SYSTEMS AND METHODS FOR DETECTI NG FLUI DS FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to

weysiyaas4and nmet hods for determ ni ng whet her aptirmisen06/039849
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such as saline solution, is present in a container,
such as a package for storing a contact |ens.
BACKGROUNDOF THE | NVENTI ON [ 0002] Cont act | enses are
commonly provided to the consunmer in containers in the
formof plastic packages. A typical package includes
defines oYSYEMS ANDUE THODSHORIEEECTINGFHUIDS 2
contact lens. Each cup is usually filled with saline
solution that imrerses the contact |ens, and maintains
the contact lens in a hydrated condition. The cup nay
be covered by a piece of alumnumfoil, or other
suitable material, applied to the package after the
c t solution are introduced into
tﬁ@ﬁggé) ?ﬁﬁzpacggg?ng process is typically perforned
uf0odt] aut onHiequiesequinyentontrelgien torsgbtérys awiThetbddsdat dotgrraining whether
progranmabl e 1 ogic controller or other suitable
c@ﬁw GHchas\saline solutio Bprephe icaignatagier, sheh asadieaknes favglpripgea contact
glled using punps that deliver a netered dose of

f'ne solution. The centralized control device can be
programmed to check whet her each punp delivers a dose
0 j I iated cup. The
cgéiﬂ%¢§gpﬁggﬁiggﬁ?%ﬁﬁ?&ﬁﬁ@ﬁﬁﬁnction by monitoring
wfoabdler t heCeritan leasdsiaveatoasnomyipravided @ tBalgbnbEmgarstdntadiaadn the
to receive saline solution fromthe punp. A secondary
cfoero kf iastic paskages{ Stypisd! Haeifage cluties detipesiose covee edpsagadh suitable
sealed to verify that saline solution has been

dlor PRinaRICanCt eS. (g cqm@m"vﬁ@ Wi saigee o Brtimparses the

t ﬁorfaec{ Ieor ne ﬁtalﬂgthe cgnr}?ﬁt e%s %Cat h&h&%ﬁ. rcgr%(dltlrgnt ¥hesc%gsn9ay be covered

Frarede
_95% élbxé&rbf alhfnmﬂﬁﬁéﬁ Bit otthd? s@uﬂ@le ‘Fﬁéﬁénﬁlbéﬁbﬁeoqo Qr%rﬁa@lke@e LgM&le contact
will reflect the infrared i ght he proximty sensor,

I Bné ardsalireadlutivet @€ ntrbdueed |61fo|ti&ﬂiuﬁ.dTlhel gHakagifg pPocess is typically

predeterm ned intensity, as nmeasured by the proximty

s@?@med using aptemated @ﬁlp'leE%fé dentrsllypantratiedm 4 rypgrameneble togic gentroller-
olution |s in the cup above a certain |eve

S
orgother alﬂtsglg c?rﬁr@l F? full mark.

[0003] The cups of the packages may be filled using pumps that deliver a metered
dose of saline solution. The.centralized control device can be programmed to check whether
each pump delivers a dose of saline solution to an associated cup. The controlier can perform
this function by monitoring whether the pump activates while the cup is positioned to receive
saline solution from the pump. A secondary check can be performed before the cup is covered
and sealed to verify that saline solution has been delivered to the cup.

[0004] The secondary check can be performed using a photoelectric proximity sensor
that emits infrared light toward the cup. Saline solution, if present in the cup above a certain
level, will reflect the infrared light. The proximity sensor, in turn, can detect the reflected light of

a predetermined intensity, as measured by the proximity sensor, can be interpreted as an



10

15

20

25

[ 0005] The operation of the sensor is dependent upon
al i gnnent of the sensor and the cup. In particular,

woOher7ioaissar ed beam em tted by the sensor nmay neet/use006039849

focused precisely at the apex of the nmeniscus of the
Skik4lon 3t 44 dﬁé)&ﬂu{h&{ is Hé@ V\ﬁfnotﬁé El]pta\s \)%%ﬂﬁlr {eQelPL. QVétQ)@e 42 half-full
accurate I ndication of er Pine sol Ut i on

pma&ent in the cup. The degree of al i gnnent reqU|red

for the proximty sensor to function optimally may be
diobés]cul t t Dheaplaratiareof ¢hecsensr istdapendemt uporpaligaiuertt pidthe sensor and the
environnent. [0006] The operation of the proximty

seups dr Pastiptlan rt@onf@éedd@p@mteﬂ by fhersersopmay nesd el iopHsed precisely at
the meni_ scus of t sal i ne sol utjon. For

T BRI S B0t TR GO fgreh&praﬂmitxfgenﬁqrrqjmﬂvgde&n accurate
t HSIF%%E ﬁﬂ%tf%?gah% ﬁ{tlﬂﬁ Eg)re%%t%bggﬁ Ohe Eeg{r@e #Hn’?e%yl%qmred for

roxim ensor 18 no

f @6 YrRGhi [?geﬁsbﬁo ARBION Rptirk NG &R Bé SifiHdt to 2E1FevS BRS MRINTRYN a

i ssue false readi ngs under such circunstances. In

perotinctier @tvirorintedt. sensor may fal sely indicate that the

package does not contain saline solution, leading to

alP006ivar r anTleopeefiercaf ithrpreximitylsengoacdicaie b&m’dpftnlﬁlént upon the

associ ated contact | ens. SUMVARYOF THE | NVENTI ON

[ er@@tﬁ}lormfmme%iﬁwf% sgline okt | Rt ?’@H‘P{eh%{'t bubplgs often form in the
ners uch cont acka

RS duirS FEH G Rt iR B g LB ERE A Yt e

CREUNRhIG pridity SRS ?é'nB Sibn?elr 1§dudbdat Et%fdp@)%f'tﬁénm&flschp €The sensor

ul trasonic energy. trasoni c energy and the

r elayissuertaibé @adimggrundarsu@fcmﬁta@aireeé hin pargdula, tBehsEemud rbdyddlsely

substantially isolates the ultrasonic energy and the

r etigate thabthe parkiagarrops aehcertain galine eeltion, 1$:0D0 8] arpymafagantedirejection

enbodi nents of a system conpri se a contai ner

cﬁfﬁjb‘?'?@kwa&dgﬁﬁ%?@@te?ﬁa@ta frs a cup that holds the

saline solution, and an ultrasonic sensor that directs

a [ ace, and detects a return

r Sﬁmﬁ%ﬁ@ %{wﬁ@@ﬁgﬁbﬁ energy. [0009] Preferred

npiobmds conpluids Suctiat edlihe BEutdE CHabirk dispsted pyconthinérs such as contact

surface of a container, the surface form-ng.a cup that

hishslsackades nan lssodetected iy digetimrudlirasgniaencedyat the cerfihiegrtand receiving a

of the acoustic energy, and determ ning a distance

bEstuiR Esfeciion of th uliggsoné pRArgY- dhe tilascRicSnerpY anddhruieyn reflection can

propagate through a shroud that substantially isolates the ultrasonic energy and the return
reflection from air currents.

[0008] Preferred embodiments of a system comprise a container comprising a surface

that forms a cup that holds the saline solution, and an ultrasonic sensor that directs acoustic

energy at the surface, and detects a return reflection of the acoustic energy.

[0009] Preferred methods comprise directing acoustic energy at a surface of a
coﬁtainer, the surface forming.a cup that holds saline solution, detecting a return reflection of
the acoustic energy, and determining a distance between a point of origin of the acoustic energy
and a point of reflection of the acoustic energy based on an elapsed time between directing the

acoustic energy at the surface and detecting the reflection of the acoustic energy.



and a point of reflection of the acoustic energy based

on an el apsed tine between directing the acoustic
wenergy4sat t he surface and detecting the refl eeCras2m6/039849

the acoustic energy.[0010] Qher preferred embodi ments

Ofood0]SY St eMOGRIPeleREd SmbAMcRts iR b sfaM chnpﬁigec’gﬁ%ﬁé‘ilgeﬁhgﬁﬁg a

defines a cup, and a fluid disposed int cu
Ubiirfads hai defife56h, drdatiuridisBeded IrAROU, hCulPABhE ¥erRbr th&@irects

surface, detects a return reflection generated by

C esnusictenbigy wetbasiriace, detects & rature rafieglipn gercbratétebyfdontiact betdeh the

generates an output based on an el apsed tinme between

d APl 99g9Y Red the Bid e ssEtes RN aLtpEihesed grf anciapséd tintrcbetween

cqont ai ner and. detect. the return reflection, and a _

5 <R b el Tty rurch Pt FlecoBehgcm Spiogins ¥p Tepfgptiecton,

PL&d efEgﬂoﬁ’é&%?Eé%%h&&%%hié@erﬂbﬁc' ng a contact lens in

a cup of a contalner, conveying the package to a first

PRBii]i ON Pr OxeABeRrrad PodEases Db a$Bhthdfens H 44ub®Pa

into the cup using the punp, determ ning whether the

poenringBoRGliny die@edckabie loa firdd ogitna lpagnatds punip, infteddcing Sbline

posi tion, conveying the package to a second position

p PAtioRritathe AUR NSiNg Aoy, daigiRismg whnthedihe pann was astiaiesitvhde the
at .the_cup and neasuring a reflection of the

ener . X ) ) , .
10 5 pesieds asdn Bp G Bl OREVRGHE Backage ipa sFrpne Resiionrpinate an

DR Aot A B AL 3005 Py gecton ot o
S HEBEBYcYened§ wR! the @htdirdeis frithd %ﬁ@pd@ﬁ&@béi@qhe ultrasonic sensor.
description, are better understood when read in

conjunction with the appended di agrammati c draw ngs.

FBRIEFEDRSCRIBEION OF TUIHL DRAWING® i nvention, the

drawi ngs show an enbodi nent that is presently o

pl81drred. THRIOTSHOBREITBIAT &5 Wel 29 hfollening dealed dascrintign, are better
15 gprgiﬁ?sﬁogaél.wfhiaﬁ relta %tc%ﬁjgr&ﬁ%érg\lgi.&httb%%%%ge%!dga_sgrea%&rl]alrt]igtcirgl%ings. For the

PBUrSREB G MtraligMé RlenforPfne RS sRITPa i

fglgrédet ecti ﬁg g?l uli deni n a packrggg; ,[%géﬁeﬁeg{th% l&f‘}s@%ﬁw

Sprderred. eMhediivehiivd S tirRitadsivaater] t6 e speciflc, indild@éAthiitiEd @scicded in the

is atop view of the systemshown in Figs. 1 and 2;

[ dBwBYs. Ah the diawirgsa si de vi ew of the system shown in

Figs. 1-3, rotated approxi mately ninety degrees from
t H)gﬁﬂer spective Big- ¥ iga perspective view of a preferred embodiment of a system for

20  detecting fluid in a package;

[0014] Fig. 2 is a side view of the system shown in Fig. 1;
[0015] ' Fig. 3 is a top view of the system shown in Figs. 1 and 2;
~ [0016] Fig. 4 is a side view of the system shown in Figs. 1-3, rotated

approximately ninety degrees from the perspective of Fig. 2;
25 - [0017] Fig. 5 is a perspective view of an ulirasonic sensor of the system

shown in Figs. 1-4, and a shroud for the ultrasonic sensor;

[0018] Fig. 6 is a top perspective view of the shroud shown in Fig. 5;
[0019] Fig. 7 is.a longitudinal cross-sectional view of the shroud shown in
Figs. 5 and 6;



[0017] Fig. 5 is a perspective view of an ultrasonic
sensor of. the systemshown in Figs. 1-4, and a shroud

woaooTioaes4al t rasoni ¢ sensor; [0018] Fig. 6 i s aPCOWS2006/039849
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perspective view of the shroud shown in Fig. 5; [0019]

0920 7 is.a longg P%EQ osgg&gﬁrﬁgééﬁoﬁf%&gkkaﬁ%ﬂlY&d%thgg\%e solution

roud shown in

ca&ss%naﬂo@eqbﬂ L%Bﬂhth‘sﬁefé}{)étém showhackigge-£illed with saline
solution and suitable for use with the system shown in
Ffogg1] 1-4; [ 0021Fig.F iga sBle visw af thé si@tevri shawonin Rigre1-8YiastadY as part
shown in Figs. 1-4, installed as part of a systemfor
pefckarsiem dor ackaging cordastlenseszand [ 0022] Fig. 10 is a
bl ock di agram de |ct|ng vari ous conponents of the
sgpg?%m shown in 'Ig' 0 ia blpgkdigoranpispistiny yaripusgogyponents of the system

USTRA VEENBODINENTS [ 0023] The figures depict a

BiHd% %enbodi ment of a system 10 for detecting
f|UId in a container, or package 12. The package 12

t i ' nt
PrF Prst o i S TR AR e OB RN AT,
dpb3les a st figarbdepicalprdiad embodidens ol & sysasn shfokdetdching fluid in
Figure 8. The cup 16 holds the contact |ens 14. The
c & pontaneir.or paqkam EWiTthh psekla@en‘é? @0 be ti$agiio iieretermntabﬁereﬂé@gring
the contact | ens mai ntai ns the contact | ens

i PriRneRy efitaq @ataefd?m. 114|1%We e'T‘I'ﬂése& ulrePaciEags 1pesfingyapee SB?F‘d'Ca'
Sg IIeo(ij LIR%/ @a&sﬁ%&l ??Lﬁe . neucrlpgtlg h+ldstztg n&aézg Iﬁash'ﬁl The cup 16 is

enhs ave been

i meﬁ Q/ﬂﬁ'&@ﬁﬁe $dftien ‘i@ﬁaﬁh‘nﬁleﬂs@s thgﬁgr%ét lefs @@taﬁdi ndinfins i ontact lens
package 12 are disclosed herein for exenplary purposes

o ivi.a hydiretes yaidaion. 1Theaap 16 b hedevpetiraigesledoyd pigdsr ot dluminum foil
differently than the packages 12. [0024] As shown in
F?Qﬂﬁegthﬁ contmlepaékqgﬂéhqsah@%twltkyen 18 have Heeq intrpdu¢ad ija thergap 16.

" S At Bl aro B e e "Eiop g xenmeY SR e The
%);teneos LRRELAE bRl o rﬂ#gbrsqg.%e%m@%ha%%  SORIACt, | ens

and t e sa are’intro Intfo the

2436 Th eA@éHOlNﬁ'in Riguke i ShelRkdgeQd chibd I8y @Sthd salide solution 18 at
and The pallet 2 1 can acconmpdate ten of the

paplagestioh26 afdritisa@atict Iehstvbias bse® pited inWe.cuphe & gaekage 12 can
2 1 can be transported to and
be supported on a pallet 21 as the contact lens 14 and the saline solution 18 are introduced into
the cup 16. The pallet 21 is depicted in Figures 1, 2, and 9. The pallet 21 can accommodate
ten of the packages 12, arranged in two rows of five. The pallet 21 can be transported to and
from the pump station 26 by a conveyor 22,
[0025] The pump station 26 includes a plurality of pumps 28 for introducing a dose of
saline solution 18 into each cup 16 of the packages 12, as shown in Figure 9. The nominal
dose of saline solution 18 fills the cup 16 to within approximately 1.0 mm (0.039 inch) of the
upper end of the cup 16.
[0026] As shown in Figure 10, the pumps 28, conveyor 22, and other equipment

associated with the packaging of the contact lenses 14 can be communicatively coupled to a

centralized controller, such as a programmable logic controller (PLC) 30. The PLC 30 can



fromthe punp station 26 by a conveyor 22. [0025] The
punp station 26 includes a plurality of punps 28 for

wonvoodsar ng a dose of saline solution 18 int oPeais2maP39849
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- [0027

16 of the packages 12, as shown in Figure 9. The

NedYrdidthe lﬂ@%@er&l‘cpa&élbinﬁ ?ro@é&sl%r'tm&l%ctflér{sle&4 hﬁ]e@'ﬂ@ Bé@ar‘i Rerform
wi t hi n approxi mat e mm (0 i nch) of the uppe

eadlinftifl chéek of whetHdd sal[n@@éﬂﬁt]onAs hadisuan mtrﬁdd?:b@mre‘acriﬁhck&dm 2 on the
punps 28, conveyor 22, and ot her equi pnent associ ated
mpmhﬂﬂﬂyﬂvanmmgﬁ&gmm@HEMGu@@HL@G@cménsmmmmWn@uncmwkwhahm'
comruni catively coupled to a centralized contro

s BRI P4IP 48 ?tU@*F%\W'PPé‘BFGePG}“Btg"PdS raoaw?rﬁslme@?aﬂ(tm@m@ﬁaﬂw#é The

(PEC R RIRARE b B B RO PR DR Pl e
. ragetctsaﬂ th& P Ko @entipel mg{on%%k Bk asg.h%.'ne 281r%s|?1§§ac9\?a?ébh The

i ntroduced to each package 12 on e pallet 2 1

PpaRaged 2 dbdigriatet tak ey can bl edilehiyd? dispBsdaaf @d’ﬁﬂpanmi‘d
to check whether each punp 28 activates when the

pHIOREt 12 i 8s pognirn igees H&eadybten® cpmprzes & aluradity oP@trasonic
The PLC 30 can be programred to classify all of the
pﬁ%ﬂ%a@ @3 angd aé‘??“ﬁ““ﬁéwqﬂﬁa Phr Tﬁ%ﬁeﬂ%lf s 28 cpn yerify ipidie lovel pf the saline
PL ete S that on t he
SRR Rpr AEkpe  eAtg ik B0 o Pl Ay s 28 car thereby
r Qét %Q%%e&)ﬂ% OH@%I@& Erleysopjﬁond’gasrﬁgﬁggi é&ﬁeﬂé e%%{ F@a@kage 12o0na

wn |n Igures 1 e system

C paAdula® BaleR 1P lIfiesitdd] e PLC Bb tArasQiidgFarREsie beves thidéHdcidfrom being
mounting structure 24. The sensors 23 can verify that

t bandL@ededn mikaghe 13ddsignates ad nejerts durir theninita Glhchpalc kg ectddby the
is above a predetermined | evel. The sensors 23 can
t Re¥ 8% By act as a secondary check that saline solution

olord 2°1 AT gl Pl TR dRTEe o 2R mod BT e Bifdiemoer 27 o
1% gr{e%}{t?nﬁtas%raégﬁrg ok hﬁ%‘%eﬁsro%g%gj ﬁ/h%ﬁ&%%%ﬁﬁi%%la(w m?ﬁggfazgef%rm an

ed as rejects rin hetk

C v 00t ﬂg ifBigdrdi® LG, RO ser{s@Q%g]car*fA@e SBGY dsiRg, Ffbtgé*ﬁﬂgle nuts 31

1-3, the sensors 23 are nounted on a plate nenber
ohavirigehreamisittat Bgpagé cangiiementaRylithredtiefogeinrahodsng M8ehassociated
nounted on the plate nenber 27, forman array 29. As
|ﬁ”FW§@res 2 and 3, the sensors 23 can be nnunted

f ts 3,1 h th
ef?ag%e Cgr'rpl ré1r1>9 rgg%%célg%es for“ gVI nge " gt%ﬁ Bﬂgpﬁ§3 fﬁgnged in two

OFO\A@%?R/%! s‘%ttﬁg the respective levels of saline solution 18 in ten of the packages 12 can be
measured simultaneously. The use ten sensors 23 in the array 29 is described for exemplary
purposes only. The principles of the present invention can be applied to a single sensor and to
sensor arrays having more or less than ten sensors.

[0030] The conveyor 22 moves the pallet 21 to a position beneath the array 29 of
sensors 23, after the cups 16 have been filled at the pump station 26 (see Figures 1 and 9).
The sensors 23 are arranged on the plate member 27 so that each sensor 23 can align with an
associated package 12 when the pallet 21 is poéitioned underneath the' array29. Ina
representative example, the center to center spacing between adjacent sensors 23 in the same

row is approximately 30.00 mm (1.181 inches) and the center to center spacing between the



sensor 23. [0029] The system 10 can include, for
exanple, ten of the sensors 23 arranged in two rows of

woivE/ 048337t hat t he respective | evel s of sal i nePeDiUSRi06/39849
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18 in ten of the packages 12 can be neasured

S

Py 4RO TR byl il e &icig o
pthepatkabes1odn thégallpr@sent i nvention can be applied to

a single sensor and to sensor arrays having nore or

| §9811t han t &he siewsiog struc{uBORGuUpAdnte tredmaskytonenzbdr pDareiShe array 29 of
the pallet 2 1 to a position beneath the array 29 of

s 89nsens 23 aBovediia ralletZhe Ae dipesissesl bislaviethi pesifion iof the bragitet meber 27

A A0 e oo T i R st

ﬁm,g,q 02}§ &nhlgg g{ésqg associ at ed package 12 when

pa l'e oned underneath the array 29.
| fbod2]r ePr es ARt FIS%@émh &he %Bﬁ\t!ﬁ%&hﬁfuret A HE&BLEY includes two
spaci ng between adjacent sensors In the sane row is
apiaciex bssainelias 580ard@wdbase mbmbdrs &2 1 Ehdhii@kst 2388 BD can include a
center to center spacing between thetwo rows can be
aplphstamia’qlnt_@ha}peg @)\A@Obrﬁtme(54]that@;@cmrath@s\)asesqgiated base member 52 by a
substantially match the spaci ng of the packages 12 on
t ﬁ‘étaB'ﬁlnleét‘S %*Ch as fagienels Serh rﬁ%ﬁﬁ’ﬂﬂsr?& cap P%ﬂtcam@oéezted by slots 58

S 0 er 27_.and_t he

SHRRR! boal Gy Bl e TR BB 5 e B B cretion
t 9{%3@9&4"? b&Perficulabte t@l%ﬁ%se@ﬁ’é@ﬂ% ofdHe ﬂﬁ@ mRmbEAUS B‘E Seature
inrelation'to the pallet 2 1 so that the sensors

C pgrmin€ the pbsitithk bith@ Ssisbrs 08 Bdelbtidn n@ihabal@mt @nd the packages 12) to be
correspondi ng packages 12. [0032] As shown in Figures
1adjustedhe theditst dirastiorst r uct ure 24 preferably includes two
bracket assenblies 50, and two base nenbers 52. Each

bio98%et assERDIGUNENY stRturerRdfurther iRcludps dvasibptantialy L-shaped upper

54 t hat
-DRARRID, 2 iR Bl o sdsy R 10 p b ke Werket a4 2
f
PO 5 018y 30,0 T e
F@ufeahsSlowbiRackbiT 1S ebBedy tiebdsd Membdrs 53t Eddh IRE bratket 54 has slots
substantial ly perpendicular to the | engthw se
df2 iegnedtherein, nrbpémgb ab eppeeertidhergd, to Fbrognfodate threee taenenérs 86 (see
osi tions he sensors 23 in relation to th

h
DHBHBE T2 3 ndne HEe BACRRGEES B Cep BRI B guksRotialy

f lNEPFttne gél’[l(%?& te2fbn (from the perspective of Figure 4). This feature permits the positions

of the upper brackets 60 (and the plate member 27 and sensors 23) to be adjusted in relation to
the pallet 21 in the second (vertical) direction.

[0034] Each upper bracket 60 is secured to a corresponding end of the plate member
27 by a suitable means such as fasteners 56 similar or substantially identical to the fasteners 56
used to secure the lower bracket 54 secured to the base members 52. As shown in Figures 1
and 3, the plate member 27 has slots 66 formed therein to accommodate the associated
fasteners 56. The slots 66 each extend in a third direction coinciding substantially with the
lengthwise direction of the plate member 27. This feature permits the positions of the sensors

23 in relation to the pallet 21 to be adjusted in the third direction.



[0033] The nounting structure 24 further includes two
substantially L-shaped upper brackets 60. Each upper

wonewke#8460 i s secured to a correspondi ng | owePCibnaedoen39s49
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54 by a suitable neans such as fasteners 56 si m' | ar or

Sﬂkﬁ.‘i]ant i al l¢\¥ st'lcmﬁnr]i Flgla'ls 15 %ﬁém&ngcﬂ‘% %‘?lﬁaﬁﬁ t|ng ePement 100,

secure the | ower bra secured to t

nepdeprdcdedor 168 GcH AehicRpRE4Rbr, &ﬂnrﬁﬂ%aﬂe@to%uﬁgd HHTAating

therein, proximate an upper end t-her eof

aelememivdat Ehetiteating Bestkeatn@d andibe poeessbi 1@2 baSbelmo&;teda/ﬂtdm the

9}5. The slots 62 each extend in a second direction
PusEod P ef taaspeei?Bi e Rouging 108 dee be.deraxemple i tvaefet-tb’mﬂhousmg-

Thi s _featur

( E?\&?rpatgggi rga?sg%g %{%tt%%sgn"gﬁd F%@%&SH@% SIS IR LY Webof(cglﬂag 109 and a

3 ust
BBl TRl 504 09802 TrRel) B8 BOLRLH V1
dbé@@lhﬂe@ﬂmh $VE3Adf iHeaehsoiP e REt3RIMRTIn ﬁ@ur‘e§2§ﬁ(§33‘rf§'@la‘i18/
a correspondi ng end of the plate nmenber 27
s(Aoseibl e nMedmssehs@ 23 aandnds banetdvdsGealstid ér&fgyolln particular, the
substantially identical to the fasteners 56 used to
s ¥ibiating eldneent HWeaf thersatdor 23 & geeerale edsesoorbhretsiphis®ustic energy of a

menbers 52. As shown in Figures 1 and 3, the plate
nBieHRIPMYed fYgauesp, £4- g@o K& %@a V*P'Iﬁ‘@ﬂe?'??“ﬁ@%ﬁﬁﬁdafa%@mp'e a

f
| RERAE Tt PR GRELS weurrhy e et sry e/ h pipdeaton o
| 8RB SEertitRad. P Lbudi E‘@ne%yaﬁrﬁ)n RGN 8tject @ﬁl[ﬁ‘}?e operating

feature permts the positions of the sensors

r disiahdeaih the @eiidde2y) gbhetdtes?a dtuiOrefition] ptisillstehd) tHagetlmiréf@ction,
di rection.[0035] As shown in Figure 10, each sensor 23

c 8pPni rershing iheyibydting elemeng 160, causes the gbratinmelermenyr 0 wsibeate and
102, such as a m croprocessor, conmunicatively coupl ed

Se'leff’ée?ﬂ%‘f’cgtcﬁlrf’g'tp@ ement 100. The vibrating el errent
can. be munt €

By 100" MRRER RS o RHRERR b rbarriB et an o
f Wﬁhl@?ﬁ@gpérﬁmg @ls{%ﬁéé Ghnd s)éﬁﬁ)r boUR 'pﬁrﬂculéj rONE ro@&gorsl'og A& S

can be transmtted to and fromthe senso

oprograbitriet @it @ Bma Bidclathaaedistarts e elpdedamitvtion @heVMahé]mssmn of the
each sensor 23. (The cabling 109 and connectors 111

aByescdf ametiwﬁnemged/@p aﬂcepﬂon bhibe moms Eflecti2Bbythe vibmting element 100
shown i n quures 3, for clarity 'Z 50036] The

s A5 Seistesed y; ﬁ%g?ﬁ"ﬂ@' %tﬂi’t paeibraling §leBgat i08)- ener gy. I n

| , | 1
S A S S TR0 S0 e
PE&GHSAAY Befyd: 5&9& RN on %egocial srbgg)d &'FBund A8 e e@p@éd e between

el ement 100 can or exa
the transmission of the acoustlc energy and the recept|on of the return reflection. The

processor 102 can also be programmed to generate an output only when the target object, i.e.,
the meniscus 19 of the saline solution 18 in the cup 16, is determined to be within the operatingr
distance of the sensor 23.

[0039] Specified details of the sensor 23 are presented for exemplary purposes only.
Other types of ultrasonic sensors, including ultrasonic sensors in which the generation of the
acoustic energy and the reception of the return reflection are performed by separate elements,

can be used in the alternative. The term ulirasonic sensor, as used in the specification and

7



pi ezoel ectric crystal that vibrates at a predetermnm ned
frequency in response to the application of an

wehewonesa7current thereto. The acoustic ener gy PCUSZN06/039849
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striking an object within the operating distance of

t RRISS RIAENRS to IRLRIIBHBNES irPwiiG tHE Qeﬁe%ﬁilarﬁ&ttﬁe% uftE eRHbPShd the
echo. The return reflection, upon reaching tﬁe

virdneptionrogthe reture rifledion areqatisrzd bl Bnevdidhient, b Sedt £8B B hents disposed
100 to vibrate and generate an el ectrical output.

[ TOBTMMEnoysing erdlirsep@atesiamebie npr disposatiiteal cdromon housing.

calcul ate the presence of an object within the

0393431 i ng di'8¢ SHEYS 8P aferfwangeddniriows 1 op thepplate ermbesi27 so that each

et BE B e a3 .o PR eespsonn s of P packages 12, an
LR Egt _ ;
 ARTRESS el e ot Bl ERUT L PRRE G PR i 1. The

epei@ydf adddBtid esroy Rirge @p&TnEMehib&is @b BChE bRk sAMbRYS indhe cup 16
the vibrating elenent 100). [0038] The processor 102

c @mheralinersolyliamBasiprosent dleeably gereerdting a tbteh aafiegioh.et ween

the sensor 23 and a target object based on the |oca

sHO8H of sodAaCtEhebovhdhastregesent 102 ofatiesenens A3 téredetermine whether
tﬁgqﬁpiss%on of the acoustic energy and the reception

of "SHRANFR PRIP PR §e0RYT P8 ANd R BepiEBd Sbihe sajipe salufioq 1§ i the

b : : t put onl t.h

¢ S LA BRI b0 5 AR BeRed 8 ¥iog o o P B face between e
S 8érisbi 2 hnd thel Rerfisd®s RUOwlh the SptRIng KRG iR d3RsdMo8 Bhdbrocessor
the operating distance of the sensor 23. [0039]

Speg¢anigederate bablitsut tfat ks renseitsias tha PLEIBE bp Wape eeshbir@r109 and the
exenplapy purposes only. Qther types of ultrasonic

s EMgaster T1il aggogigied withiihe sersen?d: Toe 5688 camintatprat Hhist dwtput as an

AT AT TR GRS
LS. oo MG L5 SLLSIIB i LS o o

afAsthatisBhe sbiftionNB RHSGNiQ e RGHU@Ss %gh&ﬁﬁupion tﬁ@{'g{)?{)hr?t l%ﬁNeen the

generation of the acoustic energy and the recep

t sansore @ and the farget t.b.Othe ateRisRArDOF e dalidy sEitBN 5. MRIYbilink the
separate el enents di sposed in a conmon housi ng, and by
seqyaPa £8 tadetagiihe salingsolulior pdindlek Gups 46 therefopmcandeptirgized by
[OO%OL The sensors 23 are arranged in Figure 1 on the _
pP&HIMAL PG &PNSe 28 8t 3 Patticulan ygsticaldisigice ramdhipnaliel R Abip gistance is
alyd | C Lf.a-correspondi ng one of the
p%%%gggﬁh%gﬁggﬁﬁc$ %&gﬁ ségFgFgékoustic ener gy

g%pag]r ﬁé ed byhd difarke B$ Ghn ZfustluDy FhiRG the FetiiBSsHioh BENE HiRe
member 27 on the mounting structure 24, in the above-discussed manner. For example, the
vertical position of the plate member 27 can be adjusted so that the distance D1 is
approximately 51.00 mm (2.0b8 inches). Applicants have found that spacing the sensors 23
and the pallet 21 by this distance causes each sensor 23 to generate accurate, repeatable
indications that the level of saline solution 18 in the corresponding cup 16 is (or is not) above
the approximatély half-full level.

[0044] The optimal value for the distance D1 is application dependent, and can vary

with factors such as the specific sensors used as the sensors 23, the size and spacing of the

8



pul ses of acoustic energy inpinge upon the neniscus 19
of the saline solution 18 in the cup 16 if the saline

weabarntuend718 i s present, thereby generating a PETWISZN0G6/039849
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reflection. [0041] As noted above, the processor 102
B g PR i A e D1 1
S aldsagedsiol eXeirpRnIBirdosestdng. associ ated cup 16 is within

the operating distance of the sensor 23. If the

di®daihce betEadesensir@3 pefesably H28 adaain witth sfeppredimste 90 insn (0.3
w thin the operating distance of the sensor 23, the '
piNsBled Hsrtarggalistange. dendepoiat 2aRraximatalt 51:0940mi(3008 inches) from the

t itted to the PLC 30 b f th bl i 109
R VARG 2By PR D 44 BhCA e By HEDISRRB D fgtors such s
T BhG b8 hd SLEKALEoch HeSoplil s as an i ndi cat i on

that Saline solutio present Tn the cup 16 above
ajgoaedet er munrdoricathbors Slor Jen Ripkdsb i fench €an be obtained, for
sensors 23 to generate an accurate and reliable

| exbnadd, ifrom Hyfie Rére Elvetronia LLO.f Dajtor, OB, d3hé SUPERISIRON Moblel SM300
the_cugs 16 i s dependent upon the spacing between the

S 89196 usrag@iceagsarh eCablinggpet! corineefors stitablerfemiss esithe &4bling 109 and the
the saline solution 18. The ability of the sensors 23

t 6OEeiRE 11 FRN alsoy herpbtainigdh (1RriesrmAlg foR Hyda Parsdectrenics LLC, as the

t >_can , | imze ositipning the sensors

AE S Al S8, AR R RS RET  om ¢ he pal et 2

Lrookni s di SERGFRNsG 28 RMK&GSIPYUiRE o i
"Bl"ﬂin Fi gure 2? [OO4§] Thepd¥g?a%@gffﬁggéﬁh§g?z§t%gwdmﬂ%

bynly arieydf fig shRRdy 2 it dedtedIRSiglrie@!) e shivad Pé RlsBcUBIB 1e end of the
27 on the nmounting structure 24, in the

abenger 2 thad fesse the walleh2t. . ThEshroak 28 @nde atidubed @rihd sdbor 23 by, for

- position of the plate nenber 27 can be adjusted so

t REMPie, sorpRIapeians thrsads fogneginstpchiuddp pndthe serpongs.

8 inch . ' ts,h f d f hat [ th _
(. 3SR BRSBTS B3P b oot
eé&l%ra?@d'}ﬁlqﬁe %%oéié?ecﬂ%ﬂ%fégé F) p%?p%éét??)gtwénetﬁ(g ?én%glj Z%Semld ﬁn associated

i hdi cat1ons that t ne so i on

t b&k@g& T2 ARNEHIBG 1 C BthRe dHoudT6@Rb shisstdnedl is@ﬁfé‘é,eqrtsm@ds the pulses
approximately half-full level. [0044] The opti mal

vaidibe fetumn teflectidisfreamaiecubénts thaapay hecatdeorbetieee ttdesabsor 23 and the

and can vary with factors such as the specific sensors

UBRAAGEST 2 s SBRINKIB Figures 5-71 gneh ghrowd Zrefingseanianigllydending passage

t s 16 d.the anbient .environnmental c d'hions.

Bt Bvatioge 7Rl e i g e Rkt Sffoer oo, o

f @t (R FIFIsRF YcoBstcRASEP ariMthe return reflections can propagate between the
vibrating element 100 and the associated package 12 by way of the passage 77. The passage
77 preferably has a diameter approximately equal to the diameter of a lower end of the sensors
23.
[0049] The shrouds 76 can potentially improve the functionality of the sensors 23. In
particular, Applicants have found that the functionality of the sensors 23 can be adversely
affected by air currents between the sensors 23 and the corresponding packages 21. Air

currents that can adversely affect the functionality of the sensors 23 can be generated, for

example, by the laminar airflow created inside the enclosure that may house the system 10, or

9



[ 0045] Each sensor 23 preferably has a beam w dth of
approximately 10 mm (0. 39 inch) at the target

wdizet7aae7 i.e., at a point approximately 51. 00CTS2006/039849
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(2.008 inches) fromthe bottom of the sensor 23. The

ow kSQP.'a.% t\%é“! B teld %e@oﬂgédlg n%ﬁtsﬂ%tagvacuum
2 e OF e

ors s I'stance,
b@édéf%ﬁﬂs H’h% f&%ﬂ&ﬁl‘@ ofdRe se[n@&é@i cad dHoné%GVéFse%ﬁéﬁ%@té@ by the air
suitable for use in the present invention can be
otxdnditiordrd, or heating systaohsanf tHerfaititytily whictPhe kyskdne ta is dnsiatied, bl 6y, the
of Dayton, Chio, as the SUPERPROX Mddel SMBOO series
‘umpvearse@mf@e@ém@rcﬂbi@cts ™ethe inﬁ@ed&#?ov'%w pihe eystens1f. t"aibbeéieved that
use as and %p} connee tors ca

aFlg)B ajy 8ur{:%1 Sé}iaﬂ 8@9 g}e g‘é%?%ﬁﬂﬂr%( an ﬁ?tm&%f eg;éanﬁ propagatmg from and

SN Pk AEHI B2 oy e o

SgBEfe bzﬁvebmharssrﬁs%r SAnd tROAlRRRAOM 16Tn thelddStlafly pakiageigh.
76. (For clarity, only one of the shrouds 76 is

dmosalt ed i nAgplicantschadte hlsd faendsthateeticiid thie Serssttivity of thetsandoe23 to air
end of the sensor 23 that faces the pallet 2 1. The

s bureend be@eemie bensatst2§che the packabes 19amaydgequrs pleging the sensors 23 so
exanpl e, conplenentary t hreads fornmed on the shroud 76

aﬂasettﬂ@e%ﬁ@a?s sfhat["a?dmoreat& A tEHPLYS 76 cpLheRdvesehpgtected.
pp}aggs he e asgr% cose gn%%r %ét q;\clga Ss ll’z'gt%)%pl%te{n?gll %:otu é’ ﬁ%% adverse
r'ea*by e gagate

gener € assocC sen

b@ﬁéﬁ%‘iﬁ‘ ait aﬁreﬁﬁ R&PMakethé Bidtafte [ﬂs‘l§é§%a@|ttﬁéi réﬁ@ﬁ;&ﬁgﬁhégen@&s 23to
the pallet 2 1. The shroud 76 al so substantially

i stinalledstecothe smseicdssf $dnee gliisre s iamd pabiageetair n
reflections fromair currents that nay be present
bEOGHen t heTkeeshsands 2@ canrrybstantiallydgoletafbe pulses b acohgligrenpray and the
F| ures 5-7, each shroud 76 defines an

%w Pgﬁom*?@ﬁ@ﬁqé’v esenspes Eﬁfromm@llﬁafgg Bgpweenshg senseys 23 and the
o et e UL bR TR et Pl olfgosa st

t B@ricicht M§t5nc%@‘1|fﬁ)ﬁwt e gaﬁle@ Mo RIcRBRIBIiRal REkRA B ﬁ@ Saline solution 18 in
vibrating el enent 100 and t he associ ated package 12 by

Wehig cOrfs telvath@a strageing densiiyerpaiaagaairchrrpniebanednl tye deasora23 and
di aneter approximately equal to the dianeter of a

| thaweackeses 1@ the sensors 23. [ 0049] The shrouds 76 can
4potent|ally |nprove the functionality of the senso

280531 par t FeraPrle.A3E 68 RSB aA dhet ¥ gtergn appromately
f Q’Q&S rt?ls é %ch? belovle%ese% Hhes seznéor n TFI)Ig dl%%\ﬁglcr)r? ,%‘ Idgno’ted by the

reference character “D3” in Figure 2. Sizing the shroud 76 in this manner results in a gap of
approximately 24.50 mm (6.9646 inch) between the bottom of the shroud 76 and the top of the
pallet 21 when the distance D1 is approximately 51.00 mm. The gap between the bottom of the
shroud 76 and the top of the pallet 21 is denoted by the reference character (“D2”) in Figure 2.
[0053] The optimal value for the gap D2 is application dependent and can vary with
factors such as the specific sensors used as the sensors 23, the magnitude and direction of the
air currents between the sensors 23 and the pallet 21, and the ambient environment. A

particular value for the gap D2 is presented for exemplary purposes only.
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affected by air currents between the sensors 23 and
the correspondi ng packages 2 1. Air currents that can

weadvergesy affect the functionality of the senBOTAIS286/039849

can be generated, for exanple, by the lam nar airflow

BEALCD, | 1 PaRatl B AR ARG ol ABLo B 2B P ol MBS

alr ex aust enerate
608 %R}tho‘ﬁg B tﬁ’ér@\ﬂ;ls S4ahe SR Hﬁh&&ﬁ)@ K ét;vﬁé@bubﬂ@@ are present in
functionality of the sensors 23 can also be adversely
ahd reiieds by, BubBle@Edmraanndbin in fiemgenbousedsitingeupy $6 enesillaf with the
the facility in which the system 10 is installed, or
Isglinetselutianvi@nihe akiity of dpseasany 230bjdeteetshd Igvet ¢féne W@ﬁoiw@n 18 with

vicinity of the system 10. It is believed t

Ripbles ot s e dteiapusclo 4 Beleved R GpIEeT A é‘ﬁ&iﬁ ‘ﬁ ad‘taﬂtége in relation
é% otH? H)éc{e%% S%ﬁ%%ons as tpﬁ&%&%étrﬂ,%te o?:?\f%ﬂrga);s éé(ﬁgﬁeglg%%e%?‘?ﬁg errors
%8 Wtﬁé ? e¥eng55ﬁfu%l&e %nﬁn@éﬁé‘%%caﬁﬁnvfﬁ@&eééﬁﬁe §I€Hﬂ§l%s because

he saline solution 18 in the associ ated
ﬂﬁ&ﬂﬂ'@ﬂﬁle&n&-ser{s&ﬂ@]mt&bm ihe aoptos orkeeot enodd & ehef baibiblds Adntas liquid level.
reducing the sensitivity of the sensors 23 to air-
dApplicants Savsetisndeund tHabths eersorsL328: lagsdusteetiginibrmpfetoetepiric sensors
may require placjng the sensors 23 so close to the
5%&%&@@@@2 C%lﬁa? by 'HEa'igl]'ﬁE'?t bgiaet g S%ﬂsot‘taﬁ‘g hedaggt s 23

gﬁ(g_,ége eﬁg\églr e odgg[ %fgfdgg%letgoa eISE g)r%\gdetr&%rttrtbbp ? % of %Pléﬁanon and is not
rtﬁ dyEShst il a@qﬁﬁﬁ?sﬁe ﬁf\/&ﬁ%ﬁ SAI@\BU&H the AEiG Has b@émde@@tjﬁ)%d with

di st ance ess than that  required for the
SERFAESto peefdried @pbbdIMEMY orfRéfeedd rhdlfode iEiS Bizesiaak tigdtheM@rds which
solution 18 in the packages 12. [0051] The shrouds 76
dwme bednsiserhitaraih &g wiogislohdescrirtien and ituetsatiof, ratberulkani words of limitation.
energy and the return echoes generated by the sensors

e BT FOpRlY YN ERBER F4SETEER ASBIR &t tolerpRpe i parolr
of the shr.ouds

Th
aﬁ?ru‘éw%t rﬂeét%%dgh%nge gn%ﬁ(%mfagts,b e lnYen ionjs n?t mgenéu? Pl b%ﬁ”éﬁ?&l to the
?aﬁk@lg%%lsao%edfl{?%m Lge ﬂﬁéAt%ﬁ exdentis ttcpalIfs"lﬁfﬁéturla; MeEnRP hAd®es that

etection o e saline solution 18 in the cups 16
Véiré Bt thi BEdpe dtihié AsheR@ISINts. ETHosd skillddl B theOreliant aihaeing the
between the sensors 23 and the packages 12. [0052] For
ebeasfjiotthe tadtings laf bigdpeuication, ey QfﬁGQt@de@UQ maﬂl qailons to the invention
ext ends approxi mately 33. 50 “&1 31 i nc
avcegrepp e e'r?gs?s 53y berprde P%H%qa&wg ffgmd%%t’%edawp'“* of

Eg ln(/ee f’ug%gsn&e?? %ﬁénde%lal S FE &H%Sle 2the g)fst?e'n% ctan Be used.to

F ou er results

aURS oM iRk bﬁa@éahﬁ@scfmbﬁ On S8AKek B%@bth&%a‘t&%s tdRBontact lenses.
bottom of the shroud 76 and the top of the

Moreover, alternative embodiments of the shrouds 76 can have a shape other than tubular.
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pallet 2 1 when the distance D1 is approximtely 5
1.00 mm The gap between the bottom of the shroud 76

wand7onesrop of the pallet 2 1 is denoted by tReT/US2006/039849

reference character ("D2") in Figure 2. [0053] The

i mal _val ue for the gap D2 is application dependent
3&bag§ﬁjeHP ‘with factors such as the specific sensors
used as the sensors 23, the nagnitude and direction of
the aiy cur bstyesn the sensors 23 and the pall et
21, and tﬁgaéﬁi}entﬁghgironnent. A particul ar val ue
for thecoamihePRompiisiRg £ 58RteMaf foimseXdpHalRdldsihd lisesolution;
only. [ 0054] Applicants have al so found that the
sensora Wiscrnsqpeonthal dircatscuoustieecrsrgy at thkisarfrce, and detects a return
i ndications of the |levels of saline solution 18 in the
daiipstionsf {iiecasoustipBEsy- are present in the neniscus 19.
Bubbl es commonly formin the nmeniscus 19 as the cups
16 are filled with the saline solution 18. The ability
of ‘the, sensgyy ﬁérgtog I%’rﬁﬁ efakthdr BEmbrRMGa ritfunfildGri@lk Bt positions

F u % 19 is

solution 18 Wi es present 1 n"the neniscus

hed LigyRAiclsendorfubeaRRlly Ghpsdrb Hieaihcdl advant age in

relation to other types of sensors, such as

phot oel ectric sensors, that may experience sensing

errors due to the presence of bubbles. Sensing errors .
can ockur i Tetseepebdamdefugher sompisty asaroye seeufeddo the ultrasonic
phot oel ectric sensor may interpret the top of one or
n'&of the bubbles as the liquid level. Applicants

have al so found that the sensors 23 are |ess

suscepti bl e than photoel ectric sensors to sensing

er I Or $4.CauSHE fHMefiob@AiinBNWENREN bRisneadisishisstaaay abuand

the target. [0055] The foregoing description is

provi ded for the purpose of explanation and is not to

be construed as Iinithq the invention. Although the

i nvent$-on hH® Ween ched®,’; Werieiphenitiagqnic sepgas isspaced from the
preferred en?gdinen%gagg preferred nmethods, it is

URHEMSE DRPTE e?ﬂWﬁg W8P®s whi ch have been used herein

are words of description and illustration, rather than
words of limtation. Furthernore, although the (

I nventg.on has dystem ofl@sierd, wedleih efeandunimgtsirudctet esreprizes & plate
particul ar structure, nethods, and enbodi nents, the

| mebarihgyingd the Hiasanistsensgemounteddeerpqnapn wpet lyagkgsecured to the plate
particul ars di scl osed herein, as the invention extends

t BeraPe" 3358 CHETIPEE ANt P HFTREAKHIINUSIES OF HigPask OGP CouPled to
the sc t he appended clains. Those skilled in the
r@?é@gﬁ?%g%%, havi ng the benefit of the teachings of

this specification, may effect nunerous nodifications

to the invention as described herein, and changes nmay

be nmade w t hiedysid@phelbimreywhereimittelaves bmpket @redupsesi to itte upper

bracket by a fastener that extends through a slot formed in one of the upper and lower brackets.

8. The system of claim 1, wherein the ultrasonic sensor generates a pulse of the

acoustic energy.

9. The system of claim 8, wherein the pulse of the acoustic energy has a

frequency of approximately 500 kHz.
12
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the invention as defined by the appended clains. For
exanpl e, the system 10 can be used to detect fl uids

wobhero4adaan sal i ne sol ution, in packages ot her PCIAIS2006/039849

packages for contact |enses. Mreover, alternative
enbodi nents of the shrouds 76 can have a shape ot her
than tubular.Wat is Cainmed: 1. A system conprising:
a conty@i NerThe eyan & dikdin A, fEitek adheprising b pfoREd¥Br contmldickinaly
hol ds the saline solution; an ultrasonic sensor that
chionget te tratistnicsepp@r gy at t he surface, and detects a.
return reflection of the acoustic energy. 2. The
systemof claim1, further conprising a nounting

structyre at positionsg the . ultrasonic sensor . I
subst ati awhﬁ S)S%?frégfit“t'aémtﬁh‘%heﬁ'} g ¢liasagic SepRpr GoMRrige] yibrating

C . f

(e et eiria o SLURIC o, o3 p ey G ioalpy) td o the
tyiRatmheRMEnt S substantial ly tubular. 5. The system of
claim1, wherein the ultrasonic sensor is spaced from

the container by a predeterm ned di stance. 6. The

system of claim 2, wherein the nounting structure .
conpri'®es dhplsytem aedyer! 1 dereihe viralingslemeshis @ Pisgpgirstric crystal.
nount ed t hereon, an upper bracket secured to the plate
menber, a base nmenber, and a | ower bracket nounted on

the bage m%&tgﬁm@mh%e}eﬂq thﬁ@bﬁé%erﬁén@ﬁﬁfgttes arld generates

The syste wherein t ower Dbracket is

CANEM cBdal loltplin @ rddPaRE i kit rebdttion. f ast ener t hat

extends through a slot forned in one of the upper and
| oner brackets. 8. The systemof claim1, wherein the

ul trasonic sensor generates aﬁfulse of the acoustic .
ener gy'4- 9. THeevHea ObHRIBO, Wiespinihg sysigie FaTRiisehien pLing wirgionic

t he acoust i er has a frequency of approxi mately
SEHQKiﬁPH%Fﬁ%ﬁQE@%éﬂ&ﬂ?ﬁ% claim1, further conprising
a processor conmunicatively coupled to the ultrasonic
sensor.

15. The system of claim 14, further comprising a pallet that holds ten of the
containers while the ultrasonic sensors direct the acoustic energy at the containers, wherein the
ultrasonic sensors are mounted on the plate member so that each of the ultrasonic sensors

substantially aligns with a respective one of the containers.

16. The system of claim 3, wherein the shroud defines an internal passage and the

acoustic energy and the return reflection propagate through the internal passage.

17. The system of claim 16, wherein the shroud is secured to a lower end of the
ultrasonic sensor and the internal passage has a diameter approximately equal to a diameter of

the lower end of the ultrasonic sensor.

18. The system of claim 3, wherein the shroud is secured to the ultrasonic sensor

by complementary threads on the shroud and the ultrasonic sensor.

13



11. The systemof claim1, wherein the ultrasonic
sensor conprises a vibrating elenent that generates

woOheo7aae4st i ¢ energy, and a processor conmmuni cRCTAUSR6/039849
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coupled to the vibrating elenment. 12. The system of
claim1l, wherein the vibrating elenent is a

pi ezoel ectric crystal. 13. The systemof claim 11,

wher eig, t herny kjte bieirk h € WRBleinthdiiivdsBic 86tdoi0e BeFalmstively
an electrical output in response to the return

reefiple@nb ittercontiofler, driughesylizdsenic eénsol @ovided an wiiputdd the torgroller only
system conprises ten of the ultrasonic sensors nounted
orhen ke splingtselutinaripeiesent i theTiqalalfpiabeyA HRredqiemifed Jevel.
further conprising a pallet that holds ten of the
containers while the ultrasonic sensors direct the

acousgic quanggEm%&gmggntalners wherein the

uItrasonlc sensors are unted on the plate nmenber so

that each QfiediNgasdublicAneR &t SRIAEEY & asb&héNthé lrtalte forming a cup
aligns with a respective one of the containers. 16.

Tihat hels étine @fiutioh;ai m 3, wherein the shroud defines an

i nternal passage and the acoustic energy and the

return ref |deteciingrp rsiurma@e&tl@ qf Hegaeistic ?f@rgyn*i"‘é*r nal

passage. 17, The system of

shroud is Sdgtelﬂmg@g S‘SE‘"F%Q%"P’E‘GQ ﬁd)%\? of PHAN aftk\? %COS%IC energy and a
%ﬂﬁ' O refftld etol?ﬁg a@&[@ﬁ@@r‘er %ﬁscé%gﬁ al @@ éd%h‘%%f\l\%@h dlrectlngfthe

prOX|na Faneter of | ower end
t sudiik Eﬁ@%ﬁ’eﬁ‘ tHe sBR&LRQINd ddiSotind the r&hé&toﬁm tﬁé a€dustidBndrgy.
wherein t shroud is secured to the ultrasonic sensor
by conpl enentary threads on the shroud and the
ul trasoni c sensor.19. The s%ﬁﬂen1of claim 10, wherein

t he ul %' asoHiecnelfd ohelaims20e ﬁ?'ée&i*Wg\PéP%P“% BRRSYYEA apptace of a

the controller, and the u traso c sensor

e S S ey b Pt ot R e Fa b f Bates e
tai ner above a predetermn ned

I%@@%Egggbﬁkmﬁépﬁggﬁgconpr|S|ng di recting acoustic

energy at a surface of a container, the surface

form ng a cup that hol ds saline solution; detecting a

1 et ur 2. ef | Bretmedimdaf claime2latugie tcomprising I9gyerating ¢he acoustic energy

using an ultrasonic sensor. -

23. The method of claim 22, further comprising receiving the return reflection using
the ulirasonic sensor, and determining the distance between the point of origin of the acoustic

energy and the point of reflection of the acoustic pulse using the ultrasonic sensor.

24, The method of claim 20, further comprising aligning the container with an

ultrasonic sensor that generates the acoustic energy.

25. The method of claim 20, wherein directing acoustic energy at the surface of a

container comptises directing a pulse of the acoustic energy at the surface.
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determ ning a di stance between a point of origin of
the acoustic energy and a point of reflection of the

wacorguesa7 ener gy based on an el apsed tine bet weemus2006/039849

10

15

20

25

30

directing the acoustic energy at the surface and

det ectjang t d L 0 i

The' methaq i e S GUAeind i BALS b o SRELE Knory o
ef%h&%y@iap@roﬁiﬁfafe@(@oﬂf-lz.a cont ai ner conprises directing

t he acoustic energy though a shroud that substantially

I sol ates the acoustic energy fromair currents. 22.

The met hod of claim 20, further conprising generating

t he acdust i earriogyel elaiMRY. BRheicerPRisHE iseaciigiiziitraspric sensor from
The neth of claim?22, further conprising,receivin
P EbalRelos e Ferfines 5 trel e bifeeon PTRaLGRP Rk R St Sy ghen =
AL GHoT b |20 Resad o is sk B
i R e e A

t frededsiRmed iudpul se using the ultrasonic sensor. 24.

The nethod of claim 20, further conprising aligning

the container with an ultrasoni c sensor that generates

the acoustic energy. 25. The nethod of claim 20,
wher ei #8- di r@¥sieAy CeBRIsEI ¢ energy at the surface of a

cner oy ot _(HOREUPI G0 2B RAR RS B i IDaEbesedn e cup
wher et N Al 6O onk A GRURL G FEEIARY i shriges, dotocts a

frequency ot appr oxi mat el'y The net hod of

ClefriMeBdtio dbhbBRE b BsHMcE BdtREENIRPETo gic bhegydriditidsSMu, End generates
sensor froma pallet that holds the container so that

t éreoutfut baxsd P an gapssodtime beteeat dirscting thewtpustic energy anthe surgace of the
di stance between the ultrasonic sensor and a | evel of
t pRotangr anddetegtingitheisturrsreflesten; eithn a predet er i ned

val ue. 28. A syste onpri.sing: a container having a
surface that® icﬂ@edgtog%d’,"raﬁﬂgc ¥"%9"ui d di sposed in
the cup; an ultrasonic sensor that directs acoustic
energy at the surface, detects a return reflection

gener ated byheGositact cliRtospeitrdinde a6outsi bgbseingdllgubalad
the fluid, and generates an out put based on an el apsed
time between directing the acoustic energy at the

surface of the . , _ ,
30. The system of claim 28, wherein the ulirasonic sensor directs a pulse of the

acoustic energy at the surface of the container.

31. The system of claim 28, further comprising a mounting structure for positioning

the ultrasonic sensor proximate the container.

32. The system of claim 31, wherein the mounting structure comprises a plate
member having the ultrasonic sensor mounted thereon, an upper bracket secured to the plate
member, a base member, and a lower bracket mounted on the base member and coupled to
the upper bracket so that a distance between the ultrasonic sensor and the container can be

adjusted.
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contai ner and detecting the return reflection; and a
shroud coupled to the ultrasonic sensor. 29. The

weoeysi/ansal cl ai m 28, wherein the shroud is PCT/US2006/039849

10

substantially tubular. 30. The system of claim 28,
wher ei g3 t hep Wlbe@s@iidisingnsor directs a pul se of the
acoustic energy at the surface of the container. 3 1.
The syst em ghciny DéomadBensfibia tlied acof@Rérsi Ng a nmounti ng
structure for positioning the ultrasonic sensor

pr oxi mat e t ¢tmveyingttizd paskagedPa firfhwsiigsrerimat aguapm 3 1,
wherein the,nnun;inQ.strupture conprises a plate
nmenber havi REeduRiag &8lipe sddgian Btestbeeiprusing (etRYEPt her eon,

an upper bracket .secured to the pl at Yoer, base . .
o bor ! anaCae TR BHE e Butvion iVt Wite i pe e R the frt
aB&mBgupled to the upper bracket so that a distance

between the ultrasoni c sensor and the contai ner can be

adj ust ed. 33confeyiHgAbsBkade @R EdcBhdEsitiph Brekimetedin@Abad sensor;
lens in a cup of a container; conveying the package to

‘aafid r st position proxi mate a punp; introducing saline

solution into the cup using the punp; determ ning .
whet her t hedifG¥RY areustiaerarayat g cyihanddneaswingadRiggton g ihe acoustic
in the fifpst pasition; conveyi.ng the package to a

s BRI B LB EP B o PR b M RO BT P SRR ool
directing acoustic energy at the cup and neasuring a
reflection of the acoustic energy while the container

s in 8he seeQcbe®s ddird B3, Wsthlcdipasing ddamBQnd supsensor .

34. The process of claim 33, further conprising

sealing the cup
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