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The present application relates to liquid level sensor systems. More specifically,

the present application relates to the rejection of interference which adversely affects the
operation of a capacitive liquid level sensor (LLS) system.
Description of Related Art

15 Withdrawing and dispensing precise volumes of a liquid without contaminating
the Liquid is an important part of many clinical applications and laboratory tests. While
attempts to address these needs manually have fajled to provide the needed accuracy and
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being used to gauge more precisely the small liquid volumes that need to be withdrawn

20 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

25  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desired amount of liquid is then withdrawn from or dispensed into the container, Such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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hereby incorporated by reference.
In some existing systems, the labware can collect and store static electricity. As
20  the probe is moved closer and closer to the container, one or more static discharge events
may occur between the probe and container during probe movement. These static
discharge events can cause an instanfaneous change in a signal indicative of the measured
capacitance which can incorrectly be detected the system as a liquid event (for example, a
false positive indication that the probe is in the liquid when in fact it is still positioned
25  above the liquid). Second, the laboratories where these systems are commonly used are
typically illuminated using fluorescent 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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The filtered signal can be high pass filtered to attenuate low frequency components and

15 produce a trigger signal indicative of an event with respect to probe movement. The

trigger signal is then processed to detect occurrence of the event and the filtered

capacitance indicative signal is processed to determine whether the event is an

interference event or a liquid sensing event.

In accordance with an embodiment, a liquid-measuring system includes a probe

20  that is controlled to move into and out of a container containing a liquid, where a

capacitance forms between the probe and the liquid. A capacitive sensing system

coupled to the probe 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

25  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 liguid-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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signal are based on signal interference, such as, for example, high frequency noise, static
discharge, etc. In an embodiment, the capacitance indicative signal is a voltage signal.

The control system can include a bandpass filter operable on the capacitance

20 indicative signal to generate a trigger signal, and movement of the probe is paused based
on the trigger signal, for example, when the trigger signal exceeds a threshold.

The methods, systems, and computer program products presented herein include a
liquid-measuring system that includes a probe that is controlled to move at least one of
into and out of contact with a liquid, a capacitive sensing system coupled to the probe to

25  generate a signal indicative of a capacitance between the probe and the liquid, and a
control 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.



i ndi cative signal, and processes the filtered capacitance indicative signal
to determ ne whether a change in the capacitance indicative signal was
caused by probe novenent into and/or out of contact with the liquid. 4 WO
2005/ 045635 PCT/ US2004/ 035979 I n an enbodi nent, the present teachings
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The teachings include a method for processing a signal indicative of a capacitance

formed between a probe that is controlled to move into and/or out of contact with a
liquid, and the liquid, including low pass filtering the capacitance indicative signal to
produce a filtered capacitance indicative signal, high pass filtering the filtered

20  capacitance indicative signal to produce a trigger signal indicative of an event with
respect to probe movement, processing the trigger signal to detect occurrence of the
event, and processing the filtered capacitance indicative signal to determine whether the
event is a liquid sensing event. Also included is a restarting of movement of the probe if
the detected event occurrence is determined to be an interference event.

25 Accordingly, 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



25 Accordingly, in an enbodi ment, the teachings include a systemfor
processing a signal indicative of a capacitance between a probe that is
controlled to nove into and/or out of contact with a liquid, and the
liquid, the systemincluding a bandpass filter operable on the capacitance
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respect to probe novenent, and a processor having instructions operable on
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rate of chan@cdnfhct Weh the liquid, and resuming movement of the probe. Accordingly, the
determining can include determining that the event is associated with movement of the
probe into contact with the liquid and/or movement of the probe out of contact with the
liquid, and determining a level of the fluid based on the position of the probe and/or a
20 sensor associated with the probe.

In one embodiment, the teachings include measuring a capacitance between a
probe and a liquid, pausing movement of the probe based on a rate of change in the
capacitance, further measuring the capacitance while the probe is paused, and, based on
the further measurements, performing one or more of: resuming movement of the probe,

25  determining a position of the probe, aspirating liquid into the probe, and, dispensing from
the probe. Resuming movement of the probe includes a method that includes returning
ieratively 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



capaci tance, further neasuring the capacitance while the probe is paused,
and, based on the further neasurenents, perform ng one or nore of.

resum ng novenent of the probe, 25 determi ning a position of the probe,
aspirating liquid into the probe, and, dispensing from the probe. Resum ng
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iteratively to neasuring a capacitance. The further neasuring can be

performed for a tinme interval that can be based on predeterm ned tine
interval, and/or based on the further measured capacitance. In further
measuring, the nmethod can include conparing 6 WO 2005/ 045635
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illustrating over tirrea} acitive s nsin%é%%stemout ut i gna pas a

ca SI
probe noves t onafBE SHEPIERMITEMieE Ot P deaghings DY) ‘?eqaqﬂﬁlr %

cont ai ner ;refefehfJIRFiR folloRinB! 9&kIcdi BEERMION vihed -takdnSinC BdHurRlibe &hidufhenat ed
| i qui d-neasuring 15 systemin accordance with an enbodi nent of the present

t eachi ngs ;acrNEIRENY Drayviggsorhsedtndi agr am of an interference rejection
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shown in ByBRE 4; 20 FIGURE 6 is a graph illustrating over tinme a
capacitive senﬂ&gm%yzs %seamgr%%ﬁ HHltstrating over time a capacitive sensing system output
signal as a probe moves towards and then contacts the meniscus of a liquid in a container;
FIGURE 3 is a block diagram of a z-axis controlled automated liquid-measuring

15  system in accordance with an embodiment of the present teachings;

FIGURE 4 is a block diagram of an interference rejection processing scheme used
by a system according to FIGURE 3;

FIGURE 5 is a flow chart that diagrams operation of one “DEBOUNCE STATE
MACHINE” as shown in FIGURE 4,

20 FIGURE 6 is a graph illustrating over time a capacitive sensing system output
signal, a low pass filtered signal and a bandpass (irigger) 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

25  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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probe noves towards and then contacts the neniscus of aliquidin a
container in presence of two static discharge events; FIGURE 7 is a graph
showi ng the signals of FIGURE 6 in nore detail 25 surrounding one of the

static di‘gﬁg LORsRVents; and FIGURE 8 is a graph showhgisthagosbenal s of
FI GURE 6 i re detail surrounding the liquid |evel sensing event. 7 WD

2005/ 045635 PCT/ US2004/ 035979 DETAI LED DESCRI PTI ON OF THE DRAW NGS FI GURE
1l illustrates a z-axis controlled automated |iqui d-neasuring system 10

whi ch provides control over the position of a probe 11 with respect to an
unknown level of liquid in a conventional |aboratory container 14.

Movenent gﬁ%megrm@ﬂdNU}erﬁE@@wgmo or out of the container 14 is

controlle y a conventional servo-drive 12 which is controlled gal a
ni croconput er GIGORE 118nstiive «CPExis Jodealsd mrsawtedHubaieasugne 8YStPheY probe
11 with regpect t.o the |.e f t:ne. LEguid in L t.ai %E]H%%qui
nonitorin ﬁﬁ‘?“sﬁ’r&ﬁg?s CO_HL%OIrO\é’gIJr%g H%lpﬁréO{E%g@g? tlgrvl‘}lctger%%? gvtetgrﬁﬂ t he plrotge 11 and
the |i qui dfiliquitiie a comieational labdratorn eonthinepulidd Moventeat afthe aiober 1 imthegnd

ground. The, CPU may al so be.prqgramed. to. control..a 10 |iqujd er 16
(e.g., SsyriKgey %ﬁ%‘/@a’t "a?fm?é“g‘?l agﬂ%C‘E}WOHth%ﬁggnvﬁn%?he&o " eu%%@@?]ll f1uid
fromor intgurdReORNd RlchGompdtek bf OPUN 3t e PPOLE deferivinis thefosixibbbethe ube 18
made froma chemcally inert material such as Teflon, for example. The

stray capaudheddseth rgestide e lgwel of thedisuigbiarihe saatasies ha by MoRHarRe RS yi d i n
the contaj : ' S i ih@wallet he

[ qui d- v Aol R RERARES iR AR g B D e e
stray capdsjutdaindis coBinec hdrrgesgroindt UBid GPY mesiy aodisavesspiymed te 9@l #i ve

sensi ng syst 100 j s coupled, yia a conductof to . ges in
this s1g)r a;}lqélglz)gﬁegfrairf’i@;g"ﬁﬁ%n%ep 3&%“’3‘&38 5’? lgagep%‘néﬁp%&sae%%%ﬁéﬁcﬁ%t ?gﬁ?he CPU
13 in the f®f 61 flo tiegoatindb] Atirelehi the ippehiecidtviv e fakibde shpd8inaied®nbet ween

the probe 11, the liquid in th ontai ner .14, and ground. 20 The stray
capaci tanéé‘e@fali%m%maieﬁﬁlegﬂ&b f?‘f@’nsg%f”éﬁﬁlﬁi?)o t hrough a sanpling

The stray capacitance, depicted as Cy, between the probe 11 and the liquid in the
container 14 slowly increases as the probe 11 is moved toward the liquid. When the
15  probe contacts the liquid in the container 14, the stray capacitance, C,, changes virtually
instantaneously. A capacitive sensing system 100 is coupled, via a conductor 31a to
detect changes in this stray capacitance, and provide corresponding sensor data to the
CPU 13 in the form of signal 15 which is indicative of a capacitance between the probe

11, the liquid in the container 14, and ground.
20 The siray capacitance C; is monitored by the system 100 through a sampling
operation that with each sample instant applies a voltage to the probe 11/container 14
(.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
25  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



operation that with each sanple instant applies a voltage to the probe

11/ container 14 (i.e., to the capacitance Cl) and neasures the voltage
charge on the capacitance Cl to detect and |latch a peak voltage devel oped
on the capacitance Cl. This latched peak voltage is output as the signal

15 for a to the CPU 13. In enbodi nents, th%&%ﬁéog,@ﬁb7915 is a
digital Rgé aol%fsg%r esentation of the sanpled peak vol tage val ue. Wen the

probe 11 contacts the liquid in the container 14, a rapid change occurs in
the stray capacitance which causes the nmeasured vol tage devel oped on the
capaci tance to decrease rapidly. This decreased voltage signal level is
det ect abl encit nchiate: dmtpmtbsggnaﬁwlﬁmhﬂdluoeswﬁs W0 th OBrudH J6B8ming 1o

PCT/ US2004/ 035979 t nge for as long as the probe 11 remains in the
liquid (a§§ﬂﬂ¥ﬁ@n/8m° Yo ration/loss of liquid). As an exanple, at the

start of each ganpl &ngpkyel fe stdﬂteoﬂ/@b}i&@ﬁpmhg pycddehd Yoltaze 4t prabieallliy hel d at
0O Volts via a closed swtch (not shov¥p ii ég%e?%ound and ond(:g or 5 31
a. Next, tipdiaynheldpt §& Ogﬁéﬁead"lg%?dtsﬁé‘f {OpRs spey tRF VB é’ofl “"fj’. 24V) is
appl i e¢; t 119U906,80b TRAERACGché L6 il en6 ARGHLENGRadl(o TDV) TpefliRae 17 and

t he capacitance forman RC time constant such that the voltage at the
probe 11 nhmmglasresnmarae ate thepapgsierce dhal Theompréaneapaend HFCBPCIaAf ter a

fixed U1 Mo feflon RERLEXIBLE ol B BLCEAREONAS ol BEAKsOL LagE at

probe 11 i reasured vi a“con la. This vol tage
measur enengropdstionadite athe \Kﬂpiﬂ:ﬁtampﬁm t Afice Clixafdims @ant app;‘OJtlhlétel}tdﬁput er 13

via signal 15. Th th sed, thus,di,sch citance
Cl and re‘gjé?f"ts?cﬁ@&t) ﬁﬁn ° RBf Y 8@‘"@ ﬁf prBl?eo elslrﬂeats%rﬁéb}(/zhe 5 ﬁﬁggfv%arcéa%?% cycl e
can bejocondiighugkis| Witagee RRMESheRE 13611nﬁilc&ﬁde fofeqpeiayce Congdcis aent3tbathean be

i npl enented as the inner conductor of a coax cable, 15 Conductor | b can

be the shi%ompuist 13 va sigaghiSc Abe evighiithonsiosed s Sischappe B9 PPHIFE T at  t he
sanme vol t agg r@@%ﬁgﬁ@%&ﬁ% gr%béfl fbs{)‘%ﬁy"f‘ﬁé‘f&ré%@ﬁ‘lrg c9cl6 JRAEL dchtifRuBIgt ween
t he conductor an ie

to reduce changeS in cabl e capacitance
(e.g. whenepdused atabkel figuersyed or cones in contact with an object), and to

reduce exter naIC eldl(lac (')[rr rﬁy San DS 1mpelemented as the inner conductor of a coax cable.

15  Conductor 31b can be the shield of the coax cable which can be electronically driven at
the same voltage as conductor 3la (thus providing near 0 capacitance between the
conductor 31a and shield 31b) to reduce changes in cable capacitance (e.g. when the
cable is moved or comes in contact with an object), and to reduce external electronic
noise.

20 The capacitive sensing system 100 may be configured in a number of ways to
generate the output signal 15 representing thie peak voltage charge at the capacitance Cy.
One exemplary circuit for implementing the capacitive sensing system is taught by
United States Patent No. 5,365,783, to Romald A, Zweifel, the disclosure of which is
hereby incorporated by reference.

25 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

9



20 The capacitive sensing system 100 may be configured in a nunber of ways
to generate the output signal 15 representing the peak voltage charge at

the capacitance Cl. One exenplary circuit for inplenenting the capacitive
sensing systemis taught by United States Patent No. 5,365,783, to Ronald

A Zwei f%g?@g@sﬂs“l osure of which is hereby incor %&ﬁg%y@%gfgef erence.

25 As the I's moved toward (or away) fromthe liqu the capacitance
Cl changes and thus the peak voltage charge storable on the capacitance Cl
at each sanpling instant also changes. The storabl e peak voltage charge
(provided in the signal 15) is nonitored and when it changes (e.g.,

decr eases)eval sase atent sheedui probea 1T aepctaigsethe auerissus op ﬁ@bﬂlﬂgro ﬁgfé

provi des an_indi cation of the un . t Lauid 9 WO
D005/ 043635 pe G5O, Biskrr i sl Re s Mlalhe ol EleBinchonlpl
penet r at esncrdigesRfte&eLm B stobdld paskdvolapd Chergdh@here ant aemens phimheiar , it is

known that el ectronagneti¢ interference can cause ment ar c

i ncr easesAgeesdEsbs IF i1 I"Pém?t"@ﬁe{‘[i? &5k 708 glbagg% K‘gg‘ggew%?)ew}ﬁ%h Aeni scus
penetrgti Qpe(Bfsy %&Rﬁcﬁ%e sePsiSe/téh bl iR Nocckite Hyathe cohpitel 1R@sl change
(e.g., decrease)"which is 5 detected by the capacitive sensing system coul d

be pr oces swgrbstiytidentifethasatltianidigrehpense errobfice e pasiiveindiedons a | i quid

| evel sense evgns (.- : 4 YEyURE! ' Ref fhENe@pl S now
additional ly na%%reg%e IEP%%%&%&%%%%%S% ﬁg}r e | 2 S e%%)hgreér aph 1 I%ﬁ%t rating
over timeilieath@pae tinedhes empatitite sgstngnayieon bt puiputsiigmbllS 26 tagspiobe pr obe

noves towards and then, contac t he .neni scus_.qf. i qui t ai ner
T e odiaer Evgs Srlmdr Bl mniriar § Uiy BeshMibd (4, HRbuEAR
Sﬁrrpl ed E@%KaM@lji_E agilegwaéigm ﬂ@y@aﬁm@h oNthe raagpm@edk't a;gaage @l‘l(lue zrdlnelopecaxi Is of

t he graph accordingly neasures the digitize S ed peak vol.t age, val ue.
The x- axi @11n%a§@naegm¥? e | P0G ErWS %tfdthﬁ # é?coﬂﬁr@érfﬁ?aé'ér?s t%gﬂgggﬁd the tine
bet ween S%&‘iﬂéﬂe&"g ak V3 AR EEIE O thy-of AmEXREPliRe iPRrROOF SREMbF R s@iAgh  shows
t he out put s gnPf 15 peak voltage val ue generally rising wwth tine as the

probe 11 Ihefem foview bjverh emading dnsdanity eould frxampleebe i e Ahe greph gser  and
the meni s b0 o KBeTed LR v D e e S R B L e e
14 (ati5ab@uinotdichysherhiondrivierigtintncles bateaitdrfldetbshyand closer to the meniscus of
the contained fluid. When the probe 11 touches the meniscus and penetrates into the
fluid contained within the container 14 (at about the sampling instance identified by
reference 50), the measured peak voltage at the capacitance C; decreases virtually
instantaneously as evidenced by the voltage drop (voltage step) in output signal 15. The
20  computer 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 suspend movement of the probe 11 in
the z-axis since the probe has penetrated the meniscus of the fluid contained within the
container. The computer 13 may further provide a control to the liquid handler 16 to
aspirate or dispense a desired amount of fluid from or into the container 14 through the
25 probell.
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 OCCUrTing

between the probe and container (or some other dynamic interference event). The
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reference 50), the neasured peak voltage at the capacitance Cl decreases
virtually instantaneously as evidenced by the voltage drop (voltage step)
in output 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
t he servow@nhysgiskds t 0 suspend novenent of the probe lgcts20dseseozs axi s since
t he probe has penetrated the neniscus of the fluid contained within the
contai ner. The conputer 13 nay further provide a control to the liquid
handl er 16 to aspirate or di spense a desired amount of fluid fromor into
the contain 14 th h the further shows .an out put
signal 15'1 H?ql‘,%{en?ﬁ;g@ %@&?%@@?%%&EA fCEdgtéonagi’ andgjoq}’ﬁlo’f‘ﬂg'!%e ?eﬁ vy Bt ance
identifi edlbk‘edéi?f F ARGE Fo)en®Y clebiirerhh@ica Gaiatkar (ee%aeﬂait@d Byhﬁuorescent
interference-rel ated perturbation could be caused by a static discharge
event occukghting fixpueshihah is mpreFpedoerunilc pselk soltvar rqqasmgew (@t W@%e eeranm c

interferen \ 200 US

interfer en%gad? ﬁ% )engerg%%%c&rl% %?onﬂlcg{al%}séﬁ%ﬁcyﬁeaﬁﬁ%?%é@ or OCSP ?eoﬁhgl ly be
caused by probed ptdk vokeg qjtthem‘apmghca‘ @etquiecmgeeahédrhnscprmiycma valtagadiopt i on
(e.g., emite r cent hti.ng fixtures) that ress upon

t he peak vold g’é‘@%ﬁ% e IF%‘?’H g g? lltlaegF dm?tp 5%?35385135 e@‘St O%Feﬁ'?eggg‘nce
event). | nmehteh@r s&hplitgt ingtints,tthe chaeefigicente ﬁ‘cﬂiﬁg@@ﬂdpe THeecdmpueasidr ed peak
vol tage at the cia\ pacj tance Cl tq_decrease and_ thus, produce. a voI ,tage drop
in output &FgHEeleguld Cfl cisoshisstoprideantage dlf’?\%*%@?%@%"ﬁ?‘&p‘“ Les¥ls, at

| east overpg, ﬁﬁéﬂré&'ﬂ? 1nt5}'t§f99ﬁras% n§cﬁﬂﬁiohflﬁat'tlfib31§1%9é $1 h&é‘ﬁa&!&@&%@xﬁbo‘ﬁ%' cs of a
vol tage step. The coO 13 accordingly could detect this step-Ilike

vol t ag dr%?fpmwﬁberp@c gievesgpaigt piealds illﬁﬁﬁ¢0t1¥33r0V1é¢1 dontrolinsirpeives tedel y

10 feoponst S Than2 S Rl Rrbdbobclfed o BR shond FF i FERISE, s BRI scus.
control /i npnsrtnrctm@must detedton, deweaerd wmveesizz mzothbepsrniacnaﬂ ebeﬁmg umerreqﬁyvenent

of the probe. 11 . Jhis SItI meni det.ect.i on,
nowever - CanpBd b fofh PhRine Sodend EwiREePrLds T BSR4 The
z-axis W thisrpokitien, cogtbgdr TRid ésﬂlrﬂmaﬂﬂoﬂ@@pﬁﬁén px@césbelsmgmmeahd[tﬁ&i hbddidilg. At
this pPS|t|on a prop Fr fluid aspiration or deposition process using the

li qui d'handest besccorlithistnot be acconpli shed.

Reference is now made to FIGURE 3 wherein there is shown a block diagram of a

z-axis controlled automated liquid-measuring system 10°, in accordance with an
embodiment of the present teachings, for conirolling a single probe with respect to liquid
in a laboratory container. Like reference numbers in FIGURE 3 refer fo like or similar
20  parts in FIGURE 1, the description of which will not be repeated.
The system 10° of FIGURE 3 differs from the system 10 of FIGURE 1 in that the
computer 13 implements an interference rgjection instructions 60 to address dynamic
(e.g., static discharge) and steady state (e.g., electromagnetic radiation) interference
gvents. A block diagram of the interference rejection instructions 60 are illustrated in
25  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



Reference is now made to FIGURE 3 wherein there is shown a bl ock di agram of
a z-axis controlled automated | i quid-neasuring system 10', in accordance
with an enbodi nent of the present teachings, for controlling a single
probe with respect to liquid in a |laboratory container. Like reference
nunbers iwoRbésdEs8 refer to like or simlar 20 partscios2bid@blisho 1, the
description of which will not be repeated. The system 10' of FlIGURE 3
differs fromthe system 10 of FIGURE 1 in that the conputer 13 inplenents
an interference rejection instructions 60 to address dynarric (e.g., static

di schar ge ste st.at.e el ectr omagne |c ra n f erence
Cvent o 92 Rt DD EH pieE v st F UhE SO oErL 1R R EBh .66, o1 s
i Il ustrat edinisnthe 257 Fb @ilatds b ga Qh(ﬁieﬁ@‘ mér@avc&ﬁﬁ&wﬁis lﬁtoﬁ{ thé kil 18Quél Kcesses

the digitized sanpl ed peak vo val ue devel oped on the capacitance Cl

to provide Péwa@agtg’fefnon%évfé@ ay evmu%@mhﬁ prave dafiopeexiqmal apiafiodd as a
series of éo‘{}fbeg lghtdgh‘t(%g%e/?gqlg?tfﬁxmr&ers for the reasons di scussed herein.

The operation o t he ectively reduces periodic el ectromagnetic
11 WO X005/ 045688 Wﬁdﬂ@@@@ﬁ%@%@%ﬁal lomt g:aﬁterf'ﬁmsearé Eeked whiachilateryl Be

pr esent |n th e ed peak taw Thus, the LPF 70
at t enuat es T&gf&{? ug?d P.r?adb df’wﬁﬁgo@?gnal 15 such as the
st eady state n0| se MthLBB,yl -bENBRPDATA]LYPR, hpTAUPbe 11 from external

radi ati on Eources such as fluorescent light fixtures. 5 The two
seri es-confie€ted digital |ow pass filters are based on a bilateral Z

transform The ﬁmmﬁ@c%gqo@%ssqg@po%t%ﬁﬂe and LPF2 is as follows: LPFn =
LPFn- 1 + ((NEW DATAn - LPFn-1 ere: is the current | ow pass

filterT®utput VdFuels theygerims 10WPFS§ fﬂfh@uﬁiﬂ’é\ﬁiab@s I ow pass filter output
val ue; NEW DA W'ﬁAszeis%rcﬁﬁéHtu{pﬂﬁ%tldLbe(%t ‘?{11( 15); and TAU is the

time constant (as TAU dets 1arger cut 0 f frequency) gets
| ower) . TAU is the time constant (as TAU gets larger, F3db (the cutoff frequency) gets

lower).
By routing the output of one filter (LPF1) as an input to a second filter (LPF2), a
15 2 pole LPF 70 can be formed to increase the cutoff slope (e.g., 12db per octave instead of
6db per octave) to provide better noise rejection above F3db. TAU for each filter stage
may be chosen in view of the probe movement speed (e.g., 100 mm/sec), a sample rate,
and a specified penetration distance prior to stopping (e.g., no more than 1 mm
penetration into the sample). Empirical methods can be used to determine TAU, where
20  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 0of 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
26 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, — LPE,.1

12



By routing the output of one filter (LPFl) as an input to a second filter
(LPF2), a 15 2 pole LPF 70 can be fornmed to increase the cutoff slope
(e.g., 12db per octave instead of 6db per octave) to provide better noise
rejection above F3db. TAU for each filter stage naybe chosen in view of
the probeygDy@rRRss speed (e.g., 100 misec), a sanpl epdRERoos/0dddth a
specified penetration distance prior to stopping (e.g., no nore than 1 nm
penetration into the sanple). Enpirical nethods can be used to determ ne
TAU, where 20 generally, in the illustrated enbodi nents, |arger-valued TAU
correspond to delayed response. As a exanple, LPF1 may have TAU=4 and
provi de a FB#B of 100 Hz, while LPF2 may have TAU=8 and provide a F3db of
40 Hz. The_IOM/H@ﬁgs%ghhﬁ%ggig@;aﬁﬁggapa 72 is applied to a "debounce”
state machine 74, and also into a digital high pass filter (HPF) 76. The
conbi nati on of & il bForEnpendputPsue ASm7Be sscend by pashaltalpads filter.

Bandpass filtery f q . I I 15 generates a
"trigger" si gna];‘ﬂgﬁ%tt%%%‘lﬁip{se%goﬁ%%gﬁﬁ@%‘%ﬁ%B%gég(fﬂ%?tggy ?A()Sg?ﬁlér' debounce state
machi neb 74As dinexatipdp, thelf3dHREutdB fiequeac pafoethe HEIRTY is sdvtr #botd 80Kzt he fornul a

bei : HPFn = J.PFn - PFn-3 12 5/ 045635_PCT/ US2004/.035979 wh :
oPEnT, s tho b gTIeORE IR of S BE LY prRh @ s T RREE doiaietsdne, 7 om

t he secondodepsli Ragsast tiltér@ffectatith a béfta BeduSndyér Bb6t QU By THS a@plifisit7gval ue
fromthe second | ow pass filter. 5 As an exanple, the f3db (cutoff

W p nple, t )
fr equency) &S & ganpgbEt tpethe SIPSequingit defro(ihe Swigeer” siemal 80t Brer &% valaer unni ng
the LPF ouffitedal fed R1debR ahdd Sar B adi BilitP Wah AcboRRO SRS S
filter effect _\?\n]gt h g c.erﬁter a%lre%quen%ﬂ ﬁ@; f:g)ﬁ?&g%ﬁll-ilz1.t§pThe gn% ifirer 78
appl i e8? a gadhineot4 dperationshaichRi- thoeshpidk catataging tofi éhe'ttipgey gignal 8¢ gnealde8©) . The
gai n val ue ver. .S user-sel ectable and can be adjusted as for
conpati bi I?%t?cv%\af%egg%ggsn%%ﬁﬁdate 10 machi ne 74 operations such as
t hreshol d conpédipongle@ttidnlvd athidego®) sighifiying th80ar ¢ventride bedubred,dbé éckioutdeat an

event has qccurred. . I .
sgate macl%ne 74 generates a pause control signal 82 which is sent to a motion control

i

process 84 within the computer. Responsive thereto, the motion control process 84
15 signals the servo drive 12 to momentarily (at least) pause probe 11 movement. With the
probe 11 movement paused, the debounce state machine 74 then analyzes a large portion
(i.e., multiple sample points) of subsequent LPF output data 72 to determine whether a
voltage step in the signal 15 has occurred (see, FIGURE 2, reference 50} that is indicative
of a liquid event such as penetration of the liquid meniscus within the container, or if
20  instead a perfurbation in the signal 15 has occurred (see, FIGURE 2, reference 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
25  points of the LPF oufput 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



Upon detection of a trigger 80 signifying that an event has occurred, the
debounce state nmachine 74 generates a pause control signal 82 which is
sent to a notion control process 84 within the conputer. Responsive
thereto, the notion control process 84 15 signals the servo drive 12 to

monment ar i {y) %ddosbgast) pause probe 11 novenent. Wth pdguspisaberdl novenent
paused, the debounce state machine 74 then anal yzes a |l arge portion (i.e
mul ti pl e sanpl e points) of subsequent LPF output data 72 to determ ne

whet her a voltage step in the signal 15 has occurred (see, FIGURE 2,
reference 50 # [ ative of l'i.quj d event such as penetrat| on of

the liquidP ﬁé‘%ﬁt‘félet‘@? is' gleterpingd) tp het aojep op@Ie thbat i on
in the si 9@@dsecﬂtﬁnﬂﬁﬁtlﬂﬁ%éiﬁﬂl@gmﬁé%?theli}‘@éﬁ%& dafa®hehe RS on) volidd stétf)

i ndicative of interference or noise where liquid penetration position has
not yet beé&i¥ evprtde rrinsted borthedebamice statomediine 74 ant 4 citalrbmtl@t’@omhaneﬁém is a
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allows for the static Inter erence
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penetr at ed the nmeni scus of the liquid within the container 14. Responsive

thereto, tHECRBMRFLERke 8derigion; apd ARusprrbe mogEmenhias @y pauerdifer toadpigrat e or

di spense ap&RYidraehe AP EMbuRE: tc i 4 t hrough
the 13 WO 2005/ 045635 PCI/ ﬁé%%%}g%gg%g%%ﬂrsgbgqﬁl BofBUhE HE 987 her hand,

the evéht is defefeienasdd npw bedenioi E@L@@e&m@mﬁbew smblszequerﬂowwrdmagnapi e
sanpl e poi ﬂﬁ&ra@tﬁgﬁ%aﬁ(‘%ra? %%%Qifoﬂ-ﬁ% o%e ex% od? n? e oét?clet g%pmach%)e) the

event is rejecte hce St At e Fach i ommand
88 is i ss%dAs ﬂiesmmdsabme bregruegoae of ths nmehireris &ocﬂﬁtérﬁuhnwmwan&derﬁ ignal s
the servo d 12 to g conﬁlnue roFe 11 .nove in the -axi s and/or

some ot her® 9&1 FOISR ©YRl OGFIOMeR CYegH Such ag R fiof se/pter ‘H%ncﬁﬁéi‘FD;tsF © Bt hul ti pl e

sanpl e poi fi@inghatingeetdden QUigRIE sl verltZanBla hbiSe/ iR RAMDE Bverk B nBRCkY ne 74
is |nc§)£cl usi ve vvlth respect to identifying the event (e.g., too much

noi se nalkiedgeci si on), and thus probe novenent has been paused for too

:c gzgda eFr:)(ra(r)lr od Bfc ibp® sidnlP 368D OMRGRS AL G sIPAENRE Hfid BRET Léhs@ (LU d not
threshold (200 and 202). If the signal 80 exceeds the LLS threshold, then an “event” is
said to have occurred (path 204). If the signal does not exceed the LLS threshold, the
process of 200 and 202 is repeated for another sample point (path 206). As an example,

20 this comparison operation can determine whether the signal 80 drops below a certain

value point (the threshold), or alternatively whether a magnitude of change in the signal

80 over a given number of samples exceeds the threshold. Other comparisons for event
determination based on signal 80 value could also be used.

If the test for an event has been satisfied, in 208 the LPF output data 72 for the

25  sample point immediately preceding the detected event is saved, and a pause conirol

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

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 fl ow di agram
illustrating | ogical operations perfornmed by one enbodi nent of a debounce
state machine 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 sgplMspLded ence event. The process for di scrdinahdsigsolet ween a

| iquid sense event and a noise/interference event wll now be 15

expl ai ned. The trigger signal 80 is conpared to a user defined liquid |evel
sense (LLS) threshold (200 and 202). If the signal 80 exceeds the LLS
threshold, then an "event" is said to have occurred ép_ath 204). 1f the

si gnal does notAteldfetd autvent|spigplemods w6 e LPReuinyt deteJ8 iptomp@edindtip02 i s

Conpar sortieRaroy ViR AP A0k Bl BRI 2800 N nCR MR AR BN, |
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val ue cpul @aidl2e), e pseebunlef istRerefnestd D08, BDNeiEMEBischa&idpaane)atutef ised, in
208 the LPF output data 72 for the 25 sanple point inmediately gr ecedi ng
the det ectiBereweded 230 Husgal (trshooanishisdhercemanagrd 223 vifpd timge limdt. Jether at ed
and sent tgnt ﬁﬁt@é.‘,&‘ﬂas%%}lf&ls nBf QR SRcebed a@%ﬁg aRfeRP8 b LETOMRHERNL . For
exanple, the z-axis notor in the servo drive 12 nay be paused by setting
t he not or &taiZsanple paeki@ntd. 226N NheP06¢V45HB8E (PCTO WS200474r03BY POrenst 210,

the curre i f E t ta,l2 1S . C o + he
saved LPFW%)PUELS p @3{%2’2[}%@3%{% S%)V(F)éld %J? B(qql ﬁ%)%%%g)z.sglwl%ﬂ?gnqgﬁrﬁgpg hc]}le bet ween
t he cutl enthis WRF theitppaticssdAtrates] 2wisnthk eprebel hdvengay éd phRbd, oatidpestalidteisa 72
sanpl e poin from 208 excgeeds e LLS threshold (pat,h 212),. a pass
count or 1 SUPsECHEh DS Of GG 1 615 PbATR eEps Bt as Shbt e i s
decr enent afktedid evdi istl KJUeT eveR TR forfexbipRl ndikd/MRkfet@uait €r is incremented

220. This trial (tinme) counter is then conpared 222 with a tine |imt. If

the tine |initAlfheugh ghedﬁ%cegse%foﬂ@)Uﬁﬁaé shews e rscericbedeme (et frsball o next
current LREQULPYES 8tierf 2t ;?;W%b@ ahd 200t angd R8N OIS RTPGRS Der €L Ur NS

to 210 to conpare that curren
15  understood that these thresholds are user definable and may, if desired, be set to different

values. Altering of the threshold values affects the sensitivity of the process to detect

events and voltage indicative of a liquid sense event. As an example, in an embodiment

with a sampling rate of 2 KHz, a user may set the pass threshold to one-hundred, and the

fail threshold to negative one-hundred, although such example is provided for illustration
20 and not limitation,

To determine whether the event is a liquid event, the path 212 includes a test 228
where the pass counter is compared to a user defined PASS threshold. If, after looping
through/iterating and evaluating subsequent samples, the pass counter has not equaled
and/or surpassed the PASS threshold (path 230), the loop process continues with the

25  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

15



LPF out put data 72 sanple to the saved LPF output data 72 sanple point
(from208). In 10 this way, the process iterates, while the probe novenent
i s paused, 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 exeamsasshol se/interference. A though the progesgs:0ds0bds@&IRE 5 shows
the use of the same LLS threshold value for both the event test of 200 and

202 and the voltage test of 210, it will be 15 understood that these
t hreshol ds are user definable and may, if desired, be set to different

values. Altering of the threshold values affects the sensitivity of the
process t ohagetl pnetragsdethe menisers\ad|thealignid mdthemthicvasnipinen 14 dyii2d4sthadrealevent .

As an exa”@gﬁ?ﬁé‘ﬂfeﬁﬂﬁﬁﬂw%%m with a sanpling rate of 2 KHz, a user may

set the pa resho 0 oné-hundred, and the fail threshold to negative
one- hundr ed, alTohdetgimisuehbetxarhel events isph ondiskeiclickforentd leuat,r &ki math 2260 and not

limtation, To determn ether the event is.a liqui wwlthe.path 212
el udes. sl $558 250 RErd Saraspeblloe B iiontel s s i ar B 0L el iat e
PASS t hg estiobghin hfter 18bi88 thrOQPIiREating RO USRATIARY 3bbsBEheaN targ)ey, Wid birg
subsequent sanples, the pass_counter has not equal ed and/or sur paﬁsed t he
PASS t hr estfdPigr asdionreagipr the RAIL tesshqld Gradh 238 g lgpR Brogess FoRtHBIeD W1

i ncrenent i (g 4Qferh D8 P3S fie GANBhte 2R, ufeh@stfng%fitﬁtgtrfaf gﬁm} cbiisdt@! 220tnle)

counter 220 and 222," and'the acquisition of the next current LPF output
data 72 satigl end2psacquisitionef theinkxttdngent d@Fsowspui et 72rawpsddal Egwerd/ Br

sur passed t hr t t sgh it has
found a | i%lgﬁ%iggé\%e%ﬁ?tﬂgﬁ%?fﬁgiéﬁ% S'E}Wég)sgaef)hguﬁn‘%%“ ts egﬁﬁéd ﬁ%@ﬂ?%dg’qs%p%og?% t he

| i qui d1d evencladnichdsLihG)d 4 haige S86nt mdtin 24?2, ihadicbatnca glateanidhemeCidnpjetisr 13
that the obe 15 WO 2005/ 045635 PCT/ 004/.035979 has .11 penetrated the
oni scus o1 BT A BIUES G R Ub R EBHIRG SRICTHS T CORp o o RIE) T £ 1 re)

count er i Ssefvdr drli@r12r 8S@bumel@nfiRicairfiN el WRREMeht e @WRNL inl the earch for
noi se/interference event, the path 216 includes a test 236 where the pass

counter isi®hpared to a user defined FAIL threshold. 5 If, again after
Loopi 18 {1 U LS5ah00 YLK SULED, 5SSRUER TR S i RS
cont i nlfes et phassed (path 244), this indicates that the analysis of the multiple sample points of
the LPF output data 72 by the debounce state machine 74 is inconclusive with respect to
identifying the event (perhaps because there is too much noise in the signal to make a
decision), In 246, the debounce state machine 74 concludes that probe movement has
been paused for too long a period of time without being able to come to an event-type
20  conclusion, and then reports the “liquid not found” error 90. In 248, the trial (time)
counter is reset.
It will be recognized by those skilled in the art that the process performed within
the box 250 (comprising 212-220, 228-230 and 236-238) in essence integrates the
PASS/FAIL threshold data with respect to the comparison of the plurality of loop
25  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 (tine)
counter 220 and 222, and the acquisition of the next current LPF output
data 72 sanple 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 n@igBesaNGBRt and in 242, the debounce state maghygeoihsfes ects the
event and issues a "ranp up" conmand 88 ordering the conputer 13 to signal

the servo drive 12 to resune/continue probe 11 novenent in the z-axis in
the search for liquid. If the testing of the trial (tinme) counter in 222
indicates that the tinme limt has 15 been passed (path 244), this

i ndi cates that Referenpgds y@v agy to HEURRE @ whereindheisiie shasimra graph 1lugtprding pr
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to the conparison of the plurality of 1oop | ected current LPF output
data 72 saefithesd yexishd thagegh efprd spmeasuaﬁsathe?zhmzqdl sempledipeek (vplagh 208) in

order to regeh 8 aegl as? ﬁlt%%d ? ag%’%estt% ea 81g§ﬂf s1§§a1q Oﬂrleﬁﬂf(aﬂor?\é?ﬁ%

noi se/ i nterference. e in erati on ebounce)
noi se tthatbanwyass fittered owipind agﬁa}nés d&inae |the Haedpags éi’mhyg epkratioh MDoLGOBL045635
PCT/ U82004/8s 5979 Refer enc i.s.n | s shown

a graph i |98t PEFHD 6}QﬁeFlg’f e’ g‘egﬁ%g&‘ﬁ’\%‘s céﬁg‘%e g%?rmsnadtd; i gnal

15, a | ow jpasmtibi td SbRANS bieMAB0 #&h @ki ghalsbIBNER aBSin(cbhn@G6d Wit itg@aine80
(generated by the s%stemo FI GURES 3 .and 4) as a prohe 11 noves towards

and then dbﬁtlacf\gcqr aelrethe sighichagd yaxisiiybsed o ﬁle&S‘Eéﬁi%‘?iﬁ‘é‘Fedﬁ?r‘mlepar‘@sence of
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representation o
15 of samples, wherein the time between sampling instants could, for example, be 500 psec.

The illustrated time domain is applicable to all three signals 15, 72 and 80.

The graph shows 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 closer to the
meniscus of the contained fluid. The low pass filtered output signal 72 closely tracks the

20  signal 15 (again, with attenuated high frequency interference effects), but does not
include interference components which could distort or perturb the signal 15 and perhaps
causc a false positive cvent detection. At the sampling instance referenced 90 a first
static discharge event occurs (see, also, FIGURE 7). This injected dynamic interference
from the static discharge perturbs the signals 15 and 72 by causing the measured peak

25  voltage at the capacitance Cy to decrease and thus produce a voltage drop. The bandpass
filtered trigger signal 80 spikes 92 as a result of the perturbation 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 Cl. The | ow pass
filtered signal 72 is a digital signal representation of the | ow pass

filtered output signal 15. The Ileft-hand y-axis of the graph accordingly
nmeasures the digitized sanpl ed peak voltage value. The bandpass filtered

(trigger)wsanals8P is a digital signal representati opcpfiszbiigssbbe bandpass
filtered output signal 15. Since the bandpass filtering operation renobves

DC offset present in the signal 15, the left-hand y-axis cannot be
properly scaled in the illustration to show the signal 80 with the signals
15 and 72 in connection with the sane y-axis. Accordingly, the right-hand
y-axi s i s vepassedcherbhbS thresholddindhenegativeaidisentipheuaimdicatiogtiptaansevent haér ed peak
vol t age va cléﬁrr&f)r signal 80. The x-axis measures time in nunber 15 of

sanpl es, erern the tine between sanpling instants could, for exanple, be
500 sec. The il Isusknatrest this peintd ontihaby sheagypleinc Hb Ivehetlmr 8lid eteht Benossegnal s

15, 72 and.80.. The graph.shows the qutput signal 15.peak volt age .val ue
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| ow pass filtered output signal 72 closely tracks the 20 signal 15 (again,
with att enfdtISHRE His erecuirddo eyrliai enyehes R subsequset %aﬁpiqsufaﬁ%eél ?félfft i ncl ude

i nterferengs GRIMANEHLSsYD5E BorPidsdaflle SIARE 1RV pRETAIED didiR1 32 @@lprel 5 and
per haps cause a talse g})m tive event detection. At the Sanpling instance

r ef er encedsvent el qvst a phiradityl of dinplimpgetsevtslstthoprobe 1 (is stetionarys ol PPGURE 7).
Thi s 100 CSLat SNARILG b SICLANGS bl LRSSk LA f O RERATAC RS LT bS e

signals 1 by causin asture age a
capaci tlancel&lbyta el eiahicelaisSethagaholt itk tipt @dUSS throshditl {2t 2 APS) i batisBahdpass

filtered trigger si | 80 spikes 92 as.a .result of th rturbat.i.on in the
i gnal s 165 dbowstie e onilent i ety IEWHSUD b iRbe GOt HER LGS
threshol d fmielBEBscqd saiplirdOdint a8 aret fOEnd GRAMNGE [ SEahRsHBRC BT the 74 of
the interference rejection schene 60 detects an event 208. O herw se, the
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R b e e A T
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below the pre-event value but thereafter return to and remain stable at approximately the
pre-event value. Thus, this event, as is appropriate since it was caused by a static
discharge, would be found by the processing scheme to be noise since the loop through
path 216 would be taken iteratively to decrement the pass counter and the FAIL threshold
20  comparison would eventually be satisfied. The ramp-up signal 88 would then be issued
242 and probe 11 movement would resume.
A subsequent second static discharge event at reference 94 would be handled by
the system 10’ in an identical manner as discussed above.
Following continuation of probe z-axis movement towards the liquid, the graph
25  shows 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
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(interference) or a liquid sense event. To nmake this determ nation, the
system 10" first 5 causes a pause to z-axis novenent of the probe 11, and
then the integration process 250 of FIGURE 5 is executed to evaluate a
nunber of subsequent sanpled values. In effect, this integration process

250 conpayvesodsalsigs of the | ow pass filtered signal 72p¢puse@rgserevent val ue
over a plurality of sanpling points while the probe 11 is stationary. In

one enbodinment, if a nunber of sanpling point values are found to be bel ow
the pre-event 10 value by at |east the LLS t hreshol d such t hat a PASS

threshold (214 and 228) is _satisfied, ce55| ch i ders the
event a IllgﬂﬂdderéWéFC ??s"’edréi?éﬁ‘lf%e SR B‘@H’Ol "rge%ttﬂ%ﬁ 8’%’”8‘? Bquent
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val ue such that the FAIL threshold (218 and 236) is satisfied, th
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The ranp- Upissil @F?atewe@esweaa|1tﬁutdr§§9ﬁeﬁ§eqtséfa e iy dattamﬁ%%%ﬁ nt woul d

resume. Ap%u%Wtz-%%derﬁér@tdf%alpﬁﬂa@qr19@de¢ﬁ%ntnte?gtattoﬁf;ﬁ5&ﬁ§@s%fwouI d be
handled by the system 10" in an identical manner as di scussed above.
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subsequent sampling point values are found within the LIS threshold of the pre—event
value such that the FAIL threshold 218 and 236 is satisfied, the processing scheme
considers the event a noise/interference event. For the example illustrated in FIGURES 6
and 8, the subsequent samples of the signal 72 followinag the event drop below and

20  remain below the pre-event value. Thus, this event, as is appropriate since it was caused
by probe 11 penetration into the meniscus, would be found by the processing scheme to
be a liquid sense event since the loop through path 212 would be taken iteratively to
increment the pass counter and the PASS threshold comparison would eventually be
satisfied.

25 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 “frigger” signal that indicates an event and

allows for a control to stop probe movement {o 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 magnitude of this spike exceeds the LLS
threshold (FIGURE 5, 200 and 202), then the debounce state machi ne 74 of
the interference rejection processing schenme 60 5 detects an event 208.

O her W sewotih@o¥Rkd age drop is ignored. In this instangeyswdigssp ke in
signal 80 is below the LLS threshold thus, indicating that an event has

occurred. Again, it is unknown at this point in time by the system 10
whet her this event is noise (int erference) or a liquid sense event. To

make this determ natlgﬂlp t he system 10! uses further_z-axis noyvement of
the probe 432 sigeplihas r @g@éﬂ’i@ﬁ“&’%&%@@’% capenqy| IR BAUSIEE @3%€ut ed t o

eval uat e apgiurher \&‘Btchsé!ltéﬁﬁchuﬁﬂéer i@@ﬂtrﬁ@cd@'ﬁdﬁ@% e. |§iro%f:f$reff1"£er1 ?hinﬁaloved
i ntegration process %es the value of the | ow pass | tered signal

72 to the prieerewolemm av@nfq;r pogioplof thel L RE dap S@ﬂbm beganebized: sPasinBe t he
probe 11 i s & ALLANAN Yay ah.{o o Qhﬁ‘?ﬁ?{pegcf (%Lﬁl?%@loﬁ‘r@%lé??hﬂ&s%ﬂ%éé%g gt%tﬁl t&ound to

be bel ow the pre-even y at S res at the
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pre-event myédnat W6 RlIGALafiNS Mbslﬁatbﬁaahmbtdaitm t@NEbnBnesits seath &ri ed, the
processing.scheme considers the event a noise/interference event. For the
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val ue. Thus, this event, as is appropriate sincé it was caused by probe 11
penet r 4t i obe disionindtes. nhmasaswélerwmbpiemlﬂsocmdwbyoildmldpﬂ@d@lssh lagpl s@hiene to
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recogni zed t eratlon of 1 system.10' presented herein reduces the
nurmber of Ii’_rﬂge‘f”éll B“’H’Gé‘??‘?a\rﬁésforqﬁ @%”aﬁﬁﬁl“ﬁ%%é@ﬁsl y sensing liquid before

contact is nadghataasl e e iREHRASANE Qﬁlﬁbﬁidléﬁb'ihb imetiids SX& b@Bnapar at i on.
The illustrated systemthus provi des a "tri gger nal that indicates an

event Hhd W gaEodelegire-Bragrehr nterfagensg (5 + andy stalag) ghegirical
cont am nat jQfrefod QU RABSR dlilot RIRH4 i capacitive liquid level sensor (LLS) system.

Digital filters can reduce periodic EMI and pause probe (and/or sensor) movement when
a liquid sense event or noise event occurs. While the probe is paused, the methods and
systems can process the filtered LLS data to determine whether a step change in the LLS

20  data has occurred. Such a step change in the LIS data signifies that the probe tip has
contacted (or separated from), or moved into and/or out of contact with the liquid.
Because noise due to static or EMI is generally pulses of short duration and does not
cause a sfep change in the LLS data, the noise is rejected and the probe is commanded to
continue its movement.

25 Although the primary implementation of the teachings is illustrated with respect
to the detection of probe penetration info 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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WO 2005/ 045635 PCT/ US2004/ 035979 data signal that reduces the intensity of
periodic, high frequency EM, a pausing probe novenent which allows a

| onger LPF tine constant (i.e., stronger filtering, inproved noise
rejection) and for a large portion of the LPF data signal to be anal yzed.
Pausi ng woobenaRyenent can also allow the tip speed glufidgonasnrl (i.e.
noi se free) operation to 5 remain relatively high, and can al so distribute
events in tine for event discrimnation (e.g., discrimnate between
closely tined static event and liquid events). Pausing probe novenent also
allows static to be dissipated so that as the ti%, ontinyes to search for
liquid, | dbestatedembodimentnasipgicdiauis thel g dRsagRrigd bt?‘c?b‘ém%‘%}’*é hPrePRsi ng i s
al I'oved 1 Gyeifes Yhd Mdtelds RlcGiot 1R ngqhﬁgir?a bdfiithd sh@¥gl bSBBNEd o 1RGidEUI tipl e
| ayers of static chHarge can 10 be di'scrimnated. In caseS where a dropl et
exi sts on abkemt propanenty exdreld, liquids thaesre prasayt onst surfachendrhsithterger by at el y

si nce probe %enent is paused during the initial |evel sense, and the
liquid suﬁﬂg%% ﬂﬁ?nmﬁck the droplet away, creating a noise event such that
the probe wi | IAlibouphi theisystem BEAs dlhusfraed tdaerotiaigutad opdrafitndofl acsiegle pidhat has

t hus been descriped, in one enbodi pent, are hods and,systens,i 15

whi ch per i%di‘tcwgfg%wgﬁfﬁ%@n@f %S‘? ﬁ@f‘# &t g}ﬁégﬁﬁﬂsyﬁﬁerﬁ&l%s’e#]ﬁﬂ@atﬁ% static
el ect ri calprodefiiriy ERAITRIsal e shRsURLthe ARG D 0f hRELE®Es.i N a capacitive liquid
| evel sensor (LLS) system Digital filters can reduce periodic EM and

pause probe (addherehsamedimenisey bartibadied apparpiug af #e SE IRGHRES M¥C noi se
event occ VL i J %F%é WS 1 leg§an
process tﬁ% ngg%gdhﬁﬁ%&%§?§m¥gl eternlﬁgﬁaﬁ§?%E§ggﬂg?gﬁgéﬁggggﬁin the LLS
20 dat’® hd¥esoidionriewill Buoidesteddhatchategaiigs arhsot lirgitefhtoaths pghpdimgaist hat t he
probe tip ha nt act ed, {.or rat f : I Nt:0 out of
cont act Wc{?sg?ots %dg%}ltl "(lqrgi‘:%).abﬁe é?cnzlﬁ%gou%(g?%én 1%%?%%@5?%@%% Qﬁhﬂuﬂ%}gﬁtg)@ﬁer ally
pul ses of vathout departhilgi Hom ahel sgiosofnht tehinge R st dpriic adgiefined biyethk LS dat a,
t he noi se '? rejected and the probe is commanded to continue its novenent.
25 Althoud#‘Pﬁ PFMfary i npl ementation of the teachings is illustrated with
respect to the detection of probe penetration into a neniscus of a fluid
within a container, it will be understood that the system and process are
equal I applicable to the detection of a probe |eaving a meniscus. 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,
al though the 20 WO 2005/045635 PCT/ US2004/ 035979 il lustrated enbodi nents
indicate 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

liquids abseduassontainer, for exanple, |iquids thapcpigoRigeent on a
surface and held thereon by surface tension. 5 Although the system 10' is

illustrated controlling the operation of a single probe 11, it will be
understood by those skilled in the art the system 10', along with the
processing_schene 60, is well suited for the control of pl ural probes.

Al t hough e%@?ﬁ%ﬁ?én\gEDtIﬁe met hod and apparatus of the present teachings
have been illustrated in the acconpanying Draw ngs and described in the
f oregoi ng Detai] ed "h? D@ cr| ption, it will be understood that the

teachi ngs are not | i‘hi'{% E SEPRNESYEIGH: AYRPSRE scl osed, but are capabl e of

nuner ous rearr angRBRMHabis (R Iddaa iDL ARGt Wm&%u%% of%ﬂtﬁb@%thdaepart I'ng
fromthe S{)Irlt of the teachings as set forth and defined by the follow ng
i

cl ai ns. Q‘éﬂds\/\D 2005/ 045635 PCT/ US2004/ 035979 WHAT IS CLAIMED IS: 1. A

| i qui d'%e"e' a[‘édg?cgt ans%ﬁs?r@syﬁt?%%{r@éd‘ﬁ: th%PEJle?c?géH%?atteé&gﬁa‘?’ﬁcﬁ&hb@@f to move

at | east one of acitive
sensi ng sysbmatm@muqoﬂmdemahdmequdhimltqm@;andrate a signal indicative of a
capaci tance betwe

th d t | t.e hat
e e c e Sl SR b S0Eu B, bt "alaf el T GRA 2 e

novenment Ofhetddg, plueddethamtbaheResISis phdtfe 8RPBLICERBL thel Mbﬁﬁhte\/ﬁzdmﬁtl@nm
whi | e probe noverrent i s paused to detern ne whether the probe noved at

| east 10 #Herl Y lﬁmqbeme@am 19 Panseth toageteiing whgtkey thamrebe moved at least

10 one of into and out of contact with the liquid.

2, The system of claim 1 wherein the control system pauses the movement of
the probe based on a level of a signal that is based on a rate of change of the capacitance

indicative signal.

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

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

4, The system of claim 1 wherein the confrol 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.

20 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.
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2. The systemof claim1l wherein the control system pauses the novenent of
the probe based on a level of a signal that is based on a rate of change of
the capacitance indicative signal. 3. The systemof claim1l wherein the
control system processes the 15 capacitance indicative signal while the
probe novenent is paused to determ ne that changes in the capacitance

i ndi cative signal are based on signal interference. 4. The system of claim
| wherein the control system processes the capacitance indicative signa
whil e the probe novenent is paused to determne that changes in the

capaci tance indigativ (elal: S on..hi.gh frequency noj.se. 20 5 e
system of claim i V\hgr%g? ﬁ%}% @%(ré]]tafprgl Fs “’%%WB? Selétgge%'sf%%%éégeﬁcﬁ E%@éﬁy
i ndi cative Slignaperablc! & tie capehende vediBdivel Sghaueserepatdel efigienaiddagt and
changes in the capacjtance indicative signal are based on static discharge.
6. The systBWvemeRlofiths proppisrraused hesed Hpabe trigesesiBmli cative signal is a
vol tage signal. 22 7. The systemof claim1l wherein the control system
i ncludes a bandpass filter operable on the capacitance indicative signal
E(r)] gten_er ate a tr iéggea%Tb?Igﬁﬁpm &ﬁcﬁlalﬁb\lleﬁéﬁteilb\fltmft I@éi?%@itft@lﬁ@ inligsdiys edgAS8d* on
e trigger - : Sy cl ai. rein_the nce. .
i ndi cative ‘s’%&%% 1?% a™" vgtllfé"g%&g]l %&glgmaﬁlgahtl%%s goﬁ’f” r (?Iasssfg%g;&ée%@llﬁ &5 ﬂée
| ow pass fitdpacitopetaidgivesighe capacitance indicative signal. 9. The
systemof claim1l wherein the control system stops probe novement if
Pﬁst-pagsehprocessing ?flthetcapaci;anc$ indhcativefsignﬁl indifﬁtfs t hat
e probe has ved_at | eas ne into.and out of contact, w
l'iquid, and otherw gg‘etsé(Ftﬁfnn(ﬁotcias}m_t ﬁg hei?é{_hglg_,cof‘téélf%tgm psg%ﬁ)sep rﬂ%?/rél%%nt]glgnd
conti nues Preaassidgroedssihier aapaphdianéeindndticatiph® inditgaathat the.praiechasyst em
of claim1, where the caontrol system conpares a val ue based

: on the
capaci t andBOYSdt &eaet ane of ingmand ahaf sentesievighthe diapid, sshyastdsHeyntsthGal ue

before t hepaugé}lfés%mes probe movement and continues processing of the capacitance indicative

signal.

10.  The system of claim 1, where the control system compares a value based
on the capacitance indicative signal during the pause in comparison to its value before the

pause.

1. The system of claim 1, where the control system determines the
capacitance indicative signal is not substantially the same during the pause and before the

pause and terminates the pause to discontinue further movement of the probe.
12.  The system of claim [, where the control system determines that the

capacitance indicative signal is substantially the same during the pause and before the

pause and terminates the pause and continues with further movement of the probe.
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11. The systemof claim1l, where the control system determ nes the
capacitance indicative signal is not substantially the sanme during the
pause and before the pause and term nates the pause to discontinue further
novenent of the probe. 12. The systemof claim1l, where the control system
determ nes that the capacitance indicative signal is substantially the
sane during the pause and before the pause and term nates the pause and
continues with further novenent of the probe. 23 13. A liquid-Ilevel sensing
system conprising: a probe that is controlled to nove at | east one of into
and out of contitt whiiguigd-leysl §ensing systeWpe@MRISAL sensi ng syst em coupl ed to

the probe to gepgrkend istaihich id! EiaY?eaQtfoneaof“iﬁi%aﬂdtcﬁ@%?.cgﬁﬁé’@ﬁﬂxEhe

b
probe and the liquid; and a control system operable responsive to a sensed
char act erikquiid; of the capacitance indicative signal that is indicative of

an event occurrence wth respe 1 to r e, Vv nt 1 ause .t he npvenent
o The opu ERGRe S BB RS R R BB R b e PSR G BT
i ndi cat i vea sipgtigdncbétiveerpihe peobraye rRiiquid apaused to determ ne whet her the
event is novenent of the probe into/out of contact with the liquid, stop
movement of the? CPHEbEYSIaN PPREARIG BiPOoTsV 8t TRt MRS HE IV BFHEMRCHANCE he

probe i nt oh@ihtiRf siGRNAECL iMildlivE BRan bl b&SurRd &i%ﬂ%ésﬁéé?to@&@é‘ﬁﬁ%exﬂéntt he
probe if the event is determned not to be novenent of the probe into/out

of cont acttovipaupe theemovepugnd of the pribe, Sydcemeassurelths senbg] chivesteristiseofsiénsed
i ok d.of e ¥ _ e e Sbased -
charact e | bbbt SARAG% Ll A0S OhoLIS W BRLANCR LML AhLNE b 0T

the control *sys etermnin e even n pr obe
i nt o/ out odvestointhastment df thdprobé Gque/dui df dohecyvelth dgdiqid, stovp meapeat diahee

i ndi cative_sj | renmmins substantially changed in conpari.son to .ts val ue
bef ore pap%fP%%&Sﬁl%%Vé’n%@SWBW? 55{.’3 Pﬁﬂégr’é%togﬁicd?rm?ﬂ 1&?%&3}" iR e 1’Ehhtgf’sensed
charact erigfui; ol 6HANGE hévernitt t70Be Ofrobd1€f GRP G A8 CRtdrsicaahdtve skgnal ,
the control systemdeterm ning that the event is not novenment of the probe
i nt o/ out dROHPnhet thaprdheiHe/opt efisioatact with&elsiuidage of the capacitance
indicative signal returns substantially to its val ue before pausing probe
14, The system of claim 13, where the sensed characteristic is change in
voltage of the capacitance indicative signal, the control system determining that the event
is movement of the probe into/out of contact with the liquid if the voltage of the

capacitance indicative signal remains substantially changed in comparison to its value

before pausing probe movement.

15.  The system of claim 13, where the sensed characteristic is change in
voltage of the capacitance indicative signal, the control system determining that the event
is not movement of the probe into/out of contact with the liquid if the voltage of the
capacitance indicative signal returns substantially to its value before pausing probe

movement.

16.  The system of claim 13, where the sensed characteristic is change in
voltage of the capacitance indicative signal, the control system determining that the event
is not movement of the probe into/out of contact with the liquid if the voltage of the

capacitance indicative signal rises during pausing probe movement.
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nmovenent. 16. The system of claim 13, where the sensed characteristic is
change in voltage of the capacitance indicative signal, the control system
determ ning that the event 1is not novenent of the probe into/out of
contact with the liquid if the voltage of the capacitance indicative
signal rises during pausing probe novenent. 24 17. A liquid-level sensing
system conprising: a sensor for neasuring a capacitance between a probe
and a liquid; a translation mechanismfor noving the probe in a certain
direction with respect, to the liquid; a control unit operable to sense a
rate of change th the HEHHEYe SHstHCrat@BPERE: transl ati on mechani smto
pause novenent WAL SRAR i e.;.0f change, the
control unit fu?%%%@qﬁgﬁﬁgﬁPPﬁg°§§§§?§§b§?“?ﬂg sen?ggaggggéitance, and

ei ther: st oppi ntramsdatsmentchatismier moving thé probe it apadiin aregionalk e respet ed
during theuﬂﬁ@ﬁ ui(ri_emains substantially changed in conparison to the

capaci tance val te sensed prior to the pause, and otherw se resum ng
movement of thea psmRe uhid obfieble @b k@ise adthit @Cthage id he chbritay&d @ @bisecthai m 17,
wherein the control unit, in resum ng novenent of the probe, further

continues FYSEEAR ECHIIIALR PHISC APRHTHENT P PASTSIRCPIANTO TR &GPt em of

claim 17, M‘ﬁ\%‘@ ithe Edirof Qi FihetRbohitoridy APALE 8F B ed B8 c¥Rbiifhce OndldiBeSeNsed
capaci tance ile the probe Is paused, conpares the sensed capacitance

val ue fromsterafieg @ovéreen) alithe prepetifthesepasitdnasapbis sermied duniag the pafteaemeine

pause. 20i- %u-gg‘[gnt%}\ﬂ?;c%g}l 4 6 c%{r@a&gdn tﬁ’gﬁé gé % 8@291%6 GANL RhceH r})i;lé} Eot 8%3}&%5 obe

novenment erence be ent capaci tance e e the
pause and aktoeghertvive rgsausigy moxawe sf the tphobedh tettert2ih.direttonsyst em of cl aim 17,
wherein the control unit resunmes probe novenent if a difference between

t he sensed capaci tance val ue before the pause and after the pause does not

exceed a thresh@ d. &g syftehl GFUilsn BV &heRSR HNDnEYEHAMIn $QRURIHShBGment Pr obe
that is controlled to nove with respect to a |iquid;
of the probe, further continues to sense the rate of change in the capacitance.

19. The system of claim 17, wherein the control unit, in monitoring the value
of the sensed capacitance while the probe is paused, compares the sensed capacitance

value from before the pause to the sensed capacitance value after the pause.

20.  The system of claim 17, wherein the control unit stops probe movement if
a difference between the sensed capacitance value before the pause and after the pause

exceeds a threshold.,

21.  The system of claim 17, wherein the control unit resumes probe movement
if a difference between the sensed capacitance value before the pause and after the pause

does not exceed a threshold.

22.  Aliquid-level sensing system, comprising:
a probe that is controlled to move with respect to a liquid;
a capacitive sensing system coupled to the probe to generate a signal indicative of

a capacitance between the probe and the liquid; and
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a capacitive sensing systemcoupled to the probe to generate a signal

i ndi cative of a capacitance between the probe and the liquid; and 25 a
control systemthat receives the capacitance indicative signal, and based
on a detected excess rate of change with respect to the capacitance

i ndi cative signal causes novenent of the probe to be paused while the
control system further processes the capacitance indicative signal to
nonitor for changes in the capacitance indicative signal while probe
novenent is paused, the control system further selectively choosing to
terminate the p%ﬁ%‘éméﬁMSt%rfbiﬂrfﬁ%elﬁsdb%C@Wé@?@ﬁtm@ﬁatﬁ’tecﬁﬁnﬁe{@ﬂ@ bagsdedfenrt in
response t Q..k e i C I i ndi.cat L L . 23.
The: yst ert i el B e 20 aher TRV TRG ‘SokeT s AETSLRNER HICAER figfn Sules
capaci t ancmovengint atfi the psotgntal beviprlised twiglepthobanirol eystat finshqpapreedses dhe

det erm ne Mhet er .thefsi%naHtrenaHnsfsu stantiﬁlly chgng;ddiqf%ggggﬁison
toits pr e_BBgﬁ 8 (i/g]ldﬂ)éll\f% gnai 10 monitor 1or ¢nanges 1 e capaciian maicatv

while probe movement is paused, the control system further selectively choosing to
terminate the pause and continue probe movement or stop probe movement in response to

the detected changes in the capacitance indicative signal.
23.  The system of claim 22 wherein the control system processes the

capacitance indicative signal while the probe movement is paused to determine whether

the signal remains substantially changed in comparison to its pre-pause value.
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