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-1- PULSOVETER WORN ON WRI ST AND ASSOCI ATED CONTROL
METHOD The present invention concerns a pul soneter
that can be worn on the wist and a control nethod
for the sane. 5 The invention concerns nore
specifically, a pulsoneter worn on the wi st
conprising a case that contains an el ectronic optica
device for neasuring the pulsgjof the person wearing
the pul sonmeter and an electronic circuit for
processing the nmeasurenents in order to calculate the
pul se, a tlghtenlng MW|stband whi ch holds t he back

: .

at | east one Ilght source and several Ilght receivers,

which are arranged in the back cover of the case and

whi ch :

oul so@% ?ré%?éhtelg{/eq'ﬁlf: S%@Lteqﬁs Lg Its%hﬁa‘ thaf@é%gé )é’aaﬁneﬁlﬁ tfﬁo\f-\lrlst and a
200y ovdBRor thelsamehi s docurrent the el ectronic

optical neasuring device conprises an emtting diode,

whi chThe igyeniiag eepnaerns haokee fpe@fically. a @ gtulsameteigwarme °By"he wrist
fc@HlbrlsﬂH@E REtOMBPeontifdar @I@Etrcﬁﬂ%bﬂcé@em&@tf&dﬁé&ﬁnrhgsthe pulse of the

| ocated” at an equal distance fromthe emtting diode.
REERB (i the %H'ﬁoﬁl?é‘éfr?é'ﬁta"&'e“i"ﬁé'cﬁrﬁ‘dbfoéﬁ@c???éf‘g the measurements

Ahekded tcpdmma@ﬂﬁé thbé’ Btiysniey AeistbbRS Which . holisthé ®aBk 8dver of the
I‘e|labl|lt surenents g?az sonet

gggeepr\?gae g/qﬁlm h@mrgr v‘f}ﬂebeé% seée%'f)"'ﬁt?? - p@eﬁgg]grgsewce comprises

@t febadt sriediRybt irveit $everal ight estivers which, aré afranguxidnhecback cover
af rec%ards tﬁé vascul ﬁ%ajtzat |do of tthe wist. These

SF 551 %Bn% 287 WRIER S(F IRIRC YgAMWY i ty can al so

appea‘rhﬁ u?sf s egélfa% aol'ﬂ | Bt arH‘@sC@aﬁ&t% bh&3/0065260.
Wi st ect O OVercone

iméie ddctav@*&clbs d@gctlpn@mmpaignaawnn@Idewcam:dmeusﬂsoan emitting diode,

Wlidﬁtlk %ﬂang&uac‘t the t&@nt? XPQHgﬂ%d%rqgﬁ ofir Pﬁgtéﬁaﬁse Eu&f that each

evi ousl escr cterlzed in t
ph@toélpé@tsﬂ@mt%d aan esvalal Wamﬁfmgtf@eamlﬁ@g diodpr | ses at
l east two light 25 sources and at least two lig

r ecei Piheugh;tiyis arapgement|of md'%@%@ematoﬁr?éeﬁ éé'@ﬁr@'é’r@"es good
PESRUIEN bﬁ)ﬁm b réla'éﬁlhfyobmr%f pllséBhddstrdnidhitd] Brd) GoimbBimes observed
Ilnes ch orlent IﬂJngg an. orthogonal direction t

tpﬁ%’CH'F'F'lé CBYSe Ol ¢ EPNEEs | kE‘-@.%‘?ert VRe ¢ @I”B‘r'ﬁmé”earers for
ekarfplees fb@[aﬁdsﬂ lﬁb aaecdléwzatldt betrta @fistoThédee prbledis, of Measurement

of the nmatrix alternat conta ns one

|’$‘6h¥'§’s°8f] r’%é’ aPRAY RRGRYSS 93’é’°9re?°3"'8ﬂ‘89 é’ghﬁ 2% Andhesr sne

matri ﬁ gﬁ‘&t%'e& %eln\llengmtl toscc))vlé o%%eatﬂgseo&gwbg&srb?%%po%f’n'g a simple

and economical solution.

Thus, the invention proposes a pulsometer of the type previously described,
characterized in that the electronic optical measuring device comprises at least two light
sources and at least two light receivers, in that the light sources and the receivers are
arranged in the form of a matrix including two lines, each oriented along an orthogonal
direction to the direction of the wrist, and at least two columns, oriented parallel to the
direction of the wrist, in that each line of the matrix alternately contains cne light source
and one receiver, and each column of the matrix contains one light source and one

receiver.
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-2- Oning to the arrangenent according to the

i nvention, an increase in the neasurenent reliability
has been observed despite the fact that the receivers
are not distributed symretrically around each |ight
source. In particular, shifting the |ight source and
recei ver colums al ong an orthogonal direction to the
direction of the wist covers_a_5 large variety of

di fferent physiological characteristics anbng wearers,
whi ch conpensates for vascul arization differences.
The arrangenent according to the invention also allows

poor (adng itenihegaﬁéngemant PadcoriTRl &6 tﬁésiﬂvélﬂlohh%nVWHcﬁdase in the

kB e anE AR b B, B5secviel ekl e Tacy AGat 1S cSbeitels are not
elistitivjed $6nrRetetalyadnbynd ¢doh I@hsscamme Ib phriesiar, esaiftingl thg hight source

%&F "tséei \?e;r] %g{LJJEn%F 4n%cﬁq‘|n6rth g%ﬁ | e rgct{cw 3 he fi!é%crt]@n og {%\&J‘St covers a
dargd vamejhof @ﬁeren@ra’nlcﬂogtchbcrammmms araorej weareispwbick compensates
‘fc?rl\}égéhlé}fza{&??ﬁ% . This arrangenment facilitates

processi ng e signal produced by each receiver by

homogeRé sirRdgdhént! d’HcSl‘?lﬁ‘I L6 t‘?ﬁfe |ﬁ¢b‘?|t|§|‘| %l%@l élom@cﬁ?ﬁf glbaﬁoning of the

to an advantageous enbodi nent trix co
PHise@etes | @an SN th&ﬁ“"’éﬁtldo tbRempier @QS'IVIWQC@QHM‘%EIM the wearer to

lde@Rf the RUlisECorplist ohAAknNt EMGs Rf&bYaRS, and the
second |ine contains a receiver surrounded by two

|'i ght Pe&ievaBls the [distandd b@ween®ath ﬂéﬁtegoaro@ arﬂﬁtr?gl a“dyéo%hi peceiver in
\ nu

ff
e 15§ Shthe RRRPER SuBoiayy SalLs fhe s dtstusatsden lant source and
trengdiadent reteive0in @ne Galunt ¢fahd Matrix. Diis brahgemeat tHollikdes processmg
A
par ;' g«gl\zflﬁ@éé’ 5‘% gn tag?arﬁég{e%ﬁ% e%o&%e%pqhé{\ﬁa?r{ﬁ% dih %‘%gﬁ‘ee columns,
@0@@@ st hrleecqm'ntam:nme light snurice rsprrowndadsbyuwexpmz\teesila;nd the second
t
935S B VIR 9 0 A . ot
fadicdagy effigient r edmpripmiset hy wOVpn@ 4 daraps ymbeucdddifigrent wearer
bhfsufl@gﬁ@é IS - préduicinid®a CRRpad ¥nd eRbfonfEdl 36'8&1‘6%@ oaﬁai measuring

ows at | east one reliable reception_ signal
g8Yics- e @astigulap dhis @H3REEMENh HiRigyses t”P%SU"f?@P p?lﬁ‘@‘l'Rﬁﬂ/O'ﬂ)fhe back cover

bhewass, %rtitmérlﬂhﬁh& ARGetionof FRtvrdN cohpare!ts bl delvic iccording to the
Prefcqﬂ_{ably, each |ight source is f'or med by a di ode

emts light wwthin the infrared range, and each
recei f or ned todi.node., This optic
reasul g e sBPBE 01, P Pedtih LOBNER" sl drevBitcesly ghsecved that he
apasmeteinal rarrangémetti df ithey rexateguralativeyto thiilight deiresy did not decrease
the reliability of the signals produced by the receivers. On the contrary, this arrangement

allows at least one reliable reception signal to be obtained in most cases, whatever the
morphology of the wearer and his vascularization characteristics.

Preferably, each light source is foormed by a diode which emits light within the
infrared range, and each receiver is formed by a photodiode. This optical measuring
systemn offers the best results as regards measurement reliability and quality, while being
economical and simple to implement.



30 economi cal and sinple to inplenment. -3- According
to an advant ageous enbodi nent, the electronic circuit

i ncludes a pulse calculation unit, which calculates a
pul se val ue respectively corresponding to each
reception signal produced by a receiver and to a
virtual signal obtained by a virtual signa

cal culation unit, which correspgnds to addition of the
reception signals produced by each 5 of the receivers.
A selection unit determ nes an optinum pul se val ue
fromanong the pul se values obtained by the pul se

cal cul abbcﬁﬂlnyﬂkb bn aﬁmrﬁagﬁé@hybhﬁﬁdlﬁwzﬁi hlﬁﬁ’ elbétﬁdrﬁiﬁél%ﬁlt irféRides a pulse

di vers of, s at can be expl oited
cSHBURLS Bl BPRACcAabelie & PUisPoYALe BErRRGEAN fnesponding to each
drddeptiemsigna pesduesd by Adeceeagad ts b yirtubhsigredl ebtainedibg a virtual signal

cbEtetor gt VNP BrePidper e o dhe Pebeflion igpeis progyeed by each
St he tf‘mut@eweal deseladiibaiunidietermires arpoptsrurn glutse! wlieofltom among the

u ﬁhltse v-la—[‘de§ o#b?ejuﬁ&ﬁg gﬁey ulQé:l %él Ul‘gi‘c%s urti EerrPsegéluﬁb%efuﬂﬁer ||H8reases the

ver Sl e ner recel ver
adyPeitn g)f d$|gl1ﬂ|9a%lai ccanmbe: @prbl’@ct apd | wneasates fam mebyurement errors

| BEeBh Bk diffSreHSBbeidsts ! O the quality of the

measurenents carried out. Mreover, when the

rel i ababidntadedtsy, rtﬁécgféétrﬁléjeélﬁfum W?dﬂJd%é' W€.urftor calculating a
el ectronic clrcuit can detect poor F05|t|on|n

f
10 meagyemegh relighilityindax, yhich igtayfun CWFEPE he pylge values obtained by the
ppliser Ib&létnd)ﬁurﬁlptrht%&le%lncfffnﬂex mﬂt@s tHavisdat L oﬂﬂhé‘i‘hverslty of signals

sSe ontrol, netho somet er accord
Pooitgiegs B (R praeltitigevada adeismpreali. auss Biues and by
rTeruinthge ssenagiiarthe quaity offithe &téhsd:rb@bhtssdamédeaﬁ Mdréoved, when the

bea and ch receiver ner es a rece
I HRbITSBOE Fer@RF on oY) Pae, MecaisPuRtS ‘Ghiif Jan detect poor
15 putbssimrww of theatase@ndhe pristor 2rstpteviviheleirathp pulsemetr isenat deing worn.
cal culated fromthe 20 reception signal generated by
each rEeeinventiod sormgopdses awastool inmejhadt fepa poisamater acdordiog to any of

| t
'C{)I‘\rer eék?gh If%étﬁfégoé%rﬁ@ t%lﬁ%ﬂ? gerprde{@lé tﬁ\{hg:ﬁaelach ll%ht source emits

geright e@f@h regeien éaenef@tza5v@ reception gigealt 2sja timqnere mf the light
t%eﬁ&@%ﬂd‘ A9uiRé @BIcaARfhg §t@§ dﬁﬁﬁg_? %%ﬁ'dqﬂuls?é 9@ue 'léqcél ted from the

ulse value is calculated fromthe virtua
20 dﬁfﬁ?ﬂ@?nt fignal ganerated dvqachrerives Kipng Heameasuringst &, characterized in

dwuét BGstéh of 88b@AsHIgeH vﬁtuﬁps;lgﬁé] ofBEpIRdRgP! HE addiidteof fhe reception
| ect ed from%?qo q Pul se .val ues obtained in
R BeuTeten o o 2 tag éeﬁev ci8 insergd gMseRdhe measuring step and
ftha;oalrclaumtm% stbelm # et Aedise Vatubes mulcglate@a‘lmu krat wﬂ@al%tgeual during the
0 as reliabilit
St PaPYRiracah 410 PR e Saaion e WS Spirgan puise value i

25 bﬁimfrd;m enpopsee mdseadussluibtdimezdinitiie pulse calculating step.
According to other features of this method:

-the pulse calculating step is followed by a measurement reliability index
calculating step during which a comparison is made between the pulse values obtained in
the pulse calculating step,

30 - the measurement reliability index calculating step is followed by a step of
detecting the positioning state of the case during which, as a function of the reliability



the pul se calculating step, 30 - the neasurenent
reliability index calculating step is followed by a
step of detecting the positioning state of the case
during which, as a function of the reliability -4-
i ndex value, it is determ ned whether the pul soneter
is being worn or if the case is poorly positioned on
the wist. Qher features and aglyantages of the
present invention will appear nore clearly upon
reading the follow ng detail ed description, nmade with
reference to the annexed 5 drawings given by way of
n(im}eb(lvmubl i dotermer! vitigdharhe\bilSdmeter i b@ihgavckn ioB ifghd €dde is poorly
ew.th henaﬁlcally shows the pul someter according

8°§'H%" %twgﬁf”8 worn on a wearers wist; - Figure 2
Is a b@)ﬁﬁetg%é/th%\’sv atngi c{vgﬁtgggm @@en??n%nti{)rﬁgw@ﬁﬁ%ear more clearly

cover ure
elupen reading ot Ifailanpudi&t&leﬂed&sanrﬂrmnmaﬂevwrﬂe refaEneefto the annexed

|
S Rigwiligeich B bl & R ARSIRESEIRR ARUNR? 1 08 33
and theplgLrhy @5% ﬁéﬂv%ﬁa@%c@éﬁéwﬁtﬁgﬁom&oﬂé EISSEefeP%ocordmg to the

el ectronl C nmeasur enent ice; - | gur
a"TVPBWWFHﬂtO"tWa@'FﬁMBSti he pul someter of Fi gure 1 and

the electronic circuit fitted thereto, 15 Figures 1

to 4 shbiguee guiSsBriatter Yiewalhek seherprticalhy sheys dhe back cover of the

Wpakemheter BhdeSdf Flglre 1 BHE S @éddionitGplicdrpliss AfeasureaAt device thereof,
attached to wist 12 via a tightening wistband or

H)gr acel eFlgihﬁaf 3l |ﬁ 4 ?ﬁos‘séﬂebw aignglese ninpt 3-8 nthatt Bisov@e BelieRatically the
irection the fo rm oci at e ist 12 ,
¢ RUSGRRBE o7 FidrS e BBt BRSing e b i Bhusso0bg eectronio

1l4ptmhimaasisemantadegicer oni ¢ opti cal device 18 for
nmeasuring the wearers pulse and an electronic circuit
20 f or - bigoses isi mtowrebartithehehws the polsdrmeter of Eiglieut andethe electronic

ae&ﬂ'fﬁgé%ret he wearers pul se P by nmeans of a display
devi ce such as a liquid crystal display. The

15€el ect rﬁgu.@sopttd Qa3 holP A SHisBARRr meyme%%% Wrnabr @ang&fer's wrist 12.

in the back cover 24 of case t he opposite side

t BulgPBEpleny Oromrige 8. cagpi 14 iashod & NP2 HiRCR lBbipBng apistband or
Obrac@et pmse 14 pressed against wist 12, so as to

optim se the operation of electronic optica

meas ur gnies tiolitewng: BesbBiption, the general direction of the forearm associated with
wrist 12 of the wearer will be designated by direction D1.

20 Case 14 contains an electronic optical device 18 for measuring the wearer's pulse
and an electronic circuit 20 for processing measurements in order to calculate and display
the wearer’s pulse P by means of a display device 22 such as a liquid crystal display.

The electronic optical measurement device 18 is arranged in the back cover 24 of

case 14, on the opposite side to display device 22. Wristband 16 holds back cover 24 of

25 case 14 pressed against wrist 12, so as to optimise the operation of electronic optical
measurement device 18.

In accordance with the teaching of the invention, electronic optical measurement
device 18 comprises at least two light sources E1, E2, E3 and at least two light receivers
R1, R2, R3, which are oriented towards the wearer's wrist 12 and which are arranged in




In accordance with the teaching of the invention,

el ectronic optical neasurenent device 18 conprises at
| east two |ight sources El, E2, E3 and at |east two
light receivers Rl, R2, R3, which are oriented
towards the wearer's wist 12 and which are arranged
in -5- the formof a matrix including two lines L1, L2
oriented al ong an orthogonal digection to direction
DL of wist 12, and at |least two colums Cl, C2, C3,
oriented parallel to the direction D1 of the wist.
Moreover, each line L1, L2 of the matrix alternately

C thet farm of @ métrig micliiing e Ides LE2 2 bdestad atongeareontergomidl, direction to

PR AE] o B e doeh g R sl . iy BB paralel to the
r dicedtion D 1RAf, thézzvnsRNorémmrehmgmeMaLa rof ther matitix alternately contains a

gg@@gg e, 9 B3 A £ RRR gngm*sf R, i SRt g;“@z C3 of the

freasur énen rlses ree
5 s aitrixealtemiatelFoont#as afightisedred e 1t 52 g3 anl| arhesiveniRd ,tR‘:h &R3.
in the infrared range, and three receivers Rl, R2, R3,

f or medAeRPrding &e a pRiEITed ieothesinment Hvigh i shawy | the Figures, electronic

r 85@@? in@8s*rABR devidd 18%8%pn$3tm%'n§ﬁt dodirésENED] 8] f&f'ned by three
10 quantity of |ight received. The matrix

thu
ngggq gpiting incthe Hplsared dangen gnq;ihre@zeomrs,\,ﬁﬂ hR2, R3 formed by three

cgﬁ@b@tsaésr@aoﬁlpgw@ng% redeptionSdigrdPBRANSKRE, SRYMAIcRiiSE fignction of the
rst. receiver RL in the first line L1 and a first

10I F@?ﬂt'tys‘?fd%té'e"%?q n the second line L2, a second
Frrot Thmapp P es fereiues pUmag T fi2 i B g Figure

| 2neefirscolurniel Cd dohiprising alfiestinedddrel R1 drotherfirstiling L& abdhiaffidst light source
;g%ﬁ“‘r& %e{"% c'?c‘a?’nd I ete{bg g];sl(t)aé%sd Lﬂ’ﬁﬂ F% c%ﬁﬁrlgﬂé Q'fslfarg%r{d IHﬂLseource E2 in the
Lfirst fimee L4 em‘tdnd secqitt receivec 3252 the seborgd B t2aand al thigd column C3

gt . j I C fy;
15 LR i e TR Rt INeT] R Vgt E e secone
Elme LZ&3 are thus substantially aligned with the second
‘receiver R2. 20 Preferably, the distance between ea

|i ght '§dbw 8t ine LEdhe E%:oaﬁagmweur&ej%émus subetanialy a#&ned with the

RRrst &% fhitd @edén}é@s R, Rbantﬂﬁe &éb%nﬂﬂﬁé Lz thé fifst BRE afd Iyhl Yources E1,
gual to the distance between each ht source H,
E

3 apesthus, BulstRntighy 2/igasd Wf“é&@i%?&?"q-«ffce' R&3 in a
20 g%gg}q%ﬁre‘t@%&ﬁ dIS& ggaqtgnrr%eunr ee%/_(\:%cl Hﬂ @m%ﬁ_%gaf_g and the adjacent

r eckivel R&aR2 RSB in 23inkHeay Leafltiel: aiaﬁ'tx |besubstahtialwéqual to the distance

58P Bod B A2, B2 A T el REFAE 42 i o

eCéct2 oithe matipcui t 20 of pul sorreter 10 accor di ng

According to the embodiment shown in the Figures, lines L1, L2 are rectilinear but
25 they could also be bent and describe two substantially paraliel or secant arcs of a circle.

Figure 4 shows in more detail the electronic circuit 20 of pulsometer 10 according

to the invention.

According to the preferred embodiment, electronic circuit 20 comprises a first
calculation unit 26, which determines, from reception signals SR1, SR2, SR3 generated
30 by the three receivers R1, R2, R3 during each puise measurement, an associated virtual



to the invention. According to the preferred

enbodi nent, electronic circuit 20 conprises a first

cal culation unit 26, which determ nes, fromreception
signals SR1, SR2, SR3 generated 30 by the three
receivers Rl, R2, R3 during each pul se nmeasurenent, an
associ ated virtual -6- reception signal SV. The
virtual reception signal SV is greferably formed by an
addition of the three reception signals SR, SR2,

SR3. Electronic circuit 20 conprises a second
calculation unit 28, which determ nes, fromreception

SrepRplicn sifflal SPRZhe &Raalgemmah egnblysv RGREMRAIDY BAmed ¥y an addition of

t he correspondi ng

gﬁTegtB'e\‘?e{fg‘??g’bg'IP'ri'tgHgi S%Sgggo&kﬁ/ The second cal cul ati on

unit 2 rovi ded. for processin anSI
aRs ebeiort Sikficoy RioRIS°F 3B1E SiididlioR R 28, Wiy getermines,
(from retapliog sighéls SR10B8E, 8RS generaled by rehevetsoR1 H%Q R3 and from virtual
- athV, ! . .
Svn\}@é%’l l?egcfbw %qun ;glﬁsreec\aaﬁl 93?1 bb Ig?glgdeéogﬂi&:%rcgb? gelg]lculatlon unit
ugBtis 3@9wm & metessing, sagmaims‘d?forﬁﬂ 1SR§.uByeanchlreresving noise, for

géxargpﬁe ubl ﬁ? filtefs gh@%ﬂﬁﬁg% E@% 5%[';@ h&élloaﬁ'lb McrdHhdvements of

, | mum pul se
v &gseidelative @éh@@@é@"éﬁ‘mﬁh‘& basi s of crl teria defined

by desjign, for exanple the pul se value P1, P2, P3, PV
posses%ﬁeﬁ“éc’ft'%é"@hta?@ ESmPlsasi & rfelectian ugikPEc Whishaseledie from among

10 ogﬁls@uﬂw@w PO3, P bRIHBY PSR ‘éélblkl&hd?@xrﬁt"?}iaeﬁﬁ 86timum pulse

sel ectjon upit 30 is transmtted to disp
IR £ 3 i e, P i B Geiegied o thabaatspfateria defined by

f deswyr, her @qatnprwmemw@euaw B¢, B0 P Phepospassiitetherstnallest variance is
O coul d al so be cal cul ated and

glﬁ‘gﬁﬁg@t@%th% ?mé'%‘{%lfﬂuepg he quantity of calories
ﬁgggﬂ?ﬁ%ﬁ?ﬁ%ﬁ"% F@I% 93‘&%5@ :%!f ecgec{ %eﬁhe%tlgrﬁj gﬁ g?? is atransmltted to display

15 edénich Mtallowltlm:wearartoseentcwt 20 conprises a third

20 cal cul ation unit 32,_ whi ch determ nes the val ue _of
a pul sef peuisairfeave e pplimeminulseyvalyed BR, lofher fpagametelisdinked to pulse

V@é]&@@d:’ dould %IsoFﬁa cﬁyulﬁ*éﬁ %daetﬂs;h yehgf‘ci ek i the quantlty of calories

cal culation unit al uni t
aﬁqr%mgdeprro@ﬁr&mal linked tqwta@ﬁuleam?éswmm higtorys, f or

exanple, a functl on of the signal frequency
cor r el Q e Riertadembegingat, electipc gsguit B9, cagpprises a third

20t McmrohﬁulnﬂBQ ORhiclh abteRRiRed hﬁ%lu‘élcﬁﬁfﬂu&e nedastRgnent reliability index IF
Al ?u,gftﬁ‘b}ez %Jgg B, Shtained by e S6cdhd Hiollatidh Ui 28, The thirg
calculatlon unit 32 affects a reliability index value IF which is, for example, a function of
the signal frequency corresponding to the pulse values P1, P2, P3, PV, of the correlation
between these signals, of the amplitude of these signals, and the history of pulse values

25 P1,P2,P3,PV.

As regards the frequency, the signals must be comprised within a determined
spectral band.

When several signals are correlated, i.e. when several signals give the same data,
particularly having similar variances at the same moment, this indicates that this data is
30 reliable since the spatial diversity of receivers R1, R2, R3 means that they are affected



As regards the frequency, the signals nust be

conprised within a determ ned spectral band. Wen

several signals are correlated, i.e. when several

signals give the sane data, particularly having

simlar variances at the sane nonent, this indicates

that this data is 30 reliable since the spati al

diversity of receivers Rl, R2,_R3 neans that they are
affected -7- differently when case 14 is poorly

positioned. The anplitude of these signals nust be

conprises within determined [imts, such that too

hidifferently afiph ichsedtt i gloory positidpe@bl em of neasur enent
reliability due to the wearers novenents. 5

Det er nrhakmpiitudé of #iesalsignatsymustbexcdniprises within rdetermingddimits, such
trtﬁgﬁ%ns férﬁﬁlrt)tyu ;I‘é'gtl\%gﬁ u% Sprﬁéjrhs e%%sour}g{yent reliability due to the
A@@er&ﬂ’smlgbvameatsvarl ant of the invention, the third
calculation unit 32 can al so use reception signals

5SR1, SReterrairgtionef reliabiliy indemlF usieg ferlex@vpledhel easelt of ihe variance and

10

th%{)ér%ldn%alchlaﬁd(ns oSRe Valheierd, o p§ AARI rd cal cul ation
uni can transmt the reliability I'ndex value IF to

di spl aﬁc&ﬁ!&' h§ & adrib dfhe ivehtith ‘t’l'%alhﬁ'ﬂ c§§ufbﬁ’or{ []ﬁit 32 can also use
reliapi XIOf t he pul se val ues are

dfesP aAlpSK. Mlitte t$ohapd the, ?é'“H%'I S90St (S 90 feigayine the reliabilty
v&lduzvdall:'re IH/.\hen the latter is representative of
insufficient nmeasurenent reliability, electronic
ci rcui Thi&Dcatcmgqtiah |$10it sazpe Ittdnérhi@tlfé: r&lﬂébﬁiﬂq iaflex 'ml\I@EF 3, display device
o display grro S se val ues

0 i e GorB el Lo Pl BRIV e Rt BpHERP ihat oo hofng csplayea
vab L@ furitior| afcthe orediabilty rindex valle IEanvhaet thet lafienis representative of
P |
gﬁégﬂf g?ﬁ]tqrﬂgarl] i %rﬁ&ﬁ?el?a%n@q eY%cirﬁnInc Jc?mﬁé‘%ﬁ(: %Hngﬁg L%Iugger{dnthg display of
oRds®P, seaenaide QISMY emonedRs pulsﬁwhluas Phe scope of the
present invention, after numerous experinents and

5trial sAdyantaggausiyies e fuaetioneiithe rrliabitibifindge vatuedF, electronic circuit 20

20

30

a@éi‘@ﬂéié&@pdop pbiiﬁorﬁ?feeéfeéa"ss o 463570RAd RN vhith B itB rlﬁ ] %gaﬁer quantity of

%ht sour ces hree feceivers

B'Pf'le'lgé“ 'teﬁehlﬁ%gﬂeaétamﬁ@frfﬁ%w% 1TiRPMYi ng t he pul se
measur reliabi V\,hl | e cove a lar e number . )
of wea vﬁ $qope 8}‘ I']ee%% 9@”05} Eéﬁ gamerous xperiments and trials, it
chas absavedsthat the yerifiguiativt iaegorting t6 Ake prafefid émﬁgttﬂtn_ent with three
t ctronic o uri.n vice .

T RBTBTEY. 2Eq o RS BafeBil e, AR 4K pest opEBromise for
biewrovirgsthe tpslsé oreadeteeent refjalpility hiersovefinge darge number of wearers with
P&féehOHy B B108lcal @S Factdish, VE¢ iitirtfthe space requirement and complexity of
electronic optical measuring device 18. Moreover, it is this configuration that gives the
best results for detecting problems of poor positioning of case 14 on wrist 12.

It will be noted that, in the preferred embodiment, the second receiver R2, which is
located at the centre of second line L2 and which is thus surrounded by three light
sources E1, E2, E3, receives light from these three light sources E1, E2, E3 whereas
each of the other two receivers R1, R3 essentially receive light from the two adjacent light
sources, respectively E1, E2 and E2, E3. In order to compensate for this unbalance in the
reception of light, the gain is decreased in the channel of the electronic analogue circuit



25 1t will be noted that, in the preferred enbodi nent,
the second receiver R2, which is located at the
centre of second line L2 and which is thus surrounded
by three |ight sources El, E2, E3, receives |ight
fromthese three |ight sources El, E2, E3 whereas

each of the other two receivers Rl, R3 essentially
receive light fromthe two adjarent |ight sources,
respectively E1, E2 and E2, E3. In order to conpensate
for this unbalance in the 30 reception of light, the
gain is decreased in the channel of the electronic
aprRicogHig mierrecé;mon &rgnaxr SRE pddiged bgz thiee seohtl oecebicy Y. Alternatively,
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dugit 2l | y corrected by calculation wunit 26. The

nmet hod for controlling the pul someter according to the

i nvent ThmetHod fooeeritvelling titke palsorbetdr addordingrtst thednvention will now be
ﬁ Lsgs a nmeasuring step, inplenented by the

e ectronlc optical neasuring device 18, during which

each | "I' ImetRdY E&n;ﬁ‘ses gzmegﬁjrﬁ@sttép ‘?m%lbﬂ\gﬁtee Qﬁﬁhg lelectronic optical

dlrecte t owar d wear er Wri st i g
bEgaswringsleyisagd: ggringhwhich @@cnﬂg%trﬁwépe Bhrk2, &3 ?fﬁ@ a light beam FL

| Hi@é&e@m}d:sl-thé %vela?é?'*ﬁ \ﬁ?ﬁi‘tﬂzeﬂﬁﬁl ligitched EEbﬂfﬁpa@éﬂes in wrlst 12 and a
recei vers 10 function o

! BEE P B ol oAy L o Sost e B8 SR ARAPAIP VST B BN R As a

10 Sﬁ’»hct;o'i% th&lﬁ@ht rebdivdd, BBES ticeRvel frodGaistH mceptwnsagwamm SR2, SR3
arer by detectin er. ﬁdl C varbl "%{e E GF{H] 6 n th
| PR Tt St IRl dhaariet oy Hetliie bEHci variations in the

prgmenalgs‘eabsﬁorbéd sy theweardrsieasast i ng step i s di scl osed
in particular in US Patent No. 2003/ 0065269 to which
r ef er efiloeprivaipldef thisgdelsed? measiging steap i disclosgdint pactidubar in US Patent

ngtgé%:?(?o%lsgé% %ggﬁ'&fé&vﬂ%g&ﬁﬁ% {Nab@ %r%onjem&ﬂl in particuiar in the
15 i preamblecof the descpiptiosef tisdeasmenhg step is fol | owed by

a virtual signal SV calcul ati n? step ‘m_: enent ed by
t he filnsacceedagen with dhe taaching 26 hedlmwemt@n ecipiisA Ptrngqlsu"ng step is

Sfo%‘\ﬁéd %a%tﬁa@%@ﬁé‘l%\mﬁakﬁlaﬁﬁb aep, |Fr|p¢é'r‘n&1fted Sﬁﬂi@tﬂrgt%alculatlon unit

nal s is produced. 20 _The virtu
%mﬂnwhm \irtnahsiong SY Sﬁaf“FS&OFQW fa aggition %ftrsﬁeﬂypn signals SR1,

cghguﬂ;aﬁ_l@g,rmlcg@a P1, P2, P3, PV, inplenented by the
second cal cul ation unit 28, during which reception

20 si gnal Bhe Blal sigR2, S\Scﬂatﬁ]g\/méﬂi isfblicwedngl a Sp af ealculating pulse P1,

%Bcﬁ gn;g dettgcri [)ny 91% sterc];gn Irrsu?gt%(r)l rﬁ%‘t Bg J)ullj'llna %vhlGYlarlageep%on signals

SR1, SR2, SR3 and virtual signal SV are processed to determine the corresponding pulse
values P1, P2, P3, PV.

The pulse calculating step is followed by a selection step, implemented by

25 selection unit 30, during which the optimum pulse value PO is selected from among the

pulse values P1, P2, P3, PV obtained during the pulse calculating step. It is this optimum
pulse value PO that is displayed.

Preferably, the pulse calculating step is followed by a step of calculating the
measurement reliability index IF, implemented by the third calculation unit 32, during
30 which the pulse values P1, P2, P3 corresponding to reception signals SR1, SR2, SR3 and



The pul se calculating step is followed by a selection

step, inplenented by 25 selection unit 30, during

whi ch the optimum pul se value PO is selected from

anong the pulse values P1, P2, P3, PV obtained during

the pulse calculating step. It is this optimum pul se

value PO that is displayed. Preferably, the pulse

calculating step is followed byga step of cal cul ating

the nmeasurenment reliability index IF, inplenented by

the third calculation unit 32, during 30 which the

pul se values P1, P2, P3 corresponding to reception
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ich were obtained during the Cal cul ati ng step
o BiFBEBG o aRr e and METbAegboRsSSr I, Steipaschether the
haweeidetent of thegdiseWalue IPOISIR tiflene FeanétRt her the

devel opnent of the pul se value PO over tine is
10r eal i sReliabilihDintet IFatdn bet yalturated bl Raldranadveuntadf ehd amnpiflude values of

by t un the anmpl,tude, val ues of
ol ElhuR g Wbmaind ek of e Rl gt 51K B3, PV dve tothe
vambienPlight,Rihd 18 anfplitude eralues bhthe conbnens and gliternatimgdcomponents of

t QSctPrE]Ehéltli‘Pq:é’ Huey &‘ie %ﬂ%ﬂ@&ﬂ%%@gﬁr&'sﬁgﬁ?t E9%nd taking

ach 'si due
|a@qwnte|¢f tveligs kﬂerwe@rfm t@se EgnalEB’1 B3, dRV,nguch as for example

15 a‘}&'%lr'leé o‘Pfthé[q @?ho?esgbc\’tﬁﬁinfé @eﬁ&oﬁhtg&adhéiéo barahteters, it is thus

3, PV, suc rrance or

f P%ﬁfm&ﬂlgmgﬁh the casg V\thgm mgsmyum is ppothheesitioned on wrist 12 from

PheadBs Ghére pulsonfetdriess nB M WS Br Q)ka?ﬁd!é‘@Hér?ﬁ‘lstﬂ‘&ed on a table.
case where pul someter 10 is poorly positioned on wi st

12 fr Oﬂﬁlvdnt@eﬁé’éﬂe tﬂél%l%bmqu ﬁ@é&ﬁtﬁ&afé&laﬂnr@ §t@|5 |§3ﬁjIIB\9ed by a step of

n,, for exa
V\@‘?} ?ﬂngdﬂlﬁ'i' 1? Hr“ep?Oé'MP&B't'P"fﬂm WB% qu ac%“l“@u’i‘ Which gulsometer 10
20 sisamwt bsing wokmuad\gbyhua- %ﬁs@fuﬁ&nondﬁ&mﬁalwommllﬁﬁmﬂe)lﬁ electronic

i tioned on . tate in
TR Al elRes ' bg Hogr RBvth K reusBiref ot AR A magns, of cisplay
f devidsl @B, of elebionialciteuito 20 rieterrafits | the \pulseddigplay-if a non-worn state is
eyaskkgnic circuit 20 indicates the poor position to
the wearer, for exanple by nmeans of display device
22, or electronlc circuit 20 interrupts the pul se
display if a non-worn state is



detected. -10- CLAIMS 1. Pul soneter (10) worn on the
wrist (12) including a case (14), which contains an
el ectronic optical device (18) for measuring the pul se
of the wearer of the 5 pulsoneter (10) and an
electronic circuit (20) for processing the
nmeasurenents in order to calculate the pulse (P), a
ti ghtening wi stband (16),'1 ii ch hol ds the back cover
(24) of the case (14) pressed against the wist (12),
wherein the el ectronic optical neasuring device (18)

CLAMSdes at | east one light source (El, E2, E3) and
several light receivers (Rl, R2, R3) which 10 are
arranged in the back cover (24) of the case (14) and

1 wituisoraeter ¢10)emoradon thevarids (1) éncludiag & d23e (14), which contains

0B ELEANE P Ao 10 5L SRR RS o TRl b1 e
5  Eduldohletand(r) | fnrptak \A@:é&mweeﬁcmﬁlgzoﬁ%z,forRBp;roce@smg the
that the |ight sources t he recei V%;gmd (16),

( Facaswemey 'ar%dqflstoa‘?al%@‘@dhﬁ rPUlsl‘?e(Pf)o? ﬁlgb?enwgrwr'ﬁ

t
oSHIGHES 48 backZole o] 8y 217 bilacd it e wris
wi( il 2), vqlmmn tiuedelactromleamtlcal/\maasmmsle@tce (182 inci3ges at least

0” e g al al @C#fé#é éee{e%lol@r& (léet\(é‘?r(ﬁj RY, 'R which

10 a'atré? faﬂ@h@bd i Oé Blhabis cavéﬂ @a) of Hsicase (), ak which) anoriented
a receiver (R1L, R2, R3), and each colum (C1, C2, 20

cigwandsthe wWrist £12) al ternatel y contains a |ight source
( lt::|hardw:‘:%‘-‘:rlzl\:e."él)| Hgt ﬁ'ﬁ él@ o8 optiEd mBasurii) déee 518) includes at

characterlze e electronic CIrCUIt
| hedal dae hghtmurc@@ fEi?r E3) andwatdeast gva TWVQJ’&I(Rél 8raR3), in

8 FEERBELEN 00 S A L ABRVERPTRY 22 R e

15 Egﬂ:ﬁn&ﬁdﬁﬂ (tRélfoRH c;f%)natﬁxﬂﬁclpduhlgetmallrmﬂ @i, M) wEch oriented
|1 C cal Cu es. a se Vval ue

{ Giong: BB aitiagoneL Aleciane oy ey dbaetion, (DLt Bie wig 4D, and at

( $&Hst twBZcol RS (CR! @QU@J? dhenfete pér%mel ttﬁfhe( &HtectiBh, (013)of the

and to the V|rtual SV) sel ection unit

( 30jstum2)fin deatesaghniene an1 e maltgzé altgrnasely montaing @ light
cgﬁgcﬁﬁ a{i’:lelng u}ﬁ) aﬁ'JgS??eéep\)Qr (R B8y LY rdEadieSiEmn (C1, C2,
20 C3) of the matrix alternately contains a light source (E1, E2, E3) and a
receiver (R1, R2, R3) and
characterized in that the electronic circuit (20) includes a unit (26) for
calculating a virtual signal (SV) corresponding to an addition of the reception
signals (SR1, SR2, SR3) produced by each of the receivers (R1, R2, R3), a
25 pulse calculating unit (28) which calculates a pulse value (P1, P2, P3, PV)
corresponding respectively to each reception signal (SR1, SR2, SR3)
produced by one receiver (R1, R2, R3) and to the virtual signal (S8V), and a
selection unit (30) which determines an optimum pulse value (PO) from
among the pulse values (PV) obtained by the pulse calculating unit (28).
30




30 -11- 2. ulsoneter (10) according to the preceding
claim characterized in that the di stance between each
light source (EI, E2, E3) and the adjacent receiver
(R, R2, R3) inone line (L1, L2) of the matrix is
substantially equal to the distance between each
light source (EI, E2, E3) angd the adjacent receiver 5
(R1, R2, R3) in one colum (Cl, C2, C3) of the matrix.
3 Pul someter (10) according to claim1l or 2,

racterl din that the matr nc;ludsthr
OTERERr 0} @storiy s redating il BerctsfaZeg n that the
ccmé.tahé@ b@ﬂﬁeeﬂ egbh I@ﬁﬂ 566rce RN, BY, rEsngied thy aH]’éfE:ent receiver

rece| vers (Rl, R3), the second'lTne 10 (L2
cdRilaiR%s lnr@l@esulmer(LaRlz?) of theo madex lwyubstent!allyhequal to the

S‘Hi'%t‘éﬁée bEfwe dg‘?leagrﬁl I|9ﬁ%8u9|ﬁ§$ 1 (E]é))E Cgﬁ’cf ﬂ#({l%{i}aggﬁﬂ}/ecewer

e prece cterlz

5 (81 RoRBEM njrh‘é coltithn (€3), 025 G roftiek bmtm(_dl ode whi ch
emts light in the infrared range, and each receiver
(R1, R2, R3) is forned by a photodi ode. 15 5.

3Ptrbm9<sm&@'r (ﬁ@Phcé’&r@thdld‘Slahﬁ PBY @fchbfu%taﬁz%em fHat the matrix
cl aims, characterize hat the electronic circuit

(meuﬁi@ﬁzlhﬂ%@'& (€d, @e’d &Sﬂ) andig thaiitke {ieg)ineui Dreontains one
3
SRS 2 U510k By 5By 80 SHELEE g e

10 pr(bzmmﬂalbg oa:errecevme(rRz) EhrroBﬂdedRBy twadight stiureed €ct,iB).

unit (30) which determ nes an optinmm pul se val ue (PO
from anong the pul se values (P1, P2, P3) obtained by

4} rulgathster qaOX BE&Srbing waﬁy of 288 préee %mbebﬁér@btenzed in

according to claimb5, characterized in that t he

el 'é%tte?aﬁh koht sougse (Ril,tE2.453) isrfemued by diede whigh ents hght in
b
Cahe b e AR (DR, ) el ptocioe,
15 obt ai ned by the pulse calculating unit (28) 7.

d_for pul some cco

5o YaheE L0 aebraBolie.FRE S e plened d SAlhSphetaRErized in
sttlem ther el@@tmhmcd:ircmc(zd) iigBlude® & ﬁﬂiséEJ:afcﬁatlng Lt @% which

@ alig éFH and each receiver (Rl, R2, )
%Se? pulse valu 1, P2, P3) corresponding respectively to each
receptlon signal (SR1, SR2, SR3) produced by a receiver (R1, R2, R3) and a
20 selection unit (30) which determines an optimum pulse value (PO) from
among the pulse values (P1, P2, P3) obtained by the pulse calculating unit

(28).

6. Pulsometer(10) according to claim 5, characterized in that the electronic

25 circuit {20) includes a unit (32) for caiculating a measurement reliability index

(IF) which is a function of the pulse values (P1, P2, P3) obtained by the pulse
calculating unit (28). |

7. Control method for a pulsometer {10} according to any of the preceding
30 claims, including a measurement step during which each light source (E1, E2,
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reception signal (SR1, SR2, SR3) as a function of the
light received, and a pulse calculating step during
whi ch a pul se value (P1, P2, P3) is calculated from
the reception signal (SR1, SR2, SR3) produced by each
receiver (RL, 5 R2, R3) during the neasuring step,
characterized in that t he pu ge cal cul ating step (P1,
P2, P3) is followed by a ction step during which
an optinunlpulse val ue (PO) is selected from anDng

th | P1, P2, P3 bt d th

cof Al PEIENS e beamm dFhD and bach eveorar (1. Ra o) swreguces a

f |

i eahgo o805 S50 o el
pr@d% éaloyiatl@acsiemdurmﬂemmeha peise vaRie (D, PR3P3) is calculated
oS, REMIRETs b (SR SRR Ay B coer o,
cdRZdR&IM:rfglhmmdaaurmgtslaﬂJ signal (SV), duri ng t he

S [, h
P iHta Brioah PP 144 Rbissriioninin, e (F1) £2° Adys fallowed by a
seéewtm §teprairigy %hé\eaﬁadﬁl%rﬁpﬂulsg%lqepﬁmogt 81BERd from

in the pul se cal culating ste .

aciBeRg e pulsel valves (Pt hB?aE’B)apmeBd in theapulseecaalating step
calfil ating step is followed by a step of calculating

a measurenent reliability 20 index (IF) during which

a changdeiizeshin thatradsep ef velenlatihg spuirtsal sighale@\W)Rbrresponding

P P3, E d th tep. 9.

Can oA BEE Aol 5B SEAE Y PohatbS8 by Sach of
chhe aée@wersem R2,MR8) IRseABA VBB thd eﬂéa@bhh%t@f op and the
|nd F) calculatlng step is followed b

@%'Pﬁﬂﬁgns Rlepp iy that arpyise yalg (EM)te calculatesd framethe virtual

f
| ! er;(a‘i'\*(/‘%‘{lﬂ guWEQ% Pﬁ%e%agdé{‘é(;ﬂdﬁoﬁe@ Vd@@ tf1§4 ﬂgh{d th¥ selection
puitepprtbe eptnmym pulse lvell.legﬂmnsn selectdufrdra rthé palseastudsldPl, P2,

' 5333%%% Hedf ﬂﬂ pu'?se calcula{mg sw st (12).

8. Control method according to claim 7, characterized in that the pulse
calculating step is followed by a step of calculating a measurement reliability
index (IF) during which a comparison is made between the pulse values (P1,
P2, P3, PV) obtained in the pulse calculating step.

9. Control method according to the preceding claim, characterized in that the
measurement reliability index (IF) calculating step is followed by a step of
detecting the positioning step state of the case (14) during which, as a
function of the reliability index value (iF), it is determined whether the

pulsometer (10) is being worn or whether the case (14) is poorly positioned
on the wrist (12).




