FI ELD OF THE | NVENTI ON [ 000 1] The present invention relates to
systens and net hods for determ ning whether a fluid, such as saline
solution, is present in a container, such as a package for storing a
contact |lens. 10 BACKGROUND OF THE | NVENTI ON [ 0002] Cont act | enses are
commonly provided to the consuner in containers in the form of

pl asti c packages. A typical package includes defines one or nore cups
each suitable for holding a contact |lens. Each cup is usually filled
with saline solution that i Mmerses the contact |ens, and maintains
the contaci |ens in aSKSTEMBPANIDDNETHOPS FOR DETECERINGFIJHVS ed 15by
a piece of alumnumfoil, or other suitable material, applied to the
package after the contact |lens and saline solution are introduced
into the cup. The packagi ng process is typically performed using

aut omat ed equi pnent centrally controlled by a programmabl e | ogic
controller. or other suitable control device. [0003] The cups of the
packages nay Eﬂﬂﬂﬂﬂméﬂﬂﬁﬂhﬁgﬂﬂﬂhﬁﬁ t hat deIiver a nmetered 20dose of
sal i ne solutiﬁ91éThe cqﬂ ed control ice can.b

aseim%mven ion yelates to y enis an met grge%{r mre(vjvhétﬁ)er
check whet her h purrp ifvers 586 SrYSE e "so u?l o T o an

associ ated cupgyidl Beh GQEEhF}@l:dILﬁ‘Bn & edRRYd Qédr‘ﬂahBﬂ §ucf'1 486 bhRBgdW¥r storing a contact
noni toring whet her t he punp act’i vates whi | he cup 1s positioned to

recei ve salinensolution fromthe punp. A secondary check can be
performed before the cup is covered and sealed to verify that saline

solution has been delivered to the cu {ﬁ 25[ 0004] The secondary check
can be peld or BASKSRAYND OFEHEIMMENEQN oxi ity sensor that emits

infrared |ighfp uﬁzﬁward R GabUdhsesIb bR pHivided Yo tef coRdufRER bortdndrd iR tHeUP
above a certain level, will reflect the'infrared Iight. The proximty

sensor, in tupm ofcpaanod:eblagés tAhigpicabfdciegt dluddsglafines bnecor prioedebeearh adieble
|ntenS|ty as nmeasured by the proximty sensor, can be interpréeted as

an i ndi cati off" ROfiNg acantad dens.oFaeh ichis P%‘a'ﬁ)’rf'@é%‘ stlife soldiop tat ImBRES e
certain |evel %ctQé a% %\é%téirgqhe caéllfrfactfie;“r'x!s, !nfarpl)ar rated LonQQéSJ 1??:% ?pﬁrﬁgﬂae cg%re%f

éo&
t he sensor is epen en upon all e sensor an
15 by a piece of aluminum foil, or other suitable material, applied to the package after the contact

lens and saline solution are introduced into the cup. The packaging process is typically
performed using automated equipment centrally conirolled by a programmable logic controller.
or other suitable control device.
[0003] The cups of the packages may be filled using pumps that deliver a metered
20  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 monitori-ng whether the pump activates while the cup is positicned 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 fo the cup.
25  [o004] 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 fight of

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



cup. In particular, the infrared beamemtted by the sensor nmay need
to be focused precisely at 5the apex of the neniscus of the saline
solution for the proximty sensor to provide an accurate indication
of whether saline solution is present in the cup. The degree of

al i gnment  r eqiifh hsafifdSolRfoR e sk iPRAS N abbv of G bR QP LhR i hallRM
be difficult to achieve and maintain in a production environnment.

[ 0006] The opematki on of the proximty sensor can al so be dependent
upon the 10orientation of the nmeniscus of the saline solution. For
exanpl e, air B0l es offtherpgrafionriithe seneor ipsiapesiderd urniEigng ent df fiesgnsorf and e
cup and can alteg tH_e orjientation of t%g ggni scus, so,that the beam
of the proxi nf¥Py "SBHEYR" e nffered BRgesmites oy Liegenser PHdeapia e feue grecisely at
meni scus. 4Th i : j nder ;

i camst ansos T e P s U BN Ay G oo prodde an geayere
t he package dedgstinosf whehérahimesaltion & psakittn tecupl Fredeag:elobali@iment required for
unwarranted rejection 150f the package and t he associ ated cont act

| ens. SUMVARYhemORMIy $eRsarieTihioier ot may bedfligilidhachisvasdimantainingt i on
that are disposed.in containers such as contact |ens packages can- be
detected by dl?r?@g}'cinr?ﬁv'w?‘?%soni c energy at the container and
receiving a rgassin ref l@ebh@RioRbr thdiGotthitys8RBP - 2R BE 8pendERupon the
ultrasonic energy and the return reflection can 20propagate through a
shroud t hHl seHestédatof tik inenibaie bithesaliideiutidri Fasaample et @uigyesarieh binein the -
return reflection fromair currents. [0008] Preferred enbodi nents of a
syst em conpr i Benigugding filingof e ayprand ranpitar tag grieaigionohifie MPHPYS: o8 thelilhe
that hol ds N 2ol e SRl/Ldelie @Bl ML AFANLS £ RORRNELAAALRECE S
acousti c energy at " the SulTace,: and detects FeTUrn refrtection of
the acoustic RRAEMY falsb2bLNGOUTEIEH EiRGMARICEN US pHRIBF, tre@ekbof A& taBgly
acoustic energy at a surface of a container, t‘I2|e surface formng. a
cup that hol disdisad theidhesreblage does nolebrtait salige solutien, leading lefah enwdranted fejectins
acoustic ert%j, and det erm ni ng 2 di stance between a point of origin
of the actlstf eéﬁ&@ﬁ?/a% BSORAIGHCOBRC {988 ection of the acoustic
energy based on an el apsed tine between directing the acoustic energy

at the Surfac@UﬁﬂiAﬁ%éﬁ%ﬁﬁMﬁNﬁHheC“ on of the acoustic energy.

[o007] Fluids such as saline solution that are disposed in containers such as contact
lens packages can be detected by dirécting ultrasonic energy at tﬁe container and receiving a
return reflection of the ulirasonic energy. The ultrasonic energy and the return reflection can
20 propagate through a shroud that substantially isolates the ulirasonic energy and the return

reflection from air currents.
[0008] Preferred embodimen’rs 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 detecis a return reflection of the acoustic energy.

© 25 [ooog] Preferred methods comprise directing acoustic energy at a surface of a
corﬁainer, the surface forming.a cup that holds saline sclution, 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.



[ 0010] O her preferred enbodi nents of a system conprise a contai ner
having a surface that defines a cup, and a fluid disposed in the cup,
an ultrasonic sensor that directs acoustic energy at the surface,
detects a return reflection generated by contact between the acoustic
ener gy and.t hggidjui d, ep@%

time between @dl recti ngﬁﬁﬁgﬁggrgegtgtﬁ? %ﬁgenngtgégg%% %r'%‘%@tgﬁ%ﬁﬂfﬁﬁ%
cont ai ner andsuieteinatidetinet Beuy, @hdsd Nuid dspbea i tBecuppdtRrasbidiedsc? durdigels t 0
the ultrasonic.sensor. [0011] O her preferred processes conprise

pl aci ng a conf@EEHCISBHEY qtihepudang. dstects acuvn sileriin generaied pi nentachietyraditage

to a first position I‘OXI i ntroduci ng sal i esolumn
into the cup O8I ’8‘3{' ;ﬁefﬁﬁ'e?r@rgg%)eﬁeﬁ?‘?ga“\%t@mﬁ@?é%toﬁén5@?&? e betigen
activated yhi iRchridhe sbBuNBEHKAG WBSurabe &R cBhtE\zﬁéra P3drdcki the RAFVSNIASH,
t he package to a second position proxi mate an trasoni c sensor,
and direct i ngamicoustlireidenegrigito tik utrasnic agsand rreasurl ng a reflection
of the acoustic energy while the container is in the second position
usi ng the ul tF"ég’énl c sePtsgrpreimmRd procesEECRMPieERCITEa TMRECRIME AGH of a

0012] The f the foll
<[1Iescr% pt ieonOr [?'g 'n‘SéP ?Ml% én%%gigfamgo%lf”%ﬁgsﬁt'ogggg'mﬁ%ﬁ?dﬂtﬁ%f’%w Hien
the appended ghiags RARTRL dup uShGE PSS, dE@mirndSvhBHERRSRInDwak hiisbd @itk 1R

the invention, the drawi ngs show an enbodinment that is presently.
pr ef erredlO Thmcmfgwerm's irghe first pagition] donveyieglihe haokegeds a séoond freitisp@eirhatean

i nstrunentali t| es disclosed in the drawings. In the draw ngs:
[0013] Fig. 1AUrasopic sRisenandqirgRling aoayptis eresoyst Be 84 g MeasHiay ﬁfﬁﬂ%ﬂﬁ@? of ghe

S yst em for 2090%553 teh%%lmljulg ltnhglglbﬁmﬁei Eﬁ%gﬁf@ anQ ?ré] Lﬂng ‘the%lt agon% s%hs(af t he

view of the systems
system shown in Figs. 1 and 2; [0016]Fig. 4|sa5|de V|ewof t he

syst em shown BRYEFOESCRETION ererHE MR OWINGSe! v .ninety degrees from
t he perspective of Fig._ 2;
[0012] The'foregoing summary, as well as the following detailed description, are better
15  understood when read in con}unction with the appended diagrammatic drawings. For the
purpose of illustrating the invention, the drawings show an embadiment that is presently
preferred. The invention-is not limited, however, to thé specific instrumentalities disclosed in the
drawings. Inthe drawings:

[0013] Fig. 1A is a 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;
~ [oo18] Fig. 4 is a side view of the systemn shown in Figs. 1-3, rotated

approximately ninety degreas 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;

foo18] Fig. 6 is a top perspective view of the shroud shown in Fig. &;
[0019] Fig. 7 is.a longitudinal cross-sectional view of the shroud shown in
Figs. 5 and 6;



25[0017]Fig. 5 is a perspective view of an ultrasonic 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 Fi YBe2 f and 6; [9%2§)15 E'cgzss-&c a@Jeﬁlr ﬁ?g c?g@tffllgm%s Ik]g ]ISHOI'I

packagefllled W th saline ution an

syst em shownaridBuifablg for udeviih 1he2&ddh Bhdun .r9F|g§1~a si de view of the system
shown in Figs. 1-4, installed as part of a systemfor packagi ng

cont act | ens8&1] and 5[0022]:I9i gYis aBe view of thyl ygtkm dhargrimfioel e Détalleg as part

varioUs conp c%a_ents of the system shown in Fig. 9. DETAILED

DESCRI PTI ON T8 SYS9TU8TieR ¢ FEHS [ 0023] The figures depict a

preferred erﬁ Lment of a Sqto%% élgckfc‘i)ar r %ec}eﬁgl{;lg QQFIDLL Hc%ng:og%nésroefthae system

cont ai ner, ckage 12. e pac age ca used

cont act Ienssha;\fsniellprrgi_mg lOShI pment of. the contact lens 14 to the end
user. The package 12 defines a sem -spherical bow, or cup 16, as
shown in Figure 8. The cup 16 holds the contact |lens 14. The cup 16
is filled vviDETA&LEB@MMFHON@EMUSTMTE&E&MMTSI ens 14,

and mai nt ai ??%ge COnLrﬁg{E]guhe%r]d%p|gtaeore?erl% e ?rd?r&e%gof%fosg&?m @%é?% Eﬂg(fﬁl% n

can be cover nd sea ce o um num

contact |ens, Jeﬂtaﬁ@rdortpla&aﬁé’-lli nﬁe%@ékﬁ%é fmarlﬁa RRY & REER cdritlc! IBKEUGREhirgNt O
the cup 16. 15Specific details of the package 12 are disclosed herein
for exenidl arspippenipbibe sortavt igns TAethe end user. The package 12 defines a semi-spherical
bowil, or cup 16, as shown in Figure 8. The cup 16 holds the contact lens 14. The cup 16 is
filed with saline solution' 18 that immerses the contact lens 14, and maintains the contact lens
14 in a hydrated condition. The cup 16 can be covered and sealed by a piece of aluminum foil
20 after the contact lens 14 and the saline solution 18 have been introduced into the cup 16.
15  Specific details of the package 12 are disclosed herein for exemplary purposes only. The
system 10 can include packages configured differently than the packages 12.
f0024] As shown in Figure 1, the package 12 can be filled with the saline sclution 18 at
a pump station .26 affer the contéct lens 14 has been placed in the cup 16. The package 12 can
be supported on a pallet 21 as the contact lens 14 and the saline solution 18 are introduced inio
20 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 infroducing a dose of
saline solution 18 into each cup 16 of the packages 12, as shown in Figure 9. The nominal
25  dose of saline solution 18 fills the cup 16 to within approximately 1.0 mm (0.038 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 fo a

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



system 10 can include packages configured differently than the
packages 12. [0024] As shown in Figure 1, the package 12 can be filled
with the saline solution 18 at a punp station 26 after the contact

| ens 14 has been placed in the cup 16. The package 12 can be
support ed OnoogdHe! i oyérhil Sekdchg pfRBdsdd inel BRSot bftsedNd. TREPLEN!

solution 18 arre ir?trooa{ucegla%i ntop20 t he (?ucp 1%. §I'he pal | et Zlcgﬁgerform
depi cted in d4nigiel esciof whetharzeing solliva 1P Bad i2tn Bitodocwd i@eRh paskeed © dnawe of
| he packages 12, arranged in two rows of five. The pallet 21 can be
t ransport ed Ra#etZhaY e eWDRSEE. PuRspicdaraine BEC SWoapye arogieminey krchagk whether -

[ 0025] The pu statjion. 26 include pl ural i of, punps 28 far

it oduct ng oL Sreewelefrnte SR ren frgrn deman o X The
packages 52, passciaR e plobtafim@iHoRiadsity A6 1RQBLRGEs 122AAPEQfarDalel HEas
solution 18 fills the cup 16 to Wl%lhln approximately 1.0 nm (0. 039

i nch) of t herejapipéthedhd 30teibtrdnes that dié .or 616 26thé\sungds @had ot Edtigalsde The,
the punps 28, conveyor 22, and ot her equi pnment associated wth the

packagi ng of Packrget triegigpatedagdeiectsiorn sehsepienty bapAsedefiay 8#9P-coupl ed to
a centraliz ntrollegr, such as [ ogr,a bl e | ogi ntroller
(PLO) 50, THIBIC 30 BroRtE el El S SR R etk
for the cont@giord 8)8&Fa hbunting Wudilie 28 OrredBnR R QLA tHabink !eEJ:i oﬁh?%ﬁn@f
on

whet her saline solution 18 has been introduced to each package
t he pal | B1 2biuign taieesrh ppaka@Bl2 i4 abopas predadralned lbved TP GerB0rsanarbibereby
programmed to check whether each punp 28 activates when the pall et

12 is posi.t i FheP Repanisheck&apinfipe sofutitn 1§haskeen eied tach prskeged 2198 2
programed t | i.cul.ar

D e of ecteniihRRRGE 2F dpshio, b B3S KRIRT B EIh! kbR RE) b
28 has not a@htineaki@f packBgesPaaérBesd dLreles Ung the thita il tRdcR ehiiiuédby the
subsequently be di sposed of as scrap. [0027] As shown in Figures 1-5
the system 10-&C¥prises a plurality of ultrasonic sensors 23, and a
nmounting, structure 24. The sepsors, 23 can verify that the |evel of
the salifo TBBA LI on AESNHD R HBNE BRGNS FerSmaNFIet o G PR EPIR Fot
| evel .. The s - h hagk, -
sal i ne sol. uttﬁgﬁgﬁ@m%g{g&@%e% iffd%ﬁsﬁéségﬁﬁ%%gﬁgg@ﬂ%la%n a Sf'ﬁﬁogﬁ ar
pal et 21. |d4rregles.i A Figliaes Bid3, 8 se@brs2e cf ROhamae dsifg) fop el nuiidg1s
check from bei ng conducted on packages 12 designated as rejects
during the ifving Hireas ihpt epprgelcopplpraenianeidrepys fermed pp ghaging 108 of associated

sensor 23.

20  [o029] The system 10 can include, for example, ten of the sensors 23 arranged in two
rows of five, so that the respective levels of saline solution 18 in ten of the packages 12 can be
measured simultaneously. The use fen sensors 23 in the array 29 is described for exemplary
purposes anly. The principles of the present invention can be applied to a single sensor and to
sensor arrays having more or less than ten sensors. '

25  [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 poel*,itioned underneath the' array 29. Ina
representative example, the center io cenier spacing between adjacent sensors 23 in the same

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

5



15[ 0028] As shown in Figures 1-3, the sensors 23 are nmounted on a
pl ate nmenber 27 of the nounting structure 24. The sensors 23, when
nounted on the plate nenber 27, form an array 29. As in Figures 2
and 3, the sensors 23 can be nmounted using, for exanple, nuts 31

havi ng threa t e.c nt arX.t hreads forped on housi n
108 of assocﬁ%t"ge %ggﬁgg[?pgwa?%%o 281 @heg @g@?g&siﬁggﬁy?"ﬁ%ﬁ’ﬁ ghacngp
exanpl e, tengebadkBgesSeRAHepade@r ranged in two rows of five, so that
the respective levels of saline solution 18 in ten of the packages 12
can be neasuitédtlsi nul t Ereewmwstng.strichee 2ssepiogs the éresiost e Beri2il abdibe arayay of
29 is described for exenpla pur poses only. The principles of the

;
present i nvefRTPYR2Taevihe Qﬂbkl@e s figeugsaslibaigivehasrasiiier of iecbracket ember2?

arrays hayin re qr.l -t t ensars. 25 30] The .conveyor 22
moves t e paliep 3y dadeh Bk 2R SRR Risa Rl Ao & Gl ke Re
after the cupsidbiohr\@rbpemidgiphéagesab, t he punp station 26 (see

Figures 1 and 9). The sensors 23 are arranged on the plate nenber 27

so that each[og2gisor 23AssnwminiFgnresdl-#hHhamoadsodivatteds patkatydncldesiven
the pallet 21 is positioned underneath the array 29. In a X
represent at i QECkEkaRTpTRIes 60 andiwh pase megibeiE fEckach hieket gespebiBeR FrndRsude &nt
sensors 23 i he. san [ I 30,00 . 1, ' es)
SoSers oot AR RRTR OB A RBL L o Ry ARl by el

appr oxi mag el yuneble ARar¥BulHlasIfPnREH e fsteredizs bad Rbdnmddai6 by {ihiess
spaci ng of the packages 12 on the pallet 21. [0031] The

mount i ngst r utetrgeden @athdawsploratkst G4h és Birowo lifgtigwehtiersloRB8andnd he fiest diwggtion 9
of sensors 23 above the t[1)_al let 21. As djscussed bel ow, the position
of the brackBPSheipberereriearip Beleagwiredisertipnof the piate Gﬁ“?%E?-hﬁ“Séaﬁt‘Ffat
21 so that t ; ] it i | 0
fhe. cor 1 espobaTiee fhdiofe ifleifrORi dBtchts ROSUE D16M Adba iyl 190 th
nmount i ng St r adjdsteden A4 fipt ddeeaioabl y i ncl udes two bracket assenblies 50,
and two base nenbers 52. Each bracket asserrblc?/ 50 can include a
subst ant L&l | §0033]- shapebhelreansinglsirepiiced4 igther inglides Wossbsigniiglly Lehapgd upper

associ ated base nenber 52 by a 10Qsuitable neans sych as fastenpers 56.
The T act ener BR8P Cin ER GEESIL BEBIL HEL S o R SRR L 3 over
bracket 54. &?talﬁ@ﬁ’l@ﬁ}is:sﬂcﬂ:ésg%&e_ 156Einﬁaw%tQ{bﬁtgrlr:tilélI3/~ara§=5tn§cfé_fito'tH’(l,m t&stdnbls 36 used to

direction substantially perpendicular to engt hw se direction of

t he pl-ate nesdeat tiZloweklbrakdi Basattied paidbabs memigersEs | Habiolo®erdkackdi 64 has slots

sensors 23 in relation to the pallet 21 (and the packages 12) to be
adj usted in B fermed tagreigyipraximates upper end thereof, to accommodate these fasteners 56 (see

20  Figures 1, 4, and 9). The slots 62 each extend in a second direction coinciding substantially
B with the vertical direction (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 .
25 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

30  23in relation to the pallet 21 o be adjusted in the third direction.

6



15[ 0033] The nmounting structure 24 further includes two substantially
L- shaped upper brackets 60. Each upper bracket 60 is secured to a
correspondi ng | ower bracket 54 by a suitable neans such as fasteners
56 simlar or substantially identical to the fasteners 56 used to

secure the | gyey bracketad, EE%@HJqucetaQ}]en&rE?éaﬂ &%H?Sﬁﬁragnﬁ efegegﬂog q

| ower bracket 54 has slots 6 or me rern proxwrate

thereof, to amcOnTseskat € ARBEs 4 &&Pc@fb@ésﬁor%nﬁﬁﬂﬁat@@ﬁb%k@ ® tlJ:e vidtatingnd
9). The slots 62 each extend in a second directi6n coi nciding

subst ant i al | §lemgrt HOO: ée vibtetingeidmerii 108 exd thaprodesesmi 62hen pe repried withia tef
Figure 4). This feature er 1ts the positions, of the upper brackets
609(and %he Eﬁ“&%‘ﬁ%@ﬁ P%@nﬁ'heg%@gﬁl 1083y by, fpr grampls, aggreﬁt%housmg
relation £0 phg: R é:g‘?ﬂéﬂs 2dn B tah BRHSAG rofrRY deh&d 23 %)WC??%HaBI% ar{dﬁe

[ 0034] Each upper bracket 60 I1's secured to a correspondrng en

pl at e nmenber connéhi? 71 hassacizsati wialhe saRanss. smhaﬂagﬁmmma{r@ct%wl m | ar

or substantially identical to the fasteners 56 used to secure the

| ower br acke@ssoeiaterdiiisareral of ibheenprie s aienm shosn BoFigyses asﬂf'ilé\ﬂ/nfoi qiﬁﬂl‘?i)gur es
s slots 66.fornmed therei

1 d 3, th t
acggrrrmdat eeE ﬁ% agsgg i e%ﬁf“?%%ﬁ@ﬂ%?'@ apdrecepies agUyic enprgy- eBEW"“&f’f dBd in
a third direghhoge [é%ﬁl%ﬁ'bﬂﬂe %HQ??E@ 'g@#ér&fa Wiidel of L5t ﬁ%gé]déw e?18rg¥ ofa

direction of the plate nenber eature permts the positions
of the séhsopredddRibed frequetcgtd. g),rBOU Q—Ii. h'ﬁe pedkdingteleZibnit 100 ban @fljotadam@le) N
the third direction. %35 ] As shown in rI;@gure 10, each sensor 23 can
i ncl ude a vi PPERERHEE csrsehiapitvibaes, a’faﬁ@d‘ﬁerfﬁ E%Wymﬂspﬂswé%thagplfélca’ﬂon of
m croprocessor led to the . vi br el ement . 100..
The vibr at: g Ar-RaHReM B8klah Ghy st s Goh A Sl Bleal p i EoR e n
the housing &Qﬁwc@%ﬁh@%n&ﬁ@@%’en&g’ms d %rrhr@ﬂb%hd?;gor:bgge EcH3. BRe refuf reflection,
exanmpl e, a barrel-type housing. 5Power and signals can be transmtted

to and from trve reeisghe vidxatirigyelememyt 166, cewbs ihngibrb0Y dentbnbi00covieatbend 111
associ at wi th each sensor 23. (The cabling 109 and connectors 111
associ at & WIRESAP&IeEFCdPUB e sensors 23 are not shown in Figures 2

and 3, for ¢oﬂ§7l]t y.) [ﬁg%ﬁ)l:%_ ﬁ?ﬁésm%e pﬁa% Hrr?e'a‘?‘ atlcﬁla%qﬁje gs%gglfe o? %ré object

acoustic energy. In particula e Vi |ng e enent

Sensor 23 CanitfhiestAndussRE ofhe LAESLS, RbarBG MM Shd ;ﬁo@@@medaﬁ bét
10pr edet erm ned frequency, e.g., 500 kHz. The vibrating el ement 100

can be, for pxremapined with ineezansk det iegigers the stapdedtitratbetiwidr the wansaissien of the
predeterm ned frequency in response to the application of an electric
Gur rent ¢ her BY5 O SRUSE SBRIE 18 TerTeiegieh oLe el TTsearydie BtBe e pich
the opergjingsgly %Ee?é&%?ﬂ%fesetci?f@al Eﬁ&ﬁ%h@@mat%&@l@{r@ﬁt%o a return

refl ection, or pu se éch return refl éction,
[0038] The processor 102 can be programmed to calculate the distance between the

sensor 23 and a target object based on the local speed of sound and the elapsed'time between
the transmission of the acoustic energy and the reception of the return reflection, The
processor 102 can also be programmed to generate an ouiput only when the target object, L8,
25 the meniscus 19 of the saline solution 18 in the cup 16, is determined o be within the operating_
distance of the sensor 23.
[0o3s} Specified details of the sensor 23 are presented for exemplary purposes only.
Other types of ulirasonic sensors, including ultrasanic sensors in which the generation of the
acoustic energy and the reception of the return reflection are performed by separate elements,

30 canbe used in the alternative. The term ultrasonic sensor, as used in the specification and
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upon reaching the vibrating el ement 100, causes the vibrating el enent
100 to vibrate and 15generate an el ectrical output. [0037] The
processor 102 can be programmed to cal cul ate the presence of an
object within the operating distance of the sensor 23. In particular

the processokiakfdis G@Mddfo PEEG RIBED Whitiin@gdnb@FonG: fPlF Kedu tenErggérﬁ:l[

the el apsed tinme between the transm ssion of the pulse o
energy and t kseption efthd whurotflecting aretefoimeti 6 brecidment, Bysebiiate Ciehtemb biBghsed
el enent 100 20( as reglstered by the electrical output of the

vi brating el EFENMEHHPUSINORHE8Y TeRarafsests oet disggsed ip @@an@gusammd to

| culate th t th t bj e
based on t holuadl) 0 p oL BE e R R DA b G Gelaten iheron
t ransm ss§onséfsot BA3QuREMUSIY hlg;né%wiﬁﬂgé/clﬁﬂﬁoimrr&&ﬁmog@ ofdfe Esiaﬁagreg él%ﬁd

reflection. The processor 2 can al so be progr enera

out put only Wewnlsemamwstg@berggbgeaemted bethe setbbrize amemauék@th@fcuﬁmwe
sal i ne solutlon 18 in the cup 16, is determned to be within the
operating di B¥SaiCEacopst RREreYARRIBge upan the Gﬁﬁg]usﬁ)%@fﬁhq satineeltitian 1§ ingthe ¢upel 6

03 G her t
of ol tr ason & "BeRRg PR 18le RARIRN Pl BURAT SRRl wni o the

gener ation ofooihe acOoUAd rcked@B&eIHs %&s&&ﬂ%é&%&‘o@ﬂsb%rﬁcah'&@te g"ﬁ‘r& Fl]er
reflection are perfornmed by separate el enents, 30can be use e

al t er nat i¥e. thEkistaner beivedet tha sensbic23sd e meniasis US eidhd saliideluspesii heat i on
and clainis, is intended to include devices in which the generation

of the acousfiSRCURREHY S Shipfhe operalingisincast theianspeaBy ffihe distange P?%?Pﬂé"r‘ee
per f Or nEd bys%}@/&'ﬁ'&ﬁmgyﬂenl (XIS %@ Wtﬁfﬁﬁl 3{3 @E%ta[che%Pt?lg EEHS ['rb3aihe gro%e&sor

housi ng, and separate e enen S no na co

[ 0040] The sen®as gdidrad @fwﬂﬁﬁﬁﬁirahﬂnlfécgb'fhﬁ Plc 80by & oﬁhékﬁallm%ﬁd Ré
so that each 5 sensor 23 substantially aligns with the cup 16

cor r espondi negPnaeRordi 1 asseciatofith gesenser 2% Tde Ph@%@dns&'wplefthlaoumsas en

ted by th directed t d th 16. Th
Ul So8 oF acBHLPE B BNEy FRT AGLGRGA DhEP e PR arre =B esal | no

sol ution 18 jegsdhe cuppplGpiif oft senddrd 580 P%&%ﬁ a&g:c i gndqulﬁaﬁlgmt Cﬂtlon of

t hereby generating a return reflection. ove
processor 10@nhefer efindshains (8is Bdsaen tdeusy MImp&Wb@ﬁtMBén thOERBInG b AAER

bet ween the sensor 23 and the neniscus 19 of the saline solution 18
in the sensors 23 and the target, i.e., the meniscus 19 of the saline solution 18. The ability of the
sensors 23 to detect the saline solution 18 in thé cups 16 therefore can be optimized by
20  positioning the sensors 23 at a particular vertical distance from the paliet 21. This distance is
denoted by the reference character *D1” in Figure 2.
[0043] The distance D1 can adjusted by varying the vertical position of the plate ;
member 27 on fshe 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
25  approximately 51.00 mm (2.068 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 approximaté!y half-full level,

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

30 with factors such as the specific sensors used as the sensors 23, the size and spacing of the
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associated cup 16 is within the operating distance of the sensor 23.
| f the distance between the sensor 23 and the neniscus 19 is within
the operating distance of the sensor 23, the processor 102 can :
generate an output that is transmtted to the PLC 30 by way of the

cabling 109 and 1bfiea BRIABRhAvbiheRs S0HElEC sl BERS Blugd o1 TIe

PLC 30 can interpret this output as an_15indi'cation ne

sol ution 18 pesgteiderkerhplary pepeeporhd above a predeterm ned | evel .

[ 0042] The ability of the sensors 23 to generate an accurate and

reliabl e i ndf%4%li on of Eqgheenser23eisrahly hap b hedrowidthf apprazinedayrito nirm (0tdge
bet ween the sensors 23 and Yhe

16 is d t he, ' )
rel” L3, BRI R SR Ml et o
th ; . .
€ Sensogs gg{topn%f ﬂﬁ%@&ror dﬂh eb!-§]§ gﬁotlhﬁfbeéﬂ I\AH:ﬁH &H v%rg b%ébﬁ&%ﬁ(}sn?\g%sf%%&sé such as

t herefore can be optim ze positioning t

particul ar véetdrgatisddhet thaegnchy betvédnencpahdortos?2l. This distance is
denoted by the reference character "D1" in Figure 2. [0043] The

di stance D1 EAffladj ust daseyic gersyh pigakipier ysedn the plesqnbisveniiavtanbe ¢ttaned, for
pl ate menber 27 on_th ting structure 24, in the above-di scussed
manner .- For SqRG L™ ﬁﬁ%ﬁ?%l?"gﬁq’“ﬁg@i#b@)‘f‘P"o?h'f”Wé 51 SHPERRER dMeddl PMEeh
be adj usted siet MbsohbSeribis! BRHRy A cbhe AR BRLAX| 2
(2.008 inches)l.e Appsloi tca‘?lts haveﬁ% our? feﬁat s%géyorr{gget S)efhescjé‘%@g?s thaend

the pal | & 2dorbycidrinil 8 ch sbabEabiarad SExRaL) {1518 MyQS PaASEEQrogie@akEthe
accurate, repeatable indications that the | evel of saline solution 18
in the corre8pbidiohknelaf-copdycier. connestes/calle 3ssaipblve t he appr oxi mat el y

o OO e g Al Sl B 8.
speci fic sengQy shebbRd s@sudshE isIRRSAS iR F‘rz;u’:)’re 25 e Shid & ')%2936%8@8@0'2]% Jord chﬁg

cups 16, and the anbi ent environnental conditions parti cul ar val ue

for the di steamem 2Bihat facqsriesmiidted TrarshedETHaA by afididaas B8 s€H3bAR3 by, for
[ 0045] Each sensor 23 Pr eferably has a beam w dth of approximtely 10
mm (0. 3917 ncREmRle: dHwlemepigwthrerds fosRedon thesshroug 76 andits sAnseBpr oxi mat el y

51.00 mm (2. ngb]i ne hesl%ac]c'u Iél?rg?xdt '}éepermits the pulses of acouistic energy and the return reflections
generated by the associated sensor 23 to propagate between the sensor 23 and an associated
package 12 on the pallet 21. The shroud 76 also substantially isolates, or shields the pulses

. and the return reflections from air currents that may be present between the sensor 23 and the
20  package 12. As shown'in Figures 5-7, each shroud 76 defines an axially-extending passage
77. The passage 77 is in communication with the vibrating element 100 of the sensor 686, so
that the pulses of acoustic energy and the return reflections can propagate between the
vibrating element 100 and the asscciated 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
25 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,l for

30 example, by the laminar airflow created inside the enclosure that may house the system 10, or
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5bottom of the sensor 23. The optinmal beamw dth can vary by
application, with factors such as the target distance, the spacing
bet ween the sensors 23. [0046] U trasonic sensors suitable for use in
the present invention can be obtained, for exanple, from Hyde Park

El ectronics \ n [ UPERPROX Nbdel SMBOO series
ul t rasonic skéhcs%g? %F e@%ﬁt E%ﬁfgmagr%&%g%eﬁ%eedé E?Cg 4 R%EPS%B‘% FIEHL t he

cabling 109 ghgratohe TAORANBRGIEQF He dchiors Blcanlae bdBveREIR WML bl Ak air
exanple, from Hyde Park El ectronics LLC, as the ACl134 right-angle,

4- conduct or , copditiniag borsatiatsyseras of dredojiity i @b hRyetamd @ irsioatal 2@ of isy the
preferably ergui %ed with a tubular shroud 76. (For clarity, only one
of the shroulee78MoEPeeRIGE PRiRsts; MthemyRpdiateyicinityrgf eﬁ?‘%&o-?'é'sﬁé'ewﬁ'ﬂﬂt ed
to the end ofyf Hgﬁjrr?nts oSk gc%ustzﬁggrte{/g{y% Effe B re,ﬂéc{ugfs pg%ﬁ%ﬁﬁg ok

76 can be attac o the sensor or 1bexanp ntary

t hr eads f or Me@dadhsehdoe2s eatdimbBdingtHe 4018/ o BB SaTso2B .10 hR0KRB]yMerimisdheud
76 permts the pul ses of acoustic energy and the return reflections

gener at ed bydistense hejwernitha segsas 83 swstthelifesolion ) 8 dutheadsetigtestnrckdge 2 ensor
23 and an associated package, 12 on . the pallet 21. The shroud 76 al so
eubstant | al TPOTSol at o APOAS GRS o Haa drudis Hnsenoidy Pt aamsols 260 85

refl ections i ; r
23 and t he 20k Agied i Rbcls Al Bl co R 1R DR BRE e sH3052356
defines BN addsald e packeyed i AHafiRSHAGaly of tHd¥RnORSIRGR bd ddveBely Bifected.
comruni cation with the vibrating el ement 100 of the sensor 66, so

t hat the pul Badngdie sppensi dose sequgly todiircbaghpges i2tteipubsiapifeliedyce e agprpe
propagat e between. the vibrati el.emen 00 ang7 he .assogi at ed
backage 12 oY oRRy UrorHE paekgrS s5anns aue el 9PiET B e Befherat
di anet er appé;ﬁ?ﬁblg%@&)fhe%ﬂé&hcet@sélih@soﬂhi@d%tiﬁheQéckégels%!er end of the
sensors 2523. [ 0049] The shrouds 76 can potentially inprove the
functionalitfpostf the SeasebsisZ8 car subpatibily tsulk@the pABps ofcantsts dnange afddend
that the functionality of the sensors 23 can be adversely affected by

ai rcur r bht srebtaens derrsatedhidhr sengss FfiemaeurtyRelseR e senspiacR aptige
2L oo S et Rt 0 el o) 5 RS HRRRE ety
creat ed i nsi g@iclhRiiRNed OB MR tto Pailet 2TBY 1DIMES BptiPdStdRbEsNNEQalin@ olution 18 in
the cups 16 without introducing sensing errors due 1o air currents between the sensors 23 and
the packagas 12.
20 ~ 10052] For example, each shroud 76 can be sized so that it extends apﬁroximately
33.50 mm.(1.318 inch) below the end of the sensor 23. This dimension is denoted by the
reference character “D3” in Figure 2. Sizing the shroud 76 in this manner resulis 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
25  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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by clean air exhaust that may be generated by secondary equi pnent
such as vacuum generators. The functionality of the sensors 23 can

al so be adversely affected by the air conditioning or heating systens
of the facility in which the system 10 is installed, or by the

novenent of l e or tS. 1 0.t [ ' j Nl he system
1o Tt s bdfBeq +nAPEER Rvd fsd Bl ETREb s £ bdvbe Solsior?
energy and tré]ﬁblé Pkik&Hdng &ftHe%kl!s Nl BRABAB NG ﬂ‘:dg@ﬁ% WHLGh hh@ol&%@@préé‘éﬂﬁﬁ”
23, thereby inpeding the ability of the sensor 23 to accurately

det er m ne t he merdscentte Bobilasewemmbtipfoge nsterm@Bcwn@ at He ceied 16rpee lod with thn
18 in the associ ated acka%_e_ 21, [OOSO%hAppI i cants have al so found .
that reduci fglineiselutioaig; Theabity obthe seneors &g gptect s lqvgl chihe sglinp prlifiog 18 with
bet h . ' '

etween Lhe bﬁ%?%g)ﬁéﬁ%?’n tﬁ%‘g\e@. fis 3 Eé}.@%% t%%p%ﬁ@é{é%ﬂxgthét%l é%a‘vé}ﬁéﬁgﬁql I{el'a{?on

sensors 23 soO cl'ose e packages _ uncti o y of
the sensors @ah&dpedst sashérl sish ¥s PHoloeleétbenddhataigaylcRperefRSalising2aors

cl ose enough to the packages 12 to substantially reduce the adverse
ef fects of aluetodim presenee & hubbleak 8ersing eitirstammpcer D1he psepencernd bubbles because

required for the sensors 23 to optimally detect tfhe %E%emé_le .of,

sal'i ne sol utfRACIRERTTR TR PRLRIEFER Prae & oRLPire! LR PR o9 fdat ovel
subst ant i al ';%Fﬁcg&%m alsh BuRtth8% BhscRCAURN L& SBOBHIBY tl@:ﬁ%hgtgﬁeclr@s@ﬁsﬂfsn
echoes generate y the sensors 23-fromair currents between the
sensor s 123 afsknking epRsiamgivy ilsalighhentbatvead the bkmsahnotdsargedd can t her eby

allow the sensors 23 to be placed at a sufficient distance DL from
the pal |l et 49958b f aci [The feregoiehigspripfionderrerided i thsfrurrpee o gxrianatios andieingin
18 in the cy 16 wi thout introducing sensing errors, due ta air.
current s bethERIPTHE" SR Bed etk ATyl 5 oS Rart ety
exanpl e, eaqaeén(seqyﬁre%ﬁe&aﬂoo%eafs%ﬁ&e@@eérnéﬁodg,tn i€a80RSd RRRFONABLHRNY
33.50 mm (1.319 1 nch) below the end of the sensor 23. This dinension
i s denot ed lnavd heen usdierpence: whrds ddéeription@id ilustiraforg watfer than Sozis oidimititien.

shroud 76 in this manner results in a gap of approximately 24.50 nm
(0. 9646 ¥5ncHyrtbrsmorecaihoush tsdrverdion bis hepedaspiogd oergie wiihaeranes e gpttieart he

pall et 21 when.the distance D1.is roxi.mat el m.. ap

et ween t he WORVErTSiet A0S Sekhridn SRS P etdectOpP st ifnd0, |
denot ed by thgichiek ak86ee n&hialReiBfvebtioR3xidnds b disGitifes?meh@23d d¢ee that
optimal value for the gap D2 is application dependent and can vary

wi t h fact or sarswitin thssdobeof dpappérided si@imns oThosasidled iathetrélevanieanistaving I8, t he
magni tude and direction of the aif currents between the sens?rs 23,
and the pal Itepeaf thejgaehingrof dibirariicafan potire fEmerais Ryl NpdGRTon
for the p L . i

[ 0054] AR | CanpeTRRlIERE A alen AT EPhoKi R DERRRG M e soops an sprt o
accur at e' andhé @vdnadd & defirdi badhe eppenddd clalve. IFenvezhrapla fthesgbtem @0 s hetusaio 18
in the cups 16 when bubbles are present in the meniscus 19. Bubbl es
conmonl y f ordetdeifluids sthaithanssgling selgtiogsin prrkages gikertrpndagkages fPriFFigrsishe
saline solutjon 18. The ability of. th t evel
of the sali n%org?)vleﬁfﬂlteénna%‘i?mvao 'W%%IS Bfl}heb‘%é@g%fsgéagﬂ ianSﬂ :&%gﬁfé@guslérw
is believed to represent a substantial advantage in relation to other
types of sensors, such as photoelectric sensors, that nay experience
sensing 2frors due to the presence of bubbles. Sensing errors can
occur in the presence of bubbl es because the photoel ectric sensor may
interpret the top of one or nore of the bubbles as the liquid |evel.
Appl i cants have al so found that the sensors 23 are | ess susceptible

t han phot oel ectric sensors
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10t o sensing errors caused by m salignment between the sensor and the
target. [0055] The foregoing description is provided for the purpose
of explanation and is not to be construed as limting the invention.
Al t hough the invention has been described with reference to preferred
enmbodi nent s referred nmethods, it is understood that the words

whi ch have bg@?‘fﬂlﬁss "ME&%in are words of description and
illustration, rather than words of limtation. 15Furthernore,

al though the i nventi onabagrhesmprisegcri bed herein with reference to
particul ar structure, nethods, and enbodi nents, the invention is not

i ntended to be | iatangihet conipigingasurfaaeuhad fasmela eupl ties baldsibe slimg solugort he

i nvention_extends to all .structures, nethods and uses that are within

the scope’of the Hpfkasariciseascyitiasdireqth acoustoenereysal thesuiface: and delaimd refum |
having the b ] : ings of this specification, may effect
NUMer ous nndﬁ%%%gi?gﬁgkgﬁm%ﬁ%&thention 20as descri bed herein, and
changes may be nmade wi t hout departing fromthe scope and spirit of
the invention as defined by the appended clains. For exanple, the
systein 10 can be2.usedThesydern eiciaing §.(irther aomhdsingtaaountiagl siracure thed rositions

in packages ot her than packages for contact |enses., Moreover,
alternative efb G?WEﬁ?§£6?m%%ﬁm@ﬁP%ﬁ@%ﬁ%%"%ﬁh have a shape other than
tubul ar. ;@5 What is C ai ned: - 1. A system conprising: a
container conprising a surface that fornms a cup that holds the saline
sol ution; &N Ul THeapadh Of ciam §, durthbih@pilingech®udsaust tthenmedsgyic at

the surface, and detects a return reflection of the acoustic energy."
2. The systeffé®-claim 1, further conprising a nounting structure
that positions the ultrasonic sensor substantially opposite the
surface. 3. The systemof claim1l, further conprising a

shroud secured tosthe tHelsiAsR B fain® &WhBikin the shroud is sflbstahily &yahem of
claim 3, wherein the shroud is substantially tubular. ‘
15

5, " The system of claim 1, wherein the ultrasonic sensor is spaced from the

container by a predetermined distance.

6. The sysiem of claim 2, wherein the mounting structure comprises a pla'te
20  member having the ultrasonic sensor mounted thereon, an upper bracket secured 1o the plate
member, a base member, and a lower bracket mounted on the base member and coupled to

the upper bracket.

7. The system of claim 6, wherein the lower bracket is coupled to the upper

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

8. The systemn of claim 1, wherein the ulirasonic sensor generates a pulse of the

acoustic energy.

30 9, The system of claim 8, wherein the pulse of the acoustic energy has a
frequency of approximately 500 kHz.
12



5. The systemof claim1l, wherein the ultrasonic sensor is spaced
fromthe container by a predeterm ned di stance. 6. The system
of clairri 2, wherein the nounting structure Conprises a plate 20
menber having the ultrasonic sensor nmounted thereon, an upper bracket
secured to the plate nenber, a base nenber, and a | ower bracket
nount ed on the base nenber and coupled to the upper bracket.

7. The system of 1 ai Mte sysMdresfeisim t, Hethbompridigadkeksdobciuplcafiey 0 t he
upper 25bracket by a fastener that extends through a slot formed In
one of the uﬁ%@?déﬁ@9$%ﬁwmcﬁwaﬁkets. 8. The system of claim
1, wherein the ultrasonic sensor generates a pulse of the acoustic
energy. 309. The system of claim8, wherein the pulse of the acoustic
energy has a freqpencyrilsyaap s iibxin3RQuieEEnic seplbr IHRpreds] RMRE
claim1, further conprising a processor comuni catively coupled to

t he ul t r asonelemgeitaigenerated ihélheousicsinengy, afid  pragassdt cormhertiativelytchapled to the

ul trasonic sensor conprises a vibrating el enent that generates the
acoust i c eneliBgingglegeat- pr ocessor communicatively coupled to the
vibrating el enment. 12. The systemof claim 11, wherein the vibrating
el enent is a piezoelectric crystal. 10 13. The system of claim
11, wherein the vidrattHagysdme oMM Y1, Whabie e DFALGLEAGH M B3 pRoslectric crystal.
el ectrical output in response to the return reflection. 14.
The syst & of claim6, wherein the system conprises ten of the

ul trasoni ¢ 15sensors npunted on the %Iate mepber . ,
13. The system of claim 11, wherein the vibrating element vibrates and generates

an electrical output in response to the return reflection.

14, The system of claim 6, wherein the system comprises ten of the ultrasonic

15  sensors mounted on the plate member.

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

20  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.

25 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 diamater of

the lower end of the ultrasonic sensor,

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

30 by complementary threads on the shroud and the ultrasonic sensor.
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15. The system of claim 14, further conprising a pallet that holds
ten of the containers while the ultrasonic sensors direct the
acoustic energy at the containers, wherein the ultrasonic sensors are
nounted on the plate nmenber so that each of the ultrasonic sensors
20substantially aligns with a respective one of the containers.

16. The systemof claim3, wherein the shroud defines an internal
passage and the amoustThe spfed 6ftladieh, Whdeih 8k ultBsohie kbt ik osmmirangRt e
through the internal passage. 2517. The system of clai'm 16, wherein

t he shroud ieuglediotaropirlier ans\iee ulttaseniofengd groviteseg seititdo we neplienely t he

the' | ower " ondh i R PbIToRFerCBRE G e eerieS Sy <o m 5.

wherein téie shroud is secured to the ultrasonic sensor 30by

conpl ementary threads on the shroud and the ultrasonic sensor.

19. The system of2ccl aiAmndiBed, edvgrisingn t he ul trasonic sensor is

communi catively coupled to the controller, and the ultrasonic sensor
provi des an output to 4TREing arstisieneiey ARy aRREhR PN AINE FEfsRIOHINGAEUPS
present in tMEH%%QEQ%ggﬁm@pove a predetermined level. 5 20. A
met hod, conprising: ! di recting acoustic energy at a

surfape of a cont ai nergetebig a&btﬁﬂ‘naéﬂéctfoﬂE)mtil@o@eti%ﬁérgyhﬁ{d hol ds sal i ne
solution; detecting a return reflection of the acoustic energy; and

10det er Mihi ng a di st ardeterrhieing.e dintascepeiwaen apoind pfi agfvin oghe adoestigeorraitand a

energy and a ection of the acouz% sed on an

oi nt, of refl i C .ener b
el apsed tineP P&?@%ﬁ‘?t"ﬁ‘i 0?@8 BRI e IRkasE N 0 & %ﬁddvez’ﬁ%ﬁ%g‘?ﬁ‘fnﬁg@e and
detecting t h&oﬁﬁ% leﬁé;r .a(?me%tlﬁakpgncﬁ&%é itﬁe refkelidh¥%f the acoustic en The
met hod of cl aim 20, %%erein |rectin§hacoust|c ener gy at éégurface of
a 15contai ner conprises directing the acoustic energy though a shroud
that substantially isolates the acoustic energy fromair currents.
21, The method of claim 20, wherein directing acoustic energy at a sutface of a
15  container comprises directing the acoustic energy though a shroud that substantially isolates the

acoustic energy from air currents.

22, The method of claim 20, further comprising generating the acoustic energy

using an ulirasonic sensor. -
20
23. The method of claim 22, further comprising recelving the returr; reflection using
the ulirasonic sensor, and determining the distance betwaen the point of origin of the acoustic

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

25 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 comprises directing a pulse of the acoustic energy at the surface.
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22. The nethod of claim 20, further conprising generating the
acoustic energy using an ultrasonic sensor. 20 23. The net hod
of claim?22, further conprising receiving the return reflection using
the ultrasonic sensor, and determ ning the di stance between the point
of origin of the agousiy [ @ Yiai | ti t he
acoustic pul se us?ﬁg tﬁt&mﬁ@aoggﬁ?{:ﬁ ‘s\gﬁr%gecl)rﬁeé %Sf%h?hgééﬁgtﬁ r'?lg‘%)a%@gsgl aim
20, further demeneysit agpraximatpi 509 kHhe container with an ultrasonic
sensor that generates the acoustic energy. 25.The nethod of claim 20,
wherein directing acoustic energy at the surface of a container

conprises directi a | se_of .the oustic ener at_the surface. 30
26, The met hod of 21 ai Mesastiorsili 20,78 eb?ﬂ”?és"??rs%%%’ég %‘%:@E%SPP'ES%‘&F'BV

has a fregqueRgMicdhatRRE M cHRdifd: Yo RRGhdiTzsonic sensor géhbrateb@ o%%t%ﬁl?wﬁéna
claim 20, further conprising spacing the ultrasonic sensor from ba
pal | et that istades tehveer thntitiasvoic ssrmot dndk ldvblef the taliasohlition & éms than a
generates an oytput only when a di stance between the ultrasonic
sensor and apfeg?ﬁrm't?f”?gﬁee saline solution is less than a

predet erm ned val ue. 28. A system conprising: 10a contai ner
having a surface that defines a cup, and a fluid disposed in the cup;
an ultrasonic seng@r thajsteh, t@fdrsingcousti c energy at the surface,
detects a return reflection generated by contact between the acoustic
energy andfl the fluid, aeitajenikaviag esurtae tatdelites baus dndmiluihdigosgadreitie cup;

time between directing the acousti¢ ener at. the surface of the
contai ner and detecti g%{' ‘Ehﬁéoq'%?eﬂ?%%]%&rﬁ@gg‘i%ﬁlf eﬁ?ﬁ@’aigﬁ.sg Sﬁteﬁ%ﬁp! ed
to the ultrasggh Feﬂ@&i%&é’nle?ated by conta%lgoet\a;légﬁthﬁX&Ju@tf@e%rg)?ér@'tﬁ@ Rl aﬁgfb@ﬁe%t&

the shroud is substantially tubular.
an output based on an elapsed time between directing the acoustic energy at the surface of the

container and detecting the return reflection; and

15 a shroud coupled to the ulirasonic sensor,
29, The sysiem of claim 28, wherein the shroud Is substantially tubular.
30. The system of claim 28, wherein the ultrasonic sensor directs a pulse of the

20 acoustic energy at the surface of the container,

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

the ultrasonic senscr proxirmate the container..

25 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 io
the upper bracket so that a distance between the ultrasonic sensor and the container can be
adjusted.
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30. The system of claim 28, wherein the ultrasonic sensor directs a
pul se of the 20acoustic energy at the surface of the container.

31. The systemof claim 28, further conprising a nounting structure
for positioning the ultrasonic sensor proxinate the container.

2532. The system ofgzcl ahmoggss,%ﬁ%dp the nounting structure conprises
a plate nenber having the ultrasonic sensor nounted thereon, an upper
bracket secured to theplpdiatecomeotes in acup atecor@ier, and a | ower
bracket nounted on the base menber and coupled to the upper bracket
so that a distance bet GO Rapasa v pedinsprexiapd atrhepicont ai ner
can be adjusted. 30 3 s...comarising: .placing a contact |ens
in acup of a contai neﬁgrébdggh@ééaﬁﬁen?@wé 83‘812%‘8 s'r@(SheaP”fri rst position
proxi matesa punp; i ntr @eeintg whahbige Rl Wak Sdtvd i |

punp, 5determ ni ng whet her n?ﬁe punp \APIZIIS péwgt %gﬁtﬁﬁaﬁpﬁgﬁgﬁ%ﬁ%ﬁgégﬁt
was in the fippsitfonpositi on; conveying the package to a second position
proxi mate an ul trasonic sensor; and N ) di recting
acoustic energy at theVRYNHE AREiRgRiasgooRd PesiliPe poXipAte 6n ukrAnigseNset i ¢
10energy whil,gythe container is in the second position using the

ul trasoni c sensor.

directing acoustic energy at the cup and measuring a reflection of the acoustic

10 energy while the container is in the second position using the ultrasonic sensor.
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