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WD 2005/ 045635 PCT/ US2004/ 035979 METHOD AND APPARATUS
TO REJECT ELECTRI CAL | NTERFERENCE | N A CAPACI Tl VE

wWQ @shBFeBEVEL SENSOR SYSTEM PRI ORI TY CLAI M TheCPUSRe4035979
application clains priority fromUnited States
Provisional 5 Application for Patent Serial No.
60/ 481581, filed October 30, 2003, and entitled

yikfon 29 £PPREAdTs 1) REUEEH B EEHRERL mypmgrerENCE IN

Syst ent  bya RAPRCITIVE HIIQOWDLEVELRIRSORSYSTEM €l |

the disclosure of which is hereby incorporated by
reference in its entirety. BACKGROUND 10 Technica
PRIORETY g Amgesent application relates to liquid |evel

sensor systens. Mre specifically, the present

appl i T(hat pmsentelaapb@tlpn rchéms epaaonty odront  United f Statasc é’rowswnal

AR PEY, SRR SRS A B2 B P enies

“mﬂﬁfdeﬁldAAbpékﬁtth& IR Wi Al Ietbiggensd da maEQdﬁﬁe Liquid Level
vol unes of guid w thout contam natin e liquid

SpRSO5 S YFEHO ﬂ’b’zﬁ%@h%& He'ﬁazw Ranald £efwaise) the aieaclﬂsgreaqfdvlnch s
ts to address these
héggggﬁ% ﬁ%g%F§§ é%éﬁ%%@f% prOV|de t he needed
accuracy and purity, a nunber of autonmated or
B%RﬁkG%EﬁﬁgBted | i qui d-neasuring systens are presently
el ng us to gauge nore precisely the small liquid
vol uffeshdidehFiddéed to be mﬁthdramn 20 and/ or

di spepsed. One of fhe opyl.ar .types of

[T quilde PSSRl apRcipB el fo gtid 1R SHisog s¥ifarms | Mgre specifically,
R petdae a[%pilfé@tuﬁ{ RBP4 B RS F%!Jécﬁ()ﬁ 0P intéHfSBERSEhigh Q@Vséﬁe%;j affects the

amount of fluid fromor into a container. The probe
operatiov afd gapaoitine Bquidevel sdnsordbASHsystam.and, using a

pr ec'@i gn-.ocoEErPl lﬁg notor, is vertically (z-axis)

| owe iner until the tip of the probe

25 1 epghEswih ﬁd@ﬂl digfénbiay Precie| Wiirhés 6P tiquidh@ithRVontaminating
surface of the liquid (the nmeniscus). A desired

thenind inan impgitaat pat phewnyclinglApplications gnd tbsprsorydepts. While
tt%ﬁtsttg Gadrf tﬁé%%eeds%ﬂﬁﬁhallé%ﬁ%g E‘fle@ ﬁygroggcﬁ‘:QhQ ﬁéédgﬂ %gcqracy and

I'm ze/reduce cross am nat twee
purity, a number of automated or semi-automated liquid-measuring systems are presently

being used to gauge more precisely the small liquid volumes that need to be withdrawn
and/or dispensed.

One of the more popular types of liquid-measuring systems uses a motor-
controlled pipette-like probe to aspirate or dispense a desired amount of fluid from or into
a container. The probe is movably mounted over the container and, using a precision-
controlled motor, is vertically (z-axis) lowered into the container until the tip of the probe
reaches a desired level below or above the upper surface of the liquid (the meniscus). A
desired amount of liquid is then withdrawn from or dispensed into the container. Such

systems have been designed to: minimize/reduce cross-contamination between the
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different containers, avoid splashing of the liquid
walewosigseBhe aspiration (or deposition) procesBCT/ERIN04/035979

m ni m ze/ reduce the portion of the probe that nust be

washed. In many instances, the automated or

sem -automat ed |i qui d-nmeasuring system does not know

bef orehand the | evel of f.lui ontgined.wiihin the . .
cBBt o anRBreeREpese vl lratiRRte P i Mt e agaeation (o
d sﬁtibﬁ*ﬁ bRfEedsOarRl 1¢RATNALErdAASd the POrti¥rt dF thEBroB¥ RRE hiki W washed.

that the probe has been precisely positioned with )

r espdetmany inplengosyithe |asicsnatedsey semil-agipmateds liqeidnneaguring system

L1 -0 W I hout .pr.evi o
SRR abl e PLRPSEh MU ARVl Nonecess
tleopipattaibke piybs anisit g 16weret he awpneih positiin with tHeeexbedatich that the

in the container as the _probe is being | owered.

) For
PESDSISEDCCR RTEANY eMRSHIONEAY il reREe b tsorwd et rpevaral systems
. ' , -
SN0 RS, BP AR pRIET bitloR 1HAARASY Mol the uoper lovel of the
ligott iaithe cordanerty sénsingf for tee ywpebéevappf tadiyest intthe container as the
li.quid..This asur enent .ma identify a liquid sense .
ot it ToRietin, Lor GEmteFad mesStrtent ity bt SHgf ASORR etectrical
pﬁéﬁdﬁ%’rﬁ%é‘&iaﬁdd%thta’kﬂlaﬂﬁmtﬁt% Shpiaicd BewESAPRE pkHRGRd the liquid
bet ween the probe and the liquid reflects a change in

iy ghe eqyainevas| the ki of ghegprebe eppropeliesahe hiquisholbis measurement may
. . I I I Q st.em an echni .
8 £ 000 88 2B R R MR o
tize @ghiScuspwhemthe @chphéitinic el bamashl thesroby shd thel lkuidue@béts Bhange in
United States Patent No, 5,365,783, to Ronald A
voliagerlgyel thah és eroafer thep adfceslnld yeferenee levek| osure of
whi ch i ' er e . .o .
] S 1 BT SRS L SRES pp i ol
asg-akisccaitwted iloui g-measuri) systempisokemghts byoUeded IStetesr Patent No.

oser, tq .the contai ner,..one or nore static C
SERSCRAr G0 Revar A 70 et “FUR e IHE pispdisagire of which is
hefBY ddoegorsted by fRfee. movenment. These static _

di scharge events can cause an instantaneous change in

a si gharmp quisieg sywens, thhdabyese aaegollash pad pondetiaglparcity. As
. ) Mee |
GRhOBORER P S SISE 800 B S el L o ovens
nidye oguud et éeni thet peodei and donbider idorihgCirobé nievesiehl.| These static

posi ti oned 25 above the [iquid). Second, the .
disghyies PRIt fART a1 HiskgtasQusahangs i - Baad idicative 9f Hiegneasured

[ | Whsl j ' too b
RIS L5 LS bl o o i
filsx ponieee mdicatidni gihatfthe guobedy ie Klec iquidegimest incfact it is still positioned

adi ati.on.  Probes n.thus act as an antenna wth
p i B i s Serp L dna oot viste Hes FLSRBh aregByly used are
top 1R ilfim@ddRatn ANt &¥esRnt light fixtures. The electronic ballasts used by such
fixtures emit high frequency electromagnetic radiation. Probes can thus act as an antenna

with respect to such radiation, and the corresponding noise signal from that antenna-
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2 WD 2005/ 045635 PCT/ US2004/ 035979 captured radi ation
can adversely affect a signal indicative of the
wOre@sS(4a85 capaci tance and can cause an i ncor rBCI/US2004/035979
detection of a liquid event. SUMMARY An enbodi nent of
the present teachings processes a signal indicative of
a b5 capacitance fornmed between a probe that is
| 1 to nove in nd/ or, t. of cont ai ner and
G REHTFBH P oo eBhiaf e Sibe messured capacitance
HARABE bHRB G ihdHI Rl Y Rioh HRHquit@RnPe filtered to
produce a trigger signal |nd|cat|ve of an event with
respect to probe novenent. The trigger signal is also
¢d to detect occurrence of the event and
novenent of the probe is paused in response to a
deteah@dméwdhanCoﬂﬂh@qn&mnﬂﬁmAMmghqno@nhﬁdhﬁmgmlah$OMHm of a

rocesses a signal indicative of ci tance. for
BRI TrihesbEhen & B iR wtiblBid i ST gF out of o
cRutairek afd ﬁQi#] 1Ad B&taBd vAathih B ntHAH aFy ée&p%ﬁaﬁb@ 1rfd|ﬂ%t1ve signal
cont ai ner e capacitance indicative sign can

B heplssed fq Péqdélée at toiggen %lgnl%ltlédlhatg\h? of @qatétmwlﬂor@pect to probe
r@(ﬂ&n&&?? er g c}%gfgél‘l ;1 é@gﬁ CagS%a?irogas go %e? tclrcé%e@cgg&atlhe event and

mdteatenad £the @mlfene goiesRd)in B&mm&@hfiie&médb%rﬁro@&hiﬁ@wa
trigger si gnal c{ ndi cati ve of an event with respect to
pr ob IRt alge pERyesses ipgnanal idiesivg ofrdoeapaeitagce formed

HeBvadat éf—‘ﬁltobg Ctﬁh.'tr 5 &RefolEd ﬁlo%g Gio Afabr! HR (ﬁf’telo&ﬁftzﬁger and a liquid

capaci tance indicative signal i's processe
cdptagrediwithimblet ¢tpataindre Theeapaditenanindicaties §ignad nmebeio&npass filtered
event.. | n.,accorgdance wth

| i qui n an
CatBmhieh FNRGET PNt rRg S Srdreitarbets nigpive sienl
2R filksaéd bignA0uhIe! higH pta9s ﬂR&@d 'td‘h@elﬁt‘ﬁﬁ: 1BWL fr&fueflcy components and
cont ai ner cont ai ni ng where a capacitance

|
Prestues stagee ﬁlgnhlelqémﬁ@e @2 dmt ¢vent Wi ngspeat taaprbetineement.  The

R BP0, BOUPLE DU BRGSOl S50 gt i e

chpatitan@c emdieﬁnteh gigpapdgi ﬁr@ﬁ@s@ed ndi getbinvife SWBEBEr the event is an
reﬂponds to an event-related change therein by
IHUSIcRES T5BT ADY BAEASCRTNG #¥ethr obe and furt her

eval YRtLagdddle FaR %'etrﬁ\gﬁl dhq uld ﬁeﬁr@%%&ﬁl&w\/\ﬁhﬁﬁes a probe

probe novenent iIs pause ete
thdtain g@nm;aﬁed: dagsavebynto aamdi owteof er @mtdnaventainingaa liquid, where a
event. | n one

PP T, PHY “E) S8 P Rt PUBOLS dBroneA Fpcifige sensing system
coapikd @é H%Cbrobe generates a signal indicative of the capacitance. A control system
that receives the capacitance indicative signal responds to an event-related change therein
by pausing the movement of the probe and further evaluating the capacitance indicative
signal while probe movement is paused to determine whether the change was caused by
an interference event or a liquid sensing event.

In one embodiment, a liquid-measuring system includes a probe that is controlled

to move into and/or out of a container containing a liquid, where a capacitance can be
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to nove into and/or out of a container containing a

liquid, where a capacitance can be 3 WO 2005/045635
wEADs0EBE0D4/ 035979 detected that is indicati vECDUSH04/035979

capaci tance between the probe and the liquid. A

capacitive sensing systemcoupled to the probe

generates a signal indicative of the capacitance. A

tr.ol t.em. ei ves the capacitance,indijcatjve -
dfegiod et f PIGRL 4 e campatanc Gebeep i kb pad Bieginaid. o gapacitive
s%sﬂ?eﬁ%%ﬁ; bhp1dd ttBEgH ok pateiitads §ig{nﬁ‘1di'n@ﬁtaﬁ%’§o§ﬂﬁrlf'éf)acitance. A

eterm ne 5 whether a change in the capacitance
conlgvlc aystum sicgivas thes cepastienrehyndigativiet sighel; efiters ethentapacitance
or. a2 Ligul nsj event ...The present teachi ngs thus :
Rlef R SRS Hnuing BB LTAE PrublS aviomine

vitledter b Shagetin tld @paditant® viRlitdtive sindl wis elikedby 89 i@ €drence event
with a liquid, a capacitive sensing system coupled to
f RdidpidoisBsIIG Cfdher at e a signal indicative of a

Capaqihte%&%np@éﬂﬁlg%é hhe iﬁ&u@é QQEuﬁﬂ%VEllht&glﬁi%g Léiygtem%@i& a probe

control "systemt recelives the capac
thatds centrolled$o gnasle,int@and/basedof tartad withpa ligiekl, tahmpacitive sensing
venent. of {he propbe and processes.the capacitance
SYRAPCRUPISE (2 [ PAPOS 1 O B HE) YT VP ©! BdbeaiPpes between the
piscanditheliyiial 4fra ddard rs9§’c€m"fﬁ%te1€(|:e;i@és, thee acﬁ&ﬁ:e‘leilcative signal,

into and out of contact wth the liquid. The contro '
agg draeed dwreopapeeses ilae mexesmmhiof ghe phebepawbh prdvasses tion capacitance

. . of . i | .b d h '
RSP o2 A R, OB SR RLAE e move

at Rpscel oféntor@idwat b¥ @ostagN@ith WY liquid! The RHARE VBB ®RAtpause the
IS paused to determ ne that changes in the capacitance
meygeat Pl de npbmbasedran paale fshangegelad sighelbased ondhe capacitance

. . . r , i i . ' . .

YNy O o I SOUED e AL AL i i
thenpiiobatmwensig rapavsed do Wetdrmfre that niznged e tlg0edpacitance indicative
LS S R BN SER, SO S i, i

dﬁsfché}g@,reté‘?: | BNAl emtR BN BRY _ﬁi@%f)a&tfanéé‘ﬁdﬁﬁﬁp@si'gﬁal REW$EEhge signal.
base on the trigger Si ?na , for exanpl e, "when the

tri gdée eongahkysse eegsingluder & dandngss filter wpetablison the capacitance

AT R AR, TS BeB FOAE}he
onnlid wig@er gl dbeexafigile] Wh&Oht tidddee dighsl sxovRisalthtegiasid.

one of 1into and out of contact with a liquid, a o
capadihemeshadsnsyisisass pad MMPYEHPWEray Pradacts peesented hemin include a

H@EREhEEriAs S/ A0R thd: L RALS |

RSl Ay Sl AN I TEAEEA A Prftl Al RRARILARER ABHYEFfast one of
imteced vesof dvatacapdhiat Hgaid, & napaciiviewensing nystem toupled & the probe to
t he caéoa_ci tanae . . o
generate d signal indicative of a capacitance between the probe and the liquid, and a
confrol system that receives the capacitance indicative signal, filters the capacitance
indicative signal, and processes the filtered capacitance indicative signal to determine
whether a change in the capacitance indicative signal was caused by probe movement

into and/or out of contact with the liquid.
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i ndi cative signal, and processes the filtered

capacitance indicative signal to determ ne whether a
wWeb@sgesesh t he capaci tance indicative signal wWesT/Us208€0835979

by probe novenent into and/or out of contact with the

l'iquid. 4 WO 2005/ 045635 PCT/ US2004/ 035979 I n an

enbodi nent, the present teachings include a systemfor

processi ng,a.si gha i ndi cati.ve af a _capacitance . .

f or met B EFREGTRL Fhg PECSLRLIEATUNESJRELEP PSSR Iophrocrssing 2 signal

iAde4te of @ehpRitak@Ntorfied Betwted algrobd fhat BREntbed oG into and/or

where the systemincludes a | ow pass filter that

avp of aerdact oyith diqeish aoil tthe iquidn wiherst the systemiatlutles a low pass filter

[0 a filtered capacitance 5.indicatiye si .. a .
R el of  thp SBRe SRS TubERES Siehfius Brvdifech Hftred Bapacitance
ifEpaBet iRl 4 RithCRddsVidlter th@iN@derites BhaHe FBieped Edpdbi®ince indicative
signal indicative of an event with respect to probe
stpabivarpduce griregRr v gra dndipaiisieraf @ni cymat Witk Fesppd to Rraligenovement,
O . Tt ance. iadi Catiyecs] i .
bl PR AR DA ekl TR R 08 HapBiined 1hdlGBfve signal snd
ttipgeresigmat, wharenthdrénstrictiges detignadur@nce ofighe event from the trigger
instructians determ ne,.based .on the filtered. .
St%ﬁg_afff B g E@Wﬂ@?ﬁeﬁ% Priceilemed pepagitpeg pignal, whether
tBE &N a8N@ senéli—ﬁg RERC AFTRYrod B itkthicAHSs &aDaRGUBE movement of
t he novenent of he probe in response to a detected
they @mebeoitc taspese el andetecied miverteaecurisace, i #ttde pa process the filtered

SBIB055al BA UREPE e BB nd St e

denetedr @rae obcurificd Nisedrd efterfeRney enéntosr @ Hdquldi fdnsing event. The
sensi ng event. The processor instructions can thus

DrRRSERF tngRions pak ks Aesasinend/opesuee prayiseent of Hee prepe if the
RRLRAL0 BYAMcn0S (G EAARLd & HELSHIGRRAL 8ydE an

I nterference event. e teachings 1 nclude a nethod for

pr oc &3isiteaghings inghmle 4 mdthod tforv@ocssmgaagiaeil imtieive of a capacitance

or bet ween a probe that_is controlled o nove.into .
fé%ﬁ?%a?n afpre‘zﬁqﬂaaéﬂs vaomoléeds 9 afmva,m%a“@%ow Rupeptact with a
ligfd, wda M8 LiqWdPaRSudiht tl@\ﬁli};ﬁ%s tﬂl‘t%nﬁ?@ﬁé’ b%ﬁ%ﬁﬁlce_ indicative signal to

i'ndicative sighal to "produce a fiTtered capacitance
prerbiice a2 i fikered gerphcitanogh iphieativei bigeel, nighhpassi Ifiltering te filtered

capacitange j.ndicative signal to produce .a.trigge .
oSG AR bR 6 PadiRie el DRE dBplcidopE g event wi
régpeenBnprobP maBesRhngplooessiny teetiggegbighalt © d&@t@Cdccurrence of the
occurrence of the _event, and processing the filtered

c¥apaid pressing dhe Blteted wpgeitance sndicatioe wigmel ithdateraring phether the

o R e, _ . . _
YN Ry UL O SR HAPERERS o AARERA Ly B rove i
thy detéctaloaent @coeence deeermineddo be abh mteferemtesaviat ence

ev

entAccordingly, in an embodiment, the teachings include a system for processing a
signal indicative of a capacitance between a probe that is controlled to move into and/or
out of contact with a liquid, and the liquid, the system including a bandpass filter
operable on the capacitance indicative signal to produce a trigger signal indicative of an

event with respect to probe movement, and a processor having instructions operable on
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25 Accordingly, in an enbodi nent, the teachings

i nclude a system for processing a signal indicative
w@bBoos/0¢empaici t ance between a probe that is contpol/UsH04/@35979

nove into and/or out of contact with a |iquid, and

the liquid, the systemincluding a bandpass filter

oper abl e on the capacitance indicative signal to

roduce .a er. signa cative.of an event
o it e o BGCt Serdiinge SRIRG Sop BRuoTBresRG R ghe tibeer signal
ah@ & I{_J aHeé t}fé'}ﬁoﬁﬁ%@ BF ﬁle%obéln\P&p%Q%{ooﬁ&Q&%d event occurrence.
PCT/'US2004/ 035979 the trigger signal to detect
occufR edrc embpdipteat.ethentearhipas prdues i myptlyrd tf¢reptqcp@§g@ a signal
n
RUEIRE ook P T IRESTE B AL ERRed e oo s

o&ﬂbb@bnm twitht athlildaﬁlhﬂ ﬂ@Shcjuiﬂ‘,hﬂdﬁdlag Htdniag thetapacitance indicative
processing a signal, indicative of a capacitance
siegrlfe ProditcRedHEge pT g 1digattve OF @B ey el Wikl respeGtde Brabg e vement;
{ f I
ERRSTSi Pher SRARE Gt Sodhmeptbtne T, TR it g movemen:
of dilqopmticmer@pdmsegg@r detegadalevan’u dicoatdnce. Afhedfilteeingrdan include high

res 0 _prob ogessin the . .
PR Qe ging 1oy s LB TGo dapesiBE A Ciawet s\t nclyfep detecting
WRH S th ééﬂk@gﬂ'&@%}@é&ﬂﬁ a tRfeshdlg, maﬁﬁﬁ% hHE ﬁ1%§é}ﬁ&§teofttﬂe ﬁrobe includes

det ect e event occurrence. eri ng can i ncl ude
pmcgﬁsmg) ﬁwsﬁftﬁ:rpd @apwgtaaﬂ@l/mﬂicatww shensd aftet pewdimg) the movement, and,

L T —

tieopebe itito @ﬁnthditazvi}ﬂﬁ oxeliduid) aﬂdlﬁfr mEVeREess Sif i $18Be out of contact with
filtered capacitance indicative signal after pausin

then Bavidy ebhendetergiping Y apeludes dsterpinipg dhat rfhe event is ngt associated
t

S8 TR0 s W0R SUER\ PR P Dy o e prov

oghdf contadwattetie lofuid, handpresipeinguhoodmannifah¢ pwibbh Addosdingly, the

i quid. The. det.erm ni ng al ncl udes dete ni t hat
iz, et ELebifind oG the Greh ThaTORBIR Bi fheeront of the
pRSRIAtd dHneact Mthaks Lfuldadd?sr tbothéht Q{f%@ﬁrdﬁg\b‘ﬁﬂﬁﬂkorﬁﬁct with the

the probe out of contact with the liquid, and
liguish Anch getevivingne level ofishg floidebaspd oortlie msifion wofighe probe and/or a
Sgnsgﬁg%g gv&@ﬁh' n%:cl)bude determning that the event is

8 V&vent of the probe into contact

Wi t h b fegel anmuddnartgd/tm temhiape iiclede fresuRingbe capicittiice between a
contact with the iquid, and determ ning a | evel of ]
prohe gndys digpids @au%ﬂg fAevesit of dhe BrobeHaset oBe Fieofchange in the

0 t
ST PP, O oy B e B0 s pssd s, bt o

ticafvather mnasardnsdnie @erfarmmeaine oambra offi qmsudung)musemglt of the probe,

"Pe\rﬂﬁﬂl?{]gt a Sgsntlohneoiptile %?ob%ags%?raglqg ﬁquf?l into tLe pro dl, Hisi)gn%ing from

the probe. Resuming movement of the probe includes a method that includes returning
iteratively to measuring a capacitance. The further measuring can be performed for a
time interval that can be based on predetermined time interval, and/or based on the

further measured capacitance. In further measuring, the method can include comparing
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capaci tance, further neasuring the capacitance while
the probe is paused, and, based on the further
wore@siswaent s, perform ng one or nore of: resuPETyS2004/035979
novenent of the probe, 25 determ ning a position of
the probe, aspirating liquid into the probe, and,
di spensi ng fron1 t he probe. Resum ng novenent of the
robe(incl a net hod t hat |nciudes returnj

ditechased gBithe ¢ %%ﬁmﬁ@eatsc@pafc cesinare. thrpRbokd, Chpnging a counter

VARSI 68 BorRFarRehd, Qﬁd'“%ﬂstgﬁ{lnﬁl thé Hﬁle iRefdal %lcls ﬁ%tthe changed
can be based on predéterm ned r%e I nterva (f or

chaded abre. tThe fufthertoheasunmgasan b@bmﬂmwtsampémglmtefvat tiikéor a probe

nmeasur i t hod can i.ncl ud arin

Y SRS e DRl Gon 552078 Pt S5HaacTare YriEety. and a probe
a&%k&ﬁﬁﬁ_ﬁﬁ%§gﬁ@ﬁents to at | east one threshol d,

changlng a counter value based on the conparisons,

and, determning the tine interval based on the
BRIBROSECIRRUMORTON B AN Itast her neasuring can be

based on a sanpling interval and/or a probe novenent

char &cere sping etmatlde@%twdmgmfd@e @rpmbée@bmsl m«'a/ bp gloguired by

r%%le%%i E%%?(g]]oﬁfa% ﬁe?af.\ﬁ@ %ﬁ%‘{% F’r% rtaélgezr:lolﬁn,p ‘[5101 tfiction with the

aunﬂqm&%agdhﬁ@ngﬁmmﬁeupresent teachings may be acquired
(téerence to the follow ng Detail ed Descripti.on

vvhen FIGWBE 1 i &bisfk ﬁ@ﬁxaahq;&%welﬁ gontzplicdraneR)atgg liquid-measuring

ﬁﬁéﬂnngs wherein: 10 FIGURE 1 is a block diagramof a

z-axis controlled automated |iquid-nmeasuring system

FI GUREGURES2 as g rgaqyih ﬂllubttmingbwrgtlmearcapamhva sensing system output

@Za?atp'cgéﬁer%g\?%h@\g@rﬁ?t eg]ﬁp g {sﬁﬁ ﬁlgms @q?&ta aol$ (? 1n a container;

|'i qUIRIGURERS &0NBIBLIN 8lagrant bPdads icdntRolRld0slfod hidd 'hg{ﬁd%easunng
a z-axis controlled aut omat ed | i qui d-neasuri ng

sysjerm @hﬁqcnrda@@@wdlam emppdiment oéthsquibsenhicadfinghe present

t eac RE 4 r am.of
B* are n C e S48 jloec(l:(tdl%%al ?Caenslglteﬁ% oK é?,}sct{%l ep&oce&;ng scheme used

i nter

b Y syaomaccadtighg FIGUREGIRE 3; FIGURE 5 is a flow chart
t hat d|a rams operation of one "DEBOUNCE STATE

MACHF > Brpllew ichatt fhat riagrams epgratiomet gng SDEBGANGE STATE
MA@H?N’EaEé JsToNMa\V ﬁ'FIGUﬁ%@ capacitive sensing system
out p%IGURE 6 is a graph illustrating over time a capacitive sensing system output
signal, a low pass filtered signal and a bandpass (trigger) signal as a probe moves towards
and then contacts the meniscus of a liquid in a container in presence of two static
discharge events;
FIGURE 7 is a graph showing the signals of FIGURE 6 in more detail
surrounding one of the static discharge events; and
FIGURE 8 is a graph showing the signals of FIGURE 6 in more detail

surrounding the liquid level sensing event.
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signal, a low pass filtered signal and a bandpass
(trigger) signal as a probe noves towards and then

W@ owsaeI635 t he neni scus of a liquid in a contai PEF/USI004/035979

presence of two static discharge events; FIGURE 7 is
a graph showing the signals of FIGURE 6 in nore detail
25 surroundi ng one of the static discharge events; and
FIGURE 8 is a graph showing the signals of FIGURE 6 in
nore detail surrounding the liquid |evel sensing
DAL ED/DWOCROIPBION! ©F3SHRCTR WS?NEE 035979  DETAI LED

THE DRAW NGS FI RE 1 illustrates a
z- ﬁi&’gﬁ“} %Sgatem s eniTPled autpraiad: iad-sysepuing tystem 10
W¢mopfdeye&1ﬁm 6ot thRhosi¥ish o‘f*&?r@ﬁ’é}f 2R r@%oe@t & 8P&chbwn level

h” respect to an unknown in a
O(E diqméntl lacoalertmbdriabaratory oottaineed 4.1 Mowmwatmﬁtheqfrobm ¢l in the z-
out o

oBisied; et R gt o Gonge el Eppebiigghl servo-diive 12 whih
iS&dvotled by & nﬁ@ro%ﬁﬁfﬁter bsCpoONty. oThedpoyt S%d%rﬁﬁﬂéé‘%ﬁ@ﬁ&ﬁﬁon of the
or CPU 13. The CPU 13 determ nes the position of

Pirbstld with igspest tethp develod thenbquid ye thegfontafiyeer |1 duyi monitpring a signal
15 t}%)rg%g{rll@ Qag:)raggﬁlgg ¥ gﬁ%let glé‘% ﬁlg)bg 13 Iaﬁ& ?he h%u§d El.thg 8nEaH§r 14, the
liguigincthé corithigerc by adngountd, Th€PU hﬂwa&olm programmed to control a

co t ai ner , and, ground. The CPU may  al so be
@&1«’*&? 38 (< Bhinks) “ahotooan ﬁmrater%ﬁeﬂpé?selaedqsere@ amount of fluid
ﬁ%\ﬁ{ bPERd tw&&%lﬁéq 4a§ﬁ’bﬁ£1t ﬁle roﬁé IPERSE fikxfifS 'tlib%dIS maﬁe from a

anmount of fluid from or e contai ner 14 throu
Chmwpldbmertmatwa sachf ase”RaﬂﬂnefctrLﬂxemj:E made from a

Then;[?lF 3{52{% 8‘%%%’] a(ng?ff: Cpl(gg% ?;,dl? ;:r%];_ he &é‘f’%@n algcﬁ@% liquid in the

cpiiteier 14 sedytih@edsts s dhé Prédeel1 1 eOMoRbNSwakA thé QWuiﬂ When the
i ncreases as the probe 11 is noved toward the |iqui

PyrberPontagts theligid pie o pemeiner thdhe sl eppesitanke Ci, changes virtually

: 1 r P
GRS B ERRRIARI00 i RSl RS ey 212
d&faex d:}&ngesuml thik stnanyac@acmﬁachm pﬁolvadet eorresipblﬁﬁhg @b@eg data to the
ihls st ray apaC|tan and rQV|de correspondi ng
dsPi% Si tharfamy of elgeal EpRyhich PAndigevestira %paglta@ﬁabetr@en the probe
f i tance between the probe
P#Iﬂ,hgthﬂ{éﬁll qwégﬁlalhn\ét?r}g %Igi %glﬁ%gr 14, and ground. 20 The
st r ayrhe apray icapanitenc@l (; Sis moonitoped dbyhgae tshstemy 5@ thrd@gh a sampling

operap o t11a%‘ w1§1ngach sgmple instant applies a voltage to the probe 11/container 14

(i.e., to the capacitance C;) and measures the voltage charge on the capacitance C; to
detect and latch a peak voltage developed on the capacitance C;. This latched peak
voltage is output as the signal 15 for application to the CPU 13. In embodiments, the
signal 15 is a digital signal representation of the sampled peak voltage value. When the
probe 11 contacts the liquid in the container 14, a rapid change occurs in the stray
capacitance which causes the measured voltage developed on the capacitance to decrease

rapidly. This decreased voltage signal level is detectable in the output signal 15 and does
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operation that wth each sanple instant applies a

voltage to the probe 11/container 14 (i.e., to the
weapapideahce Cl) and neasures the vol tage charPer/oso4ie35979

capacitance Cl to detect and latch a peak voltage

devel oped on the capacitance Cl. This | atched peak

voltage is output as the signal 15 for application to

the CPU 13. In_enbodinents, the 25 sjgnal 15 js . )

ngt giheage SPpsl 1onepAssEift aEdPGN 1dr TEmal a}?pltéﬁ E@aa (assuming no
eyﬂ;&ﬁ%lgggdﬁiqumiz the probe 11 contacts the liquid

[

t he contai ner , a rapid change occurs in the
st r ayAs ampsaniplenaehedsiacthoiceash esampimgnesede; rtbel votihgeagieprobe 11 is

.devel d t.he .capaci tance, t crease, rapidl

iy BB DveRuf et | Pob 8ol Hrovidlammla ppd conductor

3the NetPie Siiethdls dpendd@o 4R theSilMEABDRORIRE &Dg. 24V) is applied

PCT/ US2004/ 035979 not change for as | ong as the probe )

througle pmiragedance hetq thgweppcitarcsuki ng hedmpedance 17 and the capacitance
V, raty |, Qui e I at,t

G SREMRO S shA 0 FpRRTHME Foh P ilfeapys at a rate

pirﬁ)orﬂidﬂal ital the baiaditatdceOC}j[ol tAf(tjetl a dixed d'gﬁd G@vg.1 (abp(dgﬁhately 10

shown t ween graound and. c uct or a. Next, the

%Oﬁi@?n@ @ﬁ_@ﬁ@%@@g? RERTOPH _ﬁp i Fsstred b %Voﬁyﬁtﬁﬁ’ei 0cv1ig conductor

324V) This *RkE %ﬂeat_sl_ﬁﬂgﬁiéﬁh i@hdidRAZABE Sa LithRed @¢ and is sent to the

capaci tance Cl1. I npedance 17 an he capacitance
compfiter b3 e sigDat 1 reThoswitchns themctlosddathus dschakingghe edpacitance C;

atgageég{tﬁg eé\:llc&}fgg %ﬁ? }?aréﬁg’ (]if‘%ol @X rai‘t ?@%Efg _eg_gitnlg%gc le c%r? bte I?:Sntinuously
réRtedat BEked fredifdncyri croseconds), the peak vol tage at
probe 11 is neasured by the system 100 vi a conductor
10 3fndmwipis 3ioicende weplenewedns the jmgr canduaoropf a coax cable.

PR S0l BBk SERb bl e FAOPRIE D MRelbgeiy v o
thdgaraa pattagans eofductandla ¢hed tprogidide neal 0 agPacitanpe deeéveen the

11 to O Volts. .The foregojng cycle can _be continuously
cPRgcir e aa%ndasm?laeﬂbﬁ F%(ﬁ‘idé‘ﬁ%?%aég‘?ﬁdﬁb? © $aRACHARCp(E-8. When the

Ll [ f :
cabe'i€ %S%rac%rrlfeg Gn !B Fét ?ﬁfé] H ng‘l'ec@,o?:ﬂit ﬁg?&&ugé‘k@&f%graé electronic

15 Conductor 3 Ib can i eld coax ca
ngfsech can be electronically driven at the sane

vol tage as conductor 31a (i1hus providi near 0O
capacEARaTER sume et Mo B SSURET B o dpppbsrisf wavs to
deferbRAHE BuiphiBdigies 15 Remafthine anapedkandd ﬁﬁé Chétge Wheie daPscitance C;.
cable is noved_ or cones in contact wth an object), .

Quied exeplagueiecugx fos r mgtleragniag riei eapagibiveesensing system is taught by

United States Patent No. 5,365,783, to Romnald A. Zweifel, the disclosure of which is

hereby incorporated by reference.

As the probe is moved toward (or away) from the liquid, the capacitance C;
changes and thus the peak voltage charge storable on the capacitance C; at each sampling
instant also changes. The storable peak voltage charge (provided in the signal 15) is
monitored and when it changes (e.g., decreases) at a rate exceeding a rate expected for

probe movement, provides an indication of the occurrence of an event such as a liquid

9o
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20 The capacitive sensing system 100 may be confi gured
in a nunber of ways to generate the output signal 15
WO esesess i ng t he peak voltage charge at the PCT/US2004/035979
capaci tance Cl. One exenplary circuit for
i npl enenting the capacitive sensing systemis taught
by United States Patent No. 5,365,783, to Ronald A

Zweifel, t d f her.eb
I RE s bR i Perapinds, POSuAGs: fie TRGBY o e b within the
cérﬁﬁﬁ&d K&Fer¥ayis Kno®m thiteslbétebthsbnetid ent6dR3AEd FMCRuSemomentary
changes and t’hus t he ?eak vol tage charge storable on
incheasesifsarsiases ris dhacstopableepeark §glﬁ§ﬁe| ¢hgres whergrmo glesiscus penetration
%: h@@o%?r%% aIT]ﬂ ?15 %{t&lﬁ o%s pt?xg kra¥ ggﬁf‘é hé’ﬂa?@g &g 'gg\édseg%gse) which is

détectgd bydﬁ@ l’cgﬁsﬁﬁr): saﬁsnag ﬁﬁiteme@(mﬁeﬂe DPocessedt By eepestlider 13 and
fro e. movenent, provides an jndication _of the
H@eﬁra?t dfentifidl agg hav@riﬁveé gepseyent (L.pgaifefse posjigye indication).
2005 YSiE %{;]I':EE
t he grgogéfég iypeneimgg%:dgg)?ﬁggegn%rﬁ@c us gf lﬁ;ﬂ%ﬂ& cfvﬁ%qm a graph
ilistrhting oz tinoo titeadapecitivdioemsneg systémi KOkotpmt sipad]l 15 as the probe

el ectro tic interference can.c nment ar,
N (oL 0 (1008 i RSRLE YT ot B4R thyopiier 14. The output
sﬂgﬁﬁr OeisWha ?ﬁal rki’gﬂi?fﬁp‘fééb’l%aﬁgﬂ R Iftﬁ’et é&ﬁbledﬂ BealOGEIHe8MIuel dbveloped
such situafions, the rate of voltage change (e.q.,
onlebe sapasjtandsi €h |Blesy@é18e@f dlap lgyapdlh@cceacbagim igasures the digitized
n b d ter
SRR PRASYPEC) % h0F oRLSRRARE B R BEIPY S hetPor samvics

whéeit theitings bet@eéxﬂiaﬁ@lmsmtame coild] fteikample, bREDE I EThe graph
is now additionally nade to FIGURE 2 wherein there is

shayee @u@ﬂlaaanthﬁwalf yeltags Wes senciilt Aeng Jpdcime gethe probe 11
1s31ﬁ8§é<f7‘% tﬁ)é% 89 12%@ Whe SbSQfter 12 cR3ed I REL ?o the meniscus of
noves towar s an en contacts the nmeniscus o
tHei gpmitadnédniltide Wit dhanprobd 411 tht}muhemiﬁlssar@npdnetkaes into the
sadl nal repre t at f the sanp
) Porfufod, i B rasiBBon T o b B samBURE Fhstipe derified by

réfa%ﬁées 505, ﬂh@ %&fsﬁféﬁ ﬁ&aﬁw&& Ixt Ef%aééﬁa%ﬁaﬁ&eC?'&cfdaE&dwrmdly
sanpl ed peak voltage val ue. The x-axis measures time

instantaseouslods evi by e verdtage dlsop (Vielfeg@btap) mneommrtélgnal 15. The

c%rggl\ﬁe Ll'lih]?’ a2 ngtf) ﬁﬁg gﬁtnSt 5 Cou %{agginé ﬁ% r%givsg aﬂﬁp& signal 15 and

piﬁUif'lde@gteco‘ﬁﬁ‘leﬁgw e tad é.eyvd tlﬁivél g2Wb tshisgendBn@senidne optRgrobe 11 in
11 15 is noved by the servo-drive 12 into the

theqtegs g the @Pb% b#s pigtratedsiie mepische ofhy Heidscoptaingdnywithin the
c&rﬁ%@f n?ﬂe cl&ﬁ{B er W&]‘?ﬁ‘a Hft}f@:} ‘f)tl?ﬁv &él' Flt ggfsﬁ) H{éeh%udd handler 16 to

neni scus an enetrates Into contaln
asgitabd or dibgensoaidasiredraniohn &if fhid font heuﬂ;(aﬂ’[d ¢amgpiner 14 through the
i nst :Tnce identified by
probe 11.
FIGURE 2 further shows an output signal 15’ that has been perturbed (see, at
about the sampling instance identified by reference 52) by interference. For example, the

interference-related perturbation could be caused by a static discharge event occurring

between the probe and container (or some other dynamic interference event). The
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reference 50), the nmeasured peak voltage at the

capacitance Cl decreases virtually instantaneously as
weiodessesl by the voltage drop (voltage step) POI/OSI0p4035979

signal 15. The 20 conputer 13 detects this rate of

change in voltage in the received output signal 15 and

provides a control signal to the servo drive 12 to

BB LT BurBrtion BuRl RBRrnCugl GrorBRBahy b eFted by probe

100Rdcaibn @ Mkl MHrddubhs cle@Rbmbgftic ﬁhﬁu@ﬁn@ W eemitddTs ﬂuorescent
further provide a control to the liquid andl er 16

lighting Spaurey) thatsip emﬁeesseddlasqw e peslueltags rrtelamrgmﬁntomr @pme other
Fl GURE
S0 A8 RORSERE oty 5 ! BB, P Dbl BB i

eastired pesk (slege adthe capauthnéfhél scadgRiréaRg ahd i Me&duce a voltage drop
|dent|f|ed by reference 52) by interference. For

ip PuipHt degnal Hé IF‘r‘FPHWf‘%ﬁ*@W@é tPJéW&étéae @@Ptpﬁﬁft?éﬁsoﬁ least,pypr a certain
| \Y I

et 5tk . LHEALRBIS!504 SRRUL i e copou 1

dcedrdinghyr mmdxédﬁvcﬂ ribip stepHke Mta@@dﬂ@&ﬁ/tﬂdﬁﬁﬁaﬁ'ed output s1gna1 15°, and

CT/ US2004/.035979. interf.erenc at ed turb
L PERTA CPETRIF § %A ogth Gy L bebtragyed the menisous
RdsphiRiveltheres; @h®obuter %uﬁd bdBReNy %k&ﬁ&é Qﬁﬁ%lﬁﬁétﬁlctlons to the
radi ati on (e.g., emtted yfluorescent i

ng
seivetdiives)? tontgrmingte; fyphersmesenpairofi the ppmll/m ﬂ@geams This false
pg;ggl?]f% rﬁgi:ﬁpc%s(?%ec%lgge g&h\%r c%{l ﬁ%gllyl‘h fl}el ?t%lg rﬁée: rl]::la %ﬁ% elncorrectly

pb&lﬂxﬁﬁed imethb zrex@s witkiak tne aknt\aﬁiet agevidt rdspect eapactdnpaingd liquid. At
Cl to decrease gnd t hus . produyce a. vol tage drop

in

t@atpﬁﬁfloga gREapen Huid BRITROF ﬁ@%%ﬁ@@spm@%ﬁ ysipg| tba@ewd handler 16
bQ%éc%?ﬁﬁf%ﬁed.at | east over a certain nunber of

sarrpl I ng stants, the characteristics of a voltage

step ReTﬁenQBOHquenad:mo FHoURT? mdlkeyeic hetadisdbown b bﬂduksdiagram ofa

AT LA ] By S SN, UL P S i v
dnibddadnt op t&%&seﬁh@a&ﬁﬁ’%&e f&%oﬁ%llﬁ%@ﬂﬁ@g oS Rith ?é‘s?@ct to liquid

10 Responsive thereto, the conputer would incorrect

ipradebaatorsoeeniangt. nkike ueferenss numbetsein BEURE driefas ta Zlkc ®r similar
ol B & bR MR TR o n e al b8 Bl o

howe Vi, systéin 10290 FIGUREU‘I&stDﬁGmJthe bgdtele IONTRIGERE 1/ in that the
p03|t|oned |n the z-axis within the container 14 wth

GORPHESE t1 3 BRlpments Fnniralgrencs urtpction insgtyclonsH &Y tip ddregs dynamic
ro f p

R RO Al Hoat, SatCRER LA ARRP S50 interforence

events A block diagram of the interference rejection instructions 60 are illustrated in

FIGURE 4.
A digital low pass filter (LPF) 70 processes the digitized sampled peak voltage

value developed on the capacitance C; to provide low pass filtered data 72. The LPF 70
can be implemented as a series of two digital low pass filters for the reasons discussed

herein. The operation of the LPF 70 effectively reduces periodic electromagnetic

11
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Ref erence is now nmade to FIGURE 3 wherein there is
shown a bl ock diagramof a z-axis controlled

wa@edsoetead | i qui d- neasuri ng system 10', in accRPCTHINE4/035979

with an enbodi nent of the present teachings, for
controlling a single probe with respect to liquid in
a |l aboratory container. Like reference nunbers in

iertpieoc S0P bioB Y CoReRRtl I Pefseelbal Peeiplitse S signal 15,

TS HBELRE' 70%&teﬁda@éFf«Eglﬁﬁ ubh&F Sl AP o Ry HotiMhbQigfal 15 such
FIGURE 1 in that the cghnpu(t%grgr%S |rrpﬂb§ﬁents an lgﬁa Such as

theslendestateceoireejvhichimay bostntuedi oy sheprobe lddfipmsexternal radiation
?éﬁg§§ﬁg@éﬁygksm§$ﬁ@h%&ﬂh§Charge) and steady state

Fomagneti ¢ ra§ ration) interference

eventThe #vdlsetds-dbinagtaimipital ey Ip&sgfﬁﬁérg nNge Yaggk ohi Prbilateral Z
instructions 60 are illustrated in_ 25 FIGURE 4. A

tengforsy Ths\ﬁprga%%usremfereqacl( IS F 17 LBE%&%@SSfollﬁws
di gi ti zed ;350! ek qq@N%Qﬁ?gggm_y@k €\ @%oped on the
rovi Prer

capacitance €1 To'p OW pass data 72.
witeee:LPF 70 can be |rrpl enented as a series of two
pass filters..for the reasons di scussed

di gi l.
b E i e Bt o S P b RGeS ot vl s

r edumnpmh@gte@ucﬁisw pasEReshtBut FAuMO 2005/ 045635
PCT/ US2004/ 035979 interference (EM) Wwhi ch may be

pr es Wi RAT Re it e snen ippebkalvo(siged 1dxtaadsi gnal  15.
Thus ’T}{IB‘ §s Hfertih€ ¢ ﬁﬁsttaeﬁ@ S?st fglllhé@ 1%\'r &Ml lf%ﬁﬁ >g’chs'elt cglggaf)g frequency) gets

conponent's Tromt suc
lstvad.e noi se which may be captured by the probe 11 from
external radiation es such_as fluorescent ht

fi xt GHEQUUBE oW 02 gﬁﬁg kerdFhd e gndngptiap SP%RA} (LPF2), a
Zfﬁdlé EPF 78/cG B??&%eﬁ@%ﬁlggakéaﬂﬁ tilo d@ ég @ng 588 %%lrbg\s\ag/:e instead of

f'or nul a use or eac LPF1 an as f
odPer octhRy"to tpravidd et m‘ﬁ\m ectiobPatidve INIABATJAUvtheeach filter stage

B Steb G e Y SRkt B LB ot et
abEW RpdAfied Sehbieation’ fi8iahcd @ﬁult t¥akidp {n% ebngal nb5)norétrtﬂan 1 mm
TAU is the tinme constant (as TAU gets

pensteationdniorthe segplehcPppyisekmethodscpn be use to determme TAU, where

generally, in the illustrated embodiments, larger-valued TAU correspond to delayed
response. As a example, LPF1 may have TAU=4 and provide a f3db of 100 Hz, while
LPF2 may have TAU=8 and provide a F3db 0f 40 Hz.

The low pass filtered output data 72 is applied to a “debounce” state machine 74,
and also into a digital high pass filter (HPF) 76. The combination of the LPF 70 and HPF
76 creates a bandpass filter. Bandpass filtering of the received peak voltage data signal
15 generates a “trigger” signal 80 that is amplified 78 and applied to the debounce state
machine 74.

The digital HPF 76 is created using subtraction, the formula being:

HPF, = LPF, — LPF,.3

12
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By routing the output of one filter (LPFl) as an input
to a second filter (LPF2), a 15 2 pole LPF 70 can be

WO 200584568 | ncrease the cutoff slope (e.g., | 2pOI/ps2004/035979

octave instead of 6db per octave) to provide better
noi se rejection above F3db. TAU for each filter stage
may be chosen in view of the probe novenent speed
"é‘i% 100 mm sec), a sanple rate, and a specified
f&tration distance prior to stopping (e.g., no nore

t han HpIm tHeenet At Rer dufhw; t he sanple). Enpirical
met hods can be used to det er mi ne TAU, where 20

generldiinys the guirens opfpug salpe fioen @qme@nmléﬁwsaass filter; and

| arg a : 0 As
 exarara  ERalf e rols SRR a0E B Sonl PP RAS TS
ADfh éatarnpm tHeef3db Rutofifryqueacve) fBAU@HBF d’6g§ st atisboat BT
of 4 pass |Itered out put_data 72 is
appl i e“td%%%‘&ﬂ %tlal%Fe ohpehdal 724 mto gy BoFis to create an
dv@fa‘i’l l?anq 5&‘5 tfﬂ’ﬂer Biretp vﬁﬂf@c Atkf BE &éﬂ@g)of LBout PHz. The amplifier 78
nmbi natTon of the LPF 70 and % 76 creates a
atpahcﬁoagamf ofl 4 ¢o theBHBHgaElmtfddta ¢thierfyrigder? lvignake8@) vELe gain value,
eak voltage .dat nal, 15 ratesa
Foen TotRRRrtde BhEPR v 80HaREAR SnptntiofY fith debounce stare
HEDMSTL oS dhs sTBE R MReshbld & ?ﬂﬁr@ bfi{hekﬂﬁgg&%%ﬁal 80 in order to
created using subtraction, the fTornmula bein
defect that arpgvienthag pceNreg0 05/ 045635 PCT/ US2004/ 035979
wher g, HP | t t. S
the. QupPietectp SO lleBlisPRB Rl AR M g Bl e debounce
stdtt heachinard gehEifates 3 paiisé bentdslcsi giad \B20uBich li§ B&ﬁt tuaal metlon control
fromthe second | ow %?ss filter. 5 As an exanpl e,

th
oSS CAUVOHR e qURHEY) Repopse Hippretes the agiongogEoh process 84
s%lal'slzthe %o ﬁﬁtze 3 t @ Rlonfihtality (Ut qgas@\r}?ar ge]?Fro‘BH URYhodkAldht. With the

into the is to create an pass
probe Br m@f/ﬁﬁmmtt pml&etl the delusice fstaéequmnkmyle G tdyoartaly@®s kizarge portion

The lLifier of to the E .
(Gt POt et e syEkatercl Br Sy Qg Friommigs whether a
\hﬂlﬂ@é/ QEp inl the HigRA1-1SHaE 6t ABled (6] FEGUREE2 &Qfekb?lE@QO)ﬂﬁla‘f Rlindicative
atibility with debounce state 10 machl ne 74
nﬁ%}ilﬂ Shentsiyelh ag penaiiation of dhe digpisk megiseds within: the ggatainer, or if
1%%[%&[?&& %%erﬂ)zﬂloﬁrlﬁl e stlgﬁlal ?? h&s Bcctu!illae'ii (Q& %Y@%E@%eference 52) that is
indicative of interference or noise where liquid penetration position has not yet been

reached. For example, in the situation where the event is a static discharge event, pausing
of probe 11 movement is beneficial as it allows for the static interference to dissipate. If
the event is determined to be a liquid event (because the subsequent multiple sample
points of the LPF output data 72 show a voltage step), then the debounce state machine
74 sets a liquid level sense (LLS) flag 86 to true. The setting of this flag indicates to the
computer 13 that the probe has 11 penetrated the meniscus of the liquid within the
container 14. Responsive thereto, the computer 13 may signal the liquid handler 16 to

aspirate or dispense a desired amount of fluid from or into the container 14 through the

13
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Upon detection of a trigger 80 signifying that an
event has occurred, the debounce state nachine 74

wW@emwsnaicas a pause control signal 82 which i s BERNUS1004/635979

notion control process 84 within the conputer.
Responsi ve thereto, the notion control process 84 15
signals the servo drive 12 to nonentarily (at |east)

B IA"" Brdnbs GUHECRat B ik i AT Reh tarki) J288 (jecause the

JuBbcgRemanhiltipR safbl omtg’éHH IFF SRR @atp b Hiblo 9 It
sub@equent ﬁPF ogteeput datae72 to determ ne 1v\,hoet r?gvavo age stp),

thorvenyds eested by ﬂlhéiebmgwalstalesrnh@sn@ G’éLnilﬂaj“I@m@e;p command 88 is
T TN TN

doRtiscC probed hnbvémentdanhaizrgis (aat/drf sodfe oihet %ﬁﬂ;) 3n the search for
p%& %batl on in the signal 15 has_occurred (see
liguesRE Bie Joakygis < the guytinlg sempls Poing ofathp JETopuiput data 72 by the

de%ﬁ{cfe%fa@@&%clﬁﬁe 78 Essﬁcm(ﬂs‘?vel Wi fe%p@ﬁncgtlﬁ&ftf n%ﬁé the event (e.g., too

position has not yet been reac
mpeh mwiisetamiake avdepensmnb haad elmquohesnav&hattllms 6eaqlsmrsgiafor too long a

ev.ent au r obe venment nef |

RS Rr GG B Ao PR ech e et e B PaL ouat seT 90,

the ev@EBlendsSisO@ivemadead FI@UI@E 3 Wharsif t1erEe sl(;&@& %uﬁ@w diagram
t he subsequent mul tiple sanple 25 §0| nts of the

iuttisting dpgicel pperatieng p&rfoamdal@eom odimeahof awéew@bwmte machine

t id lLevel LLS
B, AL BRI T by b B B ORISR Phehh cvent i
acliquidiserse &ertt,@tanbiher Wdﬁbalchats ahbi pgmedrrcaéRd eb/Bi®. The process for
ni scus of the |i quid within the container 14.

‘% Aamgebet¥ieaned Bqu@rﬁén%%m gd &31%%?{/1%"17[@@03 tefent will now be
elxbg}ﬂeg. handler 16 to aspirate or dispense a desired

amount of fluid fromor into the container 14 through

the TI® ¥@2RO6SND4TB 35 cHAFrtiS26 Q4 £3 58 hed it 1dvel sense (LLS)

el (ARCorlR O e sishif s eortn ool S lsplode sBm s “event i
sedd fohtevk Bec@tdnphthd®d. 12 teadidnal Qoeh oWt Bxdeel YRIBLS threshold, the
step), the event is rejected by the debounce state

PSR Pb200uangdrf24s Tenepisd for a@@mwp&spcpmt (Paths2@)). As an example

S8R, Sl bl SRR B ESoReiow o coi

wxnmqmrtt(therthtebmola) ax IaEer(laﬂiliHl)OWhStQBE aqhétgeﬁtuax lo$ Lhardgetifi€he signal
8z)earchfor qui I f the analysis of the rrultlple
ST & %%ﬁnm@w ﬁaénm:emﬁqme Haeghold. (ythemgomparisons for event

&%ﬂﬁﬁﬁ@n%&&&%m@%@! gtﬁva?&e éo%ld ﬂg&ﬂe'uyéd ve with respect

to 1dentifying the event . mich noise to
make Iﬁtmac$t§pnau) event dhas beﬁn Epililsﬁﬁmi nm\aé)ﬁethe Msoulplﬂrrlata 72 for the

SE fgg?‘}fgtg WEC%%t&g’r 81?8?({1&% éhe g?t ?ch eP{S’flt t he d

sBfhal 82 is generated and sent to the motion control process 84 to pause probe 11

ounce
@}({] grbause control

movement. For example, the z-axis motor in the servo drive 12 may be paused by setting

the motor state to “paused”.
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10 Reference is now nade to FIGURE 5 wherein there is
shown a flow diagram illustrating |ogical operations

wpeskosssexl by one enbodi ment of a debounce st aP@I/US2004/035979

machi ne 74. As discussed above, one purpose of this
machine is to determ ne whether an event is a liquid
sense event, or another event such as a

noi se/interference event.

di scrim Watheneprist saapie ePOFI}t the ddia s%ute%ﬁ@ta ddisggompared to the
dS@F Qﬁtgﬁtf EREME %n?’i@?&m thdm @@‘8’) b thd élf@f&l&%’ﬂ%ﬁgecfn the current

e trigger signal npared to a user define
HHFuntuutI del2 semple At 1t’s) savet Idholiguf 8@ %Qnshnaﬂapomlt f(from 208)
t he ,si.gn 80 e ds, t LLS t hreshol.d,
kiR o FLs BT I0Rn %) e RS inTenH 31 Otherwise
(PAtHNAL), @l@&ﬁas@ QbuR%Ci8 Adcre@nted S 18N BBk case N tridl(RERF Sounter is
of 200 and 202 is repeated for another sanple point

11(1q59;pﬁntg@@§0 FRais dital ébimaptoantep ¢s thep §0mﬁt¢ér22§d\ﬂlth a time limit. If the
t]glp Cf @it ég g af ?Q s&%}lc@rl‘ﬁu 06t ﬂ}!é%t&%ehdteﬁ ih% 1 g)nexg?urpent LPF output

€ pol nt res

datat BY Etﬁﬁplv @4 ybiatied 1226 aad the pidceskerediirme hl@ 1290 tb ﬂ:ohﬁb@re that current
nal 80 ogver a iven number of sanples exceeds th
i pw din & Fernieor

& vowle Bria Fredid T opbuLEHe 72 damelenpaist (om 208). In
R@SEAY, Ae Sir8ORL iB0¥al wig1 ail ?r@des (?Q'@mléﬁte gssp &eﬁh pd evaluates

test for an event had been satisfie
Sobﬁteguﬂntdm’\asampléa) pf sigeal 25 asa}nqs)lpeoms nttempiveth disedry whether the

ecedi n tected event is saved, and a pause
Blsfeiar et o fiaf 55 65 (6t Sl BT sHEes: he ot on
cont ugthongme&ﬁm%éssta TIGHSEE B SRfvslihe WRVEMBRL sanfeOLLS threshold
examg b@ the z-axis notor in the servo drive 12 nmay be

st

vphig {h &her event test 19 200tand 2%head tthe voltagetest of £100it will be
uglg%ép'{ogé %ga.% ﬂ}eg%%gﬁéﬁ%é% IS ? ge%' Iégletzar!h%&? Slf ggglregp B%sett to different

vales. Fdiceidg ldPRho tltrﬁulnbldﬂ@dlﬁ?eﬂﬁ‘fmﬂieeseﬂmmﬁy (cff rthenpi8ys. to detect
If the difference between the current LPF output data
eyonts anpVeltags dnqifative of @diqpissegst SYANtd disapyexagtlp| 1 an embodiment

VHEH ;{‘Eangaﬂlfr%%%%)l KAXCERds mtap Set-the é)glég ﬁg&ﬁ%}ﬁh bRAEhundred, and the

Ss counter Is | ncfenent erw se
félb ancshamap negitevepas huodred; athoiigh dedr ermentle s #a8ided for illustration
ei,t h a; atrial (tine) counter is increnented
%60%}%1‘{““ al (tine) counter is then conpared 222

W t h & detdfihd Whéther!the bVt isd ﬂ?ulh' dVeht ﬁfé IShth 29Péhcludes a test 228
second) has not been exceeded th 224 next

véhere thetpasProusiargs eompared, to7 2 useingrfined P annsmldzzb“, afief looping
tllnjaﬁglgftgr%ﬁﬁgc‘ ah& YIS gosu%g’equteﬁ)t gﬁﬁ*ﬁ%& hg ti)%gs Gl nIt1as not equaled

and/or surpassed the PASS threshold (path 230), the loop process continues with the
incrementing of the pass counter 214, the testing of the trial (time) counter 220 and 222,
and the acquisition of the next current LPF output data 72 sample 226. However, if the
pass counter has equaled and/or surpassed the PASS threshold (path 232), the scheme
concludes that it has found a liquid event and in 234, the debounce state machine 74 sets

the liquid level sense (LLS) flag 86 to true, indicating to the computer 13 that the probe
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LPF out put data 72 sanple to the saved LPF output data

72 sanple point (from208). In 10 this way, the
wWEe@sess3iterates, while the probe novenent i SPEHUSE®A4/035979

and eval uates subsequent new sanples of signal 72 as

the process attenpts to discern whether the detected

event is a liquid event or, for exanple,

noi se/ i nterference. Althou Eh t he process of FlI GURE

hap d hensiatsds the gneniseas of the Iquid (witlinibe gontamer d 4 ght 234 the trial
of 200 and 202 and the vol tage
(Hgltsz? Otu{ﬂ%ﬁ% ﬁﬂheltl%%tl be 15 understood that these
t hr eSleotetsrmaine w]s@]nerdérbi oweht és andoisefmtciftredesievent, the path 216
al ues. tering of _the thre

.t dif
ijidrh g G o et S BERSonrst R popfbpebtas piabeehgl FAIL threshold.

18l eiaht aﬁ&VBBbﬁlgaﬂEﬁ)u\gﬁMe%%g'di‘ﬂ' @\ailhé’cﬁlgogutﬁe deﬁwsgmples the pass
sense event. AS an exanple, in an enbodi nen

coumipl hasgnot aeashed ﬂ@ i, thaapSh@lér(pm@ay%sSét thtehleom) asczcess contmues with
tle & en?en%n f %]ee gurﬁ?% oug t%stl g}% gﬁé)dcotu%ter 220 and

negati ve oOfe- hdn re SUC

200 oatiddBel adquisitidd oSthe attt@rreOLRM du@ﬂt dita I”Vlztsaﬁipwlfz%-l_q{owever if
deternm ne whether the event is a eve

theapass oqunigriias gaealedhanddyisupagsed the Fé&{bﬁbreﬁla@lé (1&45@ ﬁf@r the process
cb?clﬁ&'gnﬁflfsdfohﬁd 4 ﬂb?s%r%\%ﬁtf Adegh féﬁs‘%ﬁ RE ol gtatel fnachine 74 rejects

'ooping throu I'terating’and eval uati
tha bmq aaah tisssenp [“emp ulbi ecqpamsnd 8& rnrdemimﬂammmmmal b signal the
and/ assed he. PASS t hreshol d ath 23
38 S OHElCRTILIoRhE 1 hanSETeIRra dbh s B Diersarch for
&6 counter 214, the testing of the trial (tinme)

counter 220 and 222, and the acquisition of the next
ur r &ftheLtpstinguefhile tial Gink) comntt én 226 lndicatew éhat the tinfeelimit has

ss count S .equal e / RPASS

AT Bk TP R 98 il B oD SR 7 e Ll Sippte poins of
tH@EPF oumdt dath 179 lliydh@daﬂihn@eﬂﬁaﬂe nZciine 1743% AeRRReSE with respect to
state machine 74 sets the liquid | evel sense (LLS)

idendidying theoevent erhapgiesauisn dhare it ko BWap moise n3he jgignal to make a
deBiSioRy. Oe 244 6 an¥\Qet Rt AAROBACR 1?&? /Ms&gl@ﬂdgﬁﬁ%?) ob¥Pfiotdment has
penettated t’he nmeni scus of th thin the

beempaisaé forlibo 16ng 23)ér10<ﬂ bé tihrei \aithm(ttbemr@ aldlouotcemeite an event-type

further set. To de her,, t he e ' . .

CHEF Ll e SO S DI HP! JAERC 2 P80r Picl Yo dhe tral (time)

doBster id3&eher e t he pass count er is conpared to a user

defined FAIL threshold. 5 If ain after | ooping

t hr odigwill b@ar@&pgmgedabﬁdﬂv@e@ﬂulé@d mgt m%@qh@ntprmp@riomed within
N h hr

$US0R50, P 25000 BRSPS EAb, L8R Scores

PASS/FAIL threshold data with respect to the comparison of the plurality of loop

.

collected current LPF output data 72 samples to the saved LPF output data 72 sample
point (from 208) in order to reach a decision as to whether the event is a liquid event or
noise/interference. The integration operation helps reduce (i.e., debounce) noise that may

occur while the data is being analyzed.
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the decrenenting of the pass counter 218, the testing

of the trial (tinme) counter 220 and 222, and the
w@ewasicss on of the next current LPF output dap@r/v22004/035979

sanpl e 226. However, if the pass counter has equal ed

and/ or surpassed the FAIL threshold (path 240), the

process 10 concludes it has found a noi se event and in

242, the debhounce state _machine 74 rejects_ the ev

and wReésraaceds noymadede Hghidne wasredt tisre igshoya 2 Staph illustrating
obQNIRHE ? c%%a%nfvg s§h£ﬁ%§gsfeﬁ?ou fs¥ A taljlfﬂﬁ \étqh évzgzisg filtered Sl%lﬁle 72 and a

resunme/ conti nue pro -axis in
bamdrash(tfigger) $igmphiSa (gdmratdtﬂéycths systgn of FKGE]RES ahnd 4) ase) probe 11

coun | ndi c s that t limt has. 15

RS s o it FOTBaER, e e o & iAhBE it AdGoniEHEE 14 It presence of
RO 3tayie 'd%scﬁirg& E@eﬂﬁ“ Th@blﬁgﬁ%’f@iaﬁlf)% J‘H@l&fl s1gtherei91%Eentat1on of the
out ata 72 by the ounce state machine 74
sarnpgdmealsmwétagw value glopeloped; on thedeapapitariaegC. heTk@vl@m pass filtered

SRR 220 ARG ISl indEl IO DS bR W0 15, The
lereadg-atik @ﬂ)tﬂi6| glﬂ&iﬂﬁadcbﬂﬁngl)j’ aleasurey tivedigithad sabdl peak voltage
paused for too | ong periaod of tine mnthout bei ng

vabiee the Ragdnass éﬂtfﬁede%gﬁef)t sigeal 26 is gritigifal 8snalarﬁlere§mwn of the
9
bt'él?cﬁ%g fi%tltﬂlr%rg)ou'tﬂlﬁ Y aP% SpEdhe ﬁ;{rfdﬂﬁss :ﬁltgllllrl]% 8@ atid] fe énoves DC

cou I's reset. ogni ze
otﬁﬁzeﬁ pmsxmt skithé¢ egnah 15 htheadefi-htidty-dxie cpnoatelss ppmeﬂyrsmléd in the

t hi.n e box 250 onpr.i si.ng,212-2 228- 230 and
ileabanio tovolesrmal fran s BB L wPAda i AppRccton With the same
ytebﬁﬁsm&cﬂdﬁgga {1 1tfh%§dp Glisti® ubd¥toGABRAE HRNdiHizbM8ampled and
plurality 5 collected current LPF output data

b‘mdr@awﬁlt@r@d peak h@lt@awehne |_f1;1F81mﬂ1 S0t Thgt>era¥iz maeasples time in number

o\?\%&ﬁ% e'i%lg 91?9 ttnln bgtvx%gﬁ sany pc}{ngaﬁg?rﬁo ?:%% ds, 'fgpex%glpie, be 500 psec.

e event 1Is a

Tﬂl@llﬁlﬁs/tﬂaf&lafrﬁ@dl@ﬁﬁﬁ is @@acabﬂ ®aillahiceRigMAdy BY,i7arni8ops
reduce (i.e., debogunce) noise that ma occur while

the ddeastprh Em"\‘ﬁgthﬁr%\lltliﬂi signali b peskopelbagr elgs generally rising with
4458 %Qﬁléeo?’p 9571%0 er BRNGR oL &ivACH 1R %nd Qoﬁh%ﬁl Qloser to the

erern erelss graph 1llustrating over
naaempaof thle\cenmmedlﬂmgl SYlsd lem st plicred ognalt sighal Z2 tlosely tracks the

&%aﬁa]( ael%g gxﬂ na @é E]% fgesgggrg:&d aesr frg}éé%%e é%}. C})Lﬁ) does not

iAdude RfPReentd coxﬂBHﬁ‘eitst&M@ﬁ dsul@agidrhey &PbaRE Sighdl€l5 and perhaps
meni scus of a liquid in a container 14 in presence of

CBUSOWD fzslseaposatmﬁ smmaldg@cteqm nf$ theTbampling instaicg aferaged 0 a first
s%tlcl(ﬁ’scharge el occﬁr(se ge%’s ,%IIG%%EO%. "Phls injected dynamic interference
from the static discharge perturbs the signals 15 and 72 by causing the measured peak

voltage at the capacitance C; to decrease and thus produce a voltage drop. The bandpass
filtered trigger signal 80 spikes 92 as a result of the pertuxrbation in the signals 15 and 72.
If the magnitude of this spike exceeds the LLS threshold (FIGURE 5, 200 and 202), then
the debounce state machine 74 of the interference rejection scheme 60 detects an event

208. Otherwise, the perturbation is ignored. In this instance, the spike in signal 80 has
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sanpl ed peak voltage val ue devel oped on the
capacitance ClL. The low pass filtered signal 72 is a

waelr@snede3si gnal representation of the | ow passPET/US®0€5979

out put signal 15. The left-hand y-axis of the graph
accordingly neasures the digitized sanpl ed peak

voltage value. The bandpass filtered (trigger) signa

80 is a digital nal representation of the 10

swmnesgddis F1P peald(n gon negmgyeressionsthiscngivating figh s §vent has
okl f&ring operation removes DC offset present in the

signal 15, the left-hand y-axis cannot be properly

scal édisiumkhdren ai ihlisjlsdmﬁm tome by thd systdnhelOé; Mgret:ﬂer 8fls wiértt is noise
1 he SI als i n canne e s ,
(SO ehar grye ahB - Tomattp Jcaiaatas Hicaystes 10° firs
cHBRS Hrp%u§eht% zdelxgs! hb¥&fkrd %mee&oﬁam BRNIRARSISe intdghRIdBhrocess 250

peak voltage val ue for signal 80. The x-axi s neasures
of Fﬁ@URnE Snsmzeqcutqcstooﬁvab)atqﬂ egnbehefrsabsequiet sampiedoealywserin effect,

5Tl PR oM eSO B B85 0 o o -

eﬁd':rgﬁiahfs o'k@r a phuralitgt BRamphe: poiaphwhlewse pobe QULP Bﬁauonary In one
ignal 15 peak voltage value generally rising wt

cpibReiTBELy ¥R off ARl ngRAdR YAuGsHe §@W%t0dl?q b@owzthe pre-event
' t

AR RSSO BLS Uy S LRRSh PEARS RN EMS B i s
t}Ye2pm|c®Higyscherae kensidees £ megﬁ’lalhqhﬁl (exghianse wivért. Conversely, if a

t enu h fr uenc erference e
g R f“ S?%@ SR ﬁ é % e R émwﬁ? i?frs fgmsaold of the

p?é §‘$éi’1'f LaRE sBeH tdt ﬁletll‘lﬁlLsﬂﬁébﬁbldléz 183NhdPEY6) Ei@%atls%@éﬂ S@ieSrocessing
fal se positive event detection. At the sanpli

sthremnen peresidess éleeﬂvcletda 9oisg/ifterference eutritc Iirsthi aﬂxgmphwéhlstrated in

HGEHSS 38 B Smel e At Sl BE S e IR b figrop initiany

beiogntleSrd-oveé Galte bhythe@démgth €o BR@sHifiA spdRKatApproximately the
vol tage at the ca£a0|tance Cl to decrease and thus

PF-8YRIE &aliey ol sy dhigraygnt PRES RRapEEde SHICE tibig §ausghby a static
t

SRR 0030 53,05 8% At bl IgPSERULIEL DR oo

pethcHsdgotlt be LdkSn ithratgdlp tad{drdreiRELS pa@@ibuﬂll&d aiRDthg FAIL threshold

then. the bounc at 74 of th

cPRPBRTr KOS SFEIIGAD] B Gk B ik OB cLetiEh S8 uld then be issued

2498nd PEIbeMWnERemehtwHal kekuRAL i on is ignored. In this
instance, the spike in signal 80 has 17 WO

2005/4 4868G1epCTICUSE slot¢ 0B6lETge cvent pasefertneh 84 Wegld be handled by

e SRR G ol ol SRR B b S s noun ot this

poi NtFollBwingh®nbiudtiha SyEbear-hRis woeémedt tolvasdsaneiquids the graph
sﬂgxlzvs the output signal 15 peak voltage value generally rising with time as the probe 11
is moved by the servo-drive 12 into the container 14 and closer to the meniscus of the
contained fluid. The low pass filtered output signal 72 tracks the signal 15. At the
sampling instance referenced 96, the probe 11 moves towards and then contacts the

meniscus of the liquid in the container 14 (see, also, FIGURE 8). The penetration of the

18



10

15

20

25

(interference) or a liquid sense event. To nmake this
determ nation, the system 10" first 5 causes a pause

W0 2002085685 novenment of the probe 11, and then P¢EUS2004/035979

i ntegration process 250 of FIGURE 5 is executed to
eval uate a nunmber of subsequent sanpled values. In
effect, this integration process 250 conpares val ue

.of, the.low pass filtered signal 72 to a pre: event

Gl RETURRH B e DG e aR PR 1i0ieeCiihe FiPHmnce Ci. The
b PRR fileréPsighalR0PREY 98 b 2081t FHROAIERSR drop fin the signals 15 and
nunber of sanpling point values are found to be

bel
TEn the exiguidiic afohis spike dsgecds tedde traBold GICHE FoRp and 202),
t t PASS . | . AN E i Sfi
ol s Rl 28 oL e RRBoE 8kl RMCRAE Scteme 60

dtteate bhn 2068208V OnherwiRN R hYe dioh idignorehen ifis instance, the spike
subse%uent sanpl i ng poi nt val yes are found within the

in gignal B dsriew ther Ll threshpld Bys fdicaling thak geevepidias ppgnmred.
FAI L ALBfERR hﬂﬁ&)‘%v]ngat%‘ig péﬁl‘an ti e%gtthessfs}}sqgm {0 &vhether this event is

processihg scheme considers the event a
noisé iaferfietencé)corenbiquid venst cveiwr Tomalexthispteteithinagon, dhesystem 10°

in 15 FIGURES 6 and 7 sanpl 0 he. signal 72
R QUG 4 S Uit AR g TR [1 41t yherBEaRebocess 250 of
FREEREVER lex ¥tdito RYAIuAR RA{HeL b fuBddibntt Sindi16d V0B, Min effect, this
stabl e at approximtely the pre-event value. Thus,

intpgratian/pueeess 280 icomppiss dhr Vadeeokihadew pes svéidtored gl B9 ta the pre-
. e i
Tl A0 SPH RS PHTIORK, GRopRoRTsionar. 1

nudbeibflzambhkepoint edladsi ave fornt do debslewslnd pidievgnasalue by at least the

15 Scihr oyt (GaiiheRASH CYRBORLAY 65 3G SHgtvib g processing

sCHAGR pﬁ“@%g@ A aa@@i@m@m slﬂseng)ﬁﬁﬂe NEoRHdly, if a number of

resune. equent cond static discharge eveént at
sulstquenh samflingnpoihtlvideeshadbent] bythint the IslyS ttbresli@ld afrthapre-event

VB EPHE 28 ORE G T DBETIRATS oY Jaiah o B L Afecessing scheme
cbhGatrfihetedEnt ArRRR/inR R fROYychh EF R hdPsansh 18 IBhstrhRdI8 FIGURES 6
vol tage val ue generally rising with tinme as the probe

and 8, ithe swhsequeny samples exf\ibe ¢igngk 72 Zollowisng He evmt airejebelow and
14 .and. cl to th i . ined.f| ui
A, 88 L TS 55 Bk 185 SPPABRIR e s canse

bgipgetd 11 penchbtidrhito grnptnisias woild e doursd dyehe prbcBGing scheme to
the _pr.obe 11 noves towards and then contacts. the ) )
benligedsepte ¢vsat Fipgrafite foAp ithrouglh et Her V‘PA‘I‘? dedakeg Kgpatively to

SN RIS, 040055 a0ty v
stiefiedeasur ed peak voltage at the capacitance ClL. The

It will accordingly be recognized that operation of the system 10’ presented herein
reduces the number of LLS false positives (i.e., erroneously sensing liquid before contact
is made) and hence increases the reliability of system operation.

The illustrated system thus provides a “trigger” signal that indicates an event and

allows for a control to stop probe movement to reduce contamination, a low pass filtered
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bandpass filtered signal 80 spikes 98 as a result of
the voltage drop in the signals 15 and 72. If the

wore@siotsee of this spi ke exceeds the LLS threshol/tis2004/035979

(FIGURE 5, 200 and 202), then the debounce state
machi ne 74 of the interference rejection processing
schene 60 5 detects an event 208. O herw se t he

ci/a?# %gﬁéﬁl tg%dl:l%si nor ed frede b EEthldIi?’I ns ce EMSI !aif)%usmg brobe

théHnseat et RddwaA 1§Ng%FlP|Fa§1n@%6H§tﬁﬁ6j(l eAgs‘%f %el‘ HltkSng, improved
unknown at this point in tine t he system

ngiast IgESEtion anddipe atlaige poripnsd ttl¢ & datp sizme) tobe analyzed. Pausing

}erlge:'lrlngv%ﬁé}lst%ag ¥RE LI W?l%eﬂ%#( gpeteg' 'dﬁruq grm ﬂ?t | ?181}5&&1‘%) operation to

auses Z-axXl S

Iﬁm@merelahvandhltgh eand b@gal&t ldﬁamlmt@ eeslﬁs 215 Qireé f3:0evenBd¥erimination
is.executed to eval uate a nunber of subseguent
@@nﬂl%&nmta between closely dimed; platic eyenteagddiquith eymgy e Sgusing probe

Iﬁgs%n’feﬂf‘gféf)eﬁlomestﬁ‘cﬁzl {d€eClisdifted SYViR pf'laar% t]fhlalt e&?‘ﬁmﬁ%@ Bbearch for

pre- event val ue over a
lsmmbllessgstzptm wtencornitéred.t Aecondolgly, Jirobs nsdvatrieat aaysing fs alowed to

e bl RET gt Byt ey aieit 0 mitiets ibedingeee tharge can
UGS riniAhted Nen E’ﬁ%§vﬂa@feeaséﬁ€bﬁt &didks mhg %ﬁolbeserﬁfitﬂﬁesl‘ldpﬁg level may

t he processing 15 schene considers the event a
stilvie foyadh gecusstelt sinceanoles mevementfis pansadhduring the 1mt1a1 level sense,

e TR

prébd wilhéoesinoad d) s%ih&hadstdha&ﬁualslqaﬁtneséu ed, the
processing scheme considers the event a

noi seVPat @sriBpehesn dseifed, fropng Frebadiaept.eare ImeiBedsaandgsystems in
Wikcl g@ff&lﬁ§ Hect I%nlga%‘letlﬁ hfteSURAG t%gﬁ%:@.g%dz %Hﬁz 615@ estatlc electrical

sign 72 fo oW n e event d
ibekforentdereprduced end/ov e ested ﬁﬁhlu&padzlhlvs hqueinlbyelasrlsos (LLS) system.

R b RAE oo E BT P robe B ey gement when

DHQAGE 648 BvERNR MR IdeQvelCocBuls] GVhile $RNSRBHE S Phussl MR8 methods and
the | oop throug égath 212 woul d be taken iteratively
g dilt

systems G prasass t pred & LSolata tordetaimning whpihesa stepebhegedin the LLS

vent b i ed...25 wi || .
SRR GG, S BSER Sl e 4gat hleMEunes it L bispe o b
cbﬁtacwﬂe(ee rﬁepﬂaﬁeermlﬁ) Jrefgeass irtd Qufdllltb‘fbelﬁt of cbhtbetf dlithethe liquid.

sitives (i.e., erroneously sensin uid before
Psgciolsg dugryatptie aE EiEnis Senpralle %eSt shog dBion giyd does not

sy LEPLFREISULONS T L ETR TN i ommandes
@ntinueailtd mogerhart. a control to stop probe anenent to

' educﬁlﬂ?o%nh%ﬂ?: Bg}nlagynlmp ementat n of 1:theI ttegchlngs is 111ustrated with respect
to the detection of probe penetration into a meniscus of a fluid within a container, it will
be understood that the system and process are equally applicable to the detection of a
probe leaving a meniscus. Thus, as used herein, the term “liquid sense” refers to the

probe either entering or leaving the liquid within the container. Further, although the
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WD 2005/ 045635 PCT/ US2004/ 035979 data signal that
reduces the intensity of periodic, high frequency EM,

W@ 2@ansicsyy probe novenent which all ows a | ongeCT/LR004/035979

time constant (i.e., stronger filtering, inproved

noi se rejection) and for a large portion of the LPF

data signal to be analyzed Pausi ng probe novenent

an also. allowth e

fraid SRyt otk T R aralh ASRsrard DhyA fiiner, i present

nfeBbdd hR@s ety dr@H&ﬁlr&‘t’éi‘ﬂb%q'ufﬁsﬁﬁ FRohfine®¥edtan be apphed to liquids
di scrim nation di scri m nate between cl osely
abseneal conttaingre f@\ﬁéﬁmpgn Haqwifgthat are\nsases)t on paysiape apt b@é thereon by
Sngw qggt also allows static to be dissipated so that
-t FﬁéI{ID continues to search for |liquid, |ess
stat | AchbﬁglﬁﬂﬁQyﬁblﬁrlQ)d is Aewated l@lityolhlﬁg ahe ommﬁcbfeaf a smgle probe

au5|n is allowed occur rmultiple times duyi

i &u‘f‘/@ @W@lﬂe@@a#éw thoge ghlled pheheark the SYSiem{ ¢ Along with the
n e a
p%?%%?§¥£ﬁ&né?%qgﬁg¥ﬁgﬁ&ﬂkge engu&lﬁe I|qgﬁgﬁlevel may
st i | Altheugtoembbdiments af ﬁrieynahwrtchmppwatmvéthemrescst teachings have

ed the initial. | evel he

G e the akSormingh i B4 EfserpPRdp I forighe Detailed
Iﬁ‘dﬁﬂﬁloﬁuﬁ I"lwlll"b'étuntdel%tooﬁrtﬁz!?c&htwltéal:hlﬁgﬁta!ré“itl@t lifits@ & € dnodiments
the ‘actual liquid |evel. Wat has thus been descri bed,
disalosere bubrbtsdéapeble of @nmemﬁémmwe@%m%ﬁqwonagnd substitutions

erj.odi eI t rfe

W\Sﬂhiose 8@;@@11%; o ﬁ f)l?lt géffgﬁ’[%r flegca 11[Hgse a{s d ?gﬁlglﬁg%h{laheﬁned by the
ﬂﬂ&dﬂﬁgdmﬁﬂa/or rejected in a capacitive liquid |evel
sensor (LLS) system Digital filters can reduce
periodic EM and pause probe (and/or sensor) novenent
when a |liquid sense event or noi se event occurs.
Wil e the probe is paused, the nmethods and systens
can process the filtered LLS data to determ ne whet her
a step change in the LLS 20 data has occurred. Such a
step change in the LLS data signifies that the probe
tip has contacted (or separated from, or noved into
and/or out of contact with the [iquid. Because noise
due to static or EM is generally pul ses of short
duration and does not cause a step change in the LLS
data, the noise is rejected and the probe is commanded
to continue its novenent. 25 Although the primary

i mpl ementation of the teachings is illustrated with
respect to the detection of probe penetration into a
meni scus of a fluid within a container, it will be

understood that the system and process are equally
applicable to the detection of a probe |eaving a
meni scus. Thus, as used herein, the term"liquid
sense" refers to the
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probe either entering or leaving the liquid within the

container. Further, although the 20 WD 2005/045635
wWEANsEBED4/ 035979 il lustrated enbodi ments i NECTESM04/035979

liquids that are associated with a container, the

present nethods and systens are not limted to

liquids in a container and can be applied to Iiquids

| her, for exanple, liquids that are
miﬁegﬁg{@,ﬁ?ace and held thereon by surface

tension. 5 Although the system 10" is illustrated
controllin .thﬁolggﬁratlon of a si ngle probe 11, it
will be u o6 BOPSISCY TR CPPRESI t he art the

syst efpbBe ,thaalh@ BEht e 16 hﬁ)ve rart%@s‘é PhBGrselBem G, of' c%ntact with a
well suited for the control of plural probes. Although

lerididi ments of the nethod and apparatus of the present
teachin ave been il | ust.r acco

o i 10 e FrosE SR LS Brdlobe p BB Eqtennaicativeof
depatitapte betweéd theipkdbeb@d trdeustoad t hat the teachings

are not limted to the enbod] nents disclosed, but are

capal €oBiFoln syRbae [Baty Exseivan Japresapacitansai inflicative ridgnghgand based
ttﬁﬁlg&tl '% SEORR vaérHé}HtofdtﬁE a{)}%@ gaep{lﬁg%ésgé‘s ?ﬁeédptacﬂ%ce indicative

| ngs as set fort
digral owhiileprebheamosemd i2 panse) 26 dletdmhi3whether the probe moved at least

PCT/.US2004/ 03 979 T 1 IMEDIS: 1. A

qecﬂfqgolag@@t &Rk Vﬂ?@@?i‘ﬁ‘ onprising: a probe that

is controlled to npve at | east one of into and out of

contact w citive sensin

coupla?e 1Lfte'nséé(stﬁ’f“o‘%é’ Ay lg%ﬁ%F‘éf ea?ogﬁf@n%{ﬁtephm%éﬁg &‘9 govement of

e pr@e%@e@%ﬁ ANKE &t 'Ptﬂahfé BiRB®nandid d¥ectah88!bHihe capacitance
and a control systemt recei ves the capacitance

indigativetsignal.si gnal , and based t her eon, pauses the

novenent of the probe and processes t he capaci tance
indicative signal while probe novenent is paused to

det erdi ne Theetshigemt he qhivbed nvhedinathd emstrol 1Y stene wéocesses the
capamta%(r:]ed it ct:atl(\)rfe s?é)ngf Stite s q:ré)p)g rllcl)\%lljlllecrlit is paused to determine that

changes in the capacitance indicative signal are based on signal interference.

4. The system of claim 1 wherein the control system processes the
capacitance indicative signal while the probe movement is paused to determine that

changes in the capacitance indicative signal are based on high frequency noise.

5. The system of claim 1 wherein the control system processes the
capacitance indicative signal while the probe movement is paused to determine that

changes in the capacitance indicative signal are based on static discharge.

6. The system of claim 1 wherein the capacitance indicative signal is a

voltage signal.

22



10

15

20

2. The systemof claim 1l wherein the control system
pauses the novenent of the probe based on a | evel of

wa@2@s0#®wBs t hat is based on a rate of change of P€TES2004/035979

capaci tance indicative signal. 3. The systemof claim
1 wherein the control system processes the 15
capacitance indicative signal while the probe novenent
is paused to determ ne that changes in the
capaci tance indicative signal are based on signa
I nt erf er enAR. sybteml D€ ctiimt €RViRdreifil thé FodtrythSfseinh iddMles a bandpass
control system processes the _ capacitance indicative |
fdtey rperaple e thecappgisacedndipgiiite signdalgs sencrde deitigasr wignal, and
i.n [ - ndi: ive signal are
’%%geénc? ngﬁﬁtﬁlgg}%bfe rlsegglgsﬁgsg%gi%lztﬁgg—bégggb%ﬁg syst em of
claim1l wherein the control system processes the
capagi t an i ndicati~vg, sl gn TRINIR e. d .
o paised 1S AEIeER 40 8af 3 Inghh e | abechNS uERRAETE Mignal 1s
volpgc isighat end nifle cadritiod  sistpnal inelnéesbaskev qrass tffiter coperable on the
di scharge.. 6. The system of claim1l wherein the
ceRARRIRdic YRR ve signal is a vol tage signal. 22
WD 2005/ 045635 PCT/ US2004/ 035979 7. The system of
claim1 wherein the control systemincludes a bandpass
filtel opetrHBME-BFASIHRE S¥Tie; CUMIBIdi cat i ve si gnal
to g L Ed ' t. of :
pr opel 70, Sl id ForREleaXR e atRint ofe 6F Th) o BF contact with &
lgpst;em of claim 1 wherein the capacitance indicative
S O bSeifye RS R DB 26k B Ao §¥5h S icative of
Lcapaditah8b&weEHhE Prodelartl 9B &quidand® | 1 qui d- measuri ng
system conprising: a probe that is controlled to nove
at | easpnigplesysten nthet apepivast thef ceppeitanae Wdiatiye signal, filters the
Lauwi d: 1Q. a.. iti ' . .

capiiafics, AlichuFORRRLL S pERASI A YRERT ERNILAE htidalfe signal 1o
dedpmine ahehebetchesre hthepeapheitaoe ifidieatliegdigghl veddecadsed by probe
control systemthat receives the capacitance
Mot piigast ppmal intg pnd tof camfactagidy tetl i ndi cati ve
signal, and processes the filtered capacitance
indicative signal tg _ . _ i

10. The system of claim 9 wherein the control system includes a low pass

filter operable on the capacitance indicative signal.

11. The system of claim 10 wherein the low pass filter reduces high frequency

steady state electromagnetic radiation collected by the probe.

12.  The system of claim 10 wherein the control system includes a bandpass
filter operable on the capacitance indicative signal to generate a trigger signal that is

indicative of an event related change in the capacitance indicative signal.
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determ ne whether a change in the capacitance
i ndi cative signal was caused by probe 15 novenent at

wo e@sv4mae of into and out of contact w th thePdT/{s20d4/035979
10. The systemof claim9 wherein the control system
includes a |ow pass filter operable on the
capacitance indicative signal. 11. The systemof claim
10 wherein the I ow pass filter reduces high frequency
steady state el ectromagnetic radiation collected by
the nBobeA g fo“fhprwwh@moﬂigtml dmdicaﬁ)vw@éraeicapaphmce formed

FNECE &R LR CPRUPLES FU LT ghiaret eGPl it of Coltet with a

hhﬁt'dgﬁﬁfthélt%a' thé B95tehSco p}t&tlfc?atlve of an event rel at ed
change in the capacitance indicative signal. 23 WO

2005204Ba8Ss ﬁ@/@@@mrmmmelc@pamtaeyet@wﬁm signal to produce a
gess cative of a capacitance forned
fi tg]i C'élplécntgrbce (‘}@ élgtgél

tontrolled to nove at | east

one @fhlglﬂtp@ssaﬂlﬂerotﬁat fpecatt ag tthanifiltered cdpiacitinde indicativeesignal to
gquid, the systemconprising: a |ow pass filter that

ptﬂsleﬁetl trsggehmgwélrtc&tsafétq BB VPAAN R TeDEEt 9 gipke nqyement; and
pr Odtsfcreeeo¥ ﬁTstrtétt L8 &aR8 Unt B8 F ek b?p%iter eﬁh&t@ﬁ ve @gnal and

hi gh pass ter at operates on t
tlfl:ma csngnah oehere dhiec an$tm9tismg deflectt occuprenckio€ the evémyderm the trigger

ndi cative an event. w spect t robe .. .

¢ sffetole Tedips. st S IR UGB Btnab S fisgve siena
vJHetHe?fIﬁ@v@ﬁ@@ﬁiﬁq@é‘ﬁ@rehMé&ﬁi'Ve signal and trigger
signal, where the instructions detect occurrence of

the event fromthe trigger 10 signal and the

instrycti gas @elkRt ”bf‘%laulﬁaﬁgdwﬁerelﬂ'ﬁhé prb&4s88t instructions include
capaci tance indicative signal, whether the event is

instructiensr foe pawrsethev eraveneat O'fh@esp@be riflofesponsp nto18 detected event
O\é\,hereel n the processor instructions include

PrEtFG%t i ons to pause the novenent of the probe in

response to a detected event occurrence. 15 15. The

syst | ai el the pracessor instr.uct.ions
) ot a8t e Bibte ALBTHE T4 e e 3 et ShEHEHLR Brocess the
ﬂMétddecdifa@tbﬁc@QHcﬁBEﬁ% Issgneaw&ﬁté bobe ehevdrhde is vytaatéateto determine
the detected event occurrence_ is an interference event

viftether fhegletegted eretitneccaysnge is 28 intqrerengasqvent ofa kqud prnging event.
wherei n the processor instructions restart

16. The system of claim 15 wherein the processor instructions restart
movement of the probe if the detected event occurrence is determined to be an

interference event.

17. A method for processing a signal indicative of a capacitance formed
between a probe that is controlled to move at least one of into and out of contact with a

liquid, and the liquid, the method comprising:
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novenment of the probe if the detected event occurrence

is determned to be an 20 interference event. 17. A
woreaohoeseddr processing a signal indicative of BCT/US2004/035979

capaci tance formed between a probe that is controlled

to nove at |east one of into and out of contact with a

liquid, and the liquid, the method conprising: 24 V\D

2005/.045635 /.US2004/ 035979 ss filterin

capadPVaRes ifi | erivat e caragtiaice; 6“ ?%‘Hﬁc@gﬁalf qtpég% € a filtered

Cg&gﬁ%&&%ﬁaﬁ{;@élgﬁml ve signal; high pass filtering the

filtered capacitance indicative signal to produce a
t ri gdegh paisgitlédrinignidie d'étemdecwfwmmév@@atwetwbécpéf,qdu%a trigger

be .no essi ager .signal to
%Bgl 1dic ﬁg‘:ﬁ??@?ﬁ%"en ?Votflﬁ%Spgggﬂ%m g pr océssn ng the
filtesreekssinpacd trigRessi gl icddtbo @calr@maé of the 6eérﬂe;r :mdne
whet her the event is a |iquid sensing.event

The
met hadoeFsIag dhe Altergd, P@W@%tanq@cmétﬁaﬁge pienal iy d?tﬁgnme Whether the
ROIONAI “ﬁse%gﬁﬁg%@ﬁe in response to a detected event

occurre e nmethod of claim 18 wherein

processing the filtered capacitance indicative signal

conprl es i N I

ot vot B o (1 1y (LERETERRRE HANRE the mavement of the
pﬁ&ieamrfbmnmmméﬁtedthbevbﬁtemMnm/ent occurrence is an
interference event or a liquid sensing event. 20. The

met hod of claim 19 further including restarting

movenent ofhd heethdd ofrcibien 118 Wvhereiie tppadessing \thatfiltered capacitance
occurrence is determ ned to be_an interference. event

indicathyes gignainbraRSSe aleliRg e Srighed) CoPAGIABSE (oA pignal while
p?@d%aﬁi({véﬁfeﬁt ﬁso"gﬁ'l%?d 15 BRI AwWREARE HeN@ltedtsd SO RLn@hce is an

to at ast on nove Into and out of contact wth a
intexferahce ancht bhe liquisedsing beenret hod conpri sing: a

bandpass filter operable on the capacitance indicative
signal to produce a trigger 20 signal indicative of

an evziht wWihé matlsgkof clampi®fertmvianmding mstﬂrt'alg movement of the

AR e 3L e B PRS0 5 B
proceSS|ng of the trigger signal and to pause the
rmvenfln't O}CX E;t's?erﬁ rf%r processing a signal indicative of a capacitance formed
between a probe that is controlled to at least one of move into and out of contact with a
liquid, and the liquid, the method comprising:
a bandpass filter operable on the capacitance indicative signal to produce a trigger
signal indicative of an event with respect to probe movement; and
a processor having instructions operable on the trigger signal to detect occurrence
of the event from processing of the trigger signal and to pause the movement of the probe

in response to a detected event occurrence.
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in response to a detected event occurrence. 25 WO
2005/ 045635 PCT/ US2004/ 035979 22. The system of claim

WQ2008lew83 N t he processor restarts novenent of PETES2004/035979

probe if the detected event occurrence is determn ned
to be associated with interference. 23. A nethod for
processing a signal indicative of a capacitance forned
bet ween a probe that is controlled to nove into and
out of contact with a liquid, and the 5 liquid, the
net h@d. corfid §jisttgi of iclairard Inghedein ﬂmqacéetsmcrestarts movement of the
|nd| cative signal to produce a trigger si

the dete eVERL QRFUHENGS; 15 Heﬁegglﬁgtg? lfeoas&%:gg\d with interference.
novenent processing the trigger signal to detect

occurrence of the event; and pausing the novenent
the plobe 4rmelbepdes Precssangct SEPHYIMGEHYS G c rca@qg@nce formed

vebved: atgljaﬁe vk RO Lorftforfel 8 mo%%'mwyﬁﬁ%u{ bf L&A gvﬁhh%?h%uld and the

capaci tance i1 ndicative signal conprises at |east
lmfuidyitighmpthed cobmiptigingng and | ow pass filtering. 25. The

met hod, of cJaim 23, whe rocessin he trigger. g

o g el eCgEs Cae e R < G A T e g gpal indicaive of
a%l&@ﬁdwn@ﬁespérda%me%vefneﬁi ai m 23, where pausing the
nmovenent conpri ses: rocessing the filtered

cap amro@s@eg ithrdlirigaen smnag Fydeiect apeusrenpokiha gverticnd
m)verre lPﬁ tl%nl%bv%iﬁgn(?%f rgg ol 9%%?1%& ege%e%réveﬂﬂ &g?rrence.
Cla e .

whet H e event s ass east one
anenent of the probe into contact mnth the 1iquid,

and | \(e%of tﬁgge g:lahqr%gﬁ d%ﬁré) E’llt&%@t %%tca .c'iﬂanéer]iﬁdicative signal

l'i qui

cdaipeised atilagt 6081f higk passdttetingiand fov pdrsatﬁweﬁﬁg event is
not associated with at |east one of novenent of the
probe into contact with the liquid and novenent of the

probeput Phe GRMACST Whainh 28Nevhetd prabebsingne teggsMsiythal comprises
novenment of the probe, 26 WD 2005/ 045635

desrtingadewl 0sg Mg gignFhe net hod of claim 26, where

det ermi ni ng conpri ses:

26.  The method of claim 23, where pausing the movement comprises:

processing the filtered capacitance indicative signal after pausing the movement,
and,

based on the processing, determining whether the event is associated with at least
one of: movement of the probe into contact with the liquid, and movement of the probe

out of contact with the liquid.

27.  The method of claim 26, where determining comprises:
determining that the event is not associated with at least one of movement of the
probe into contact with the liquid and movement of the probe out of contact with the

liquid, and resuming movement of the probe.
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determining that the event is associated with at | east
one of novenent of the probe into contact with the

wo p@aiogseahd nmovenent of the probe out of cont aRCT/B1004/035979

the liquid, and determining a | evel of the fluid
based on the position of at |east one of. the 5 probe
and a sensor associated wth the probe. 29. The net hod
of claim 23 wherein filtering conprises bandpass
filtering. 30. A nmethod, conprising: nmeasuring a
capadig. ancEhdometived of elajm 86ewlkare detetnhiginigeonpaigss: ng

t of th be based h
CapadiSHREIE 58 B A oSG hg eSS BT SBvement of the

pABbd Ehid REnREORSN! tﬁe RrRHREshd ﬁi@dem@iﬁaﬁ‘ih@'rbréﬂ%eoﬁﬂtfftdﬂ)ﬁfact with the

nmeasur enent s, per orm ng at | east one o resumn
ik remdtdetsrmining prioved of deer Bvidibasergom thsaisitionrpLat lqaﬁteone of: the

h b d,
Bh8oSie R80T Slodfled billile She [he Probe, 209 o so,

wher e resum ng novenent includes returning

of 1t b GRlBRA of et 23 TIBEaG R Cenmpirisel b Rfhrine

measuri ng for atime interval. 20 33. The nethod of
cl ai g(gz %glnerg he ti.ne interval is based on

pred i HERCPOICOMRIEPGal . 34. The nethod of claim
32, wWhgisdrihba ch{:aféﬁahdéﬁ%%ﬁ@én d zﬁroﬁ@ﬁﬁﬁa ﬁ@na,he further

nmeasur ed capacitance. 27 W) 2005/ 04563 _ )
PCT/ ummg/r@@@gmt of3the prahe basadhusdh wete ¢f iangean thewappeitance,

furt h "P&%g;unﬂg tllle c%l ?cggg%e \gﬁﬁ?ﬁ% g);r&% 1g %%\%r X ﬁd on

t he fur eas rerre one ol d,

changbasgd an Geufitasr medsuenibase ferforniifeatdeaspaid sons,
and, determning the ti rre I nterval based on the
changed coArRuBmE apYratent 8f hg Profge et hod of cl ai m 30,

where furt 8L TRABUIHRBiohEkdRSbe,
aspirating liquid into the probe, and,

dispensing from the probe.

31.  The method of claim 30, where resuming movement includes returning

iteratively to measuring a capacitance.

32. The method of claim 30, where further measuring comprises further

measuring for a time interval.

33, The method of claim 32, where the time interval is based on

predetermined time interval.

34, The method of claim 32, where the time interval is based on the further

measured capacitance.

27



conpari ng data based on the further neasurenents to at
| east one threshold. 37. The nethod of claim 30, where
wo eooslogts3freasuri ng can i nclude further neasurP@UBS€B5979

on at least one of. a sanpling interval, and a probe
novenent characteristic. 10 38. The nethod of claim

37, where the probe novenent characteristic includes

at | east one of. a probe speed, a probe velocity, and

a probe accel eration. 28

35.  The method of claim 32, where further measuring includes:

comparing data based on the further measurements to at least one threshold,
changing a counter value based on the comparisons, and,

determining the time interval based on the changed counter value.

5 36.  The method of claim 30, where further measuring includes:

comparing data based on the further measurements to at least one threshold.

37.  The method of claim 30, where further measuring can include further
measuring based on at least one of: a sampling interval, and a probe movement

characteristic.

10 38.  The method of claim 37, where the probe movement characteristic

includes at least one of: a probe speed, a probe velocity, and a probe acceleration.
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