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1 Method and device for neasuring the conductivity of
a pure or ultrapure liquid The present invention
concerns a nmethod of 5 measuring the conductivity of
a pure or ultrapure liquid, notably water. Measuring
the conductivity of a liquidis inportant in many

i ndustrial fields necessitating the use of wultrapure

water, in particular the chemcal, 10 pharnaceutical,
mediigaho@ngh &l @61 08I £6r i rﬁ@&l@ﬁfiﬁ@ tﬁsec@@mimiww yof a
of an aqueous solution is asure Cpsurlng t he
resi stance of that’'s6l 8€I&ﬁ%5€¥%§% onduct|V|ty

nmeasuring cell that generally consists of at | east

two coRdueti ye UBLer | ol comanent SeUiNg 35 metnod  of

el ectr conductivity neasuring def 1 ned
m}eaahsrlrtgemhetommcémtlwmtrho%r@p@ur?oﬁét 8L rRPHKS tlﬁéluld
Rasiied wdtesi stance to the conductivity of the

solution. The cell constant, deternines_the. accur

ac
of theMeAIUETED TheasTRRMNTLTLTY PS Ehér8foflels lmportant
nacessafy toOndseceedls Méhdsa hemeesmshamhgtOtheasuse of

conduct|V|t of an uItra ure. Li UId The
‘g% Wty WE&Sirementis a§?ecfe By thénlgeowg Spical,

qfhetﬂ’:mcm&ltlicathe meejijatalarmad of leder @l iecs rodésst 254 )
and t he, é%??ﬁé?@%e Lo fhgﬂ1§&ﬁeoage§%lh%@on is measured

par arret ers constant =
GondMeRiSWIFE T sthae neesiirsd agice heff |'didfof selleéipensacross a

thy Queh &, supstanserindg s1di £get! ¥YepEepONYI @Bakik®s of at
the ion concentration, the charge .on the ions

(A Ehcy)EWO and A Y Het T noBia Gyt TheiOMRIT T | SoFming
feamedt osded. tenperature and, consequently, the

measured conducti.vi al so de ends t.enpgr dn
t heor et cglpﬁ' &ﬁelﬁé&emea %ch gg ndgegﬁHégo#%y
pcl:eerlent:onssahtt frvdmctkhepdpssotnana@ﬁlaf lvva“tl@r theomezgpured

fg%bﬁg@ E%+th%n%©q@ﬁé§¥§tﬂ%*éfegﬁgtbeﬁhtlon The cell

conduct|V| ty of a sa
constant determlnes the accuracy of the cell's

measurements. It is therefore necessary to use cells with
a low constant to measure the conductivity of an
ultrapure liquid.

The conductivity measurement 1is affected by the
geometry of the cell: the total area of the electrodes
(s) and the distance between them (L) . These two
parameters define the cell constant k = L/s.

Conductivity is a measure of the flow of electrons
through a substance. It is directly proportional to the
ion concentration, the charge on the ions (valency), and
their mobility. Their mobility 1s a function of
temperature and, consequently, the measured conductivity
also depends on temperature.

In theoretically pure water, the only two kinds of
ions present result from the dissociation of water into
H+ ions and OH- ions.

At 25°C the theoretical conductivity of a sample of

water free of ionic contamination is 0.055 puS/cm, 1i.e.
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water free of ionic contamnation is 0.055 pS/cm i.e.

2 its resistivity (resistivity is the reciprocal of
conductivity) is 18.2 Ms2.cm The resistivity of a

sanple is determned fromthe equation p = Rk,
proportionately relating theyneasured resistance R of

the sanple and the 5 cell constant k. Water is

consi dered pure or ultrapure for resistivity values
QHQﬁteEeEDQﬂlﬁiﬁﬂa(Hmrégﬁgﬂmﬂiuqblelﬁppkkﬁﬁliﬁﬁcbérocal of

mate cond ivity asurenent,, i s to .any. rifigati
Lth di g alég\l;\rgtgI Sghduct i Vity Sgcr \Pluc (]ffvigt ;%gmple

Sens@eteﬂmuNWEnfnemsmMGuﬁQMﬁmnmn!Wl?yR/kt p§0portionately
NeCEs QFi E? ﬁQQLMFdegggqgkgkcg'%f tQaﬁ fe and the
term na ectrodes I mrer se |nt e solution.

Aok eppnatangi fif-er Bageri g heordidAebedelrddts i @Al ultrapure

el Sese d NAUGES: A vEUId SN rdfl at athdrd 1 fm afea of the
el ectrodes. The 15 greater the, area gf t he el ectraode

t he IO%EYEtrﬁ?%%ﬂ@lecoﬁgPéh?thﬂnth% ﬁ§ur§@&@¢é%lVlty
T £5 el € itlshetomegsyr @ﬁrd_lﬂlbemt]_onAppythg aincluding a
pot.enti al |ffer ce also . Sreates resistance and

CEPaTT tAHEE Bt Hrough %ﬁﬁtyt%e el'ectri cal
ci rcui tWhdm p@mnaunﬂmg' aO@dp&¢uNahye that 29 imecessary to

?#eg?@f'%' %gﬂtﬁgﬂ h&ﬁf@?&?éy chotfa%eceuerﬁmgﬁgsdﬂf the

ectr e solution Interface. mall cell wth
| oleclerdgant IMAGrees a hﬂgh*@ébacﬁPéHééonA 1* potentlal

ggﬂeﬁgﬁéﬂ%érﬁﬂﬁaﬁgé:ﬂ%ﬂﬁ@'bf"@@%éﬁ%ﬁd%ﬂ 8lselsS Tnduces a
i onal | y npdel e an equival ent_ e rica

FHEERRC r i NP t K ?es‘?%efqaa C?gg arﬁflecap?;cﬁ The
e@f@@t@r oththexrsyst em thHe ebawerndvdenal tayeprbaedrrr the cell

nores or co ates c acit.a and. resis

e PraEEdn %peépgp qﬁ% t he°"eree rogg?y t hus ?hegéggg?tgf the
trhea svat ed benmegn:thép@@yehgcuro@@gebé@@desdpﬁf%rgnce also
r§§é§{é¥er% us% e aﬁHnQH éé%yéﬂy%c%héﬂ@mgﬁge%hﬂéhghout

assigned a series capacitance. For exanple, in the
pEhor edpetrheatapddidvarce TefPREESCOIaf he caPRcitence that

cogpgnsated,byi iREHl 86 the geometry of the cell appears at
the electrode-solution interface. A small cell with a low
conétant induces a high capacitance.

A conductivity measuring cell immersed in water is
conventionally modeled by an equivalent electrical
circuit representing the resistance and capacitance
effects of the system.

The conventional approach ignores or compensates
capacitance and resistance effects specific to the

electrodes; thus the model of the water between the

electrodes becomes purely resistive or, after.
simplification of the model, 1is assigned a series
capacitance.

For example, in the prior art the capacitance
effects of the cell are compensated by regular
calibration and by using electrodes with an area that is
sufficiently large to reduce the phenomenon. One way to

solve this ©problem is to immerse the conductivity
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35 calibration and by using electrodes wth an area

that is sufficiently large to reduce the phenonenon.

One way to solve this problemis to inmerse the

conductivity 3 neasuring cell regularly in a solution

of known resistivity and recalculate a cell constant

to take account of the state of the el ectrodes.

Moreover, to be able to use the sinplified nodel, 5

&@@sb&i@@dercéplre&@@@lbha&risknofapolabluatbﬁn dft i Bnown
el ectric si gna afre UBRCY. o take

necesiﬁgy to us
T&dcufhfel YEERGSE 5? a fuﬁgilon “Bfthe
gualounyt off tthe s$aﬁpled wétee e 1 eThetogear.e vari ous pri or

art MeMads. Ler pie 49 LBe kel SLinhiyeOldanodel,

on
i quid. he et hods descrl herei nafter are based
@mdmn@roﬁdéélé@Iﬂﬁémc%q@h@ME%ﬁk of epodidddizadiicguj tit 1is

CRRSISHMY of aseal%a@c,tt%darl S€1 481 s Wath: aa fﬁéq@é@&y that
The central sanmpl i ng met hod descr.i bed Jin

it ¥Gidti Al p%ﬁ%?ﬁn appl Pcdtinohion 8d/ GFfagreohsie et the
igamgyﬁd(waugﬁ l'y exciting the conductivity neasuring

cell. ut_si.gnal of. the cel| al.yze L
t wo dFJF%Fe IWﬁgﬁ) Id%%l%%rart ﬂﬁtgﬁgghggé ge%é%ﬁlnlng
caEacitemice 1 vaftfyectast | ﬁheranui@ th@h@e|Meaheds described

% fAarn tef”g%élggggd anbﬁgﬁgfdmgHéiga the fhrshuivalent

terva IS correcte capacl t ance effects on
tai@qia@@lofcm@ustgmnsww& efies hERRBERPRe thoseries

tim|, intrMaltsr . The central  sanpling nethod and short
wres elimnate fromthe solution eqiﬁﬁions t he

capa0|ﬂ3ﬁbe eFERicta! of EREPHFES t hedescribed  in
dﬂHﬂﬂKﬁibn&&Sﬁ@@ﬂﬁtnebedcbﬂﬁodeWErmaﬁOMF4mecon51sts in

reS|st Vi ty. of pure o ultrapure lIigquid descri.

ISP S55APERE onPH007 00 sasEy headiet iy cell.
aﬂheer rmx’umx} c:lslllgeatl pdssthg theblights hexrcondigd | Ay two
Qﬁ_ %H% rﬁéﬁ §S'§ﬁ£¥h§y phithe khaui daScitance
then ca ulate

ron1t dance di fference between

stiiritss atnbpreeferto f—h@q@@%ch eare Aflidifeaendti nghe signal
el l&Rl gGHIh§Nkhat A rst interval is corrected for the

capacitance effects on the Dbasis of the signal
differences between the two time intervals. The central
sampling method and short wires eliminate from the
solution equations the capacitance effects of the wires
and the electrodes.

A second method for determining the resistivity of
a pure or ultrapure liquid described in US patent
application 2007/0024287 measures the alternating current
passing through the conductivity measuring cell. The
resistivity of the 1liquid is then calculated from the
impedance difference between signals at different
frequencies. An alternating electrical current at a
precisely defined frequency is applied to the terminals
of the conductivity measuring cell. The current 1is
measured and the operation is repeated with a signal at a
different frequency. The measured values being

proportional to the impedances of the <cell, the
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preci sely defined frequency is applied to the
termnals of the conductivity nmeasuring cell. The
current is 35 neasured and the operation is repeated
with a signal at a different frequency. The neasured
val ues being proportional tothe inpedances of the
cell, the 4 difference between the inpedances
obtained at the  different frequencies can be used to

@alf@@Ir@tn%et heo@@ﬁé@t @a@aciimrams resbsh@aned at the
cts of the sa OSSI

I.S
e S day e e TR b S Hort L eat 15 he serial
be@astwmmq¢(ﬁndhEequUadCEesﬁﬁéctarmﬂudhﬂgsample It is

en f c i t.anc ec bov me
R R A L ) S i S Pen {870 B Mo REmne
ghétemaddsadid t hbecelreseGRgVaARTY. ofheﬁhetolrlgﬁrﬂ'-ti tested,

R%lgﬁbi%blg%m nGRdUet i tagRATUNRY k@ ecld, must be
used at a particular_ frequencCy, _.as.a  functian, of

i t edPPameott EGRAGES iTYE vALGEEabEORRe TikRAGY, they

qqnRGer nadk Ehﬂé'b{ @@ nglefttbecsebhdelteet resdes constant.
assivity, corjéoaﬁo etc.) causes no |f|cat|on of

Nrcap&ei tafie Hel 2T eteT oder sGPGE ST 1V Ater f AggSuring
\M@hﬂw nifstcameot usedcontr okl egarTheutemduftreuieycel, aas a

an%utlso%ﬂpéfe aﬂnﬁeﬁ%aegéyﬁ?e% oHSEDG4 g?@ﬁygtbgnags of the

measuring cell provi mcro- electro
desnw#be@omﬁeFm@ﬁchFﬂaﬁéMNunﬁﬂi@%tPBntm%)C@%%SE?GCtrOdeS

%{sﬁﬁﬂﬂpkﬁ J®£§oé§o§ec§%§9 Ofc£@§e§nﬁbbl%9c§h§%npfof the
e el ect rodes and because a m

gh
ééﬁﬁﬁﬁﬁﬁﬁﬁéfoF“ih§h§en§&chrqge %QHWBﬁOEeIPn58ﬁ§@§ﬁt which

Idandaﬁlﬁémd&ﬁirdﬂhﬁﬁs nevert hel ess been found t hat
usi ng cro-e ectrodes, thanks tq their, small gi

Z€,
can pr ddifoe” O THF et CHpachT afice WectaiE hini Ch: o fg=oured
longey decadbdiighovedy heaissirtimen areldessaryided reg¢tbenicro-

t4¥%4§¥%ﬁe f %@e d%gkki. dyﬁiﬁr fghéﬂ“ﬁ %QE%Q a%%g@ication
the eoret’i cal e 0 con UCtIVIt);) nmeasur |l
dl | ekt Ked ﬁﬂrm@mn@ répiesdit depyuan of the small

equivalgnt rgleecthbealoabbCUbhqdi BEEaTRS0 Lonsigt i N@wfl  of
Q%gg&%%%£§§|g%oaiea@1ﬁ§§¥F|Epr? alqow cell constant, 1is
maintained. It has nevertheless been found that using
micro-electrodes, thanks to their small size, can produce
large capacitance effects, which <can no longer bDbe
ignored. It is then necessary to revise the model of the
cell in water.

As indicated above, the theoretical model of a
conductivity measuring cell immersed in water is
represented by an equivalent electrical circuit diagram
consisting of numerous resistors and capacitors, 1in
series or in parallel, characterizing the behavior of the
components of the system. The occurrence of capacitance
phenomena when using micro-electrodes must then be taken
into account in the model. It 1is immediately apparent
that adding a capacitor in series with the single
resistor of the simplified model is no longer sufficient

to represent the electrical behavidor of the cell during
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series or in parallel, characterizing the behavior of
the conponents of the system The occurrence of
capaci tance phenonena when using m cro-el ectrodes
must then be taken into account in the nodel. It is
i mredi ately apparent 35 that aglding a capacitor in
series wwth the single resistor of the sinplified
nodel is no longer sufficient to represent the
elteattrsi.cal behavior of the cell during 5 tests. The

presentT%%yentégenEh%. %Fﬁo%§e§h8r§§$%gnqﬁkﬁsfgr few model

conduct i Vit Y HEasuri ng celT Jnmersed rn wat
i folrudengcpndubéiegbyvaneatueledt rélhl dimmeyigedi dgr aater,

co%b %@%ﬂ&‘&n'@héeébﬁﬁvﬁﬂéhtaé%géﬁﬂféaﬂxﬂﬂﬁﬁﬁﬁg diagram a

I nati on a reS|stor and a cap acl tor.
b&ReRic togr Jrﬁcﬁ%rl%? e%%%d%s%?aﬁ—ﬂa?é ﬁ@W%H%P fgmbination

f%rﬁlgﬁr@qdl%tdﬁ dhﬁddr‘aeV@épB@hGSis |rmcgtaahetf@tnoﬁcer micro-
IS Nnew oes not on .
WG o gp %%ﬁa t hat iToﬁgflg eq&@q %ﬁﬁjcablgt s

tmsnynnﬂukegseimpbrbmms andnqierm%@UrEhéﬁtmaw1model does
So'%F{|€§19f0E3§E Iﬂﬁ@l'%YngTH@%%%—%QeE@?oeégsthxi that it

i Aven jener oSsible to
ad@ouﬁnutaﬁéYeffﬁEl@lSC@@l%erﬁQﬂl cgngenpaigl | @lectrodes and to

capaci Lancgs d nod he.lieddd al 1mdsl plathitghly 15 pure

wat er to nmeasure the conductivity accurately. The

|nvent|5W%ﬂ%ﬁ)H@té€F§ PBFEFGHR ﬁ&ﬁ?ﬁF#ﬁ%&eﬁF ¥ t Renerally
éﬁbﬂ@ be maKe QHQQJ%&m&&ﬁtptﬁ§E@Eﬂd@ﬂyﬂd@nserlal and

p[n%°a§?le&80%§%9§8@$%€?? 30 PR ABFY SMatbr ik g E - highly

e@&mkrodaserchaﬁambasuzedtﬂnath@hdmtta®m$wst$c¢mmately The

detq em?'&g thleso C%%%te vi %xréggﬁod&ap&s”&éémd in the

orm of U|valent eéléctrical circuit
(ﬂSﬁﬂRﬁﬁconpr|S|ng a resistor R a capacitor Cp in

par al | eleN' L hBeer gfﬂe%t iQk, 3R pABLeB: SEhBRtion proposes
capaci tor . Accordin preferred features, mhere

aﬁbréﬁﬁ@éFb Oéonﬁ?ﬁ%ﬂrlnglttW§KNQﬂﬂ9¥QH%¥%§Wép§ of@ pure or
applyd#diguseri esq@fid, notably water, using electrodes,

characterized in that it consists in determining the
conductivity by modeling the liquid in the form of an
equivalent electrical circuit diagram comprising a
resistor R, a capacitor Cp in parallel with the resistor
R, and a series capacitor Cs.

According to preferred features, where appropriate
combined:

- it includes the steps of applying series of
reference excitation signals at different
frequencies, reconstructing the spectrum of the output
signal by aggregating discrete measurements taken at the
given frequencies, comparing the reconstructed empirical
signal with a theoretical model, and minimizing the
difference Dbetween the theoretical model and the
empirical signal obtained to extract therefrom the
triplet R, Cp, Cs;

- the reconstructed spectrum of the output signal
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reference excitation signals at different 30

frequenci es, reconstructing the spectrum of the out put
signal by aggregating discrete nmeasurenents taken at

the given frequencies, conparing the reconstructed
enpirical signal with a theofetical nodel, and

mnimzing the difference between the theoretical

nodel and the 35 enpirical signal obtained to extract

tiher ebbparthe ta i peepoRal CpintGsspolatheon egonsirurdate the

sRechnf the pubpul; $hgnadl & i1 BRGRL t @requencies

aﬁgPoraI |nterpolat|on 0 increase the resolution of
el /AgnkP s et Handafedirat @f f réGuehEPEdenghef ot order to

eduapolptd ona@iotihe ffeguesnctessi ntoader ate takecessible
i nto account, .frequencies that are inaccessible 5

;7 - the conparison is effected between
the Fow iehe toamsfmiraved funcififectoddt betweeansthaicFedrier

i n I h f
Pl g RN 5010 S0, 0L T 8051 O o
erpeind el 1@lgeﬁbor alndsi gi?faﬁ abhgugheri nverss gwy | epf  the

tﬁﬁHH?é%fEéﬁ RodEPUbi-ehdehaRsf orma of cthastheereli eabirical
nodel ; - the mnimzation step uses _differential norm

MAMEHATensi gRAL il | FRRar HeRSA 2BPPBAST plépasdomp of a

imudine frordf of ot e Pawed Itmm@fl trﬂﬁﬁieﬁl ;n”pl ex
method with 15 |i.near progra sf urtt 1
deter mined 1% HE BRAEC rﬂ etuseﬁ ggentias  nomm

aou Ireispianedss tanal smtotmatllmmacn*f mstmnbancenof pdfeerably in
nq9suf Wﬁngfagg Iﬁbﬁ%ﬁ IHE%HHHLgP Qﬁetgﬁmglex method with

di's ur ance; etermnation step uses a
blel roragi @row?imamm ty cal cul ation; - the disturbance

corresponds 19 thecRLesepeerfinad E@r%h%neQQQ$cted trlplet
notably a particle, a_non-m scible c¢ontam nant, or

Jas BUbbIGS 9BTIePReN@RcitCatd of 1EGHALE e gbﬁi:PE]Ba’Pﬁe of
thes f om@aeh repinges, apd ef eriabl yssquarewave nptihizes; of  the

disturbance;

- the determination step uses a belonging
probability calculation;

- the disturbance corresponds to the presence of a
foreign  body, notably a particle, a non-miscible
contaminant, or a gas bubble;

- the excitation signals are applied in the form of
pulses, preferably squarewave pulses;

- the range of frequencies of the excitation
signals is from 50 Hz to 5 kHz or from 100 kHz to 20 MHz;
and

- the conductivity is measured by means of micro-
electrodes.

The i1nvention also relates to a device for
measuring conductivity of a pure or ultrapure liquid,
notably water, characterized in that it includes control
means for executing the method defined above.

According to preferred features of this device,

where appropriate combined:
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- the range of frequencies of the excitation signals
is from50 Hz to 5 kHz or from 100 kHz to 20 MHz; and
30 - the conductivity is neasured by nmeans of mcro-

el ectrodes. The invention also relates to a device for
measuri ng conductivity of a pure or ultrapure |iquid,
notably water, characterized in that it includes
control 35 neans for executing the nethod defined
above. -Atber diong ricd preginer ried 1uggt @r &9 cafocomits odeirce,

where approd at g, cohiNed:o11 4 he f@ntrgbnﬂgéﬁéd to a
include a mcrocontroller; the mcrocontroller

SO ity anexuneid i GPLY AE&SGRANGYcER | P%;(%?t ggnpyator

Py &%Wdﬁ ¥igrRrl ydreferenge ssignal gener at or;
and 5 - %}or each conductléltg neasurln% cel
4ttt i

i's .
prOV|ded\ﬁ % fr o0&t ect roy Vihg W/ FF%ﬂg cell is
fdmatided eliatresnitar ereded@rrquiers .f i cati on system

el udiad t e 2AgKe gondyglivhly  RASWENG. devi ce 10ater

O her vantages 0 e presént invention will becone
apparfdrta torerr eali #igemt heifol wdihng descr ppeien, ConpreRivity

S ) fyhémggyf&gerence to the drawi ngs, in which: -
flgure represents the equivalent electrical circuit

model &thefe FOFEER9STemtt ol Dfor PESREGH v 1pyeetipy will
lbeitbind  appa@en® 2ohs acgenesal tih ag?roamc@a‘lra; meibod igft ion,

t he, present inve or determ t he.
Ry S b HHRSUETE b bel olf g, in vhiehs
figure 3 fiisnare ellectragnissasitrscuitihedi @gluamadfenane elg@trical

cnbodlEnhoRdy sfsse?ﬂeefrar%fseme ALESENo VSR LORiBRTy pure
measuring el ectrica operties of water figure 4
repregbnt s the algorlthn1of one enbodi nent of a

m crocantgQ Ry of 4 Ehﬁ @fe%%%tl IAVRMEPHE a heOHE8 Bf the
shows in nore detal a si

present invention for etermlnlng the conductivity and
parameters of sampled water;

- figure 3 1is an electronic circuit diagram of one
embodiment of a system of the present invention for
measuring electrical properties of water;

- figure 4 represents the algorithm of one
embodiment of a microcontroller of the present invention;

- figure 5 shows in more detail a signal
preprocessing phase of the algorithm;

- figure 6 shows 1in more detail a phase of the
algorithm that determines parameters of the tested
sample.

It should be noted that the following description
is given by way of nonlimiting example.

To measure the conductivity of a pure or ultrapure
liguid, such as water, it 1is necessary to model it by
means of an equivalent electrical «circuit diagram
embodying the cell-solution interface and the electrical
properties of the liquid.

The electrical effects of the connecting wires

between the electrodes and the surrounding electronic
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25 preprocessi ng phase of the algorithm - figure 6

shows in nore detail a phase of the algorithmthat

deternmi nes paranmeters of the tested sanple. It should

be noted that the follow ng description 30 is given

by way of nonlimting exanples To neasure the

conductivity of a pure or ultrapure |iquid, such as
water, it is necessary to nodel it by neans of an
egsitealsertreeladctar itedderci et tack@griam ardrbady i ngdehed by a
cell-salution interface and the electrical 35

5%555%3?&5 of the liquid. The electrical effects of

t he cofhect raglarresesberedha hBodréet rodéshamirs het the

SHIQUNH NG HlLCIIHNI C &an SYSE eMBg b Lo@l SEohpkeadi Nte  the
account, and are nodel ed by a capacitqr. The
rESistdvddy of the Rod8 Ol ahHE o 14ae Y or der of

Ope ohmhecamoble 1i gaanhed teempabed tevibed Samnesi shievi Lyquid
0 e pure or ultrapure .liquid. The_ nndel. can.t.hen b
RertlE o eReSFratrd Sridel Ve i fPSelBraani By il opE ene
rogsient] ey eniticon thyl @ hehowquivaf egerei t eulThiz0cohpuases a
G 1IN S cOMElaes 3  £apacid of palaife3etbfficcted
W a parallel-connected 10 conbinationh of a
cpadinadrion odn@ #apesiidiadr 13 anthe devdirdawittdy of

the tested Sample s deter MmedteHye@ 8BHPOE is determined
conformng to the general di agram 14 Qii&ure 2
t

)., :
T 2 nBe e i SOBESERIBA (tRe CRardttehd stTL39bit he (fioure
IZ)quiﬂhiﬁgh@hhmdim;a Baseieroror t haplcace asprace, stand 16f the
et ects abnqgrnuml si.tuatio by, compar i t-he
gﬁzﬁ%ﬂc eri'st 'ag)gyof The & e;%tsoéld(y Stquicd WI% l\I‘j/jacrel offace, and
pleedetter i nedbnoodells. Teibsahbeespredige, tdwngparieral the
' 4 a,sconguct i yvi ndqt; atyf -
%gggﬁgg%éiéiﬁﬁﬂior?Fonq%§3 Z%ééﬁ%?tedlggﬁga eleg?riggflous
i sste e am el @lastetrsoni ¢ excitation system 16

contr ol ed,dynahe apgeri EBM execufelrly @ agram 14 shows a
rEéﬁéﬁé¥¥Jf¥;egnés'temperature measuring cell portion 15
excited by an electrical pulse from an electronic
excitation system 16 controlled by an algorithm executed
by a microcontroller 18.

The temperature measuring electronics are
conventional (for example a Wheatstone bridge) and are
not described in more detail here. Note, however, that
they link the measured parameters of the liquid to
temperature and therefore take into account the influence
of temperature on those parameters. _

The excitation applied to the conductivity
measuring cell 15 induces an electrical current between
its two electrodes. The response to the excitation,
disturbed by its passage through the solution, 1is routed
to the microcontroller 18 by an electronic measuring
system 17.

The received signal is then processed and
interpreted by the algorithm of the microcontroller 18,

which outputs the resistance and capacitance parameters
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The tenperature nmeasuring electronics are

conventional (for exanple a Weatstone bridge) and are

25 not described in nore detail here. Note, however,

that they Iink the neasured paraneters of the liquid

to tenperature and thereforedtake into account the

i nfluence of tenperature on those paraneters. The
excitation applied to the conductivity 30 neasuring
¢él | df5 i hdecesestedl ectoiwalorur réne befl@eenthit s afyo the

@hg%wﬁ%&oﬂl& nespanse d o5 the gxgihabpons Wstarhete in

y its passage throug e solution, is routed to the
AlessEent ridl | @nud A el el EBEr GFPEPHBaRYT | Ty 1 SyBRERTCLeS

¢ 23% Thepneeei ved signal is then processed and
interpreted by the a oritgn1of.the n1% ocontr.ol | er

18, WARCIF SBGIAS Fheo¥ e5PSt dHice ard ‘Chpdbi taRiEe 3/ the
pakafreberis 9 edddtide t aestled moduticmentThepalkgor idfhm one

of . the m.crocontroller 18 tri . al.ar if_th
e R qagst%%% i r%%%?%nf%%%%ﬁ?ﬁgbrléfgkp égbﬁ Bulse
sehied apart 22 ex orraferoubbl esgnsl Assuepregerne edspypusoid,
ts'agt%'oftwt Ak )N fJgre 3 thery £l ectdani £ excitahi ofe &
and measurenment part of one enbodi ment of the present
VRERGICONOF nAWIdEs ta paANEES, gdidr abBFe2dtorig designed to

meker @nee f10Ra 1 nkS QU WaMe,ctriusaicd,: Ssawt oot h,

etc.) generator. This generatqr can be a 10 voltage or
current $66r RS bTRORRFRR] (v S Afsn | REUSED  HiikectRgsrodes
fnelvlecawi ngxtwedehar ackersti cso - dthepeakiitseopdakion  and

vol.t age ,bet ween t el ect.r odes ever exceeds 1.23V,
£6 Q5 iysssloscioafjtqi%clglne S\Vﬁi eqca(utac?gpqt olysis of the
wat er , —andhel Hieant e livegre vdl ttage sefonehe 1si gealo-i s

Zero. /z¥dx hovgh & Rilise delnedy by, a; Cukf 04+ SQYNLEECAAN be

be wused, excitation by a voltage source is nore ,
pregcti GHfcitte tinge ahd® cont FaPei AOARCR| BEtF@RPcPTACtLCAL to

GigeCUbha Amhtype oh 4l secedmobecusedicisiqar awgvesype of
sinusoid, sawtooth, etc. 20 Here this sL%paI i s, of
B od  Band diTr dnd HBBT§ ERG, ©inusoid,  sawtsoth, ete.

Here this signal is of limited bandwidth and meets the
above conditions, of course. In practice it is preferable
to use a squarewave signal because such signals are
easier to manipulate with an electronic circuit.

The ©pulse generator 22 feeds a conductivity
measuring cell the two electrodes 23 and 24 whereof (here
micro-electrodes) are shown in figure 3. The electrodes
23 and 24 are controlled by switches 31 and 32 of the
generator 22 to excite both electrodes with the same
reference signal, thereby eliminating the risk of
dissymmetry.

The signal from the cell is amplified and processed
by an operational amplifier 26, and resistors 27 and 28
accurately set the signal gain. A reference signal Vggr 1S
applied to an input of the operational amplifier 26. The
resistors 27 and 28 are selected by a gain resistor
selector 33. The voltage signal Vs from the operational

amplifier 26 1is converted from an analog signal to a
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above conditions, of course. In practice it is

preferable to use a squarewave signal because such
signals are easier to nmanipulate with an electronic
circuit. The pul se generator 22 feeds a conductivity

25 nmeasuring cell the two el eotrodes 23 and 24 wher eof
(here mcro-electrodes) are shown in figure 3. The

el ectrodes 23 and 24 are controlled by switches 31
mm@ﬂihkﬁsiqmalgbmeaat@mdlbqﬂiqadﬂqhidkndpmﬂqxﬁebdég, and

&Qﬁl%?qﬁﬁgﬁgieﬁ%ﬁ&%dyﬂﬂ] he%ﬁ%ﬁ%@%ﬁ%ﬂdﬂf@?'f&

I sSsymetry e signal fromthe cel
|s anpﬁeﬂﬁed aIRE prbe@ssed 4by am opdrsthisha 30 Of the

AR dfd Bt 201 and rgesisstor @e%%raﬁ@tl%% @%@@ﬁt@tt%'r)é setf the
the signal gain. A ref nce si REF is

(S5 N bR TSRk HE CpeRARTORSI Bl 1] 6r 51 THEea. series
Mﬁyéﬁiﬁﬁgﬂg @ﬁd ﬁgraEEesekﬁ@b&dtmmd@gﬁﬂﬂtk&ﬁﬂstﬁmrstly a
selector 33. The volt | gnal Vi fr he
éﬁ&ﬁﬁqQﬁ%ﬁlm%n%?a?lesq é§|s co véY éﬁ F%om U aral ogt the

sligniglalt csipri0l toh diacll igiagreal ity aare larsdlsog- t o- di gi taI

conver 29, e al r tg t
ntcrocg%{ro%lg%%%S tlElerglll%gee ?él%?§9 dﬁ%€%§ g?l?%%torlal
3 teraqtheon nPBREEORS ot@eriefermblrnedete@ mpﬁﬁrﬁ@leters of the

pafAERt ershdfct Bee PotysHem GONGlIEiDVdd yt&eeeeedlércemthem

the resistance, series capacitance and paral

L T AR e AT S T STy S0 Br QAAORaSd: e Hasd?. The
Fla feoetiams oty the ﬂmﬁta&yloﬁ phesedBQ|Eab sihgnalcdnpared
facilitate its ana

dﬁ}1ﬁb aPE%E?%? ibé TbgnSI nal r%n& g”d%@%k¥€%% phase

rac?lon phase
d&term ne the paraneters of the system These are

routed Q%%ewﬂé%ﬁ@§oﬁhétSaEQﬁ@Eef&tEd@ntlfled come
tested u 33

S|tuat|o rrn earnlng pase .
p%wcammﬁe@rftrwrtaftedex@t abPreRtpRasetsd aid@Rtfen the alarm

C&t@arpe%tiﬁdd&sqrn%regeaeed §6twatﬂgz;&334aﬂuramera 20 in
detectlon E 15 35. ﬁﬁp qgln on whehgz
&ﬁ%ﬁﬁﬁ%r i §BAt [ Fi%ed to | amRbRAt 4 Sfe§9ﬂmunlcates

unﬁﬂnpaﬂhmetedssampleﬁithel@mﬂenﬁ )and postippbepssinig that
Phase, S0 {51998 S0 Al 1L L0 10

In practice, a series of reference excitation
signals is applied to the terminals of the electrodes.
Each signal corresponds to a given frequency between
50 Hz and 5 kHz. Referring to figure 5, during the
preprocessing phase 31, the digitized signal from the
analog-to-digital converter 29, corresponding to a given
frequency, 1is filtered, here by a median filter 37, to
eliminate aberrant measurement points. It 1is then
subjected to low-pass filtering 38 to eliminate high
frequencies. By aggregating all the series of digital
signals, the spectrum of the output signal is
reconstructed for the given frequencies in the form of a
curve of voltage as a function of period. Finally, the
signal is subjected to temporal interpolation and
extrapolation 39 to increase the resolution at

intermediate frequencies and to sweep a range of
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respect of the quality of the sanple and/or

communi cates 20 its paraneters 19 (cf. figure 2) to a

di splay unit that 1is not shown in the figures. In
practice, a series of reference excitation signals is
applied to the term nals of the el ectrodes. Each

signal corresponds to a given frequency between 25 50

Hz and 5 kHz. Referring to figure 5, during the
ﬁmeﬁm@meSQBngﬂghaserelnoth@qﬁqﬁHﬁbk&i@*@ﬁmﬂmémtﬁﬁlﬁe From
n t I 9 r ng, t

i A

2P0 trluss nphatvelaberr &%t areAYUFEABAL Opoiftaguqncy scan be

(e +30, 3, ecdirb dihd oM Péﬁéef ifider i1 38 teo S kHz This
elimnate high fre uenC| egating all th
Ntk o

Ehhesl oo fdi drEeffes Iﬁhal t rBhPoF the 8utﬁﬁ?ater

3%@@?1U¢5ofedaﬂstmwnhﬂbﬁoanﬁheqm\ﬁﬂequannmmmlaﬁd|av01ds

the formof_a__curve of volt ge as f

SR ot =i Bl 13- Phemds Slignd 15 b ectetl 19 Lhe entire

tfezmmeaicyl nspepdirati owiahd hetxluramﬁca]tu@rmBQ fire measured

ase; therespluti t 4intel latedfr S

SRS B A o et paenclereional

a@cté»s,sggpé a5t Hermral ppd FafoﬁPOfﬂme?&qﬁfd# g dtelse ratio,

Qﬁﬁmﬁﬁénﬁgﬂ £@npl e, a spectrum of 200 val ues
of volta e a ncti on

equency can be
constr Gated. (3SBehrAY e Fange Fr ot EO0SRE Eo O P SYStem
Thirse SCmUIm@ilozflt@/r odesiscng t heosi gnaé prexliucesia R, the
reat er uantity of data at h f
%ﬁﬂﬂ§V%i8gpaFﬁ oss(g negsdg%%gpg?%él%ggé%§&¥99§é§%% Cp)‘
sweep déecentned feéggeney speciawimvit hdhi ghrplying the

r&s0l 484 19 gﬁgsge%§uﬁﬁg e§t99§£'ﬁﬁénséfugiéﬁagﬁlélet (R,

preprocessed tenporal sign wi th good resolutlon
drftr £ryoodT B¢ glﬁéfiptT@Cﬁ%?@,@ KQPFéber eady¢rPglpecd) temporal

an)yzeds rSiar @ nesaerd s Hng t PRapar Tet@NS B¢ PR@cessed
%%ften1 (thgg@gnduct|V|ty deduced fromthe resistance
t e

capaci tance Cs and the parallel
capaci tmnce £pysil5 arng detfer pnecdesisimg anhal geriephmcessed

gg¥%g§%ﬁlpg %FS% (ﬁ%%aQ5{ 18?@§Ea§a EQH%%F?@Q&EtEEgure 6)
begins with a transformation 41 to obtain its transfer
function in a Fourier or Laplace space. The fast Fourier
transform function (FFT) obtained in this way is compared
with the FFT of the model 42 of the 1liquid, which
corresponds to theoretical parameters of the output
signal. In the case of excitation by a squarewave signal,
the model of the output signal is given by the following

equation, in which T is the duration of the pulse:
. 1 R
H(jw)=(1-e7) +
joCy 1+ JjoRC,

Comparison of the Fourier transform function
obtained experimentally and that obtained from the
theoretical model is effected during a phase 43 of
establishing a differential norm between the empirical
vector and the model vector. Differences between the

experimental and theoretical results are determined
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Cs, Cp). The preprocessed (notably interpol ated)
tenporal signal fromthe preprocessing phase 31 can
be processed by two nmethods. 20 The first way of
processi ng the preprocessed tenporal signal (see the
| eft-hand portion of figure 6), begins with a
transformation 41 to obtain its transfer function in
a Fourier or Laplace space. The fast Fourier

t r ct FFT)+ ob ed hi swa S
dtﬁ%ﬁg‘édmz*% t%ﬁ%}?ﬁéé FFgrtofEﬁ%g ms)tggé o5 th th algorithm

IdeAdningiich tRer r sgeidsont o e et i églf p&%net%ﬁ’é the
(Hléﬂgkﬂﬂﬂéén b&t goah . kﬁetth%aSGnQﬁuﬁ%§ﬁtafuﬂﬁtbdné are

uar ewav nal the_nodel of t t I
I B4 e 0N wPngEhaRtarf bn O n A O G CHE L non-
Mraiammnﬁlmhﬁapubsebfl theR dﬁ(fel—:l(e}(ﬁ)gal( m@;mr Pefgp€s the

ri f rie - B}
635% ai rFfCé experelamgﬁteﬁllfElci %a(%g tﬁﬁgt hoiratrgelr %eaﬁl%rtme%lﬂnqé “Being
tdfeloratddal Theddls | soeftfhdet edrtumi Agt dophaser &3 ddff ferences

eéérﬁpl LshihRg az@féf%e%@ifmw betwessn the %@Iﬂfm@althree

vector and the nodel vector. Di.fferences betwee
tnﬁerar@&fefrs rht Ble ahdcPRebi €24 cAPIR s ulFs 18 @ffected using

det etdn et ali? dﬁlﬂ:ﬂnﬁ&dﬂ”ﬂoﬁl ptmas_aodét, t hbs Sé;a@ﬁppé tde the
gﬁg&{lthﬁ1 detern1 the go tion v ctor ‘} Cs, dient
HELNG s Far t11 8&\/\8 %Stiwo Trars o ares 'lgradien
frueci o dms, apEef@ﬂbmﬂuzedhdurEwwpkﬂpﬂm&hhoﬁ4 of the Simplex
[.t.i di nensi.o fio
T LrRRs onelaen Brbioame D RAd pelat becion,  cno
froar aghe o san odd] ‘ub@ rreemtsﬁegn being beef ﬁfelétlefd.dq‘fh%m-‘sn% (the

thi S 0Ry | Bl2aki onys theedi hEerencrsq tend tiwer dnZ€kRes the
on npdj fying the values of the three paranmeters o

of
t?f@?ltlfﬂébar‘%t?%%‘}’enﬁaéFeSP?n@én‘éfF@c?@. t§Phg dpga acquired),

Nt dnenmd | @B@o@pthm zakiredonBt pedsidker aexaspl ecofa tdhdution
ki nd u5|ﬂ9 é@tlon of first derivatives (gradient
mEthioes) { Bpr ?Er 'y the Powel | method or the Sinplex
met hod Tid¢ hcdndear ipt ografmtng. sAhbée dpt ideirZaeidof,rom this

t&@%tor using the equation C=R/k defined above.

The second way to process the preprocessed time
signal (see the right-hand part of figure 6) is for the
FFT of the model of the liquid 42 to be inverted during a
phase 45. The model of the liquid is then a time signal
homogeneous with the preprocessed time signal. The two
signals are compared in the same way as in the first
method of determining the vector (R, Cs, Cp), based on a
phase 43 of establishing a differential norm and an
optimization phase 44.

The parameters are therefore known. The present
invention nevertheless stores the vectors of three
parameters associated with the measured temperature in a
database during a learning phase 33 (see figure 4). The
basic algorithm is therefore preferably provided with a
library of prerecorded situations and can throughout its
use enrich that database with results obtained from

tests.
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paranmeters of the systemcan be fully determ ned (the

15 nodel ed curve has been determ ned that best matches

the enpirical curve corresponding to the real data
acquired), and the algorithmtherefore provides

access to a solution vector1GR Cs, Cp). The

conductivity of the sanple is derived fromthis 20

vector using the equati on C=R/ k defined above. The

second way i@ prpcessribe prepeecessed &ivteatsogeal enables

(see the right-hpand rt of figure 6) is _for th FFT
(ﬁcqqﬁ§§%ﬁﬂ9 O?Pthgégﬁﬁﬁ% 4ﬁhto g%”invé??edtHﬁ%%g jormal
phass #imnsThe amodel voidetrhe Icioguiid logst hewh@rtei methere  is
5%%§$Jff§ﬁﬁgng¥§¥ﬁ¥%§h¥gt@otBﬁep%ﬁpr S&E thE® arameters
si'ghal. e two signals are conpared in the sane wa

& 1Pt Ardf Cest foretdermpie deber REABRYCERC T et op 1T ROUbD e

Csr @P) reBagedponqa cphosg 43-&fh asfabliigfiig durification
differential. normand an ~optim zation 8hase,4 . %0 .
THES it angterl© e ther 66620 LETOMRY TRETYPE unctions
| ivanitri PR neyechelresscst Déeﬁdt ke vieled opsrahetBreeobtained
paranet ers_associ ated wi th.the nmeasured t rature _in.

P ok hbatay darfing S50 ddy %hneg ey (REeoF gtSr gegstibed
Terebesiteeral gorithmis therefore preferably provided

w th amdndibrany (e PLELEROLded el LBkl one@Nd Clllve been

throughout its use e at database with result
ol e el dd.onf ol bavsng 1 T hest o FRC Bl ar §eafenber, ofhey are

Skd Fans enabl es,Acquisid i Of MRERr s iR tBR GSkabase
under normal conditionps and under cggdltlons wher e

tHEF Y s Signi f1REAELHPRt ur BAAER t 0°Bdne oPSiBfe oftandard
tﬁ&tﬁéﬁéﬁ&%&ﬂs ﬁéfhi§%b?mdtﬁﬁdafdr exatpleonhe calculation,
presence of an air _ bu e, or a sin_b m f,r.om
RESTTR o Banat i ctrontoigll om CRS) BRgh by Lt 150 Menen
esd hbk i stédg qfol ywhen adecftemet i(Bns Chi nkfay Rhat Chasend been
t net er bt aj ne J4 hi :
%&éﬁ?ﬁ?ﬁ%@ldggéggﬁgﬂﬁ%haégPSSQ%esgﬁ%ﬁ%ﬁ 1gﬂway§¥?$atlons
hepefeperdingrhGe whem e lpafanet 8i8NofO¥ hé Osafplddsturbed

hayg4Peeh, and, if so, which.

' The behavior of the capacitances and the resistance
is closely linked to the type of contamination. One
example is the detection of an air bubble. The small size
of the micro-electrodes means that it 1s possible to
detect the presence of air bubbles that falsify the
resistance measurement and therefore the wvalue of the
conductivity of the solution. Thus in the presence of a
bubble the resistivity of the liquid is affected by the
resistivity of air. Note also that the values of the
capacitances diverge. Note further that in this
particular situation the value of the series capacitance
tends to fall relative to a solution free of
contamination whereas that of the parallel capacitance
tends to rise. In the presence of a resin bead, the
values of the capacitances vary very significantly and
more than in the presence of an air bubble, whereas the

value of the resistance remains substantially the same.
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determ ned, follow ng the extraction phase 32, they
are conpared with the situations stored in the

dat abase during the detection phase 35. Using
standard 15 mat hemati cal net hods (standard devi ati on
cal cul ation, Gaussian error 1gi spersion), the
probability is then «calculated of the vector (R Cp,
Cs) that has been determ ned belonging to a famly of

@h%uatb@@@lf@@rre§ﬁﬂﬂgtﬂgn§0 axmormmbs@ondpbm@me@@r@o are
a disty condl%lon and

he
ﬁélﬁg\}lc&re yth a&gfacFPani®s ré‘?]%e"f%tqi’%sﬁﬁ né:-e[’ j gisk of
@b@iﬁg¢dMIﬂMﬁtno the daypel of €oatanbifat icmtddmenation 1is

gﬁn%tegh %ld%B%Ctecﬂ.%f1%%na|%o??ﬁgéﬁgtT?gesnagkection

cro-el €s means
p@@§ﬁbﬁ@ .to 25 detect the presence of air bubbles that

fal sifyqthe ;o asistgoes pRRSULEMRAL R4 thes eborenthers of
val ue of the conductivity, of the sol ution. us |n

the prexetePetond beblR eStHenr 6SNSETvPRy X t Heelr values
sl hdesh afdtectreichdy, thiee seststandtyost-prbcedOlifg phase

| so that .the val ues of th 30 capacit dlver

NGLoPFAVEAGE 13T ¢ o TRLAPSr G £ GRS PREZTSTeTS
\aa‘hld/@_roftd heneserd lase cxa@athdsanoedud:*envdsW,o fatl example on a
tfoﬁl'g“ t@ndSol ugban fass of i nEONt 3 nateh;ap vv*},%@q% is

the parall el "capaci fance -t ends
oe temeageies ofr atesitd bebdl, sehetB8 vEPaesforopkemination

CRRAG LANGE Sr MM Yy VERY %ksméﬂnca%kyeﬁgﬂ 1801 %hbhém bRithm
the presence of an air , Wher eas t% val ue o?

9F& ek} 49 ahc BUF 8rBPn ¥ Sht Fal Ff;?sfﬁétsame §gstgpgnder
speacidd Gomtiitatdrens of these paraneters are

suf ficient e _to,be ot ewor.t and th
confu&%n1%@%?ﬁi@s%ﬁﬁﬂécﬁgégnop %ﬁn%%?fb%l éng example
elfi mimat ek dynt henconpaon soa tolmeaﬁnglngetdeteondontlv1ty

Sjphgs u%é &guﬁﬂﬁéféﬁ§?b%gge?et%H%EQ%Q t Ax%hﬁélln water

par anet ers- stembelfong to a give tion
ammrlﬂwﬂathnﬂlﬁyﬁtemEVe been detern1ned the alert and

post - phRGRSIIY Phase v36iRheYi dee ateesSHIO 4dea function
val ues, of these paraneters , , ,
of circumstances, and the present invention 1s not

limited to the example described and shown.

Note in particular that the microcontroller can be
replaced by a generic processor or a dedicated digital
signal processor (DSP). More generally, any electronic
component comprising at least an arithmetic and logic
unit will be suitable.

In applications other than the typical applications
of detecting air bubbles or resin beads, the range of
frequencies of the excitation signals can be different,
in particular from 100 kHz to 20 MHz in applications that
are more oriented toward life sciences (cytometry,

identification of bacteria, etc.).
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10 and/or to the value of the conductivity, for

exanple on a display unit, and determnes if the

sanple is contam nated or not and, if so, the type of
contam nation and how to renmedy the problem For

exanpl e, the algorithm can tkigger purgi ng commands

to restart the tests under 15 better conditions. A

val uabl e application of this nonlimting exanple of

the present invention is tQLRENMSUri ng the conductivity

of a pure or ultrapure water solution, notably in

water purification systens. 20 Numerous ot her

vari anfls aMethedsidfl enemsswar fnmcthencooflucitiydimst afces, pure
%Qd Eﬁ% géﬁ§gntli .ﬁﬁt'%%ﬂéb%gtwaﬂéPteQSﬁﬁ th@lectrodes,

exanpl e descri bed and’ sho in Particul’ar "t hat
che rrictiegddRc ofiber thah bkt repIHcde byra gekerméning the

%%%%Stqrv&r ap dedicrtiad di ghtalli @8 si gRaltHy 0eBsROrof - an
. Nbre generall 1 an electroalc conmponent
@&%Maé% at Sfeaktlahl ar i THetic afddPhgic HERFWIT9 2
hesswtiablre, 4 ncapptitati aps iof herrdlNan twhech yphealkesistor
ﬁﬁpligﬁtlons. of det%&%lqgcalr bubbl es or resin beads,
Fshde 6t 1550 FPEGUERE 65 'of the excitation signal s
can be 2di f Mertéuotd, a¢p¢md1m@uﬁaw ¢rom 100 kHritacored in

AP Gatd iR d f@lte QULpTRE ortented toward life

sciences (cytonet tification of bacteria,
etc.). 151933@1%%5 qerm% h&d of SheastFEngHHeation signals

Qﬁ@yﬂﬁﬂ@@éd&(ﬁréhd@ﬂaqesor ultrapure |iquid, notably
wat er, using el ectraqdes, characteri i n
conS|stSQQ?QﬂﬁQﬁqﬁtﬁPﬁgtﬂﬁ% cBRAGEFTRVP %ngva gPFFgSlgnal
the dggubdatinghelikormef nwsecpmaredentakéectati cahe given
%%&fUIt di a ran1conpr|3|ng a resistor R a capacitor

irall’el with the resistor R, and a series _
capaciPomdmpaﬁmqutﬂﬂnﬁﬂmb@&tnmﬁiﬂ@ ¢optta¢al 1signal with

chanpgt.erd zed ingdihat, {4 includes the steps of: -
appl ying series (% reference excitation signals
- minimizing the difference between the theoretical

model and the empirical signal obtained to extract
therefrom the triplet R, Cp, Cs.

3. Method according to claim 2, characterized in
that the reconstructed spectrum of the output signal is
subjected to temporal interpolation to increase the
resolution of the signals at intermediate frequencies
and/or to extrapolation of the frequencies in order to
take into account frequencies that are inaccessible
experimentally.

4. Method according to c¢laim 2 or claim 3,
characterized in that the comparison is effected between
the Fourier transformed function of the reconstructed
empirical temporal signal and the Fourier transform of
the theoretical model or between the reconstructed
empirical temporal signal and the inverse Fourier
transform of a Fourier transform of the theoretical

model.
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at different frequencies, - reconstructing the

spectrum of the output signal 15 by aggregating

di screte neasurenents taken at the given frequencies,

- conparing the reconstructed enpirical signal with a
theoretical nodel, and - m nim zing the difference

bet ween the theoretical 20 nodel and the enpirica

signal obtained to extract therefromthe triplet R

Cp Cs 5.3. Méthhald saooordlimy to @ngi mr coharcadetiesi Zedto 4,

haralc%tertlhzee ecopst r%‘i’%tted $hect rME‘hj‘.’hE £ 9it p%ttep uses

Subj ec enporal 1 nterpolation .
|duﬁﬂ§¥ﬁmuﬂai 25 reyvﬁmtlon vl héinpgparsaht non linear

ﬂyﬁyﬂﬁ%g Alg f reuenciies, andies torgxbraprbabbB19f method
e frequencies in order. to_take into account

igpigiameied pddteddifar REQEAREN G |y, 4.

Met hod caccoredink@l taced@ding® €6 &mi e o80claims 2 to 5,
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di st ur banceue th o dveL BOGr@CEQT BNl &hai BEb.claims 2 to 8,
characterized in
characterized in that the excitation signals are applied

in the form of pulses, preferably squarewave pulses.

10. Method according to any one of claims 2 to 9,
characterized in that the range of frequencies of the
excitation signals is from 50 Hz to 5 kHz or from 100 kHz
to 20 MHz.

11. Method according to any one of claims 1 to 10,
characterized in ‘that the conductivity 1s measured by
means of micro-electrodes.

12. Device for measuring conductivity of a pure or
ultrapure liquid, notably water, by means of electrodes,
characterized in that it includes control means for
executing the method according to any one of claims 1
to 11.

13. Device according to claim 12, characterized in
that the control means include a microcontroller (18).

14. Device according to claim 13, characterized in
that the microcontroller (18) is connected to a

conductivity measuring cell excited by a pulse generator



that the determ nation step uses a bel ongi ng

probability <calculation. 8 Method according to claim

6 or claim?7, 15 characterized in that the

di sturbance corresponds to the presence of a foreign

body, notably a particle, a pen- m scible contamn nant,

or a gas bubble. 9. Method according to any one of

clains 2 to 8, <characterized in that the excitation
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watnstuc thyr irsarest ofate@ect rodes, 30 characterized in

that it includes control neans for executing the

nmet hod according to any one of clains 1 to 11. 13.

Devi ce according to claim 12, characterized in that

the control neans include a mcrocontroller (18). 35

14. Device according to claim 13, characterized in

that the mcrocontroller (18) is connected to a

conductivity neasuring cell excited by a pul se

generator 17 (22) or a reference signal generator.

15. Device according to claim 14, characterized in

that the or each conductivity nmeasuring cell is

provided wth mcro-electrodes 23, 24. 5 16. Water

purification systemincluding a device according to

any one of clains 12 to 15 for neasuring the

conductivity of water.





