1 REMOTE MONI TORI NG OF MEDI CAL DEVI CE BACKGROUND [ 0001] Hospitals and

ot her healthcare facilities often use hypoderm c needl es, |ances, and other
i tens capabl e of puncturing or cutting4into human skin. After being used,
such itens, collectively known as "sharps", pose a risk of contam nation and
I njury by accidental puncture and shoul d be di sposed of very carefully.
Speci al waste di sposal containers have been designed to confine the sharps

and reduce the risk REN?@T’F%OM#OWN@@F%EM@?«E@%V gctices call for
col e healt

t hese containers to be ected, renmpoved fromt hcare envi ronnent,
and di sposed of, perhaps in several stages. In sone instances, a service
organi zati on separate fromthe healthcare facility carries out the final
Containgﬂﬁgkégﬁiﬂk stage. The collected containers are then replaced with
enpty c¢ | B repeat the cycle. [0002] A variety of sharps containers
are known in the art. For exanple, U S. Patent No. 5,947,285 to Gaba et
al., which is incorporated herein by reference, discloses a nedical waste
di sposal system for contanm nated products. This system has a holl ow

di sposal[oomitjai neHaspitals aadisthiey healthcsrerfacititied often esghypabiémmisiridedisy
covers the container. The enclosure of Gaba et al. has an opening and a
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that has an opening at the top to permt access to the interior of the 2
waste disposal containers have been designed to confine the sharps and reduce the

risk of accidental puncture. Accepted practices call for these containers to be
collected, removed from the healthcare environment, and disposed of, perhaps in
several stages. In some instances, a service organization separate from the
healthcare facility carries out the final container disposal stage. The collected
containers are then replaced with empty containers to repeat the cycle.

[0002} A variety of sharps containers are known in the art. For example, U.S.
Patent No. 5,947,285 to Gaba et al., which is incorporated herein by reference,
discloses a medical waste disposal system for contaminated products. This system
has a hollow disposal container and a housing enclosure that is engageable with and
covers the container. The enclosure of Gaba et al. has an opening and a tumbler
that is pivotally mounted to prevent access to the interior of the enclosure when a
contaminated product is being deposited into the interior of the disposal container.
[0003] In U.S. Patent No. 5,387,735 to Ponsi et al., which is also incorporated
herein by reference, a disposal container is provided together with a disposal system
employing the disposal container. The container of Ponsi et al. comprises a hollow

container body that has an opening at the top to permit access to the interior of the



cont ai ner body and a barrier disposed adjacent the opening for restricting
access to the interior of the container body. An outer enclosure of the
Ponsi et al. systemis shaped to accognodate the inner container. [0004]
U S. Patent Nos. D478, 663 and D478, 664, both incorporated herein by
reference, and U.S. Patent Application Publication No. 20030213714, al so

I ncorporated herein by reference, disclose additional container systens.
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generally include a receptacle sized to receive sharps and ot her nedi cal
wast e f Shapfdkisoacpommodatedhe InReGANtIINEBbNfi gured to pernit a user to deposit
sharps in the receptacle while restricting the user's access to the
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partially receive the receptacle and cover assenbly for nounting to a wall
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[ 0007] Conventional sharps disposal containers sonetines provide alarns or

i ndi cat 8r7d2.¢n thenentingediaplesyig of wisigh isingamasated ereprby efergnces agg g, 739 to
Bilof et al., incorporated herein by reference, shows an emtter and

det ect oavaitaiie frdnmoTyco Healthearedbronp L dMatdfeldrMassachusejtect s a beam acr oss

the interior of the container at a
[0005] Though optional, such container systems generally include a
receptacle sized to receive sharps and other medical waste for disposal, a cover
assembly configured to permit a user to deposit sharps in the receptacle while
restricting the user's access to the interior of the receptacle, and an outer enclosure
configured to at least partially receive the receptacle and cover assembly for
mounting to a wall while restricting unauthorized removal of the receptacle and cover
assembly.
[0006] If a container becomes full before being collected and, thus, cannot
accept another sharp, that sharp may go unconfined for a period of time in which it
poses a hazard. Conversely, a container collected well before becoming full
presents an inefficient use of the container’s capacity and an unnecessary added
expense to the facility.
[0007] Conventional sharps disposal containers sometimes provide alarms or
indicators when they become full. For example, U.S. Patent No. 5,918,739 to Bilof et

al., incorporated herein by reference, shows an emitter and detector mounted on a

container so that the emitter projects a beam across the interior of the container at a



3 predeterm ned |level toward the detector. Once the level of sharps in the
contai ner reaches the predeterm ned | evel and continuously breaks the beam
an indicator or alarmprovides an indgcation that the container has becone
full. Bilof et al. also disclose actuating an indicator each tinme an object
passes through the beam for counting the nunber of sharps deposited in the
cont ai ner. Nonet hel ess, such conventional |evel indicators still require

per sonapydd ﬁé&i&;@f%érﬁﬂhéﬂe&’é&bn‘. 28hce RAIvEl 6%%@3 ‘ﬁ?e SStather SUMMARY

[ 0008] Enbodi nents of the invention overcone one or dericiencies in

known syst b ermtting r t nitoring of I.cal Vi C ch as a
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according to a nessaging protocol contains information representative of a
sensed 3@angreyidenan irdisation ptdhecentaings hasrheroreafulh Blofetad s state
information to a renote |ocation, aspects of the invention permt a user to
be not i diselbss @mctuatingagpindicatart @achattime@n olgjgclypagsakdhroyghobe]beanméati cal wast e
contai ner nonitoring system enbodyi ng aspects of the invention includes a

sensor gawstitigahehumibér ¢f shadb< abpositideinanecantaiier. Nenetherss! syginses a state
of the waste container and generates a signal representative of the sensed
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The notification device is responsive to the nessage
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for proUlPdtAY%OT A3RHNStion to the user. 4 [0010] According to anot her
aspect of the invention, a nedical device includes

SUMMARY

[0008] Embodiments of the invention overcome one or more deficiencies in
known systems by permitting remote monitoring of a medical device, such as a
medical waste container. A message configured or otherwise formatted according to
a messaging protocol contains information representative of a sensed state of the
monitored device. By communicating the sensed state information to a remote
location, aspects of the invention permit a user to be notified so that appropriate
action may be taken.

[0009] A medical waste container monitoring system embodying aspects of
the invention includes a sensor associated with a medical waste container. The
sensor senses a state of the waste container and generates a signal representative
of the sensed state. A remotely located notification device receives a message that
contains information representative of the sensed state according to a messaging
protocol. The notification device is responsive to the message for providing a

notification to the user.



a nedi cal waste container configured to receive one or nore nedi cal waste
itens deposited in it. A sensor associated wth the waste contai ner senses
a state of the waste container and gegerates a signal representative of the
sensed state. The device also includes a transmtter responsive to the
sensor signal for transmtting a nessage to a receiver |ocated renotely
fromthe transmtter. The nessage is transmtted according to a nessagi ng

pr ot ocolf gy cont ﬁggﬁrﬂr{q ﬁé%th@ﬂasﬁ@&b??ﬂﬁ‘ﬁm%hﬁ&,q midiffcat @RoRY iftiabigs of the

wast e contai ner. [ n accordance w further aspects of the invention,
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i nformati on representative of the sensed state of the waste container. The
mess agedFRORHSRHN /b 3eRRRIARARAIER WD tRELERYE RGN ARATRENSeR RSBl ALHS! t o
usi ng a comruni cations protocol. The nmethod also includes renotely

not i fyi waste cordainer and generated assignal reprasestativetaf the seasedstate. Thesponse to
t he conmuni cated information. [0012] In yet another aspect of the present

i nvent i devica atkt iackides Gi traesritiel nekgonsive toahs iseastesigaal foa tramssttegtaype, and
a data section, which define a nmessage configured according to a nessaging
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header perm s nessagi ng accor e selected conmunicatlons protocol,
the data_section. cont.ai i nformtion represen ive pof . sensed state of a
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on the data section, [0013] Alternatively, enbodinments of the invention may

conpri sEERFEseYative gt thersansediateidhe QFfARdNers EQ0141 Cther features

will be in part apparent and in part pointed out
[0011] In accordance with further aspects of the invention, a method of

monitoring medical waste containers includes sensing a state of a medical waste
container and communicating a message containing information representative of
the sensed state of the waste container. The message is configured according to a
messaging protocol and transported using a communications protocol. The method
also includes remotely notifying a user of the sensed state of the waste container in
response to the communicated information.

[0012] In yet another aspect of the present invention, a data structure includes
at least a header, a message type, and a data section, which define a message
configured according to a messaging protocol for communication using a selected
communications protocol. The header permits messaging according to the selected
communications protocol, the data section contains information representative of a
sensed state of a medical device, and the message type defines an operation to be
performed on the data section.

[0013] Alternatively, embodiments of the invention may comprise various

other methods and apparatuses.



herei nafter. BRI EF DESCRI PTI ON OF THE DRAW NGS [0015] FIG 1 is a block
diagramillustrating conponents of a nedical device nonitoring system
enbodyi ng aspects of the invention. [0916] FIG 2 is a block diagram
illustrating conmponents of a nedical device nonitoring system enbodying
further aspects of the invention [0017] FIG 3 is a block diagram
illustrating conmponents of a nedical device nonitoring system enbodying
further ts o j i i i hagram of a
sensor ggﬂﬁge [ nb%t?}%@g?@?‘%é‘nwélfﬁ%Iw[(%@&%bpg%ﬁtgfndé_ﬁ p?ﬁtgf{%lgfbe&% is a block
di agr ath5 ’)‘eﬁé@qpl ary conput er-executable conponents of the sensor of FIG
4. [002 % 6 is a block diagramillustrating conponents of an exenplary
net wor k envi ronnent including a nmedical waste container nonitoring system
enbodyi ng aspects of the invention. [0021] FIGS. 7A-7D are exenplary flow
diagrans illustrating notification rocesses according to aspects of the

i nventi BRJEE@EEQ@RW%OMQFSTH%DB&WE‘@&am illustrating conponents of an
exenplary messagi ng protocol enbodyi ng aspects of the invention. [0023]
FIG 9 is a block diagramillustrating conmponents of a nedical waste

contai ner nonitoring system enbodying yet further aspects of the invention.
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[0016] FIG. 2 is a block diagram illustrating components of a medical device
monitoring system embodying further aspects of the invention

[0017] FIG. 3 is a block diagram illustrating components of a medical device

monitoring system embodying further aspects of the invention.

[0018] FIG. 4 is a block diagram of a sensor for use in the system of FIGS. 1,
2,0or3.
[0019] FIG. 5 is a block diagram of exemplary computer-executable

components of the sensor of FIG. 4.

[0020] FIG. 6 is a block diagram illustrating components of an exemplary
network environment including a medical waste container monitoring system
embodying aspects of the invention,

[0021] FIGS. 7A-7D are exemplary flow diagrams illustrating notification
processes according to aspects of the invention.

[0022] FIG. 8 is a block diagram illustrating components of an exemplary
messaging protocol embodying aspects of the invention.

[0023] FIG. 9 is a block diagram illustrating components of a medical waste

container monitoring system embodying yet further aspects of the invention.



wast e contai ner nonitoring system enbodyi ng aspects of the invention. [0026]
Correspondi ng reference characters indicate corresponding parts throughout
the draw ngs. DETAILED DESCRI PTION [00g7] Referring now to the draw ngs,
FIG 1 illustrates conponents of a medical waste container nonitoring
system 20. Aspects of the invention permt a wuser to be notified renotely
about a condition or state of nedical device, such as a nedical waste

contal nepo2dy SUCPIGIAS R 4 BlRkHdarafh {Hﬁ¥tr5’tﬁ|rﬂ)8&hpgfriér§‘lﬁlcﬁ’a RdidalaSi | On Of
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I s schedul epl ac : ne ' C .ner 22 is an
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| ances, and the Ljke, npy be deposited. [0028] Although described in the
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ot her nedi cal devices including any disposal container for various forns of
medi cal waatst eordeiner mardtoring tsiyetemn ambeslyng aspestsrehthe ioventiomuni zat i on of

human bei ngs or animals or in medical-related research, production, and

testingfobpen wasCerrespbnding refenéndes chiwtactarsirdichte @orreepdhding paticet s;
bl ood- soaked bandages; culture dishes and other glassware; discarded

sur gi cajp g the drawippded surgical instrunents; cultures, stocks, and
swabs usedu@gﬁlﬁnnocuﬁtg cultures; and renoved body organs and tissue. A

list of suitable waste containers for 7 wuse in enbodi ments of the present
invention is found in Tyco Heal thcare's Sharp Disposal catal og nunber

H 46935. The Shaﬂig S C ﬁﬁéog Is fully incorporated by reference. Tyco

Heal t hc RESAILED ﬁgﬁ@ Nof the present invention. Al so, the waste

contai ner 22 may be nobile. An exanple of a nobile waste container is found
on

[0027] Referring now to the drawings, FIG. 1 illustrates components of a
medical waste container monitoring system 20. Aspects of the invention permit a
user to be notified remotely about a condition or state of medical device, such as a
medical waste container 22. Such state information may be, for example, an
indication of whether the waste container 22 is full or empty, or the waste container
22 is scheduled for replacement. In one embodiment, waste container 22 is an
approved sharps disposal container into which used hypodermic needles, lances,
and the like may be deposited.

[0028] Although described in the context of sharps disposal, aspects of the
invention may be applied to other medical devices including any disposal container
for various forms of medical waste generated in the diagnosis, treatment, or
immunization of human beings or animals or in medical-related research, production,
and testing. Such waste includes, but is not limited to: needles; lancets; blood-
soaked bandages; culture dishes and other glassware; discarded surgical gloves;
discarded surgical instruments; cultures, stocks, and swabs used to innoculate

cultures; and removed body organs and tissue. A list of suitable waste containers for



page 8 of the aforenentioned catal og. The waste container, a horizontal drop
lid container, is found at page 14. For instance, the container is

rel easeably secured to a cart found ay page 8 of the aforenentioned

catal og. [00291 The contai ner 22 may be di sposable (filled once or alimted
nunber of tinmes and then disposed) or reusable (filled, enptied, and
reused). It nay also be fashioned froma nmaterial that is at |east

partial '@/e rnra ﬁaarﬁ%ﬁfgo?phégggésgpt WEﬁtic%H&%uHSfi% gg'baﬂéaggmghwbsﬁggéi ght or

sound, to en e sone me detecting the unt ar ps ot her

waste itens in the container, 0 ho i.n. Fl 1, S 24 senses
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the sensed state. In response to the sensor signal, a user, receives a

not i fi cEefeeRceAd¥6p diarithcareisdbaiassionsest thepresand investion: ifdso.dhemasteo
comuni cates the notification using a nessagi ng protocol 26 over a network
(e.g., cetamek226nay bEIN®biE). Ap exbmpls of a atokilel wastei comtaivepisdfotind onwast e
contai ner 22. The user (or data acquisition system66 of FIG 6) acts on the

t ransn pAgsl 8 f e affrefreativnsd eaRioy.aThe wasle cdhRima! aMyizbataddr@swnse
acknow edging the state, an email to a service provider or a nessage to
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providers not to Intro e further nmatérial I nto the contal he

state of te coptainer ensed. by gensor 24 nmay be representative of
one or %%8?"$ﬁgp?%?ﬁo%%ﬁ%:a?%rempélpxeapaf?g%'cal waste items deposited in
container 22 relative to its_capaci t%/_; an uneven stacking .condition within
cont ai néP029] a chbgcopRingd<rayResdisPrrsaie (Hadngear a imiteddyrbenefr 22, a

date or tine of last servicing of the waste container 22, and a service
hi st or ytimés aodtthendisp@@ed) 008ijsable @iled earbptiédreand ressedpr It2aay alspds t i oned
In proximty to container 22
fashioned from a material that is at least partially transmissive to one or more types
of emission, such as light or sound, to enable some methods of detecting the amount
of sharps or other waste items in the container.
[0030] As shown in FIG. 1, a sensor 24 senses the state of waste container 22
and generates a signal representative of the sensed state. In response to the sensor
signal, a user receives a notification. According to embodiments of the invention, the
system 20 communicates the notification using a messaging protocol 26 over a
network (e.g., network 56 of FIG. 6) to the user at a location remote from waste
container 22. The user (or data acquisition system 66 of FIG. 6) acts on the
transmitted state of the waste container 22. The act may be a response
acknowledging the state, an email to a service provider or a message to alarm, by
way of a blinking LED, at the waste container to warn medical providers not to
introduce further material into the container 22. The state of waste container 22
sensed by sensor 24 may be representative of one or more of the following: a level

of medical waste items deposited in container 22 relative to its capacity; an uneven

stacking condition within container 22, a count of medical waste items deposited in



and is configured to detect a |l evel of sharps in the container or another
characteristic such as those descri bed above. Nunmerous sensors and sensor
systenms nmay be used, exanples of which are disclosed bel ow. The sensor 24
may be nounted directly on or near waste container 22 or on a housing that
encl oses the container. Also, in FIG 2, the sensor 24 may be di sposable or
reusabl e. The sensor 24 can be releaseably secured using hinges 28, bolts,

screws, cdrﬁaﬁeptzzaa St Br fimkQf¥stAirdcihof the Wt comalrergiandneseite Thi s
allows the medical practitioner or service provider to adjust the hei ght of

sensor he frequency of waste renoval in the event of, for
exanpl el%étotrﬁgtg&ﬁttg?%?gtgus waste item material. [0032] As is well known I n
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to container 22. I\/breover t he power source 30 may be attached to an

al t er na@ndthiy configarad tqﬁﬁtegh@tﬁwel of sw@smtheeﬁmrétglqamr anpihenchartaeterigtifner
source 30 also may be a solar cell array. A wall cabinet or enclosure,

per hapssuahuad thobserdegcribéd abdeéi Nasnenous seasoErarsd sensdreystes naydte | east a
portion of waste container 22. The wall cabinet may al so have a reusabl e or

t enpor aged@xhmp |§§6mhi&ﬁrar82nsdfdﬁaﬂb@|§wcaumé9@ertmm DAy bhRORobnRd t he
af or ement i oned cat alog. [0033] In operation, as waste itens are deposited
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nowto FIG 3, atransmtter 32 or other such input/output devi ce S
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pertaining to the sensed state of container 22. The transmtter 32, which
may be medical waste container 22. This allows the medical practitioner or service provider

to adjust the height of sensor 24 to increase the frequency of waste removal in the
event of, for example, a more hazardous waste item material.

[0032] As is well known in the art, a power source or supply 30 provides
power for various components, such as sensor 24. The power source 30 may be
located anywhere with respect to container 22. Moreover, the power source 30 may
be attached to an alternating current (not shown) or use batteries (not shown). The
power source 30 also may be a solar cell array. A wall cabinet or enclosure,
perhaps mounted on a wall, defines an interior sized to receive at least a portion of
waste container 22. The wall cabinet may also have a reusable or temporary waste
container 22. Examples can be found on page 6 of the aforementioned catalog.
[0033] In operation, as waste items are deposited in container 22, the sensor
24 detects a level, for example, within the container’s interior cavity and generates a
sensor signal indicating the detected fill level. The sensor 24 may generate a signal

representative of a condition in a continuous broadcast or intermittently.



enbodi ed by a transceiver, is configured to receive the signal from sensor
24 continuously, intermttently, followng an interrogation signal to
sensor 24 from transmtter 32, or in gome conbination thereof or
alternative interval. In one enbodinment, transmtter 32 comunicates with a
renotely | ocated receiver 34 according using the nmessagi ng protocol 26 over
a communi cations protocol. A notification device 36, which is associ ated

with theobaagi ver RMferriRgHOVARSFRS. 114 irahgraitieP B2 IItRSENIGH inpat/elitpube sensed
state to a user. For exanple, the notification infornms the user when waste

cont ai NGy i% gesfgght%i@”:ﬂ thg sﬁr‘ﬁ frgfn SEMof 9% or %n&ﬁﬂiiﬁgﬁrgﬁﬂ*\atiéﬁ‘ this

manner, aspec nven ermt renote nonitor cont ai ner 22.
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FIG 4, sensor 24 can have one or nore edge connectors 40 to plug and play
var i ous emhegiedhby adiansgeives s cesfigered. to racejue shmaignal presensgs2dst ant 62,
cell phone 64, or cabling froma conputer 58 as shown in FIG 6), and the
edge cooosiituousi( iermittentipt fellbatedan terrogatgint signahtol semsod 24 ifcen as

di scussed below Plug and play sensors are known in the art. For exanple,

such sefapsmittdrBLe of ISEMetommRation tHepsof ¥ flichdativecinfdroal. Idair t hat _
describe the particular sensor's specific characteristics. The information
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(TEDS) . e sensor I'n one e I nc ansmtter 32 as well
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avai l able from 1-0 Data of Kanazawa, Japan or Mcron 10 Technol ogy, Inc. of

Boi se, natificationtieviaend®,ywhigh ie pasociategwith theneceiver B4npravles densor

readi ngs, and/or a response to a sensor notification.
notification representative of the sensed state to a user. For example, the
notification informs the user when waste container 22 is full and in need of emptying
or replacement. In this manner, aspects of the invention permit remote monitoring of
container 22. As shown in FIG. 2, waste container 22, sensor 24, and transmitter 32
comprise an exemplary medical waste container system 38.
[0035] Referring to FIG. 4, sensor 24 can have one or more edge connectors
40 to plug and play various input and output devices (e.g., a personal digital
assistant 62, cell phone 64, or cabling from a computer 58 as shown in FIG. 6), and
the edge connector 40 can be interfaced to a weight or volume device as discussed
below. Plug and play sensors are known in the art. For example, such sensors
have embedded memory chips holding technical data that describe the particular
sensor's specific characteristics. The information may be stored in what is known as
a Transducer Electronic Data Sheet (TEDS). The sensor 24 in one embodiment
includes the transmitter 32 as well as a memory 42 and a microprocessor 44, The

memory 42 may be random access memory, flash, or a releaseably removable

memory stick such as those available from I-O Data of Kanazawa, Japan or Micron



(00361 As shown in FIG 5, conputer instructions 46 may be the enbedded
protocol s as di scussed bel ow, a web server application 48, TCP/IP or UDP/IP
50 conmmuni cations protocol, java applgts 52, and/or a broadcast protocol 54
such as real tinme publisher and subscriber protocols operating using the
TCP/ 1P or UDP/IP stacks. Those skilled in the art are famliar with the use
of the TCP/UDP/IP protocol suite as the underlying framework upon which

Et her ney; IR HBoigd Ahb ! The HEFBHPE2 HORRSATBAEPdinchYR 48r Ot 0cOl 5

are too ?ow evel to be use irectly by any e sinpl est applications,

my be YR RdhEs Al OhE TR A st Bt ool (Real T
Publ i sh- Subscri be for ex adds, paranmeters to offer | i j on
devel op&P@38h easésﬁﬁgmndn%H&-ageceraﬁmﬁﬁ.%séchaﬁn%ﬁﬁunevmthecﬁ bedds

deadline requirenents. Distributed application devel opers have several
choi cesprotecolawas disnyssedteliv,a wehserverdpplicatiork ABwhCEdRmeml D&Y P50
architectures such as Point-to-Point, Cient-Server, and Publish-Subscri be.

[ 0037lcémmmaaubherpromasqnviépmé&rSZa arrrd/dnm)bmamaaf petoddiS4psumhrasuppl y 30
Is turned on. The sensor 24 may go through a start-up procedure verifying

Temory ltlmé |§H9r Lh@BBFLEALT p?@tocb%%é?gtug%ﬂ ScﬁétTC'F’]igﬁPforr@JDF’WDry 42

(e.qg., determning i'f other Vi C s such as a nenory stick

Z&&ZSQ%@& b?%%gﬁﬂémﬁfé at aef %’bﬁ?? ot S BhEB' e, FGPOBF FaBRER, = "

I tself vmththe net wor kK manager )é be | ocated ontherequynte
conput i $Hjtesas theadnagyl y"w)framevwk %’OPI‘@'C@ theypsseommutications afg ity est art
sensor 24 is ready for operation. As discussed above, the general
t r ansm Betauwseothesa tanspotdavelprotogolssare/toe dpw yeus tcpbeluseﬁeilrefctly by any
subscri ber. Dependi ng upon the configuration stored in nenory 42, the system
can but the simplest applications, higher-level protocols such as HTTP, FTP, DHCP,

DCE, RTP, DCOM, and CORBA may be used. Modifying the publish-subscribe

protocol (Real-Time Publish-Subscribe), for example, adds parameters to offer

application developers an easy way to manage communication on bus with different

deadline requirements. Distributed application developers have several choices for

writing communications, including known communication architectures such as

Point-to-Point, Client-Server, and Publish-Subscribe.

[0037] In operation, sensor 24 starts or boots up after the power supply 30 is

turned on. The sensor 24 may go through a start-up procedure verifying memory 42,

checking transmitter 32, loading saved settings from memory 42 (e.g., flash), and

determining if other I/O devices such as a memory stick are connected. If sensor 24

is a node on a network, the CPU 44 executes an address resolution protocol

instruction set, for example, to register itself with the network manager, which may

be located on the remote computing devices 58, 60, or 66 in FIG. 6.

[0038] After boot up or restart, sensor 24 is ready for operation. As discussed

above, the general transmission of information is request / reply or publisher /



boot in the publisher / subscriber node. The sensor 24 conti nuously
broadcasts on UPD/IP a nessage for a specific period of tinme. As described
above, notification device 36 may nESﬁﬁge t he user, request an input

acknow edgenent and then respond to the broadcast nmessage. The reply can be
stored in nenory 42 |ocated in the sensor 24, nenory in the notification
device 36 or in a database 68 (see FIG 6). [00391 Alternatively, the user

may T equgskc r%qadgmgrﬁe%%&nug%ag. dipSof] 98rel {rPREHICHY 4! 11 By Ot oco

address over the n phone not er

of a weboBE AP BB %@a‘éﬂﬁe*‘%ﬁe Cieileot PR GHEDLSISK ERpad BRERRT 20"
i ¢ he U 8 Botas)ford SREGEId pRtpCLGisyRe. AsrARCTBa ARGNE, NOVIERUANL  or 32

and notification device 36 connunlcate via a communication |ink accordi ng
to a conruitec# maysnessagedhedisesi reguasinass ipyt Agkmrwiedgemert andtieen

comunication link may be in the formof any electronic wired or wireless
communi ¢gdpomd t9)thé Broadessh nesssageWTheagply ¢l be stureélie srerhelyodthivtates/ st em

etc. It wl I be appreciated that the communications |link may utilize any
one of & Rl lif fhé ADHH Bh%e@ﬂ?% of HHWAt 4088 (et g0l s or
met hods to trans ata. "Exanp es sultable w re conmuni cat I ons

medi a/ ”35 hods i ncI ude, but are not I imted to, public switch tel ephone

net wor k (" PSTN) wi red digital data networks, such as the internet or a

| ocal area networ ))é coaxi al cabl e, ﬁé c cable and the |ike.
e

Exanpl ed 0889 ui taﬁi'@r’%ﬂtw&i he UsenmaNireauess Gfﬂﬁﬁ’é by fYEBY But are

not limted to, wireless tel ephony including anal og cellular, digital
per sonapadinviarinieanetqrotasel aldess ovesthe netwerk 561sing a PDA 62, cell phone

64 or remoter computer 58. The sensor 24 can have computer instructions 46
representative of a web server 48. The PDA 48, for instance, requests sensor 24
data and the server 48 replys with the information to the user interface (not shown) in
the PDA 48.

[0040] As described above, sensor 24 and/or transmitter 32 and notification
device 36 communicate via a communication link according to a communications
standard using a messaging protocol 26. The communication link may be in the
form of any electronic wired or wireless communication system, such as a two-way
radio, wireless telephony system, etc. It will be appreciated that the communications
link may utilize any one of a variety of communications media and/or communication
protocols or methods to transfer data. Examples of suitable wire communications
media/methods include, but are not limited to, public switch telephone networks
("PSTN"), wired digital data networks, such as the internet or a local area network
("LAN"), coaxial cable, fiber optic cable and the like. Examples of suitable wireless
communications media/methods include, but are not limited to, wireless telephony

including analog cellular, digital personal communications service ("PCS"), short



nmessage service ("SM5"), and wireless application protocol ("WAP"). O her
suitable wreless comrunication nedi a/ nethods include wireless digital data
net wor ks, such as |EEE 802.11 wireleg® LAN ("W.AN'), two-way pagi ng

net wor ks, specialized nobile radio systens, infrared, and non-Ilicensed

| SM service communi cation |inks, such as Bluetooth. [0041] A web page may
have applets 52 or additional conputer instructions |ocated in the page for

furthermag §Ritd MSMB)Naid (vireRisk tippliedticiEpRocol MeVAPD] eDtherstitaBlz Pronpt
the user (not shown) to respond, save the transmtted data or cause further

process\ivr}&eQ%_cbnﬁnﬁif?ﬂcé‘tiér‘gg{écﬁ’%aﬁ%@ﬁE\tchgjreawi‘f’éibégﬁ?c?ta@ﬁaPJ néﬁm‘?ﬂ?ﬁﬁéﬁt%hgg to a

data acqursition system sone communi cation
either w r.-WJreless i,nc| serial (RS-232 or RS-485) .o her net
whi o (S8R E02 1 FireR3s LAN EAIERNT N Ao cBhCRenR Bl er v ea
Network), which is a serial bus system conprising the data_ link |ayer of
t he sevewbjlgyagiosgeienss, ipfsarede apd nepdicensed haMaseryicesiammyaisatian links,
comuni cation services, nanely, the sending of a nessage (data frane
t r ansm switoag Biredodthe requesting of a nessage (renote transm ssion request,
RTR). As is known in the art, CAN is based on a broadcast comunication
mechani $gp4 i ch AsvdlPpage PihyPhaRSagEIets052 Bh&ditibhalnsompste habietiond! - |t
defines nessage contents rather than stations and station addresses. Every
nmessage | L - }: i g e t wor k
becauselo??t%gépitﬁgggggﬁ?tﬁﬁgﬁﬁ%%'Héﬁ%ﬁpgr| 'yowo({!a{' eéﬁégﬂaégé. I this
tinme, t CAN protgcol s rts t nessage fr formats. "CAN base
frame 82 6a0Rramat et (BRCSASHINS reBRoRd, Save BR Transtitied ool GAlishonn s
CAN 2.0 A), and a "CAN extended frame" supports a |ength of 29 bits for the
i dent i ffusthe( peraessing afiibeudiata suptnas storpg inendatakppe 68 entransanitting tevant art
w Il appreciate that additional or alternative comrunication

data acquisition system 66.

[0042] Further, some communication methods, either wired or wireless,
include serial (RS-232 or RS-485) or Ethernet which use CAN or Internet protocol
("IP™) addressing, CAN (Controller Area Network), which is a serial bus system
comprising the data link layer of the seven layer ISO/OSI reference model, generally
provides two communication services, namely, the sending of a message (data
frame transmission) and the requesting of a message {remote transmission request,
RTR). As is known in the art, CAN is based on a broadcast communication
mechanism, which is based on a message-oriented transmission protocol. It defines
message contents rather than stations and station addresses. Every message has a
message identifier that is unique within the whole network because it defines content
and also the priority of the message. At this time, the CAN protocol supports two
message frame formats. A “CAN base frame” supports a length of 11 bits for the
identifier (formerly known as CAN 2.0 A}, and a "CAN extended frame” supports a
length of 29 bits for the identifier (formerly known as CAN 2.0 B). One skilled in the

relevant art will appreciate that additional or alternative communication



13 nmedi a/ mret hods may be practiced and are considered within the scope of
the present invention. Accordingly, those of ordinary skill in the art wll
appreciate that the comunications |iq# may be constructed with
commercially available circuitry necessary for the particular type of
communi cati on descri bed herein. For exanple, in one enbodinent, the

comuni cation |link nmay be constructed from conponents anal ogous to the

el ectr Oméeﬁa/h%@ﬁo&é)ﬁqag Be\Brattived %HU%réxe%h&abFémWﬂﬁinythe%%pbrbf%e pigRndl arm
system These featur are described in Saltzstein et al atent  No.

6,727, 844 ven r?or porgﬂ%htﬁfage%’fo&ﬁﬁg %Fm tW@ ﬁrﬁﬁfr ﬂ'ﬂ{t%é" ng status

i nf or ma rom medi ca evi ce an

|nfornat|onto te system user 004 tlon etvveenthe
vari ousCEWHﬂHH‘éﬁa\ttoé‘sﬁ kiTRaY pF fuct%w'm [’BW”E"!’HWY@IV"" F‘qﬂ'r@” IP(ot i fication
of the need to attend to a waste container 22 may be inplenented using a
hospi t aheaessaryfartbe martimiar tine of corsunicatiomdesayivedrhereiys t eon examidepi t al
nonitoring network is a conmuni cations network such as an Ethernet network

support imgné eatbairasni) the oothmlnigatizinolink map bersutistrupted owl campdidrity
standards or any other applicable connunication protocols. In one

enmbodi [ dustry-
Standar 488 PE%E%E“"A FEI0AES WIS TR, ARK iy g SfSemcatfinidnyBsad i adust Ty

i it capfe 81 %y%ﬁeiﬂ“dTﬁ%??&%ﬁ“#f#”ﬁ%#ﬂE%@%ﬁ?'tﬁﬂ?éréteﬁaﬁﬁ%g??%nb“t b
sensors, and ot her conmunication and interfacing devices.. These devices can
be nodedNopR. ZdnéithiivearPeraieq bewe bk refsrenged WHigrhe %Crtﬁesrﬁsl%t§ﬁﬁf‘91§aﬂ{'§ state

i nformati on about the waste container 22. [0044] In this regard, the

communi idbiineationpfiremce portaiipl rogdidabgevieam and commuigatirgititd infalgmaté;)ratm rel ess

communi cations protocol, an internet protocol or a
remote system or user.
[0043] Communication between the various components of the present
invention and, for example, notification of the need to attend to a waste container 22
may be implemented using a hospital monitoring network and a resource
management system. A hospital monitoring network is a communications network
such as an Ethernet network supporting transmission control protocol/internet
protocol (TCP/IP) standards or any other applicable communication protocols. In
one embodiment, hospital monitoring network is optionally buiit using industry-
standard equipment, for example IEEE 802.3 cabling. A plurality of electronic
devices and more particularly hospital devices such as, but not limited to, computers,
patient monitors, patient meters, and patient sensors, and other communication and
interfacing devices. These devices can be nodes on communications network 56
and capable of messaging 26 state information about the waste container 22.
[0044] in this regard, the communications protocol employed by monitoring

system 20 may be a wireless communications protocol, an internet protocol or a

protocol that uses an internet protocot (including FTP, TCP/IP, and Ethernet/iP), a



protocol that uses an internet protocol (including FTP, TCP/IP, and

Et hernet/IP), a 14 serial |ine comrunications protocol, a Bluetooth |ink
protocol, a field bus protocol such ag PROFi bus, Mdbus, and Mdbus/ TCP, a
controller area network protocol such as CANOpen, Ethernet-based protocols
such as PROFi net, MODBUS/ TCP and the like. [0045] In an alternative

enbodi nent, the sensor signal also activates a local alert. For exanple,

this sigaa iBYeomsrhuMRhBoRs hﬁ%@&ol' afﬂmétbgfh ik ProRyddica fidiEn e PRitocdior m of

notlfhcatlon to a user Inthe vicinity of waste container 22. The |nd|catorf
sound, - SHEA5 PrFFENSAEYRuR, Ehd PodBuRRICH . BoBPY s eB sebbills ettt he”
cont a1 néHch B CARLOBEN. nsugsr-besadoraagte Syah ahPRQkiner MOBEEBIP ang1 4
full, and green 1/2 full or less), a "gas gauge fill level indicator, or

the |ikthe ikesi mi | ar indicator schene coul d be enployed at the renote
| ocation. [0046] Thus, nonitoring system 20 nay be used to determ ne, for

exanpl eooassenti &l Ay altarRdivaterhbodifrent ahetsahser sighal alsb aictivates aeaall y ful | .
This permits a user to pronptly renove waste container 22 and repl ace it

Wth ang f’erFPtFS’or%%rrl]ﬂIE ttrﬁsdgl'ghhp td?:ﬁv?t%% veFFnﬂﬂ?AtoW B r?é%t |vate

i ndi ci a such as or soun y alert a ser I nc u Ing one in
the i cont ai ner.

e b e o 8 s o el BB 2. S 9T
or der to facilitate container collection and disposal. [Q0471 In one
enbodi nBAEN aNRI0Y Hisplavedigital displass acsnusee sblight Qi ISOe f §RUAT, of any
comuni cations network 56 (e.g., the internet) as shown in FIG 6. For
exarrpljggtr?r knewsandiciaccomotumicaifie toousersproxmal &b thef indivatars t Eorce@mapleer 22
e the indicator provides a visual indication of container fill level through a lighting

system (red —full, yellow — 3/4 full, and green 1/2 full or less), a "gas gauge" fill level

indicator, or the like. A similar indicator scheme could be employed at the remote

location.

[0046] Thus, monitoring system 20 may be used to determine, for example,

essentially immediately when container 22 is full, or nearly full. This permits a user

to promptly remove waste container 22 and replace it with an empty one. In

addition, the sensor signal may be used to activate indicia such as a light or sound to

locally alert a user, including one in the immediate vicinity of container 22, of the

sensed condition. Such signals from sensors are optionally communicated to a

central point in order to facilitate container collection and disposal.

[0047] In one embodiment, notification device 36 comprises a node on a data

communications network 56 (e.g., the internet) as shown in FIG. 6. For example, a

personal computer 58 located remotely from waste container 22 provides a

notification of the state of container 22 via its display. The sensor 22 communicates

with the computer 58 directly via the network 56 or indirectly via transmitter 32.



notification of the state of container 22 via its display. The sensor 22
comuni cates wth the conputer 58 directly via the network 56 or indirectly
via transmtter 32. 15 [0048] In the odinent of FIG 6, nedical waste
contai ner system36 transmts the sensed state of container 22 (e.g., |evel
of each in-room sharps container) to conputer 58 via wreless transm ssion,
as di scl osed above. The conputer 58 nay serve as a central conputer from

whi ch nypgs;on ¢ fiewl Abokitfentdf¥iaCs chafici RaLRILGhIEREF speefzspand a need

to know evel contai ners ) cou or the container
states |[n a designated, area. Usi.n twor k 56, .addit.ional conputing devices
or - commAnemts i SBasict SefEr caahes 22 ‘euel ¥ hrEOm I o avar | abi e
on conputer 58. For exanple, computer 58  provides notifications that permt
a servi sentgingy) @egomputes g8 \ia Wirelassi traismiggsiost as disciasedaknuenethef

containers 22. This allows the service provider to determ ne which

hospi t absmputertiiemay sena aga cEnted computesiftomamdiothnursesant thenfloor (oo exchange
for enpty containers. [0049] Simlarly, conputer 58 or another one of the

devi ces affonédisetth@Wodw hatehcteedaiEa neelas Rhbd the |evetioferageet al services
or custodi al personnel, depending on who changes out containers 22, to

regul ar ' lL.af | det er.m Lsh to visit
on a gi \bée{[r]l a§§ g%&%??ﬁ%@t%?r@b% gfegr{g%g%%@ﬁ‘t-%d‘[’%géoy sifﬁs)d[rﬁescri bed
above, waste nt gi.ner 22, sensor, 24, and transmtter, 32 c | an
exenpl aPgtYA Seaptbenal SERB LB He das Bhram Ut iR S e SaL4 RBun i n
FIG 7A, any nedical device 70 capable of neasuring can be integrated to a
sensor Dave gecessaiedhetsamedatddavailableomgompstaidids . Feoexamplep cempyiari 3l
device 70 may be a nedical waste container, a thernoneter, an enteral

f eedi ngpmwviges @otifications that permit a service provider to regularly monitor the status of

a number of containers 22. This allows the service provider to determine which
hospitals or other container sites to visit and which containers to exchange for empty
containers.

[0049] Similarly, computer 58 or another one of the devices 60, 62, 64 aliow,
for example, a hospital's environmental services or custodial personnel, depending
on who changes out containers 22, to regularly monitor the status information to
determine which rooms to visit on a given day and which containers 22 to change
out.

[0050] As described above, waste container 22, sensor 24, and transmitter 32
comprise an exempiary medical waste container system 38. Alternatively, as shown
in FIG. 7A, any medical device 70 capable of measuring can be integrated to a
sensor 24 for transmitting and receiving messages. For example, medical device 70
may be a medical waste container, a thermometer, an enteral feeding pump, a
compression apparatus for venuous treatment, or the like.

[0051] In the embodiment of FIG. 7B, a thermometer 72 can transmit its

temperature reading 74 or a series of temperature readings to notification device 36



conpressi on apparatus for venuous treatnent, or the like. [0051] In the
enbodi nent of FIG 7B, a thernoneter 72 can transmt its tenperature
reading 74 or a series of tenperature T6ead| ngs to notification device 36 16
or to the database 68 of data acquisition system 66. The user can transmt
the tenperature reading 74 using a transmt button 76, or conputer

I nstructions (not shown) enbedded in the thernmoneter 72. In the

al ternativye, therponeter .72,can_ .br.oadc s described ,above) ,when t he
F emmer aPhIEthe SRIRRSE B8 tos Bt ALauiSHAR Y aRE 68T TR GariEn BRI, | he
Fas- Tenp manuf actured by Tyco Healthcare Goup, LP and U S. Patent No

6, 634, 7&Mmpeliatyg repdingr chHgingrlrapsrait button aTGT%ﬁampétqueﬂﬁmr(nat scl osed
in US. Patent No. 6,238,089, U S. Patent No. 5,857,775 for a Thernpneter

Pr obe hahowg) ambétided iiny the Mpnmtep&dlm@weeqjtﬂrhame,dhernV@nlel@G@BoﬁaﬁﬂlGOG
Tynpani ¢ Thernoneter Nozzle Design filed April 15, 2003, the entire

di scl os ur@sdcakt (lawékcwbedldmap%ehqﬁe *ﬂ@rh?éfat@r!é ﬂe%ﬁﬁf%n@%m;ﬁl@@zl FIG 7C
illustrates a simlar exenplary enbodi nmen nmedi cal device is

an enter, ation of the
et or al "PRUGEE eitBef dovls BERE Pas TN bithhaGuRy ﬁE% i

CO- assi U. S Paten 958 fil ed 04 and
entitleg'(éaiﬁﬁ?rﬁlgfor% @@%Uﬁ%a gN%rﬁjségﬁ@g?f%% ?@Fﬁ"'% 8ER il ed
May 24, 2004 and entitled Flow Control Apparatus, and 10/ 853, 926 filed May
25, 2004 Bmopaniethermameten gisciosedgn 4.5t BatarsNo 6-238,088ntrS| PateptiNet us, t he

di scl osures of which are incorporated by reference. [0053] U S Patent No.

6, 610, 081857, &S fortd Thethoakies Arebe hawimgch Watertight Sept rortpeshdivey @pplicayion

reference, discloses a suitable conpression apparatus (not shown) for use

I N connggdi95208d/01 FERP L ARANT Pheiibingle? NZzId DESIHh Y ABRI 15, 2003, the
entire disclosures of which are incorporated herein by reference.
[0052] FIG. 7C illustrates a similar exemplary embodiment in which the
medical device is an enteral feeding pump 78. The general construction and
operation of the enteral feeding pump 78 may be generally the same as disclosed in
co-assigned U.S. Patent Application Nos. 10/853,958 filed May 24, 2004 and entitled
Administration Feeding Set And Valve Mechanism, 10/854,136 filed May 24, 2004
and entitled Flow Control Apparatus, and 10/853,926 filed May 25, 2004 entitled
Flow Monitoring System For A Flow Control Apparatus, the disclosures of which are
incorporated by reference.
[0053] U.S. Patent No. 6,610,021, the entire disclosure of which is
incorporated herein by reference, discloses a suitable compression apparatus (not
shown) for use in connection with embodiments of the present invention. For
example, a pair of compression sleeves and a manifold tubing set is provided as an
integral unit. The tubing set comprises a first set of conduits integrally connected to

the first sleeve and a second set of conduits integrally connected to the second

sleeve. The first and second conduit sets are connected at a controller connection



exanple, a pair of conpression sleeves and a manifold tubing set is provided
as an integral unit. The tubing set conprises a first set of conduits
integrally connected to the first sl e and a second set of conduits
integrally connected to the second sleeve. The first and second conduit
sets are connected at a controller connection 17 device conprising a

mani fol d, having a plurality of fluidly isolated, branched fluid passages,

and a cgn t f L [I€ | At I r e of
compr s SBcg P mPHRPEA NGB e o B, B AR [rRs8, bBIncRedB 2 on of
the device is the connection at the contraoller. [00541 FIG 7D

di agr anR88$298S, §NH 1A RN %rsfgf HL“QSE]Q é?‘iﬂyd'f‘tloa? ﬁB’%ﬁr?lf‘?{i’PfﬁﬁoﬁbcedOf user 80
and a response. [0055] Referring to FIG 8, in one enbodi ment the nessage
format eewwprefised ait. ol he ophgtannestion deati most beamadernsiatde operatiansefdhe type 84,
data section 86, and error checking section 88. The notification device 36,

whi ch cdaviee isthressrmetiofiayith@bontsirst ant 62, cell phone 64 or renote
conputer 58, is the subscriber in this enbodi nent. The subscri ber decodes

co : _ _ subscr i ber
Formt 1O RBbeUS) OB "o A Bete e RRERTE! Aotk 63 TP

known in the . art, MIBUS is an application-layer nessaging protocol,

posi ti oHéﬁrg a g@er|es§08§e.t he OSI nodel. It provides client/server

comuni cati on between devices connected on different types of buses. or

net wor k§005%he heBReigrriag taRlews, aemhgdient the seessagedoppat aeeardidch as
TCP/ 1 P. The function code or nessage type 84 defines the operation such as
read or tonmessaginglprotoenkd@ had.a MdmlatB2a nesshge iy 36 84 watarsaatioh e anthe
sensed state is the information read or witten fromor to sensor 24 into

or out gfrof BRedkd &6 88, dRYIMRifiRtionl88VicaBESABIdhdcaH Bé aCsersdRalshigite 2

specific function code or nessage type 84 having a
assistant 62, cell phone 64 or remote computer 58, is the subscriber in this
embodiment. The subscriber decodes the message to read the data and acts on the
information. A typical message format is MODBUS/TCP, which has a header,
function code and data set. As is known in the art, MODBUS is an application-layer
messaging protocol, positioned at level 7 of the OSI model. It provides client/server
communication between devices connected on different types of buses or networks.
The header 82 allows messaging over a selected protocol such as TCP/IP. The
function code or message type 84 defines the operation such as read or write with
sensor 24. The data section 86, which includes the sensed state is the information
read or written from or to sensor 24 into or out of the notification device 36. The
messaging protocol 26 sends a specific function code or message type 84 having a
defined data 86 for receipt at the notification device 36. Depending on the header
82, the notification device 36 reads and processes the message or ignores it. The
message protocol 26 in this example is bi-directional, both reading and writing

between the notification device 36 and medical device 70. Alternatively, the medical

device can be an enteral feeding pump such as the peristaltic pumps sold by Tyco



defined data 86 for receipt at the notification device 36. Depending on the
header 82, the notification device 36 reads and processes the nessage or
ignores it. The nmnessage protocol 26 i4jpthis exanple is bi-directional, both
reading and witing between the notification device 36 and nedi cal device
70. Alternatively, the nedical device can be an enteral feeding punp such
as the peristaltic punps sold by Tyco 18 Healthcare C?oup LP and descri bed

in US P . tus. f V, tient and
pendi ng%aeﬁbtﬁp%rgﬁ? i’ ﬁﬁlaw ﬁgé‘ér@@re:&ﬁa % E%¢ o$ggm%lzﬁo %8"%’] glfg'ippar at us

US Seri Nunbe 48 28 filed MVa 04 ar.at us,

Sor 51 Rl Bl 3 Bstent end PEnfiR Rsa0isFled MeSFpling SyYSRER T AT em for
a Fl ow Contr ol Aﬁgar atus US Serial Nunber 10/ 945,758 filed 25-May-2004. The
above phiawmEContabApparates, dppiSesial Nonbeir19/430.428 filed 25ay-2004 Thiew
Heal t hcare. [0056] FIG 9 illustrates yet another enbodi nment of the

I nvent i @ontrol AppsatatusTius (Sariah M usnissrel®/254, U186 Kilede35-Maywd004 farmbRency
identification (RFID) tag 92 responsi ve to the sensor signal for storing

i nf or MaiePTidaBiBh %@[@erﬁ:tfbl\/gm 5Qrat§§ gﬁsesef]am%%e?qomm g22. In

thi s enbodi nent, I D reader 4 as OCI ate notification device 36

T R T Pk e B R AR i S5 A o =t oo

|nformat|on read by the RFID reader 94 to provide the notification to the
user. TR¥ VR?I"t?Q@Qag‘?Z may be passive and, thus, powered by the reader 94.
Those skilled in the art are famliar vmth four common | SM (i ndustri al,

sci enti floo56fedi chIG. 9 ilkgtratesyyetizaothérrermbodimert bbtheoimventiemin whichoccur: 128
kHz, 13.56 MHz, 915 MHz, and 2.45 GHz. Standards used for RFID tagging
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responsive to the sensor signal for storing information representative of the sensed
state of waste container 22. In this embodiment, an RFID reader 94 associated with
notification device 36 sends an interrogation signal to the RFID tag 92 for retrieving
the stored information. The notification device 36 in turn is responsive to the
information read by the RFID reader 94 to provide the notification to the user. The
RFID tag 92 may be passive and, thus, powered by the reader 94. Those skilled in
the art are familiar with four common ISM (industrial, scientific, medical) frequency
band in which RFID communications occur: 128 kHz, 13.56 MHz, 915 MHz, and
2.45 GHz. Standards used for RFID tagging include SO 14443 and EPCglobal,
among others. The RFID tag 92 may be read by a reader located on the hospital
floor. A typical reader is sold by Sensormatic a division of Tyco International LTD.
[0057] In the embodiment of FIG. 10, transmitter 32 is responsive to sensor
signals monitoring a plurality of medical waste container systems 38.

[0058] Further to the examples in the context of sharps disposal, transmitter

32 transmits information concerning the sharps (e.g., level, quantity, weight, etc.) to

computer 58, which is located remotely from container 22 and which may receive



floor. A typical reader is sold by Sensormatic a division of Tyco
International LTD. [00571 In the enbodinent of FIG 10, transmtter 32 is
responsi ve to sensor signals noni tori,@g a plurality of nedical waste

cont ai ner systens 38. [00581 Further t0 the exanples in the context of .
sharps disposal, transmtter 32 transmts information concerning the sharps
(e.g., level, quantity, weight, etc.) to conputer 58, which is |ocated

renot el : [ | Gih ' { 0f | ot her
Sour cos e R fer hrBee ot Nl IR BA i then et FRAFLORBuITEE 7, "6
to ot her, deyices d computers such as shown in FIG 6 t.are |ocated
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healthcare facility or a sharps disposal service external to the facility).
| n t hi slocatesnithin enerer mare organizadions de geernvirosmenjalgervisasieaa fill ed
container 22 and replace it with an enpty one. [0059] Depending on the

user, thealtheiard facdity on ai shdirpaitisposdeservice exterhbht® the fawility) t Ittigi tal XX and
change out sharps containers in roonms a, b, ¢, & d before they register

FULL" Okear j oy A HN roons a,
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noni t or | St ¢ 0 | ncl udes a data analysis conputer 66 for

noni tor%elra’ga%@hiﬁ]aq?rﬁrﬁhy?'ﬁ‘or mation representative of conditions present
at one or nore waste containers 22. A database 68 assgciated _wth the
conput ef0889%¢t or eYEPE '”Qﬁhg‘leé!selﬁs@ﬁé’qt' efiomindinate.e Seryes -mbime & ed
container |ocation gathered fromthe sensor signals. In this nmanner, the
dat a avisit yispitalof) andrchamgesrutisharps cardainecs ptooms 2, oot téadicefonesthgy
efficiency and save noney by changing out only those containers 22 that
need t orstehRDBEYor Usespital SE&K - TnRel chatigandit RBeams céntBiderd #l tdonid &) ed

contai ner 22 sinply because service is
b, ¢, & d before they register FULL."
[0060] In one embodiment, the monitoring system 20 also includes a data
analysis computer 66 for monitoring and analyzing information representative of
conditions present at one or more waste containers 22, A database 68 associated
with the computer 66 stores, for example, usage information per each monitored
container location gathered from the sensor signals. In this manner, the data
analysis computer 66 permits a user to optimize container usage efficiency and save
money by changing out only those containers 22 that need to be changed. Users
seek to avoid changing out a partially filled container 22 simply because service is
due on the rotation. Likewise, users seek to avoid delay in changing out a fuli or
over-filled container 22 because this presents a possible health hazard. Usage
tracking and analysis also permits detection of usage anomalies. For example, if a
particular sharps container location has a normal usage rate of one 3-gallon
container every four days and usage spikes to one 3-gallon container every day, the

relatively dramatic change in usage may indicate an anomaly. In this example, a

user might find that non-sharps waste (e.g., cups, gloves, paper, etc.) is being



due on the rotation. Likew se, users seek to avoid delay in changing out a
full or over-filled container 22 because this presents a possible health
hazard. Usage tracking and analysis ago permits detection of usage

anonmal ies. For exanple, if a particular sharps container |ocation has a
normal usage rate of one 3-gallon container every four days and usage

spi kes to one 3-gallon container every day, the relatively dramatic change

i n usag el i ] find that
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the container. In yet another enbodi ment,, data anglysis permts inventory
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containers 22. It is to be understood that conputer 58 nmay also conprise

t he dat seRlacgrpentcadaingre?2. [toeda peiundgrstard hataomputerb8aaratso a nanaged
use server or conputer systemis optionally coupled to and in comunication

with a bosprisathedata amalpsis coatputekk. A nanaged use system further may
i nclude a nodem coupl ed thereto for communi cations across a standard

tel ephontgolghRe or |PhRQlteFHTVEEABSdIRRNL | NRTANEEER usRSserPEXbPdorhbiie?
fiberoptic Iines, cellular, radio or satellite signal I|ines. e managed

c
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managed use system collects information fr t he hospital nitorin

net wor kNEBfRFKnAcREATEH 4Se SYSIEP futhenmaY NCHSRAmererhsoUplectiNsreloifBtr wno
processes the information and sends out a bill, based on the information
col | ect edmmunicationscsposah standarditelephoag éne onstharrdosynupicatiandines Beels, t he
data gathered regarding the state of a nedical device can be used for
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contai ner, for exanple, has been changed / replaced and to place an
use system is preferably used to communicate with a hospital equipment provider, or
a service provider for a hospital equipment supplier. The managed use system
collects information from the hospital monitoring network communicates that
information via modem to a service provider who processes the information and
sends out a bill, based on the information collected, to the hospital. In this managed
use embodiment and others, the data gathered regarding the state of a medical
device can be used for automatic order entry to signal the manufacturer/distributor
that a sharps container, for example, has been changed / replaced and to place an
order for a replacement unit to be made / shipped to the user. In the alternative,
other consumables associated with the medical device being monitored may also be
automatically ordered in response to the data.
[0062] A work order system database is optionally coupled to the hospital
enterprise network. In one embodiment, work order system is WOSYST.RTM. for
Windows.RTM. available from St. Croix Systems, Inc., St. Croix Falls, Wis. The work

order system is configured to schedule maintenance based on length of ownership of

devices such as telemetry tower, patient monitor, configured monitor, network



order for a replacenent unit to be nmade / shipped to the user. In the
alternative, other consunmabl es associated with the nmedi cal device being
noni tored may also be automatically ojdered in response to the data. [0062]
A work order system database is optionally coupled to the hospital
enterprise network. In one enbodi ment, work order systemis WOSYST. RTM for
W ndows. RTM available fromSt. Croix Systens, Inc., St. Coix Falls, Ws.

The wor t i L aur (@ I | n | ength
of - onnel tpifaceE s, Olehiey IRAMA I SehBofs) B G SHRETMEIBRE et s/ be
confi gured ngni or &\?t rk 21 interface device, Cctanet, nonitors or
sensor s CO4Ng é?l&)h%hﬁ Offevi ces that may be coupled to the network. [0063]
These and ot her details of hospital nonitoring networks and resource
managemdAP63y st end hase apdmthendetails othespita) mondtpring netwoks and EHOUNS

6, 640,246, and McMeninmen et al., U S. Patent Application Publication No.
2003006 hisriagebwnt syStentyarencantpivedtie Gary, Jrebeaknd&S. R166ulNo A8,648246, bed
above, the comuni cations protocol enployed by nonitoring system 20 nay be

a Wi rel gag MOMBHRPE! ANV B Padst Appikatioh PUBREatio RbOZG3(U61a 23" Bb@col t hat
uses an internet protocol (including FIP, TCP/IP, and Ethernet/iP), a

seri al héfb%aiﬁgmgétﬁgt%@ie%bgéocol, a field bus protocol such as PROFi bus,

or Modb ‘ocol such as CANOpen, Ethernet-based
protocol s suc S I net Et hernet | P and MbdBus/ TCP and tgﬁp' I ke.

Technol dBPéélpo? @g%ﬁfi%@ PRgVanthR FommHBIcatioRs Prtoeq] fAnReyed PYg 92) and
receiver 34 (and RFID reader 94) and conputer 58 (and ot her devices 60, 62,
64) mayndidtoshgsystened0anay bdianyireless gommwmoatians protocatdaniintamet t he si gnal
type or nessage format 26. Transmitter or nedia types include the broad
cat egor pratbceol or a protocol that uses an internet protocol (including FTP, TCP/IP, and

Ethernet/IP), a serial line communications protocol, a field bus protocol such as

PROFibus, or Modbus, an area network protocol such as CANOpen, Ethernet-based

protocols such as PROFinet, Ethernet IP and ModBus/TCP and the like.

Technologies for communicating among transmitter 32 (and RFID tag 92) and

receiver 34 (and RFID reader 94) and computer 58 {and other devices 60, 62, 64)

may be classified according to the communication medium and the signal type or

message format 26. Transmitter or media types include the broad category of

wireless, RFID, voice over IP, infrared, broadband, serial, power line, and acoustic

modem, among others. Signal types include numerous protocols or communication

standards such as those mentioned above.

[0065] Brackett et al., U.S. Patent No. 6,826,578, hereby incorporated by

reference, discloses an infrastructure for collecting and distributing clinical data for

data mining. In this example, clinical data that has been stored as a structured

reporting (SR) object (e.g., DICOM SR, HL-7 and XML) is collected for use in data

mining. In the context of clinical data, Brackett et al. utilize the emerging DICOM SR

standard along with other SR standards thereby removing the need for data re-entry.



wireless, RFID, voice over |IP, infrared, broadband, serial, power |ine, and
acoustic nodem anong others. Signal types include nunmerous protocols or
comuni cation standards such as thoseomentioned above. [0065] Brackett et
al., US Patent No. 6,826,578, hereby 1ncorporated by reference, discloses
an infrastructure for collecting and distributing clinical data for data
mning. In this exanple, clinical data that has been stored as a structured

reporti > ' 0. S =7 ISy 3 r use in
da{) a m?ﬁ? %gﬁé ?%tﬁgﬁ%tg%tcgﬂ?dgb%%&c@ﬁ@a‘??%ﬁ%@? '@% g?ﬁeg{j?rlf@ze t he
ener gi ng_ D SR .standard al. L.t h ot.her SR.standards thereby renovin
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mning is already stored in a defined and. known format within each

hospi t atransfarmsed gypia eameacionnat and siared inadata eenasdtery faraserisdad into a
common format and stored in a data repository for use in data mning. An

enbodi meviniingf Anrembpodiseertt of thee ptesent alveotiers alsol esthblshes aminfiastruarerre  f or
the collection of these standard SR objects. In addition, the clinical data

recor dsfor tid chifiGiohof these sahdaed SR dﬁjé&@!ﬂln GHB!tibﬁ?iHeOélirﬁém déitd Feddrdyvor kf | ow
inhibition. An enbodi ment al so establishes an infrastructure for
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addi tion, byndles of nedical reparts can he proyided. to oppanpies to do
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detail, aspects of the invention are not limted to a single type of

sensor . PRytdirg data mjniag sortbe SR pbiests, using alwebrbasadigterface foverealingshar ps i n
contai ner 22 may be inplenented using numerous technol ogies. Anong the many

t echnol ogr dufinedBdarthiess laraiditivs dupdisdfonedioat iepsrts cami lhprovidesiifoenent |
vol ume neasurenent, density neasurenent, ultrasonics, RF
companies to do their own data mining research.
[0066] Referring now to sensor 24 in greater detail, aspects of the invention
are not limited to a single type of sensor. For example, a sensor system for
determining the level of sharps in container 22 may be implemented using numerous
technologies. Among the many technology possibilities are those based on: optics,
weight measurement, volume measurement, density measurement, ultrasonics, RF
capacitance, inductance, microwaves, acoustic or electronic resonance frequency
shifts, imaging, radioactivity, proximity, solid sensors, contact sensors, and
subsurface sensors.
[0067] Variations within each of these technologies may be utilized. Optical
sensors, for example, are optionally based on infrared or visible light detection. They
may also make use of a tape which changes opacity. In place of light, other types of
emissions may be used, including microwaves, radiowaves and other
electromagnetic waves, sound waves (ultrasonics), particles (such as electrons) or

radioactive emissions. With any form of emission and detection, both reflection and

transmission may be exploited in sensor system construction.



capaci tance, inductance, m crowaves, acoustic or electronic resonance
frequency shifts, inmaging, radioactivity, proximty, solid sensors, contact
sensors, and subsurface sensors. [00&8] Variations within each of these
technol ogi es may be utilized. Optical sensors, for exanple, are optionally
based on infrared or visible light detection. They nmay al so nake use of a

t ape whi ch changes opacity. In place of light, other types of em ssions may

be usediob B8} Ul N RIATIRKRSmal Y MIBKA%S A PG RrR6HE ARGy 2 e

sound ves (ultras s), part such as ectrons radi oactive
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Wi ght sensors may be ut#_l i zed as well. Weight sensors are optionally

const r ubiegeelBalEle £ rvHakeh lilfys or strain gauges, the latter being in turn
based on a piezoelectric crystal or film [0069] |Inmaging systens optionally
use vi deo0eaher asimagingsysted eglianadly usectiders camaragedr imags detedtorsces (CCD) ,
CMOS i magers, or particle detectors. Radiographic imging may al so be

enpl oyegldrsad ehargeal @iiphid 8évicésli 0D GMOS andgérs, BPpaRRIOletertiroact i vity,
ei ther inposed on the systemor emanating directly fromthe contents of
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count the er o eposit n cont ai ner ermne a |level of

sharps relative o the container's capacity, rate of shar.ps,di.sposal,
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also utilize a clock so that the tinme of deposition of a sharp or group of
shar ps eeiienis efeostainefedl.and recorded and the tine in service

[0070] Any of these technologies and others may be used to count the
number of sharps deposited in container 22, determine a level of sharps relative to
the container's capacity, rate of sharps disposal, manner of disposal from this count,
or the like.

[0071] The sensor 24 may also utilize a clock so that the time of deposition of
a sharp or group of sharps can be determined and recorded and the time in service
can be measured.

[0072] Several suitable level sensors are available for use in one or more
embodiments of the invention. As described above, sensor 24 may be implemented
by, for example, a beam emitter on one side of container 22 and a detector on the
opposite side. The emitter and detector may be positioned so that when the
container is filled with sharps up to a predetermined level the beam is interrupted,
thus triggering the notification.

[0073] Also, false signals arising from the detector responding to ambient light
may be minimized by modulating the beam according to a certain code and using
detection electronics sensitive only to that code. A similar method is employed in

infrared based television remote control systems. Various types of level sensors and



can be measured. [0072] Several suitable |evel sensors are avail able for use
in one or nore enbodinents of the invention. As described above, sensor 24
may be inplenmented by, for exanple, ?peam emtter on one side of container
22 and a detector on the opposite si The emitter and detector may be
positioned so that when the container is filled with sharps up to a
predeterm ned | evel the beamis interrupted, thus triggering the
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respondi ng t I ent |1 ght may be mnim zed by rmdu ating the beam
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renot e control syste us t pes of .| evel sensors sensi ng
Cyotens (308831 so” I Semambodimants.ats casible tounensugiahl INgLo! WabEon
Publ i cati on No. 20050065820, hereby incorporated by reference. [0074] In
sone enbithinmeantainer 22iteraughithiiiediling presss.c Imsoinel erbodimertts vewshdill wi t hi n
cont ai ner 22 throughout the filling process. In sone enbodi nments, such fil
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such as by wusing a load cell, balance, or other weight neasurenent device.
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transducer or the like nmay be used.to determ ne a vogl une of air renaining
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determ ne the resonance of the air in the container. Once the volune of air
i n cont witheut shsios 2drmiwsjcallly costaatibg rcactaicerf 22 ot ttheontents.

[0075] In an alternative embodiment, a piezo transducer or the like may be
used to determine a volume of air remaining in container 22 by conducting a
frequency sweep of the transducer to determine the resonance of the air in the
container. Once the volume of air in container 22 is known, it is subtracted from the
known total container volume to obtain the volume occupied by the container
contents. In another alternative embodiment, a distance-measuring sensor (such as
SONAR, RADAR or optical distance-measuring sensors) is located above and
directed through the opening of container 22 in order to determine a "height" of the
container contents. In yet another embodiment, sensor 24 determines whether
container 22 includes any waste at all. Such a "waste presence" sensor may be
used in combination with a timer to determine a replacement schedule for a
particular container based on a maximum acceptable dwell time for a particular
waste item in a container. Still other embodiments may use optical sensors to
measure a fill level of container 22.

[0076] Another embodiment of a fill level sensing system comprises a light

source and a light detector positioned on opposite sides of a disposable container.



known total container volunme to obtain the volunme occupied by the container
contents. In another alternative enbodi nent, a di stance-neasuri ng sensor
(such as SONAR, RADAR or optical distance-neasuring sensors) is |ocated
above and directed through the opening of container 22 in order to
determ ne a "height" of the container contents. In yet another enbodinent,
sensor 24 determ nes whether container 22 includes any waste at all. Such a
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determine a replacenent schedul € for a particular contal ner based on a
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exanpl e, in sone enbodi nents the detector may even be |ocated on a wall
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principle that an "enpty" container wll permt nore light to pass fromthe
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the light source and detector can be reversed, or positioned at any other
posi t i ocortaimena@ntedetestaiinfcatedata i"idart ofrtheeontéaibeni imealtesnativeul ti pl e
sources and/or detectors can al so be used as desired.
embodiments, the positions of the light source and detector can be reversed, or
positioned at any other position around the container. In still further embodiments,
multiple sources and/or detectors can also be used as desired.
[0078] As discussed above, the containers are typically made of a transiucent
material that allows at least some amount of light to pass through its walls. Optical
sensing, for example, is particularly advantageous when used to measure a fill level
of a container having translucent sidewalls. However, the skilled artisan will
recognize that certain advantages of the embodiments described herein may be
advantageously applied to systems using containers having transparent sidewalls or
containers with transparent windows in otherwise relatively opaque sidewalls.
[0079] The light source may be any suitable source of light such as
incandescent bulbs, white or colored LED's, or other sources. In some
embodiments, the light source is located such that it is vertically centered on a
desired "fill line" of container 22. The light source can be laterally centered relative

to the container, or have a width that is about as wide as the container. In still further

embodiments, a plurality of light sources can be used to illuminate a container from



[0078] As discussed above, the containers are typically made of a
translucent material that allows at |east sonme anmount of light to pass
through its walls. Optical sensing, f exanple, is particularly
advant ageous when used to neasure a fi | evel of a container having
transl ucent sidewalls. However, the skilled artisan will recognize that
certain advant ages of the enbodi nents described herein nay be
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In some enbodi nents, the |ight source is |located such that it is vertically
cent er eBeslesifablgdsinrawdemuyltivle rours offdel@ftPEs - ner 22. The |ight source can be
| aterally centered relative to the container, or have a wdth that is about
as w de [@98Dhe cohbaexampld, m middlé réwof Hetectastio positinned ta lipjustabiove of

| i ght sources can be used to illum nate a container from26 nmnultiple
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substantially above the fill line, and can be used to calibrate the

det ect odegcrilesiindugher detad belaws Imsompe|embrdimests Tows Eanbe sPacRst aprt ai |
bel ow. In sone enbodi nents, rows can be spaced apart (e.g., by about 1/2"
t o aboute.d., bycbesit 1/7"G0&bbuk @ ingeesdt | on, the individual photodetectors pick
up light transmtted through the contai ner and output corresponding signals
to a prqeesi9r- Oh 8pération, the individual photodetectors pick up light transmitted

through the container and output corresponding signals to a processor. On one

hand, the light intensity arriving at the detectors depends on the fill level of the

container. In addition, a number of secondary factors also effect the light intensity

reaching the detectors. These include the strength of the light source, the color and

opacity of the container, the amount of ambient light, and other factors such as dust

in the air. The light intensity at the top detector row is almost completely governed

by these secondary factors, since it is located well above the fill line. By contrast,

the light intensity arriving at the middle and lower detector rows will be effected more

by the fill level of the container contents as the container becomes more full (e.g., as

the fill level approaches the fill line).

[0082] When the container is empty and the overall light intensity is greatest, a

baseline reading is recorded and calibration coefficients are generated for each of

the detectors and detector rows. As the container fills, the received light reaching

the detectors decreases slightly as material in the container blocks a portion of the

diffused light transmitted through the container. During this phase, the top detector



hand, the light intensity arriving at the detectors depends on the fil

| evel of the container. In addition, a nunber of secondary factors al so
effect the light intensity reaching bhe detectors. These include the
strength of the light source, the color and opacity of the container, the
anount of ambient light, and other factors such as dust in the air. The
light intensity at the top detector row is al nost conpletely governed by
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contrast, I nt'ensi t arrivi the m e an etector
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fill line). [0082] \Wen the container is enpty and the overall |ight
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coefficients are generated for each of the detectors and detector rows. As
t he condetentr réws remairhenoksateicted] Thighresultsinra agbstantialdropdn theslighdcr eases
slightly as material in the container blocks a portion of the diffused
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line, t etectors wll e cont al ner
contents |.L.e the m ddl e and upper. tectqr ro remai n_unobst ruct ed.
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bottom row of detectors, and correspondingly, a substantial difference in
si gnal thet thegeentaiseniseiull.he ni ddl e and | ower detector rows. Wien this
signal difference reaches a pre-determ ned threshold | evel, the processor
det er m n@s831 hat Intsproe otierremnbodinients, la Pafaf@l87other sttareweidhd or éitikabdi nent s,
a paranmeter other than weight or filled volume is optionally used to
det er m yRuMWR98 oRtiERANRLSE td detefiine wh&E®h r&TREEIs "Fll." For example, in

one embodiment, a sensor to detect radioactivity is used to determine the amount of

radioisotope in a container or receptacie. The radioactivity sensor may used in

connection with a fill sensor, or it is optionally used alone. Thus, in some

embodiments, container 22 may be emptied, discarded, or replaced based on a

certain amount of radioactivity, rather than (or in addition to) the surface area,

volume, weight, density and/or another parameter of the material in that container.

[0084] It is to be understood that the actual free surface of contents within

container 22 may not necessarily be planar. In such embodiments, the "fill plane”

used by the processor and fill level sensing system is simply an average height of

the waste material. In some embodiments, the items being deposited into container

22 may be stacked unevenly or oddly oriented within container 22 so that its

contents vary from a neat horizontal fill level. For example, some large items, such

as syringes or other contaminated medical devices, may stack oddly within container

22, thereby creating voids of unfilled space in a central portion of the container,

above which waste items may be stacked. Such variations in filling can lead to lead



one enbodi nent, a sensor to detect radioactivity is used to determ ne the
anount of radioisotope in a container or receptacle. The radioactivity
sensor may used in connection with asg |l sensor, or it is optionally used
al one. Thus, in sonme enbodinments, container 22 may be enptied, discarded,
or replaced based on a certain anmount of radioactivity, rather than (or in
addition to) the surface area, volune, weight, density and/or another
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that the actual free surface of contents wthih contalne may not
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waste nmaterial. In some enbodi nents, the itens being deposited into

cont ai napd/opungysn lpadiigelkerntaileledl y or oddly oriented within container 22
so that its contents vary froma neat horizontal fill |evel. For exanple,
sone | atgessl ens, As anrexamsplsythiergjgnals from hepluradityt eindetecteds amalaveragddio ces,
may stack oddly within container 22, thereby creating voids of unfilled

space i provideeatbAteistvaie fir ddth respéétivecdetectdPp9. WHis Adv@Rbgebligys may be
stacked. Such variations in filling can lead to lead 28 to nmeasurenent
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Wi th error processing capabilitres to atcou or varrations 1n orientation
and/ or uneven | oadi ng,.of contagi ner 22 [0085 ex | e, the signals
froma Siace Intoeduden 639 Tar Starfble, sonants 22 ARA A BullualfCol Jar e 1 or
each respective detector row. This advantageously allows the processor to
det erm Weiwahpefftl@lﬁﬁ threuygh abele indherep seater oba reguianlyvhaped gontainef ace. I n

an idealized case, for exanple, container 22 filled with a plurality of
spher i cwill tppichile hege blfresuginfaceiol 2shapd bfa tope et 2 peak ad thegentar,|gndhaped

container wll typically have a free surface in a shape of a cone with a

peak at 4{dppirfge6H Uen@ each direction. In such a case, the center detector of the
lower row will typically receive a lower light intensity than the detectors on either
side. Thus, by using the data from all of the detectors in a horizontal row, a
processor can calculate an approximate average fill level in order to prevent over-
filling of container 22.
[0086] These or other error-processing techniques can also be used to
compensate for manufacturing defects in a container that might result in erroneous
results. For example, if a plastic container wall comprises an air bubble or a dark
spot in a region adjacent one or more of the detectors, these abnormalities could
cause erroneous readings by those detectors. To compensate for this, a system
may give less weight (or no weight at all) to signals from detectors that are out of a
statistically expected range of variation from the remaining detectors. By taking an
average signal across all detectors in various combinations and/or by assigning
varying weights to individual detectors, a control algorithm can teach itself to

recognize and adapt to such error-causing situations in order to obtain consistent

readings.



dropping off evenly in each direction. In such a case, the center detector
of the lower roww |l typically receive a lower light intensity than the
detectors on either side. Thus, by usighg the data fromall of the detectors
in a horizontal row, a processor can cal cul ate an approxi mate average fil

| evel in order to prevent over- filling of container 22. (0086] These or

ot her error-processing techniques can also be used to conpensate for
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variation fromthe remaining detectors. By taking an average signal across
al | det eetta@inembodicentusf a teviel satsing Systedi as degcrdsed beraig is that gucly wei ght s
to individual detectors, a control algorithmcan teach itself to recognize
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det ect of'S can advant ageous nced by contal ne rosted" or

translucent.walls. Another advantage of . certain odi ments of a |evel
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pol ychromatic sensitive (i.e. configured to sense |light of various colors
wi t h co@gnteinenieagreontainer colnidbeinthassngiated withoa padinwarrepniainer typeagel of a
cont ai ner, the above-described sensors can be configured to determ ne a

col or oflisaussEhalesvedr if sante embbdinments cibhese abdiolgersdenitagesiamw athiaved

particul ar contai ner type as
through the use of cadmium sulfide photosensitive cells. In alternative
embodiments, optical level sensors can be constructed using other optical detectors,
including other photoconductive cells, photo diodes, or other sensors capable of
detecting light in the visible or infrared spectrum.
[0088] In some embodiments, each one of a plurality of fill-level sensors is
controlled by a single processor in a waste sorting system. In one embodiment, a
plurality of photodetector arrays can be connected to a single multi-channel bus, and
a plurality of light sources can be controlled by a processor. In this embodiment, the
processor can illuminate a single container at a time. Thus, the detectors behind
each of the "dark" containers would be at high impedance, and would therefore be
out of the circuit.
[0089] In some embodiments, a fill level sensing system employing optical
sources and detectors can include an additional photodetector that is generally
configured to measure changes in "ambient” light within the system in order to

appropriately adjust the readings from the detector arrays measuring fill level. An

ambient light detector can comprise a single optical detector, or a plurality of



di scussed above). In sone enbodi nents, these and other advantages are
achi eved through the use of cadm um sul fide photosensitive cells. In
alternative enbodinments, optical |evelysensors can be constructed using
ot her optical detectors, including other photoconductive cells, photo

di odes, or other sensors capable of detecting light in the visible or

i nfrared spectrum [0088] In sone enbodi nents, each one of a plurality of
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out of the circuit. [0089] In sone enbodinents, a fill |evel sensing system
enpl oyi ambigttilight detectorcan kentbcdteccadjacentcancontaiiendeplacesdai tioonar any

phot odet ector that is generally configured to neasure changes in "anbient"

l'i ght  Wothair pottitth 6MBbaYstoin #iflas open téRRIcPR4lighe! y adj ust the readings from
the detector arrays neasuring fill level. An anmbient |ight detector can
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exanple, the anbient |ight detector can be |ocated adjacent a
cont ai népntaker hasheen insetedthadgvel senser gdablishesdiew haselng ealues far the open
to external light. [0090] Various software algorithnms nmay be used by a |evel
det ect odefeators$reorder ta définpdsal'empst atate AT herlevebsemsing sydtem thbe regds em
determ nes that a new

values of the detectors and inputs the detector values to an inference engine.

[0091] The inference engine can use a "fuzzy logic" method similar to the

Sugeno method known in the art. In one embodiment, the inference engine uses a

table of empirically-determined data to establish rule weights. The inference engine

can also use multiple grouping of detectors in addition to individual detector levels to

calculate a final fill level of container 22. In some embodiments, the empirically-

determined lookup table can be developed by performing various calibration

experiments using an optical level sensing system to measure containers at known

fill levels. In addition to any controlled experiments, the lookup table can be

supplemented by analysis of information it receives during use in measuring fill

levels of new containers. For example, as optical anomalies are detected and

accounted for, the software can adapt to correct for them.

[0092] In order to avoid misleading readings during filling, the system can be

configured to determine when the detectors are at a steady state (e.g., when the

movement of waste within the container drops below a threshold level). This is



contai ner has been inserted, the | evel sensor establishes new baseline

val ues for the detectors in order to define the "enpty" state. The | evel
sensi ng systemthen reads values of tfqe detectors and inputs the detector
values to an inference engine. [0091] The inference engine can use a "fuzzy
| ogic" nmethod simlar to the Sugeno nethod known in the art. In one

enbodi nent, the inference engine uses a table of enpirically-determ ned

data t Oggrgi@@'élymlﬁfm ih, é’fﬁb%ﬁﬁent&r fhewhi%gal’ @?gfe ﬁ@%'er[bg is Efﬁarﬂ, %ﬁd‘iﬁ@s mul tiple

groupin ectors in addition to In ual ctor Tevels to

calculate a final fil.l #evel of cgftainer 22. In sone enbodi nents, the
enpiriCEPW§an@P%fmﬁw@%'rﬁ%RﬁBqu WCcan be devel oped by perform ng vari ous
calibration experinents using an optical | evel sensing systemto neasure
cont ai néP8931 knoWAcestgady @aga is reppheddhe infaranseanging sermaresthe per i ment s,
the | ookup table can be supplenented by analysis of information it receives
duri ng valees$ nf theadetectoy réadings hodealltimatenhderivasna finakiilsvalde whistanph &g as
optical anomalies are detected and accounted for, the software can adapt to
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filling, the systemcan be configured to determ ne when the detectors are
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enbodi nents..in ich a wa terial, is a liquid, apd thus nmay. continue
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i nference engi ne conpares the values of the detector readi ngs and
ul ti mat an putptisignal is usechio netify theyuser that 8 pastigylarecontaiveeis madyde bsut put to
a user-readabl e device such as a liquid crystal display. In alternative
enbodi nremipsied adiscartpd; repladdtbetsy 4h am altennativel erdbodinient, an siulpd signalidl e or
tactile alerts, such as LEDs, buzzers, bells, vibrators, etc. In sone
embodi nBfvided substantially continuously or at various intervals, so that the user can

determine or monitor the amount of material in a given container at any given time.

For example, in some embodiments, the fill-level of container 22 can be measured at

regular intervals, such as every ten minutes, every hour, every two hours, every six

hours, every 12 hours, or every 24 hours. In still further embodiments, the system

comprises sensor 24 (such as an optical sensor) to determine when an item is

deposited into container 22. Then a fill-level of the container 22 can be measured

after each item is deposited into it.

[0094] An alternative embodiment involves a video fill level sensing system.

One embodiment may employ a camera to continuously detect an intensity of light

exiting container 22 from the source. In one embodiment, a light source is

positioned to illuminate the container, and a curved mirror and pinhole video camera

are located adjacent another side of the container. The system can also include a

software-based processor and other electronic hardware. In the illustrated

embodiment, the light source is located adjacent one vertical side of container 22

and the camera and mirror are positioned on the opposite side of the container. In



an output signal is used to notify the user that a particular container is
ready to be enptied, discarded, replaced etc. In an alternative enbodi nent,
an output signal is provided substantjally continuously or at various
intervals, so that the user can determne or nonitor the anmount of materi al
in a given container at any given tinme. For exanple, in some enbodi nents,

the fill-level of container 22 can be nmeasured at regular intervals, such
22 noar taul BB e lfescBFFE Hnk ERmPehisal Ehsobl s B s oy "
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sensor 24 (such as an optical sensor). to. determ.ne when an itemis
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measured after each itemis deposited into it. [0099] An alternative
enbodi macatechaboveccortained @2 suchl thathght is dinestad doyaweard intonthecgasdaingent nay
enpl oy a canera to continuously detect an intensity of light exiting

cont ai neeréBy allewinglthe Este ¢o absorbnes welhadirsfedtivety diffgise tiseliglttesousce
positioned to illum nate the container, and a curved mrror and pinhol e

vi deo CZRES R IR dfARBIBAtAREacent another side of the container. The system
can al so |nc‘I3u e a software-based processor and other el ectronic hardware.

In the ill rated enbodi nent.. the . ight source is |located adj acent one
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t he opposite side of the container. In 32 alternative enbodi nents, the

li ght sbghtamilied feamdhecantaingr anskgathetedantheamirele skhaicwveddpii®ént si des of
the container. Alternatively still, the light source can be |ocated above
cont ai nprovitfessal tihe 4 fivdtioni aftwidtlsbyldistartind thiwpties of thetcaném. dordna ner
thereby allowing the waste to absorb as well as reflectively diffuse the
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field this type of lens provides. In one embodiment, the curved mirror has a shape
substantially similar to a shoehorn, e.g., it is curved about two perpendicular axes
(e.g., longitudinal and transverse axes). Alternative mirror configurations can also be
used as desired. The particular curvature of the mirror is determined empirically
depending on the width of scanline needed and the height of the measured area
(e.g., the height of the container wali). Variation in the curvature of the mirror along
its length allows the scanline to be optimized in order to emphasize areas of higher
interest and to de-emphasize lower interest areas. The mirror can be convexly
curved at the height of higher interest areas, and concavely curved to de-emphasize
lower interest areas.

[0096] In some alternative embodiments, the light source can include bands of
varying color or intensity along the height of the container in order to provide
emphasis to portions of the container 22, or to provide "watermark” levels that can be
measured against. In some embodiments, the software can be configured to

interpret information received from the camera to learn about points of interest in

order to further optimize a measurement algorithm. For example, rather than



light emtted fromthe contai ner and gathered by the mrror. The curved
mrror provides a linearization of wdth by distorting the optics of the
canera. In one enbodiment, the canera4 s a pinhole canera, which is
selected due to the depth of field this type of I ens provides. In one
enbodi nent, the curved mrror has a shape substantially simlar to a
shoehorn, e.g., it is curved about two perpendicul ar axes (e.g.,
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determ ned .enpirically . depending on the. width of scanline needed and the
hei ght BEOFHM raAdG eanfighists 19 Eaganizeneriabiphh in bantIRENSIREMTRG: wal |)
Variation in the curvature of the mrror along its length allows the
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to de-enphasi ze | ower interest areas. The mrror can be convexly curved at
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programm ng an algorithmto anticipate areas of higher or |ower interest,

t he al wominahce valoebd heoarhplifisdevideo is alsogpptied tatheSynoSepardiogmodute ensi ty
during calibration in order to detect such areas of higher or |ower
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of multiple ['um nance tensities along the wall of the container adjacent

the mr feteives the scanline data from the scanline selector, digitizer and sync separator.

The video level sensor can determine a current fill level of the waste in the container
using a similar software method to that described above.

[0098] Many of the above embodiments of fill level sensor 24 were described
with reference to a single disposable container 22. In some alternative
embodiments, it may be desirable to provide a single fill level detection system
configured to selectively measure a fill level of any one of a plurality of containers 22.
For example, in one embodiment, a light source is optionally provided on a first side
of a plurality of containers, and a light detector can be movable into a position
opposite the light source of the containers. In one embodiment, this may take the
form of a circular arrangement of containers in which a light detector is located at a
center of a circular arrangement of containers. One or more light sources can be
positioned on an outer portion of the circular arrangement such that the light source
and/or the light detector is capable of measuring a fill level of each one of the

plurality of containers around the circle.



The anal og video signal is anplified and ground-referenced by the video
anplifier. This anplified signal is scanned for a selected scanline to
digitize for quantifying its Iuninan%ﬁ value. The anplified video is al so
applied to the Sync Separator nodul e, = which produces timng pul ses for the
scanline sel ector nodule. The processor receives the scanline data fromthe
scanline sel ector, digitizer and sync separator. The video |evel sensor can

determ urre [
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desirable to provide a single fill level detection system configured to

sel ect i gifier avsinglerspent fshiarp,lconddinesf oraindivishual aegr@gptmi/apemtysim‘rps;o angers 22.
For exanple, in one enbodinent, a |light source is optionally provided on a
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| i ght detector is capable of measuring a fill |level of each one of the
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al so include a weight scale (such as a load cell, pressure transducer,

mechani ¢aboetal e Arhozpiteropttnatie autaméaieguthedispensiricodf sharpsieThe si ngl e spent
sharp, container or individual segregated spent sharps. In one enbodinent,
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for printing a mani t cont ai ner. ddi tionally, such information

coul d accesses with a patient and clinician code and the correct amount of sharps may be

dispensed. The automation may provide pharmacists, nurses, doctors and
administrators with information from a database on what sharps are dispensed and
to which patient. These systems can typically indicate how many sharps were
administered, but entering this information typically may require a clinician to return
to the dispenser (which may be inconvenient and, thus, not done regularly). This
information can be quite useful because it will demonstrate any inefficiencies or
mistakes in administrating the sharps as well as point out any theft of sharps. In
some embodiments, a sorting and disposal system can be configured to track
dispensing information because at the point of throwing the spent sharp away, they
are automatically providing information to a central database.

[0101] Sensor systems based on weight are disclosed in U.S. Patent No.
4,961,533, incorporated herein by reference, U.S. Patent No. 6,418,841, and
Published Patent Application 20020077875. Broadly speaking, the apparatus of
4,961,533 is useful for determining the volume contents of a plurality of containers,

such as bottles containing alcoholic beverages, and comprises a transducer in



be conmbined with other information available to a clinician in order to
determine a quantity of a sharp or substance that has been used or
consuned. [0100] A hospital optionall g,)sautomat es the di spensing of sharps.
The automation is optionally enbodied i n a piece of equipnment that a doctor
or nurse accesses with a patient and clinician code and the correct anount
of sharps may be dispensed. The automation may provide pharmaci sts, nurses,

doctors : LI St at ' [ ' . at sharps
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i nconveni ent and, thus, not done regularly). This information can be quite
usef ul besudase portion ofl theasontajnent e any i nefficiencies or mistakes in

adm nistrating the sharps as well as point out any theft of sharps. In sone

enbodi mppte2] a SOPthitg@dndbr%ﬁ@Sdéte%Mﬁgm kel bfslenpsiigarcemtdinet arck

di spensing i nformati on because at the point of throw ng the spent sharp
away, t td oxiyH i N i O 0 abase.
To101]  EdosBh Ty Cee B Rt R L MR B 20 S P BeEe ARt
4,961, 533, .. i ncar.porated Ln by reference, U S. Patent. No. 6,418 841, and
publ | shELDEA BRI A EDIPBEA D iRttt o fy e e bkt BseR dellstat ue o
4,961,533 is useful for determ ning the volume contents of a plurality of
cont ai nefoximity semse(s, pstuding sewathasenf infrageg teehnogy.afes togdaieetdhpri ses a
transducer in 35 operative contact with a surface for produci ng an out put

si gnal prcimigy bf’a hatndrhbeingeo ghwaste containeéri ner pl aced thereon and a sensor
for receiving an output signal from a surface portion of the container.

[0102] Pognsyi ty eeRaersnhAss AhEebhinéMe dlespticHally dtagtel thdughthal ner

use of magnetic fields. For sharps made of ferromagnetic material such as iron-
containing steel, the presence of sharps could distort a magnetic field already
pervading the container. The distortions could be detected using any method of
detecting magnetic fields, such as Hall-effect sensors.

[0104] As used herein, "empty" and "full" refer to relative amounts of waste,
debris, or other matter, in container 22. For example, in certain embodiments,
sensor 24 may indicate that container 22 is ready to be emptied or discarded, not
because it is completely full to its maximum capacity but because it has reached a
desired point of fill or saturation. In some situations, it may be desirous to empty or
remove container 22 when anywhere from about 1% to about 100%, often from
about 25% to about 100% of that container contains waste material. In other
situations, it may be desirable to remove a container when about 50% to about 95%
of its volume is occupied by waste material.

[0105] Signal and data processing technologies embodying aspects of the
present invention include fullness prediction algorithms and error processing to

accommodate uneven stacking of sharps, perhaps making use of such technigues



di sclosed in Case, U. S. Patent No. 5,351,381. May et al., U S. Patent
Application Publication No. 20020108507, incorporated herein by reference,
di scl oses details of proximty SENsOolg, i ncl udi ng sone based on infra-red
technol ogy, used to detect the proximty of a human being to a waste
container. [0103] Level of sharps in the container is also optionally
detected through the use of magnetic fields. For sharps nmade of

ferromg ' erd al | r.on- Ll .
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di stortions could be, detected using any nethod of .. detecting nmagnetic
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“full" refer to relative anounts of waste, debris, or other matter, in
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that container 22 is ready to be enptied or discarded, not because it is

conpl et by yeférdricet desérbesex spstanciapaelfinyoritdringesfaiwasiet digpgsdleached a
desired point of fill or saturation. In some situations, it nay be desirous
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material. |In other I tuations, it may, be.desirable to renpve.a container
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[ 0105] Signal and data processing technol ogi es enbodyi ng aspects of the

pr esent Of i@Reuedo gveR M thecasg whes & %ﬁr@@réalgodnaadgdm Mﬁe ghal e¥rr
processing to acconmopdate uneven stacking of sharps, perhaps maki ng use of
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Sel f-troubl eshooti ng and sel f-diagnostics nay also be inplenented, in which
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[0106] Referring now to FIG. 11, an exemplary flowchart illustrates operation
of system 20. Beginning at 100, sensor 24 senses a state of medical waste
container 22. In turn, sensor 24 generates a signal at 102, which is representative of
the sensed state. Proceeding to 104, transmitter 32 (or RFID tag 92) transmits
information representative of the sensed state according to a communications
protocol. The remote receiver 34 (or RFID reader 94) receives the transmitted
information at 106 for communication with notification device 36. In response to the
information, notification device 36 notifies the user of the state information at 108.
Moreover, one embodiment of the invention stores the sensor signal in the form of
the message, for example, at 110. In addition, the response from the user is also
stored.

[0107] It is to be understood that aspects of the invention are embodied by a
general purpose computing device in the form of computer 58 or computer 66 (or
one of the other exemplary devices 60, 62, 64). In one embodiment of the invention,

a computer such as the computer 58 is suitable for use in the other figures illustrated

and described herein. Computer 58 has one or more processors or processing units



by reference, describes a systemfor self-nonitoring of a waste di sposa
(compacting) system and Schomi sch et al., U S. Patent No. 5,967,028, hereby
i ncorporated by reference, suggests aqethod for predicting when a contai ner
is full or renoved, even in the case when a sensor fails. In addition,
Little et al., US. Patent No. 6,123,017, hereby incorporated by reference,
di scusses a mat hematical algorithmfor predicting when a waste cont ai ner
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transmtter 32 (or RFID tag 92) transmits information representative of the
sensed sevaral tapes)raﬂbugstrucwr%s)rmlud@ata esnong heiscy anenToRe covlioler, Aecei ver 34
(or RFID reader 94) receives the transmtted information at 106 for

comuni padiplaraMbig) amodddeleratadograpdidsosorf @ndl anprezeseoser keal ings using@nyat i on,
notification device 36 notifies the user of the state information at 108.
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formof the ssage, for exanpl 110 n additio e response from
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conput er 58 or comnputer ﬁ? one of the other exenplary devices 60, 62,
64). In meét%%w&é‘dtbt@f Enhianped &3 (BISA) buss oigre Efecliapics8tandardsomput er 58

Is suitable for use in the other figures illustrated and described herein.
Conmput eAsSacidticn QESA) local leuprandeddaripheral Compoasst inderngonnsctIPClahds a syst em
menory. A system bus coupl es various system conponents including the system
menory jRoltknewr fERRSRaARine g, bus represents one or nore of any of

[0108] The computer 58 typically has at least some form of computer readable

media. Computer readable media, which include both volatile and nonvolatile media,

removable and non-removable media, may be any available medium that may be

accessed by computer 58. By way of example and not limitation, computer readable

media comprise computer storage media and communication media. Computer

storage media include volatile and nonvolatile, removable and non-removable media

implemented in any method or technology for storage of information such as

computer readable instructions, data structures, program modules or other data. For

example, computer storage media include RAM, ROM, EEPROM, flash memory or

other memory technology, CD-ROM, digital versatile disks (DVD) or other optical

disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or other

magnetic storage devices, or any other medium that may be used to store the

desired information and that may be accessed by computer 58. Communication

media typically embody computer readable instructions, data structures, program

modules, or other data in a modulated data signal such as a carrier wave or other

transport mechanism and include any information delivery media. Those skilled in



several types of bus structures, including a nenory bus or nenory
controller, a peripheral bus, an accel erated graphics port, and a processor
or local bus using any of a variety afg bus architectures. By way of
exanple, and not limtation, such archltectures i ncl ude I ndustry Standard
Architecture (1 SA) bus, Mcro Channel Architecture (MCA) bus, Enhanced | SA
(El' SA) bus, Video Electronics St andards Associ ati on ( VESA) Iocal bus, and

Peri phe larFQFE) ﬁér %ﬂﬂ‘fﬁ&@ﬁ%ﬁtﬁ&%@@ SIIBHﬁl V\ﬂtl&?hg Q¥R FmbRZgBH ne bus.

[0108] e corrp typl as at [east sone ormof corrputer readabl e
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may be accessed by corrputer 58. of exanple and not limtation,
conput epignakdiled mediai &U%ﬁﬁﬁl\g'ée%aﬁmr&o@ﬂrép whegegngestien.ciithuni cat i on

medi a. Conputer storage nedia include volatile and nonvol atile, renovable
and nonwireless ahédiansuihaas ianptlstiterﬁtFedhfraTednandrethwdviwlessamem,cagg for storage
of information such as conputer readable instructions, data structures,

progr a”bfﬁ]ﬁgle@ﬁof%nﬂﬁbﬁlbaﬂ@ﬁ fhedi®! CoPiR@tichs SfaRbfthe dbovadge sl a i ncl ude
RAM PROM flash nenory or other nenory technol ogy, CD-ROM digital

ver sat | sy ){P@sea%gbﬁsesmgatér?&tdaat?#eo%orage magnet i c casset t es,

nagnetlc ape, or ot hef nagnetlc st orage devices, or
any ot her nedlunt hat sed t re the .desired in i on and t hat
my be A8BSLed b RN e Ot s defice inapg ChBRERd  BRbody
conput er readabl e |nstruct|ons dat a structures ram nodul es, or other
dat a i nsystemchusavie @ndatetfaseg such saavideo intedace.en aﬁtgttomto thenaoniter, &fispor t
mechani sm and i nclude any information delivery nedia. Those skilled in 38

t he artdigprayf esinbutars wiffeh ihdledewtheraseziphded dugpgidvicashinob shawnpsectpas mor e

of its
a printer and speakers, which may be connected through an output peripheral
interface (not shown) for use in providing the notifications to the user.
[0110] The computer 58 may operate in a networked environment using
logical connections to one or more remote computers, such as a remote computer
60. The remote computer 60 may be a personal computer, a server, a router, a
network PC, a peer device or other common network node, and typically includes
many or all of the elements described above relative to computer 58. The logical
connections between computers include a local area network (LAN) and a wide area
network (WAN), but may also include other networks. The LAN and/or WAN may be
a wired network, a wireless network, a combination thereof, and so on. Such
networking environments are commonplace in offices, enterprise-wide computer
networks, intranets, and global computer networks (e.g., the internet).
[0111] When used in a local area networking environment, computer 58 is
connected to the LAN through a network interface or adapter. When used in a wide

area networking environment, computer 58 typically includes a modem or other

means for establishing communications over the WAN, such as the internet. The



characteristics set or changed in such a manner as to encode information in
the signal. Wred nedia, such as a wired network or direct-wired
connection, and wreless media, suchaas acoustic, RF, infrared, and other
wirel ess nedia, are exanples of conmunication nedia. Conbinations of any of
the above are also included wthin the scope of conputer readable nedia.
[0109] A nonitor or other type of display device is also connected to the

system hiy %i M gvrgrlgl-f hidyasd ﬁﬁé’ma%FQ ?naﬁ M'c{&‘ﬁ gbféh%ftﬁé%ysﬂeﬁré?gg'vfd YskP the

noni t or, ay, corrput ers o en inc ot he put

devi ces. own) s rint and aker Lch may he connected
thr ougHngH @@ﬁr&ﬁe, be Bt abproBtidleuPe dlarihiod mﬁ%ﬂff%eﬁ"ewgm e ovi di ng ¢ he
notifications to the user. [0110] The conputer 58 nay operate in a networked
envi r onpi9gramdNadules sgpicied selatiea ta enrsputer §8eobportions theiesf.enav®gut ers, such
as a renote conputer 60. The renote conputer 60 nay be a personal conputer
a ser vestored incait@moteameneirystdrafe dezicegent sieowrse Dile attvesrkaommeotiores wor k
node, and typically includes many or all of the el enments described above

relati Vendven %%TéidérﬁE a‘?ﬁanaihﬁhémbaag of 6@1@Bﬁ§ﬁ.h§%scchﬁmm%ti@ﬂ§mﬁker s include

a |l ocal area networ and a w de area , but may al so
I ncl ude twét /[ or WAN may be avmred network, a
wirel esgg tﬂg co%rﬁl nay |lbo%rl?!j ereof, and so on. Such netvvorki ng

environnents_are monpl.ace_in offices, ent rprls ter net wor ks,
nt r aned 8112hd g|/§@%¢d}§%%ﬁr&eddat%ﬂﬁ§h% R P e Thle0r FPLLRG EYsBrmen
used in a | ocal area networking environnent, conputer 58 is connected to

t he LANenvircoumgntainghtding komputarffaﬁc@nererabl@cbmnt ofNteninvention is epatatienalar ea
net wor ki ng environnent, conputer 58 typically includes a nodem or ot her

rTrEan 9f @ith ashalTbis bt RARTRPLIPOES DB syl pipoybonputihgaystene i nternet.
environments or configurations. The computing system environment is not intended
to suggest any limitation as to the scope of use or functionality of embodiments of
the invention. Moreover, the computing system environment should not be
interpreted as having any dependency or requirement relating to any one or
combination of components illustrated in the exemplary operating environment.
Examples of well known computing systems, environments, and/or configurations
that may be suitable for use with the embodiments of the invention include, but are
not limited to, personal computers, server computers, hand-held or laptop devices,
multiprocessor systems, microprocessor-based systems, set top boxes,
programmable consumer electronics, mobile telephones, network PCs,
minicomputers, mainframe computers, distributed computing environments that
include any of the above systems or devices, and the like.
[0113] Embodiments of the invention may be described in the general context
of computer-executable instructions, such as program modules, executed by one or

more computers or other devices. Generally, program modules include, but are not

limited to, routines, programs, objects, components, and data structures that perform



nmodem which nmay be internal or external, is connected to the systembus via
a user input interface, or other appropriate nmechanism In a networked

envi ronnment, program nodul es depictedg~elative to conmputer 58, or portions
thereof, may be stored in a renote nmenory storage device (not shown). The
networ k connections shown are exenplary and ot her neans of establishing a
communi cations link between the conputers may be used. [0112] Although

descr | Dl iap SRS AR LR ALEHEPRL A KCRAIPHH0 EXBLAMeAR Y hADTeNt.

i ncl udi ng conp one e ention rs operatiohal wth
nunmer ous ot her general purpose, or,specjal purpose canputi stem
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intended to suggest any limtation as to the scope of use or functionality
of enbodienggifarmsd by remotevriecessing Kevises dhat aradinkedphriough &yst em envi r onnent
shoul d not be interpreted as having any dependency or requirenent relating

to any egramunicationbinedlokn lafa distributedtomplting enhairedment, tdregexe mudules
operating environment. Exanples of well known conputing systens,
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conput ef server conputers, hand-held or |aptop devices, nmnultiprocessor
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el ectronics, nobile tel ephones, network PCs, ) ni conput ers, mainfrane
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systens or devices, and the like. [0113] Enbodi nents of the invention nay be
descr i bdesdrinetHergione mat essentatt unless othvepaiserspexidiedt ahat is,nikisr ucti ons, such
as program nodul es, executed by one or nore conputers or other devices.

Gener al bynteMpReea By TRE WhRhtbRthHElemits of melmbthddsrﬁ\h?%etp'brfdrﬁﬁd iRes,
prograns, objects, conponents, and data structures that perform
any order, unless otherwise specified, and that the methods may include more or
less elements than those disclosed herein. For example, it is contemplated that
executing or performing a particular element before, contemporaneously with, or
after another element is within the scope of the invention.
[0115] When introducing elements of the present invention or the

embodiments thereof, the articles "a," "an," "the," and "said" are intended to mean
that there are one or more of the elements. The terms "comprising,” "including," and
"having" are intended to be inclusive and mean that there may be additional
elements other than the listed elements.

[0116] In view of the above, it will be seen that the several objects of the
invention are achieved and other advantageous results attained.

[0117] As various changes could be made in the above constructions and
methods without departing from the scope of embodiments of the invention, it is
intended that all matter contained in the above description and shown in the

accompanying drawings shall be interpreted as illustrative and not in a limiting

sense,



40 particular tasks or inplenent particular abstract data types.

Enbodi nents of the invention nay also be practiced in distributed conputing
envi ronnments where tasks are perfor by renote processing devices that
are linked through a comunications network. In a distributed conputing
envi ronment, program nodules may be | ocated on both |ocal and renote
conputer storage nedia including nenory storage devices. [0114] The order
of execution or performance of the nmethods illustrated and described herein
is not essential, unless otherwi se specified. That is, it is contenplated
by the iE%@Q ors that elenents of the nethods may be perfornmed in any

or der, ot herwi se specified, and that the nmethods may include nore or

| ess el ements than those disclosed herein. For exanple, it is contenplated
that executing or performng a particular el enent before, contenporaneously
with, or after another elenment is within the scope of the invention. [0115]
When i nWihedicclagned eents of the present invention or the enbodinents
thereof, the articles "a," "an,"” "the,"” and "said" are intended to mean

that there are one or nore of the elenents. The terns "conprising,"”
"including,” and "having" are intended to be inclusive and nean that there

may be additi,onal t ed elenents. [0116] In view
of the iboveh ?d'ﬁff‘{’e@ggb@éﬁ Fﬁéts%ﬁgn é@&gﬁﬁgobj ects of the invention are
achi eved and ot her advant ageous results attained. [0117] As, various changes
coul d be madd SEAsehRssasiled ¥iihsa Mrdicaldevierdor aeRiBaS strteneithedagdical ng from
the scope of enbodinents of the invention, it is intended that all matter
cont ai ndelvice antiefoagmma‘adegarSigmalcrapmsenwiiUMhéneotf;Md acconpanyi ng draw ngs
shall be interpreted as illustrative and not in a limting
a notification device for providing a notification to a user, said notification

device being located remotely from the medical device and receiving a message

according to a messaging protocol, said message containing information

representative of the sensed state of the medical device, said notification device

further being responsive to said message for providing the notification to the user.

2. The system of claim 1, wherein said notification device comprises a computer

display located remotely from the medical device.

3. The system of claim 1, further comprising a transmitter associated with the
sensor for transmitting the message containing the information representative of the

sensed state of the medical device.

4, The system of claim 3, further comprising a receiver associated with the
notification device, said receiver being configured to receive the message
transmitted by the transmitter, said receiver and said transmitter communicating with

each other according to the messaging protocol.



sense. 41 CLAIMS What is clained is: 1. A nedical device nonitoring system
conprising: a sensor associated with a nedical device for sensing a state of
the nedical device and for generatingoa signal representative thereof; and
a notification device for providing a notification to a user, said
notification device being |ocated renotely fromthe nedical device and
recei ving a nessage according to a nessaging protocol, said nessage
containing information representative of the sensed state of the nedical
device, said notification device further being responsive to said nessage

for proyiding the notification,to the.user. 2. The.system.of claiml1,

wher ei ngsai dghﬁﬁvﬂe%fﬁf B'ﬁ"aévM\?@'H#ﬁ‘ﬂ‘?’%@"@?@&ﬁpﬁﬁ@?{’a”a% fay | ocat ed
renotely fromthe nedical device. 3. The systemof claim1, further

conpr i stommunicaia svith eagh ahes eceerdingdo thetrnessaging proteesl usitghani tting t he
nmessage containing the information representative of the sensed state of

t he medcommuhdsations ptototbe system of claim 3, further conprising a receiver
associated with the notification device, said receiver being configured to
receive the nessage transmtted by the transmtter, said receiver and said
transm tter communicating with each other according to the nessagi ng

prot ocok. 42 . | ai |- L.sal [ id
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using a connunicati?ns, r ot ogol . o )

least one of the following: a wireless communications protocol, an internet protocol,

and a serial line communications protocol.

7. The system of claim 1, further comprising a communications network, and

wherein said sensor and said notification device comprise nodes on the network.

8. The system of claim 1, wherein the medical device comprises one or more of
the following: a medical waste container configured to receive at least one medical
waste item; a thermometer, an enteral feeding pump, and a compression apparatus

for venuous treatment.

9. The system of claim 8 wherein the state of the waste container is
representative of one or more of the following: a level of medical waste items
deposited in the waste container relative to a capacity of the waste container; an
uneven stacking condition within the waste container, a count of medical waste items
deposited in the waste container, a time of last servicing of the waste container, a
date of last servicing of the waste container, and a service history of the waste

container.



6. The system of claimb5, wherein said communi cati ons protocol conprises at

| east one of the following: a wireless communi cations protocol, an internet
protocol, and a serial |ine conmmunicgtions protocol. 7. The systemof claim
1, further conprising a conmunications network, and wherein said sensor and
said notification device conprise nodes on the network. 8. The system of
claim1, wherein the nedical device conprises one or nore of the follow ng:
a nedi Cﬁ). Wa‘f’ﬁés?&@h?‘bf‘&&in?%“&)h%ﬁiﬁghé%arsf‘eCSbrYtsir%tr id Sﬁ%ﬁ&?ed'?ﬁ’é gl waste
item a thernoneter, an entefal Teeding punp, and a conpressi on appar atus
for venUOL{s.treat. nt. .9. The systemof claim8 wherein the state of the
wast e coMl g|nﬁé|¢:0p€§urpgﬁ?ég%%y%f%ggSg?rp&ne or nore of the following: a | evel
of nedical waste itens deposited in the waste container relative to a
capacity of the waste container; an uneven stacking condition within the
waste container, a count of nedical waste itens deposited in the waste

cont ai nét, aThé spstefn bfslain & wihereig said whstewsmttaineors afi least, partialat e of | ast
servicing of the waste container, and a service history of the waste

cont ai ngansAidsiveGo oHeforsmdte b e fbllaWimgS lighh &dtrorhAgnemsivaved iRl ner is an
approved sharps container configured to receive used sharps. 11. The system
of cl ai Q?:(ﬁjsti‘ehv% isn said waste container is at least partially transm ssive
to one of nore of the followi ng: light, electromagnetic waves, and acoustic
waves. 12. The system of claim 11, wherein said sensor conprises an optical
sensor, said optical sensor conprising at |east one of the followi ng: a

light emtter and a light detector. ] ]
12.  The system of claim 11, wherein said sensor comprises an optical sensor,

said optical sensor comprising at least one of the following: a light emitter and a light

detector.

13.  The system of claim 1, further comprising a radio frequency identification
(RFID) tag responsive to the sensor signal for storing information representative of

the sensed state of the medical device.

14.  The system of claim 13, further comprising an RFID reader configured to read
the information representative of the sensed state of the medical device stored on
the RFID tag, and wherein the notification device is responsive to the information
representative of the sensed state of the medical device read by the RFID reader for

providing the notification to the user.

15.  The system of claim 1, wherein the notification device comprises at least one
of the following: a remote computing device, a telephone, a personal digital

assistant, a wireless electronic mail device, and a pager.



13. The systemof claim1l, further conprising a radio frequency
identification (RFID) tag responsive to the sensor signal for storing
information representative of the senpged state of the nedical device. 14.
The system of claim 13, further conprising an RFID reader configured to read
the information representative of the sensed state of the nedical device
stored on the RFID tag, and wherein the notification device is responsive

L0 L8 161 O T 08tenf BPERR ! Akt th BRsSRRRTaIoA Rk Seordl cal  devi ce

read by reader provi |ng t otification e user. 15. The
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assistant, a wireless electronic mail device, and a pager, 44 16. The
system Bequ&epsow\%%ﬁ)wwewﬁw %Hﬁﬁﬂ'ﬁ?@@‘ée SENPRIR S MiGHAWEYE SRRSO,
following: an optical sensor, a weight sensor, an ultrasonic sensor, a radio
f r equenayesETETE, fr@mpa@hifammem amagiag sendaptaaplmmmnsemsoraa rsolid owav e
sensor, a resonance frequency shift sensor, an inmaging sensor, a proximty

sensor, séhéﬁ"é@onﬁa%ﬂ?x@ﬁsoraaﬁé%tQfﬂsu?f@@é%éns@f”d a subsurface sensor. 17. The
system of claim1, wherein said sensor conprises a wei ght sensor, said

wei ght sensor conprising at |east one of the followi ng: a strain gauge, a
spring, a piezoelectric crystal, and a piezoelectric film 18. The system
of claim1, erein sa sensor__canprises an inmage sensor e
censor Lbmpr TB% SUSIEET PLABI dnSTETREIS SFISCAETD SoS N EN SRR SBEL  co
array and a CMOS imager. 19. The systemof claim1, further conprising a
conput ewefght sansercamprising at jegsb onautof e fadpwingsna strairegige. ESRIBIG @ st at e
of the medical device, said conputer

piezoelectric crystal, and a piezoelectric film.

18.  The system of claim 1, wherein said sensor comprises an image sensor, said
image sensor comprising at least one of the following: a charge-coupled device

array and a CMOS imager.

19.  The system of claim 1, further comprising a computer for analyzing the
information representative of the sensed state of the medical device, said computer

being coupled to the notification device via a data communication network.

20.  The system of claim 1, wherein said notification device is located at the

medical device.

21.  The system of claim 1, wherein said messaging protocol is selected from one
or more of the following: TCP/IP, UDP/IP, MODBUS/TCP, HTTP, CANQpen,

MODBUS, Profinet, or Profibus.



bei ng coupled to the notification device via a data comuni cati on network.
20. The systemof claim1l, wherein said notification device is |ocated at
the nmedical device. 21. The system of;=cl aim 1, wherein said nessagi ng
protocol is selected fromone or nore of the followng: TCP/IP, UDP/IP,
MODBUS/ TCP, HTTP, CANOpen, MODBUS, Profinet, or Profibus. 45 22. The
systemof claiml1l, wherein the nedical device is noveable. 23. A nedical
devi ce g?.”p“rﬁé @?steﬁq ?P&bﬁﬁh %%E&H‘iﬁﬁh?éd?é‘a{l deLE! i WGk difte F €CEI Ve one or
nore nmedrcal waste '1Tens deposited therein, a sensor assocCiated with the
wast e container for sensing a state of the waste container and for
generating a signal representative thereof; and a transmtter responsive to
t he sensor signal for transmtting a nessage to a receiver |ocated renotely
from t hédt r afpnedicelrdevics eonmpssiige being transmitted according to a

nmessagi ng protocol and containing information representative of the sensed
state of theawssticalovadtaicoataingdcontigaraetli egkiveanecer miore needical3vasiberei n a
notification device associated with the receiver provides a notification to
a user, itSAkdepetitdd filrb@n device being located renotely fromthe waste
contai ner and responsive to the information representative of the sensed

eceiver o2 pEOv TR orhes Wi AAYTE colshi BT 8878y s IR SR E oy cc

of claim 24, wherein said notifi é%ti on device conprises a conputer display
| ocat edSPRIAHEE RPAAPLAPRSEING & TR TERIaFENtatYE theleof iRl cal device of claim

23, wherein the waste container is an approved
a transmitter responsive to the sensor signal for transmitting a message to a

receiver located remotely from the transmitter, said message being transmitted
according to a messaging protocol and containing information representative of the

sensed state of the waste container.

24.  The medical device of claim 23, wherein a notification device associated with
the receiver provides a notification to a user, said notification device being located
remotely from the waste container and responsive to the information representative
of the sensed state of the waste container contained in the message received by the

receiver for providing the notification to the user.

25. The medical device of claim 24, wherein said notification device comprises a

computer display located remotely from the waste container.

26. The medical device of claim 23, wherein the waste container is an approved

sharps container configured to receive used sharps.



shar ps contai ner configured to receive used sharps. 46 27. The nedi cal
device of claim23, wherein the transmtter conprises a radio frequency
identification (RFID) tag responsive tg the sensor signal for storing
information representative of the sensed state of the waste container. 28.
The medi cal device of claim 27, wherein the receiver conprises an RFID
reader configured to read the nessage fromthe RFID tag according to the

nessagi pg Proforalyicd vme@eagm?z@%ha SR LRAGHIS LRSI g the RFID

reader “provi dés a notl ion rept MOBIRt At v & e of e wast e
containgr to a ser i cal device of c erein the sensor
"o cont gaersy Heabation (RES fiesBoasiiy 46 e reotich 812 12 HEFR8 mpl ement f ng
the messagi ng protocol. 30. The nedical device of claim 23, wherein the
state ofmfermaticasepresentativecef the senapd statevhthe waste eordaernor e of the
following: a level of nedical waste itenms deposited in the waste container

relative to a capacity of the waste container; an uneven stacking condition
within the waste container, a count of nedical waste itens deposited in the

waste cogt ai fRe mé’diéélrﬂ%v‘ige bESAinDeT Vivhbiln fe FBIVASosResAIRFIDa  date of

| ast servicing o e waste container, a service history of the waste

a1 Z‘;L‘Féa&ﬁi%89115%@‘“‘85%?%&5"%5*9%%3%ﬁf%?*igﬁy aét%}é%b%?l&&sf"&%ﬁ@@ﬁiér e

ultrasoni c sensor, a radio frequency sensor, a capacitance
i nduct afE8SagRg Ot%oha@ﬂdﬁﬁ%r@"b@rﬁ‘@@iycat'%’ q’%‘ﬁ@ﬁléﬁ’ﬁ?@"ﬁfv@d@éh@? Fﬁr’"d%nsor ,
an inmagi ng sensor, a proximty sensor, a solid sensor, a contact sensor,
and a spbmide‘saa:aoﬁfdnaibn.repmesesmativém the(SIatanfﬁm/Waeta)n‘:onﬂah{iathB,usmh.erei n
sai d nessagi ng protocol is selected

29. The medical device of claim 23, wherein the sensor is configured to execute

computer-executable instructions for implementing the messaging protocol.

30. The medical device of claim 23, wherein the state of the waste container is
representative of one or more of the following: a level of medical waste items
deposited in the waste container relative to a capacity of the waste container; an
uneven stacking condition within the waste container, a count of medical waste items
deposited in the waste container, a time of last servicing of the waste container, a
date of last servicing of the waste container, and a service history of the waste

container.

31. The medical device of claim 23, wherein the sensor comprises at least one of
the following: an optical sensor, a weight sensor, an ultrasonic sensor, a radio
frequency sensor, a capacitance sensor, an inductance sensor, a microwave sensor,
a resonance frequency shift sensor, an imaging sensor, a proximity sensor, a solid

sensor, a contact sensor, and a subsurface sensor.



fromone or nore of the followng: TCP/IP, UDP/IP, MODBUS/ TCP, HITTP,

CANOpen, MODBUS, Profinet, or Profibus. 33. The nedical device of claim23,
wherein the waste container is noveablsgg. 34. A nethod of nonitoring one or
nore nmedi cal waste containers, said nmethod conprising: sensing a state of a
medi cal waste container; communicating a nessage containing information
representative of the sensed state of the waste container, said nessage
bei ng configured according to a mnessaging protocol and transported using a
comuni cations protocol; and renpotely notifying a user of the sensed state

of the st ontaj.ner,in _r on to the communi cated infor.mation. , 35 The
method ¥ ¢l IaTsHical devite of Sl 24, et s dMeneAqing Brotaesly selecied
representative of the sensed state of the waste container in_a database. 36.
The met fiean ate o1 miore 9bther folowing: cBaBAPs R /Wh MORBHSSTKE, i AT &P mat i on
representative of the sensed state of the waste container stored in the

dat abas€ANQpemMODBUT, Rrofioet, fardaofilus.t o t he user in response thereto. 37.
The net hod of claim 35, further conprising analyzing the information
representative of the sensed state of the waste container stored in the

dat abase and 48 automatically ordering one or nore replacenent waste

containggs I fipf fr?e%b‘?&ﬁedevﬁcfégéfgcfl&m 38, wﬁ@:%ir?ﬂ'femgg fc&cﬁté‘iing} %4mo(l§él§@?r

conprisihg genérating a s representati ve e sensed s € of the
wast e contai ner and, responsive to the sensor signal, transmtting the
message according to the comruni cations protocol. 39. The nethod of claim

38, further conprising receiving the transmtted nessage ]
34. A method of monitoring one or more medical waste containers, said method

comprising:

sensing a state of a medical waste container;

communicating a message containing information representative of the
sensed state of the waste container, said message being configured according to a
messaging protocol and transported using a communications protocol; and

remotely notifying a user of the sensed state of the waste container in

response to the communicated information.

35. The method of claim 34, further comprising storing the information

representative of the sensed state of the waste container in a database.

36. The method of claim 35, further comprising analyzing the information
representative of the sensed state of the waste container stored in the database and

providing a notification to the user in response thereto.

37.  The method of claim 35, further comprising analyzing the information

representative of the sensed state of the waste container stored in the database and



representative of the sensed state of the waste container according to the
comuni cations protocol. 40. The nethod of claim 39, wherein the

communi cations protocol conprises at ggeast one of the following: a wreless
comuni cations protocol, an internet protocol, and a serial |ine

communi cations protocol. 41. The nmethod of claim 34, wherein the state of
the waste container is representative of one or nore of the following: a

| evel o ﬁw Wﬁfetr [ i j v%%tt ' lative to a
capaci t%/uo tﬁgl%s eﬁgonﬁ?%g&?@g%%ﬁ%gé@tnwg gc |n§in%§@iaﬂtelggén%et hin the
wast e C@n%tréE\i ner, a count of nedical waste itens deposited in the waste
cont ai nE¥®Q tine of |ast servici ng of the waste container, a date of |ast
servicing of the waste container, and a service history of the waste
container. 49 42. The nmethod of claim 34, further conprising storing
information representative of the sensed state of the waste container in a
radi o f3&quehby matkod iof cladni 3 fyiterompraEinggeneiadingd sighbl teipeesertative
container. 43. The nethod of claim42, further conprising reading the

i nf or magf PR senQBH QERBIA e WaRle EHRarRAAAE, ﬁi_s?)bﬂsﬂé tbiee WBRE6r SigRAAI ner
stored on the RFID tag and providing a notification to the uséer in response

anot her tARERITRFHETHESFAdY, g o i aiditns NohtflnEat] PSR T ST o e of Cone or

nore nedi cal devices, said other nessage al so being configured according to
t he nessagi ng protocol and transported using the conmuni cati ons protocol.
45. At |east_one conputer-readabl e nmedi um having a data structure stored

t her eon39sai Ghelmethed ofi claima3& dugherstamprising receiving the transmitted message

representative of the sensed state of the waste container according to the

communications protocol.

40. The method of claim 39, wherein the communications protocol comprises at
least one of the following: a wireless communications protocol, an internet protocol,

and a serial line communications protocol.

41.  The method of claim 34, wherein the state of the waste container is
representative of one or more of the following: a level of medical waste items
deposited in the waste container relative to a capacity of the waste container; an
uneven stacking condition within the waste container, a count of medical waste items
deposited in the waste container, a time of last servicing of the waste container, a
date of last servicing of the waste container, and a service history of the waste

container.



a header for permtting nessaging according to a sel ected conmuni cati ons
protocol; a data section, said data section containing information
representative of a sensed state of agredical device; and a nessage type
for defining an operation to be perforned on the data section; wherein said
header, data section, and nessage type define a nessage configured
according to a nessagi ng protocol for comunication using the sel ected

communi g2t 1 09fie Bthal o olail 34! furt RIS U RicPabA b ASenidibher

conprising an error checking section ng the nessage.

met hod moni t ori one,_or r di cal _deyi ges al d nmetho I sing:
sens: ngSuEass e Hihe WSt 6o BNt Bhaid dfuns™EY T dRing@hen iRERN 1
information representative of the sensed state of the nmedical device, said
nessagelagaassgctaded wifhrtea wastecantana’o a nessagi ng protocol and transported
usi ng a comruni cations protocol; and renotely notifying a user of the sensed
state of the nedical device in response to the conmuni cated information.
48. The nethod of claim47, further conprising storing the information

represepgat i YRe flethb@ of ERHAUS Fariferionh biising thaihg BRY irf6rmhdtich dat abase. 49.
The met hod of claim 48, further conprising analyzing the information

ot abasEPReE asis, PReRERRe st e il PRSFRY SARUTH BRTREN [ 4.

The met B%C\j/i nflg gln%tirfll]cg't?dn Iou{htehueger(fr?r srdosnlsg(‘%hearré <|).y2| ng the information

50.

44,  The method of claim 34, further comprising communicating another message
containing information representative of a state of one or more medical devices, said
other message also being configured according to the messaging protocol and

transported using the communications protocol.

45. At least one computer-readable medium having a data structure stored
thereon, said data structure comprising:

a header for permitting messaging according to a selected communications
protocol;

a data section, said data section containing information representative of a
sensed state of a medical device; and

a message type for defining an operation to be performed on the data section;

wherein said header, data section, and message type define a message
configured according to a messaging protocol for communication using the selected

communications protocol.



representative of the sensed state of the waste container stored in the

dat abase and automatically ordering one or nore replacenent consumabl e
items associated with the nedical deggce in response thereto. 51 51. The
met hod of claim47, further conprising generating a signal representative
of the sensed state of the nedical device and, responsive to the sensor
signal, transmtting the nessage according to the conmunications protocol.

52. Theyget Nphe Qhtd SRiRy oft%IHfrﬁD,S,rf&@f@?%bﬁiﬂﬂ@ir{gﬁ&eﬁ%rg%hfaaﬁg%%%ﬁéﬂ“ed

nmessage representative o e sensed state o | ca i ce according
rotocol. 53. The nmethod of claim52, wherein the

to the ,co ni cation
comuni t%tvgﬁﬁén%%&@gg?g%%npri ses at |east one of the followng: a wireless

comuni cations protocol, an internet protocol, and a serial line
communi cati ons protocol.

47. A method of monitoring one or more medical devices, said method
comprising:

sensing a state of a medical device;

communicating a message containing information representative of the
sensed state of the medical device, said message being configured according to a
messaging protocol and transported using a communications protocol; and

remotely notifying a user of the sensed state of the medical device in

response to the communicated information.

48. The method of claim 47, further comprising storing the information

representative of the sensed state of the medical device in a database.

49.  The method of claim 48, further comprising analyzing the information
representative of the sensed state of the medical device stored in the database and

providing a notification to the user in response thereto.

50. The method of claim 48, further comprising analyzing the information
representative of the sensed state of the waste container stored in the database and
automatically ordering one or more replacement consumable items associated with

the medical device in response thereto.



51

51.  The method of claim 47, further comprising generating a signal representative
of the sensed state of the medical device and, responsive to the sensor signal,

transmitting the message according to the communications protocol.

52.  The method of claim 51, further comprising receiving the transmitted message
representative of the sensed state of the medical device according to the

communications protocol.

53. The method of claim 52, wherein the communications protocol comprises at
least one of the following: a wireless communications protocol, an internet protocol,

and a serial line communications protocol.



