up an acoustic wave, said conpari son neans generating a
pseudo-digital signal when the voltage ~¢geéherated by said vibrator exceeds
said reference voltage. 5. A converter according to claim4, wherein the
reference voltage is the supply voltage which allows a current to flowin

t he sound generator c¢ircui 20 6. A converter according to claim 4,

wher e n the: commdni sBrfomeET Eingdo S R FhgRE  BF Jedrh SofaRi o 7. A
converter acbanadieristicta saldegamvértenif eergred drhe freqeerty-of 2gi kidd, asd gntblat the
gener at ed b¥rakélﬁi§§8§8§|i&vﬁ8ﬁi &%gmrén%fé%%ggrarc%ﬁgf?@i%ro?'thet %&LWME’.”S of a

m Cr opr ocessor. : converter according to clarm4, "Wwherern the sound
generator circui 2. i higlapiee eompnshigray eledresicaronuerterdneladibg asandhed on and
of fupon g egghethidd cRc AYPIEVIGEd with 9 PRizoeREILRIbatBSadwell BE tnﬁrs@ﬂﬂﬂn%g whi ch

a coil and a diode are nounted in series, a resistor and the piezoelectric
vi brat or befe{erepemyrlizgedwingreipdt furthal inglgdesseonaparigop meamstwhigl eamanare 88 9. A

converter agdférefltd'ellage % ficVdtagahefdthizdityans plek6d1ERElc RARS Wik e Gatfer
transistor. 10. A converter according to claim8, wherein the control

vol tage is BigESYP aRagousiic waxe,$id CQRRanSap 043N 9eae Ny RePssHEo-gigftalgnat

Vi blr-ators :cwnﬁi ﬁfehglt@gdlfgéné)éte&@:ym&d mg@xcéédatsatdheférBMoaag@. of the
coils ignof the of. 50. mH. 16 Dec er .20 -13 11. A converter
accordi NG to cf altn tEHHEREH SREnTRGIRE e Aot i aFar e AR BEMREC . of
said conver emittef Bnipamta extetver anif, requehtpsa fwdunitskidyudingie nioroprewressdnand
Lransm ssi ofh BgBEHiclidhvafier 3bd doh BRI GloIShRY BSbEH SlidhatbP citinlohsddler of 1
kHz. 12. Tineplece conprising an electroniCc converter |ncfué‘| g a sound 5
gener at or cVithed Plezpglecifiguigraipr 35 welhaergaresyrping e Kefatence yaltage, theas neans

suppl yi ng amethol 8eRg@heraltht age, wherein it further includes conparison

means which conpgre the reference. voltage to the voltage erated by the

bl 206l SBLri ¢ vi-HPS EOME ARIErIREC [ i5udes SuiEhing meang AFABITH e avichef g

conpari son areawboffjem erceivingoa pulpstustarolisighéial si gnal  when the vol tage
eference volta

Toosdirect i onal - HERAE oBRRE! Fs MrfudeS BlBafon Bad® BedemPam teni ¢ or
unit and a refecariceopliags 0,a waitage glenetatesbiy Whe piazotecircoibrgionghen the latter
Toonscgo i B ol 6504 5 CARMAL Hhoaiob b aMFS bibudsbbll 10 7
means s¢lpplsignabfoamed pba suecession LApsic RuRes WhanHbe velkagegasaeested Ry said
vibrator exceeds the reference voltage;
- as long as the emitter and receiver are idle, the microprocessor of the
receiver waits for a sound signal;
- as soon as the emitter sends the first of a series of successive acoustic
25 " beeps °, the microprocessor of the receiver instructs a time counter to start and
begins to count the number of logic pulses generated by the comparison means, so
that said microprocessor can calculate the number of pulses received in a given time
interval, and determine by reading in a counter whether the logic level is “0"or“ 1",
14. Method according to claim 13, wherein each “ 0 " or “ 1 " logic level
30 corresponds to a long “ beep ” or a short “ beep ", two successive acoustic “ beeps "
being separated by a silent period during which the emitter does not emit.
15. Method according to claim 14, wherein the frequency of the puised
control signal applied to the switching means of the emitter is 2 kHz, in that the
duration of a short “ beep " is 20 ms and the duration of a long “ beep " is 100 ms, and
3£ in that the duration of the silent period separating two successive “ beeps " is 10 ms.
16. Method according to claim 13, wherein frequency shift keying “ FSK "

coding is used.



15 - the sound generator circuit includes swtching nmeans arranged to be
switched on and off on receiving a pulsed control signal; - tdPesinffel 260y C
converter also includes conparison neans ¥hich conpare the reference

vol tage to a voltage generated by the pfé oel ectric vibrator when the

| atter picks up an acoustic wave, these conparison nmeans generating a
pseudo-digital 20 signal forned of a succession of |ogic pulses when the
VOrLage gener at ed7by widhél atbRiAY B SRS Uneldif HEKELRACS HOLLaREe - A
long as the emitter and receiver” ar I oprocessor o he

recei ver wai geporemitied pydhe prpitter is 10019s s%@riﬂé%?tttmﬁéfr@qﬁetﬂﬁépf bemglsetdhe first

of d series c@ﬁtr&‘éfg‘?@?%ﬁﬁ@d ?&%%Wltﬁhmé'ﬁ"leang%?ﬂr% érhiﬁemselr@i?lﬁlff‘cﬁ%ﬁcércoﬁ?éuct he
receiver instructs tinme counter to start and begins to count the nunber

of | ogic pul " eep gE‘P@S&’PBG“B)VJ?hQ é%%?l"?'saﬂd fedidz fos 8n apeiptic S hpep
nlcroproqps&gﬁegﬁmdmghguhatqO@bﬁw@unber of pulses received in a given tine
interval, and determne by reading in a counter whether the Ioglc IeveI IS
" 0" or " 1 14. Method according to claim 13, wherein each ™ 0 " or" 1"
|l ogic I evel 30 corresponds to a long " beep " or a short " beep ", two
successive acoustic' beeps " being separated by a silent period during
which the emtter does not emt. 15. Method according to claim 14, wherein
the frequency of the pulsed control signal applied to the sw tching nmeans

of the emtter is 2 kHz, in that the duration of a short " beep " is 20 ns
and the duration of a long " beep " is 100 ns, and 3F in that the duration
of the silent period separating two successive " beeps " is 10 ns. 16.

Met hod according to claim 13, wherein frequency shift keying " FSK' coding
is used. 16 Decenber 2003 -14 17. Method according to claim 16, wherein the
duration of the acoustic beeps " emtted by the emtter is 100 ns, and in
that the frequency of the pulsed control signal applied to the sw tching
means of the emtter is 1.5 kHz for an acoustic " beep " corresponding to
a" 0" logic level, and 2.5 kHz for an acoustic " beep 5 corresponding to

a' 1" logic |level.
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