10

15

20

25

30

SYSTEM AND METHOD FOR NMAI NTAI NI NG Al R | NFLATABLE
MATTRESS CONFI GURATI ON Techni cal Field The present

WO pwe8306m rel ates generally to therapeutic bePGT/EHEING6/005517
mattress systens and nethods for maintaining their

f SYSTEM AND #1ETI8OENEFORMANI TAININGS N]RSINFEAETABLE MATTRESS
specifically to inproved systems and methods fo

control ling the confi gét@NFERURATIOMar act eri st cs of

table air mattress utilizing an array of
Tecmﬁ?élrﬁ'é@d sensors and control nodul es. Background Art

AT e preesrend fnventioh edalatw @er&mamlctcﬂﬁht@fbmdtb bsdtfs| éﬂ(ﬁﬁiﬁ@tress systems
ical settings. Some such air
and it bk Saininiog |t'@‘l?fgﬂinﬂ%8P”t-ﬁ|é? i inveation figates more
spedﬁlﬁ"dll&“i’@ﬁb%eﬂ@ﬁé?ﬁ‘é ahf nhélﬁéd% r%ﬂﬂgotﬁgrc%ﬂﬁgﬁratlon and

as control 'systems that
charaphenstrcs okaminflatahis airmattbes uilhzmglqm amai;uoiendaﬂm;rked sensors and

Qgel nce of bed sores and simlar detrinental

Conte‘ﬁh({ Bf a | ong term bedri dden condition. While in

Bacl@ﬁ@,ﬁ@mtal r mattresses nust be sufficiently firmto
support a patient, they nust al so be sufficiently soft
ahdupmbsr|of @mblngaﬁu’eta@ssgatamwﬁhnrﬁl@t@ole@nr mhtresses aised in

e 5, S8 o L ARSHS XA SRPelTof HErBSRRS an

includeftigic ahdl 16w airdoss ﬁatmctém:lcﬁﬂwa@bs Wellds Evetrdl dyseinis Bfat alter the
ase over the entire surface of the

air P'F?éﬁweewﬁml tge maitresndn eldar te dglreducadhe screimenemrbbed sores and
smiSPULSFIA SR 518 O o Gt B gy o

mattmsseafmlatzml syfimenmiymu) sinaport a paﬁéat tiesly ustialso be sufficiently

soft i [eaest 12 RS RITTar bl ar 168 BoRS i b Kees Qf%m%rg?apeutnc
vanahéh@ in tHepr_e8@e WitiSih IRé fairﬁﬁ&&re‘éérdréﬁ gfé?nérﬁe& heid (ﬂ‘[&'ﬁd ifficult to

hat a patient may exert on any sing
malnimn ttln@eEV@Uon of the pammafﬁ a)ma“ttnes;mbase/ evai iihefemtme surface of the

mattf@8T o Whalq\BriBaEH, 1A pliEniRbkeT ko Rieldl the matress

surfa@eWﬁtratHeym@@ﬁguuaﬁaﬁséswwéeaﬂﬁaﬂelsams e @rﬁdiaéi’i*ab@(éﬁd?
the bed and directs their hands or feet, elbows or

uncopyieeablej gacyrienee iatis seferrgd ta asi “hgtteminglal i zed poi nt .

| CORRSs ngglien?sogé:% ﬁhe& Yo H@ﬁg M%H'iﬁétﬁw ﬁg{ tﬁ%@%p}é&?g mattresses and

neasure € pressur

the likeustdskd mtd atcounteigificdrit aliatidriin the fork thBEa patient may exert
at e@tspéllﬁ er.a nunber of situations. Sone efforts to

on anysing indhe Mpaiese sUFRCen addien to e guerall feise exerted by the
weish SRR 5B o alfssefingl ¥ hefled P are
generally experienced when a patient enters or exits the bed and directs their hands or
feet, elbows or knees, into the mattress at a single localized point. In general, control
systems that rely strictly on measurements of the pressure within an inflatable mattress
fail to prevent the “bottoming” of the patient under a number of situations.

Some efforts to address the maintenance of mattress configuration involve the use
of an increasing number of individual inflatable cells; any one of which may experience
a large localized force, but with adjoining cells that would support the patient and

prevent the “bottoming” from occurring. The problem with mattresses that utilize
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a large localized force, but with adjoining cells that
woul d support the patient and prevent the "bottom ng"

wo c@aiogwsur ri ng. The problemwith mattresses tP@r/US2006/005517
utilizeincreased nunbers of2individual cells is that

increzmel] mehberswef individuardelisds hateaehrrachast BelindWedually connected to
ipflation system and individually nonitored by

the inyation ysteprandoindwidually sneritored gtwhateyen cantrgbelestronics might be

. i eal : ' nd .
put B R38R, YR KSR BuE o i anc
electaindl ¢canduitgrubhiegldevgt Andthrobgh e teness of that mattress that individually

o AR 285G i St et
The §iz& CexfefRRNE8mpISR! S Waint%ﬂ%@%b@fs&%ﬁtggsﬁ?ﬁ{%ﬁw&ome

. Systens all beconme’significant. .
significa®o, 804 i ssued to Wse et al. entitled System and

175 e SR R R B A S et e ethods or
Mattregs tGuntrol th Reldtion tbPatidet BthRce pRskighse ke iu&n%h@h Inc)

‘dj stance between a patient and a reference point
descrihes grsystesm and mathoddes delesting and snenitaringrthetdistance between a

e v T

supplychasesoypomghanges irrisi_uychdﬁtanb@r'l.'heiﬂéﬂt:é@fdreﬁ@ﬁmﬁirigethe patient

distafi ftie 3 HERIOONHES Uy siededipl @ oromraspansie, distance sensing
. Ve _ SOT S iy

o B SRS SRS S, T AL LTS Pl o

6,560,864 és ineommiratesl imereeini itsf értiretyrbyofeferenaer i nf | at abl e

T R b8 R o Bl el G T o of an i
inflatslyietraatteks e purasaaF hbigHemt draBr tdeeRl Q{n%fi%n@ca r

of uni gue system featurés and individual ‘el enents that

Disclpggerafdhe hvntige an overal | system and met hod f;)_r
urat i on

' Sl ' ' . on mattress confi
TRl o Bl PSR RO o Bl syt
featuresearad Inddyidtia wlehehiethat RRHeri proiokidoverall §}/§téﬁ1 and method for

here are addi.tional individual conponents, elenents,

mainigining N AL 'amrwa&g%%p@mféswre\iiqmsw’?}%@ie@y&rmtientasqmwt and
- i - f . in s
comip RS 9,886k 8151 4 SRR PuBHBL L Weld g
individizall canoparents, ¢lemehts, landi mgthodolpgied asdovisted ith the system that
ments in t(&:ﬂg?hnventlon: q1 < he use of infrared

are iR i sp P Pl Biolihs daiiisbierioe g o pgeneral, the
disclosuipe Bt Folldwd wﬁr@cﬁé BEIRE ?&Iﬁig\h_ﬁ%?ﬁ? fggttffgg and elements in the

nonitoring of alternating c I sectrons to

inventiguce crosstal k between the infrared sensors.

(1) The use of infrared illumination within individual chambers or groups of
chambers.

(2) The staggered illumination and monitoring of alternating chambers or sections
to reduce crosstalk between the infrared sensors.

(3) The use of distributed microprocessor controllers established on a network
configuration utilizing network protocols in order to reduce the wiring and connections

necessary for the assembled system.
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(3) The use of distributed m croprocessor controllers
established on a network configuration utilizing

WO et0a08905pr ot ocol s in order to reduce the w riPQI/ERIN06/005517
connections necessary for the assenbl ed system (4) The

Ude The usardfoasions shshionaid blhadsesoridigtibn ¢ddiilques such as
.techni sych as sew ng and/or RF wel di ng net hods
Sewipg P”B(?g L@? é\@tﬁlﬁg nagthpdsifi the sreatiemeldndividual chambers utilizing
o h
speciRAbat Bl Y Befs ot rahgiohE ¥ rend e RBTRA RN Tt ex(r)
t(ppehe aisei af ceviairnGortex atyped fabsics|uithilbwesr lo8s ghalities in the
consﬁonﬁt r u]ptl on of vari o%s V\?}%ﬁ)ﬁ%ﬁm s wthin the mattress
VEHARPT YRJOUREPBRRIENTS pafEassAysieM; ncl udi ng
; . .
V(Vlbnﬁ@ RiveRdll ﬁﬁﬁ?e%%%s%@%ﬂlﬁ%gﬁléﬁt?@%é Whiid %ﬁé}f]??ﬂ?ghe

such control systens an over a
methogplagies asrociated véthesish efnteoh systemspandhite overfallathility to improve
Of i | T of. handhgl d wi rel ess
the n@%ﬁ#ﬂ‘ﬁﬁ%%ﬁ%ﬂ q}ﬁr#&rﬁ%? iR t'8§a‘?rﬂﬁleand_ downl oadi ng dat a,
{7 pBhause g at hehdhietd Rirelea8 CorsnohRadom int’férqlfjﬂaédiﬁﬁ and
iC

é’é’:ﬂt the operation of the system (8{9@Spec_|
dow ng faka REegiasmilg thesystam abdewnisading informatioaabout the

operdsiof tRESVERR, cushion conponents of the mattress that
P fam?ltatgt e operation of the sensor and controller

g?hﬁpaeiﬁd: gpsﬁion h:pnsi;red:tint? désiges g.ﬁ&ﬁ{t(aitg_ﬁtmﬂﬂth@fr%édhﬁ body, and foot
awi ngs Fig. is a sc i ock di agram of the
CUShQPrCV&WFg%%%BBﬁ%mﬁF%wEE? tasfitat toe Redlionsf the sensor and

contraR&OSdrab &btk bRt ®gamnt ati on of the present
[ nventr?%n. Fi g. Zériws a schematic bl ock di agram of both

Brief Descpipliomef thei Prawiogs connecti ons as wel | as the
i y electronig, sjignal co cti.ons for the overall.
P Fiqa & o St S0 otk Mt YR AP sOimpogonts, apndits and
connécturs asedciuet wilhl infplémBhiatioARTRS bfestintsvamish. t he

mattress bl ock di agram and sensor signal conponents of
t rég- g spehemalimblosk diggrgm of hath dhelptisianedir flow connections as

el EOR 5ok U S B T ST P e

inventiod. i ts associated drivers and inputs. Fig. 5is a

detaiJ.ed (coptroller |evel) electronic schematic bl ock
d?é{%; rdmafe ﬂ%d Z\?V@ﬁi@r’e‘ﬁi} qlectranicrssheataticdliagriapnof the mattress

blockWagraf and SEREGGSa Yorlith e SPite HrRYERE Gt 9+ ©

is a perspective View o e undersi

cbig. ddb leedetailed (¢antrllepfevel) eleattdnie sshematiebloek didram of the
s a,plan view of the

mat B EES ol 4 SRt e rub e Bbrbpet St i S ancoss.

Fig. 5 is a detailed (controller level) electronic schematic block diagram of the
stepper valve controller (cushion control) components of the present invention.

Fig. 6 is a perspective view of the underside of the controller interlayer of the
mattress system of the present invention.

Fig. 7 is a plan view of the underside of the controller interlayer of the mattress
system of the present invention.

Fig. 8 is a detailed perspective view of the mattress controller enclosure of the

system of the present invention.
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system of the present invention. Fig. 8 is a detailed
perspective view of the mattress controll er enclosure

wo@Rooblog90syst em of the present invention.Fig. 9PCHUS2006/005517
det ai |l ed perspective view of a stepper valve (cushion)

CORigr Blis ardetaitddserspective Viewsofst t8ppér vdive RERARIH) controller
i nvention. Figs. 10A & 10B are perspective views (top
enclggifeni the aystsm eifbeqsagentiryarionnat t r ess conponent of

Y08 PR, 1 o bRl LY g Pl b dpgdPovstion
mattrasshooonporert oé te synrrq_amrm‘rt?% Xfc(a&sdrg Ei;mga;mieme:)f t EtGi Ve

D838 AR I oBB e hepnd e danagh GoRer At s custion
mMattRBERVAYPBnet of fife SYstE@Bhe bRSsdMt ‘?‘rﬁféf?nttioh.nvent on. Fig.

13 is an expl oded perspective view of an alternative
enfbgsi & H2B areperspectve views (op and bettoon)wd trenhead cushion

f e_present, i nvention show ng pl acenent
maﬁ%{}gﬁy‘?ﬁe‘ﬁg@g?i% %‘Fﬁl%i'ccgghe p@s_enip{eglﬂgndet ail ed plan
Vi, 08 iwan ekplogedipepspddtins igvy bean Gltefative embodiment of the body
sensor/emtter) component of the system of the present

cushjgn Battress. campenery af theysysiperefithe Presrnt irvantionrsiiowing placement
ofIqueﬂé&ﬁle"%frteLc%é.s’ sensor and control conponents of the
0

system € present invention. Fig. 16 is a
pefigpbtis a detailed pidn viesy ohan IR reddivar/tednshtittes i sl &sBrebr/emitter)

t he pregent inventjon on a.typical hospital bed frane.
com;g&qrﬁﬂgﬂlg PHerny rtb?lﬁ’éeiﬁﬂt IRGBPAyent i on An overvi ew

ofFighes fys EEI%@%tié EPos%rs‘é%ﬁBﬁali \ﬁé{\ﬁrbtfitr?é‘ n{%t?‘e&e, sensor and control

di sCussed by reference to the schematic aw'ng s
companenity) of the systerniaf the presephinventioe. syst em t he

gr onents are shown .ip relation to an
ik B A BEBRRRANG vRIEoC R Btalatidh St hysfhsh Shine present
inverition @Vé&mallﬁbs}bﬁéi e framaodi ment s, b! ower box 10 can
nprised of a blower fan 12 that incorporates a

be co _ ]
Best Mede far|Gasrying Osth the ventiaRe and an out put t hat

AFBIRR) SEuP BRER 1 AL Gen B B50RR sty reernce

to the echiernaitic dfavihg sbpaindmFighe huthiudveriiethhsr tbyetferhOthe mattress
10 i s established through hose connector 20 that
ComPQF@G'is‘p)%?%% ny INyiglatian te and intercepngrded walhisthgwarieus castrol
j Cni [ .
comitrRh4S L e SRR BRSNS Hal YGRS pan b comprise o
a blower fayu$2 ¢hdtoncorpotates hahst Gliembt borits 26take mnklears buplue that

incorﬁig%g% 8@%3%&@9&2{% gﬁ«gg%ggg Hﬁg{fgﬁ gﬂe%‘%lgr L?nit 18 before
being passed into the conduits of the system. The output of the blower box 10 is
established through hose connector 20 that incorporates a manifold of air connections
as well as electrical connections (not shown) in the same connector unit (described in
more detail below). In various embodiments, hose connector 20 can be single piece or
multi-piece connector and can include a number of components, such as springs,
latches, and the like. Hose connector 20 mates with and connects to distribution block
22, which distributes the air flow frofn blower box 10 through three separate conduits. A
first conduit 24 is connected to two proportional control valves 26 and 28 that are

associated with the body cushion 30. A second conduit 32 is connected to proportional
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| atches, and the |ike. Hose connector 20 mates with
and connects to distribution block 22, which

wat@bsdat es the air flow from bl ower box 10 thCDUIN6/005517
three separate conduits. AFirst conduit 24 is

controd lvabvet:mjasadarted withoissdd eusHions 88! 49 weM fdsvm‘épgﬁloﬂ@ﬁcé’rﬁrol valves
are associated wth the body cushion 30. A second

38 aeg rAnssosizted with faeleushianyd orlsaelt of beairepetiosnl eentual valves
menﬁ&n&f%%rﬁ%ﬁféd‘"ﬂo it l@%@g ves&g‘%ﬂ) gy S%#qug@%rc?lﬁg%connector

proportional control
44. foot cushion 42. Each of the proporti onal contr ol

T BuTHoh Al SROIE ABRG<E LBHe &R RERI MTaifbie chamoer) as is

descﬁbéb'lr@mcﬁé de%lﬁbélbﬂfgh'ﬁe%l‘}?g’l@%ﬁaH'E)b? i Eorthecté&d BY QHyeof a quick

i nfl atabl e chanber) as is described I1n nore d
release| coRnetTios 44 tnglrep@rhlanabtzontml uelvaéi;t e Bcloly cmhlanf 3@is a multi-

chanfir e & 3 ARl Crattoar®, RRGRG nteRaued hambers fo

alterfatirg meqarahsuuﬁzfeldaélablhmbaafmhér)apaaﬁct par (sid%bgr ESéy SF'the two
chanmbers for alternating the pressurized air

sepafgie ahragie in P@nrpﬁﬂt%bvyvayexawqumkﬂaleasmogep@toaﬂé fo the
espSUREERONBSPASRRA AR AC R c A i) 823 o chamber

unit (ead. ydgaldeflatableZhanosrt) stradturst hiichdhe saiid as bb Qéhlon 30, and

AR T ELERCE e I CHORS A
releatsatc;%hh@é\t’éﬁ%@'4§*&i1 ?E@ﬁvégfog ﬁélﬁaﬁi M@Wé&“%‘aﬁg 40. The
b tor

way of quic € con
specufleg@@etruo’@rpobmah ofdhelcwbmmmpMeAﬁs o8 theasybtd®. of the present

h of th hi
inverIBRS Seke T oG8Rl RSV he present 1 nvention is
deecednael of fthéiF Eréis%h?é WithRl ead &_lﬁ%léﬁ BB Bbd)%u&h@n ggr and foot

pressure within cushi on 36, body cushi on
cushmd’cZ isudascohed in gecajersdetail berein b@kmataad famnaparumélﬂm bhasic

s BH T B0 oD, 1 S0 ey rese e

cushbnvwnmonérihs%aﬁe triai rﬁelr@dsihIMnﬂﬂ@ﬂQﬂmﬂitﬁ)n%ﬁh@éléét%M§@ontrol of
ted condition by the electronic control
PFOP?JF'BB%r iVaWGﬁ@PS(OFMW%rsSQﬁW eantenl singer ﬁ}@e@r@eratlon of

mlcrd;%%ééé%brélijﬁfcrbe&a\ﬁ@ﬁéwm NI &ﬁﬁlﬁ%ﬁgﬁé’%@a@% instructions,

crocontrollers ude co er exec
e.g., pragramdnsiouctions. ayd,/orpalggnthms et lnmude)ﬂr@rapieumralr inflation

presr e et SSBimaie, A’ 1o RSRAmaBRBoNR G etbAL ey of a

digitaP8ignbPnat@irker by way of a digital signal network. In
various enbodinents, a third air conduit can be

[ wmgdembﬁd@mia; arﬂmdsaih aondlglt tar betprovdidedr It entadiments
G e e ERT R T "
leavek |t distabuitidroblbbe ZIZQHQ:'aﬁ'yﬁBe MoRdsiiSto the remaining bladders
associated with the mattress system of the present invention. This air conduit 46 is split
between two conduits 48 and 50. Conduit 48 passes to a stepper actuated directional
control valve 52 that alternately iriﬂates and deflates turning bladders 54 and 56.
Directional control valve 52 is operated by means of stepper motor 51. Air is distributed

from directional control valve 52 through two conduits 58 and 60, which pass through
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associated with the mattress system of the present
invention. This air conduit 46 is split between two
W@ ovds4so 48 and 50. Conduit 48 passes to a stBPEPER2006/005517
actuated directional control valve 52 that alternately
manuaf CRRe@les Isleék 62 it rsnhaaut&leadﬂecp@w.wwﬁaact} of conduits

Directional control valve 52 is opérated by
58 agd §9jarorperale pregsurajtransgugersiG4 and 68 andogick reieaspe)acahnectors 44

o RSt SRR REEORE S3 2 T Pt Frng

bladdm G4and 5BYis GERemlly tacBomplisiiadt i @Iferﬁémblfdsﬁuﬁﬁaﬁd]ﬁs &htrolled by
r at ressure transducers 64 and 66 and qui ck
the digeaddl %ﬁﬁﬁ&%‘&@ém 38 19 inaterae tyrning indder and deflate the
secoh@%@ﬁﬁr‘i B%deEF QLJ'%Wﬁé g%‘%e?ﬂ‘fje ﬁ qWS oh8'did¥ bPthe other. The
er S era

of turn
orierdatiamel ﬂhgl‘temlmg] bhdldersnmngttgméasalmtgﬁhendaﬁmsscsytst@h | #ldescribed

I I 52 t flate
in e JetE R i S i a prdsessmssileond ur ni ng
tﬂt@féﬂﬂfg a%lalﬁ tﬁwelr it DafiolPERLBIrER: PQIL b@ﬂ&uﬁ 30 °é3&end|ng from

de or t ot her. Teorlentatlono
dlstrlbuti%blos;kl% Way ©F aifl aanglUitHs, nanmassghm;aghan acawatuon solenoid

68 afntf Bidrbaes O%%sﬁﬁfo%q%#}gH re:ﬂ%als% Pﬁrr}? Eggs i ?qltegéc?]nw)%k 62 air conduit

process p

50 cmﬁmuesihmlﬂghda are ﬁaﬁscﬁﬂféﬂ Wtarﬁpthr&agrﬁﬁ ‘élq'uitﬂk r%[e%@e connector
t| on, bl ock 22 of air conduit

44 b?fggesﬁ yofeﬁjwnsﬁoar&ﬂatvM%dmﬂr@ﬁ)r&plwm qyﬁmre)abladder 72. MRS
baddi37% SO 5 SRR Rplo iy Ui BaBRE 74! arous

embodlmea;ltﬂa @fioamOcustidon br maglness can bk implerasitted eimdesirorepfate the
servin flate VRS (mattress

R 55T AR B T3 S RTER Soners e

a|rc(mm|5tpﬁ)r\gxgh,qu entbd Reraby@ephere by way of sol enoid
I'n vari ous enbodi nents, a foam cushion or mattress

Jé\.@ hewerbox tBrtasdribed abave isperarally neoNRBatl iatalaiuser interface

unit RO EHS%n SETRERRES o s 4T An SIS i Msbress lpdein of e

presetténvantionris b@(:e&iolrﬁﬁﬁ@ﬁsé}qﬂteﬁ*ﬁ@é%mtsar@%@héd' some of the
incorporated into a user interface unit that nounts on

electionicsy isHed with thﬁ@r%r@rrdnlngrﬁrtdwomwgtlcrmon‘ thessyston; erg.,
contrSerrIeh'ga We%ﬁ@fkt(dﬁwe)e %naﬁds me‘?%ﬁg%ql{/n Ifg]" fe usﬁ%ﬁlox\/smade to Fig.

ace unit al ne sone

2 for ap swendewodf the bomtne qonggsremts ags@matednﬁtrﬁMeogys@émW%e present
contro tbl er area network (CAN) nodes and

invengpg an@‘cquélgﬁe.syn PREFBE QYSEieY RiGHMAlisdiagram gescriliest above with
respe%[‘td)F@r i IEH"FQc 2t BRwWEHx1a %\?égﬁﬂ?@@éﬁ tcgﬁ%ﬂfqeaﬁlgg/e}‘\”felwm which

he system o t he present 1n I Ca

ultlmqialyt(athmt tovaugh @wumbzan rwbtrterdnagfddmdnn@crtok;eﬂotﬁm in this
r (0).4 IS

h respect t.

ciagrdfy) BENEEIR Frife e infatiop i torath irmno blRgreTit gt rping
bladdepbBeidot thsiibg hw_a bBHYRAshiBH Y, PehdERhioh 55 A4 ﬂ/ﬁ@é Yiider 72.

not shown in this di agram sefves to provide
The glegtriealiconngeiionsoshayn in biowien ok 1ddeludsshe elegmmc power necessary
to rurt BEAEP98, which serves to warm the air after it passes out of the blower fan 12 as
well as connections to a data I/O device 101, e.g., a user data interface (UDI), graphical
user interface (GUI), among others, which in the preferred embodiment includes an

LCD display having touchscreen functionality. Otherwise, the electrical/electronic
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bl adder 56, foot cushion 42, body cushion 30, head
cushion 36 and MRS bl adder 72. The el ectri cal
W@ ovhaegtsons shown in bl ower box 10 include th_ECT/USZOO6/005517
el ectric power necessary td’run heater 18, which
conreetions from usenintenacei 100adresshowin A FRARINY dplf ér%nnectlon 102
bl ower fan. 12 as well as connections to a
and g gpmraunigations,connecton Jo¢. Astidicatesrabaye, thﬂ@le)electrlcal/electron|c
t 1,C
conr@ican & mehRaineRRiduhfin Sle SR RS Ssselfiy 20' discussed
abovieaand ghereby I'ﬁemn tenelectrical/eleetrohie. codnketion fem theeblower box to the

ct r| cal /el ectronicconnections fromuser interface
mattr%ﬁg own as including a power connection 102 and

arlmmmésaéss%ﬁﬂoly 90546EifHtotIdratdS a nigteat ﬁgnﬁglfe\fel 08 which

these electrical/electronic connections are nain
receives batihrewer aagreompawnicationesigoalsfeme mbéylnwfabeswm% same

o B b SR BTG B AAS ot
assoeiatswlitl eath®f e tHres SushivABdnpdEhid bﬁfh'efmﬁttress system of the

corporates a mtfress controller 10 recerve
pres%'gt'%" \pBr Thase eontioliare are establighed es f'netwonls sodes” and include

steppe?VaNeAShtrMer 16@ z%%tga \ith tﬂgqugmqrf %JF g?esoﬁerr] Valve

are In turn rel epper
contralisrotd (h(aesdomnatdrd with oy cmbhmmageambpp@r Vo eBRAGIfer 112

Th
(assoea#ﬁ'i’ gyiih '@5 *ﬁ‘g@ §§[ﬂ hfiiﬁggﬁe gt%\%ek C;kggt@é’%?raﬂarsﬁg Gc}ilrectly

connédtet 48 ®oft ﬁféoiﬁfraVéH ;é‘beﬁfé?é HeLb&4 eﬁ%tl{ ﬁ%saﬁh%r?%lwhlcﬂ it is

t he foot cushion st epper va ve con
aﬂacfo%ﬁcwau ad the chnimldqgal\tﬂssﬂhabdwéﬂ)thamuﬂe&bamfiehatvals%&)n Stepper

VeI e R o e 1758 vty
controler\mws@B and aottb rﬁéiﬁtdlmr'i@éﬁﬁrobﬁﬁfé Mﬁéﬁoﬁéf‘fb%‘t @f@%n 42.

h the cushion to which it
L'ke"\t% steprer dalvesqnteolien 4110ds ae%@cmued wu;-h irmarem redeiverat! 16, 118,

120, S35 129 s wiIFAE BoRY AN VARVCRC2S Bf z?és%%@?s%@éa%ﬁm”@hsmgush'on
30. Finaliy, rsneppmararmCaar@m 140 it assaciated With Mira8@ réRivé! £24 and

f f oot h 42. Li kewi se, stepper val ve
contrlYaiE b4 dneh 7o eagh sssorlatasl with hepuahion JtocEhe setrorked

tral Ve

suctbbot hidenhbr BoRTE se boSSoE A0 e hfters

conneﬁt@rpb‘e'i whith eanMpwlﬂlmmarmuaﬂeﬁatlomsedcludhb the stepper valve
control valve 34, which are

contr B 1080110 Sl 5 naLBeCR0H IS oY Aot poiaiictures anc
functiehalltgt ur e of this chain of controllers makes it

ossible to add additional controllers at connector
'%@@m%flﬂ‘ih% de Fig % deft turoingdladdersi4 and rlgb’cmrnmgsbladder 56 are

j t,roll 8, 110, and
cach {aHIEKYorh 6 WARBEL oAy OB 24808 of B pibPammed operation
of dlresitlbnat coreol gaef3nshovorm & !éPIH coRﬁé@rra'hbﬂgn f:iq NikdRise, the
er 54 and right Turning

ft turning bl ad
mflathﬂ S{M@’S B@dgpyz is cgntrolled by way of mattress controller 1 06 by means of
the programmed operation of MRS clamp solenoid 68 and MRS vent solenoid 74. In the

preferred embodiment, the inflation of the MRS bladder may be varied to help establish
the firmness of the overall mattress system while the turning bladders may, of course,
be varied to accomplish the turning function described above. As discussed above, in
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each controlled fromthe mattress controller 106 by

nmeans of the programred operation of directional
weowsisdosval ve 52 shown in split configurati onPCTYUS1096/005517

2. Likewse, the inflation ®&f MRS bladder 72 is

some @mboﬁlﬂnedtsbya foRbh 9hevishiopssr rﬁQﬂKés@'daﬂfbelf?@pIBMeﬁﬁﬁﬁénd thus, in
B rogrammed operation of MRS cl anp sol enoid
S”Cha‘?'fﬂ wﬁag? tth§dn%ﬁtf@§§ controlley wwdm%b@rutﬁae@maoqmtn@rthe foam
mattiddg. i nflation of the MRS bl adder nmay be varied to help
establish the firmess of the overall mattress system

vihiviagiouk enbodiimegts) ltizel teatiseseyontedlies etn $8cludhe aainisst of different

cco i sh th turning function descri bed above. As i
configRi RS otk orikatnpie 86 fabdess GomiEaler cab MelPERHIRS vent solenoid

in en%&fliﬁéﬂtsofha%ﬁﬁieeﬁr% RS BiadLaP 'a%'H?&t,L%@FG%r&HUSRefG{?eBce is now

such di mnents, the nattress contr woul d
made o Figz éa’owhlohcabmmsoh greatef detailthetooatrslled metwark oﬂthe control

et B} T o P PR B WSS or 10
showrBh4aviRg 8lireenédrittd| %bnﬁé&ldri%ctbliﬁé s%gg?%cg??éd 3%%2@ control valve

in enbodi nents that utilize the
52 aggogiaied mithibedumingblagiders: @si welhasthm MRS ve i spleso.d 74 and the

MRSTafp S0 6B. (el (B Rigs datirciif 1bBseRlerpatita’ (and

 illumirfate)sahestithe infesred Aransiviftérsas i if ARé b?éfe%djé?l%écﬁment) 130, 132,

wWn haV|n direct control connections to the steppe
134, 358

uABecAnd 140 Thasm |Rc¥5%$$mlﬁ%ﬂﬁﬂa|%bgfﬁﬁ6@rm digdes (ltEDs) in the
e B LA ot Rt ook B gy 3978t
frequeonyr Qther fra@icrxies ae d:mtpmpmtedaMhﬁréhw comipdlr 1©8dikewise
receifis HUt SR 456, TG AN 4aHS Spato! gyt e %r%égr%hirgesemor input

144, bhaRsde ﬁdilqd@snﬂfrﬁséﬂ%dré Hput qmst AirRSndl 93048 |§ associated
the preferred enbodi ment and are operate |n conc

with ﬁf’ R l@éeawleak 6d deskribed ahnwe. A pezaseneyn c@eation 150 receives

o (BTG5S0 SeBRNITBHETE SIS BRuiR T Bbited Bove
Sre nanous epittodir@nts AnfaBif@sy edritfdtles 806 Qérnh@ﬁlﬂasé%twaﬂ@node for
rail IE)OS ition sensors input 146. A nanual

“etW%RJ& Garnesiien {152 4banckidea te e R tiagsgissionaod Keeaye signal lines
as w@i?§§ Ea%ij VOIS and rAURS fNES Tk ﬁQﬂvrberﬂc'gﬁnH%%(goggE%% disttibuted

tic alr pressure neasurenen
throughllg eath orﬂ#m:sielppér wbloe eontrollerarmentiorestbalsbveead Aetwork nodes

' f
108, 12D aBfi 125 Ress riropgatiolige. Pasin RRLBGscnGaS @ e local network,
|nd|V|HlllQHVS||‘§c:‘€=,45x.‘e0iﬂp@!"\‘i‘Ol‘n@ﬂ;@'|l’ﬂ‘f‘aI%H‘Jr&fi‘élvérL§1 zkaﬁ 6k bt ?%%% 'and 124

vol tage and return |ines. This networK connecti
assogigtegl with faniceghionr42; gledy cushion 3, andehestcepyshion 86yrespectively. In

G ORI e S B BSE0 kbt
the piporiiéhdl eeatronRiives HesdrlH@dVéBB%' Weﬁ@%l %ﬁ%rlzzHFs IE[C“QI% stepper

the infrared receivers 4, 116, 118
motor $46 associated with control valve 40 of foot cushion 42, stepper motor 128

associated with control valve 38 of foot cushion 42, stepper motor 130 associated with
control valve 28 of body cushion 30, stepper motor 132 associated with control valve 26
of body cushion 30, and finally stepper motor 134 associated with control valve 34 of

head cushion 36.
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associ ated with foot cushion 42, body cushion 30, and

head cushion 36, respectively. In turn each of these
w@embiogdoser s operates and control s the st epperP@DUS2086/005517

connected to the proportiortal control valves described

abiesreh offsteppersvalng ebntrolars S 08N ¢ H 0 dpdst EraRy rBBFé?ﬁm%aebontrol lers
associated with control valve 40 of f oot CUShI on 42,

that gfe-¢aRable st thdepepdertipmiaintaining the anm@pr@atewaﬂlat@m tbéir

ekl SN 5 SRR B A0 B3 s comvoter

106 astodheatoaderiisrnbacito e wsdrstedacelinhady. CEHHN $tBpp&k valve

d final er motor 134 associated with control
CO""RPQP(@&E%S% nﬁ@\&gﬁw% I8 @cgerdagen vith a G éeonealierarea network)

protdc®hé ‘abkéﬁ&edlﬁ%oﬂelget%ﬂ%e% 2‘?:% rﬁ’é&@% gﬂﬁﬁpra serves to improve

controllers that are capa
operatiomotihei sygterh @asapwhole ard providdsoa htghly)éffbiwtt rnalntlc(anance of the
on the petwor

h |
apprh g Gbtalionel e Srees sidlentCombpientsaomin respopes to
MovErRBRES) tHEpRRGE that rﬁi@ﬁt BfRwiselBEHRGE U0 lﬁgothrgl?glhthe mattress

st epper val ve controller acts as a networ
cushignso rieaahcef the thhicepoonitollersrin tie Hescrivasbprefemed kinbodiment of the

res il 3 4R850 B0 RSB 5 kbt oor s

equivsieitem as a whol e and provides a highly efficient

i nt enance of the appropriate inflation of the
P VAHQUYS §V§10é*#m§6t$pﬁwemt§v0rlést§uciiure £aR fnnhsde ayariety of CAN

nodegoé!&m?ﬂfraﬁ%s Eﬁd Fb?éfo%ﬁfes ﬂﬁ?stornﬂé 8%8%{?%@@‘ S%;L:ﬁ: &F @ptgtﬂ%per valve

contmilenscammmer bemtsollens (dng.,dnaitresbednpoldreane draﬁﬁb@ JaRerdontrollers,

b fied
amorio g e e RO BUERUIIA &5 NpdSopniio nekuAravaNey of fhe
indicatedi éﬂéﬁeﬁ"’ﬁﬁiﬁé@ N§i$ otHdr@nsddiiektsS hodes ‘éfaﬁ o i o#@ﬁ

a variety of N nodes, configurations,
addressedontn me@mmwmen@%r\bmmesecm be penneetbd en a specific order

anc 01 15U, FOF BB 5o e R EEAN noes an

be ccvmbem)mcta@ deIR)\AHﬁg @P@ér’)’ GQP(NéMoﬂ@S@EeHﬁ’&ﬁf EﬁBwbP%ontrouer (BC),

e i ndicated address jumper

Maﬁr@% &onyﬁﬁ%rdﬁMéhtFmt YaduesCeatolls (HyGanBody wh@geoamlw (BVC),
te |
and Hed e RS oA S FRnES TSPl dhppecir, e

varioex eomtrallers can ivecledd siita wontrofdisrietasy thansdife W@ﬁﬁlférq’dnctlons

and spyliot et imied & frase,dessbed 2'@%3%2%9?%?3%%'@ #h biapesricontrollr

can |ﬁ@ud@aﬁ:§’ Bbﬁﬁ’blié?rthé ol§9?§&%§ﬂ A ?ﬂ&ﬁ'ﬂcfn‘? \g&?’\fgh or other

and Head Val ve Contr
Sourogmflnre$3urtzhd fimid. {o varlcmspembodmnt&; rtb/naamc @ulelressmg ce;]n begin
| ers having the

with EERLEREREEEAR 108 A BeSA Rk o G s6ch Babem i roces o
prepetgg g?%ﬁ@%@ﬂt%@b%n FADJEXEEBNVEs tHid Ad¥sAYE  the node replies
with a node identification message, which is an identification number given to each type
of board. For example, in various embodiments, a BC node can have an identification
number of 1, the MC node can have an identification number of 2, and a VC node can
have an identification number of 3. The GUI node assigns a network address to each

node that returns an identification number. In some embodiments, a sequential power-
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can include any controller that controls a rate of air
flow froma blower, fan, or other source of

woe@sssaoseed fluid. In various enbodi nents, dyPemniis2006/005517
addressing can begin with a0broadcast nessage sent on

up sédeentel v Hlsbbel ifplEMEnRORIHH G5! V&ﬁérﬂﬁ: ﬁdre%ﬁ@@r&&ss For

prepare for dynam c addressing en a nod Ives
exangpiesingeag ggbadirentsd whe@pdyr@@nlwadﬁr@s%begms power is supplied to

the GQF‘ r|§¢ Teakhg W@ﬁéﬁgg Aﬁ@? fﬂ%b%g gﬁb de%”:yél Cao‘éas Rgyer up and get

grven to eac
addreasedJ ltlse EMtbdode rélays poﬁ@r fothe BYC r’flfdéev\ﬂfbh is the only valve

nb f .1, the MC nod have an
controﬂghg\(cfg %ﬁé ga tl;rl]ﬁ,u ﬁg@&orgfw@out gﬁ@d@r&% ﬁ};ﬁé?ﬂgﬁ%u beahig to

diffelep@atd ﬁ fr6ﬁf ih‘érbtﬂélnver ncﬁ:fes3 Oﬂ_ﬁ tlﬁhV&oﬁ@dé‘é&s%r&sed it relays

net wor k dress to eac node et urns
powerderthe H\lﬁmoda amdnblsrnow thesonty \éGrinode rapnthe ,nedwork without an

s e B e RSO 520 LT S
SHIg. £ prAGdESERirther WBRLTI S Hfﬂﬁrés@@&ﬁt?o?l%’rﬁg(S %%B\Mﬁg the

power is supplied to the GU, BC, M an
mlcrquérp"ehenc!a(& cpmnectian ©\loenvadioss jripus and cartplty eassomated with the

con 8 S RS AR BRSSP GaBE angl

sensoewmiéctlwnﬂmuthéitén%%*éﬁﬁé .sehBer é&ﬂné@tlbh g, el ﬁnélﬁnat(l:c

differentiate it fromthe other VC nodes. Ohce
Presyiiasegepicahction do; and éha gidegailsensor inhutsHIAS. Adwematiress

contBle i SR PR RS0 B 50 Bl Bt o

powemmgvbbe Iopesatrcnaofythécmlcrmidmbllalsand Eagh of tHy AYdillR§ components.
ther det |té?on rrattre controller 106, show ng

t he
&Po%ﬂk‘ﬁsoc? Pl PNLola TR ol therhEHa yavg o driver 162
that pd@ﬁé’r&fan@rﬂh\@éttﬁéﬁﬁra?%ﬁ%dr%hﬁﬁel‘@dhgoh@@rt rHIé&lSlSSP above. The

Included as O Ginputs are t SW t CONNEC
micropegtroligrealam gﬂ@mldpub&gnelsttommnlréﬂsoleheldtcb'mﬂﬁ 464 raﬁd 166 that

avecEBBIRS NSEY Tk e B BRI, B85 Y5 S Ghoter 106

operstee th@*st‘ebpéﬁrrwmtdr@)éreIBSQhéPébr‘itfcMs ﬂ’i@&‘(‘épb@r ht@atct &hé&lonal
i ncorporates a v e regulator 160 for powering
contrghyalyg wahdﬂﬂ@il% aﬂ%gﬁ‘taim the tusning hdadders. A¢ mendioned above,

i 10 STRARERER oS AHHRS ol g s ooy g rss

conirdlgs Ltrhiahambmas thea CANI netwestk tpietocof ¢irduitely | T@NEY tHeeCAN
n concer,t d| scussed above. The microcontroller

transcolqzlg%r FIFUtHHEE2 out put signal's to control sol enoid
ﬁ’fi/é(r‘iﬁd?s érﬁﬂoéﬂ%rﬂt@Gthbt}ﬁ’é@E aﬁ?roﬁl@?c%c\’ﬁga g]q‘élr B ifferent

sol enoi ds respectively the m crocon
configuystions:r Borexamples irepgrae emmbcnmmdants; ¢he $t&ppehabdntroller can include

one Y B 0 LS GisShcontoler o
includd @Fsifts For MeerifRy) buffaRsy ahry nml‘ﬂsbﬁfé)%kha n?ért]tég)‘? the stepper

connected to and forns a no
contreligr; eieaitry: eam belingludechior omiited wihich ¢areb&hNsad tonamrie or more

desirdtl RIdfiBhs & bE Wilited 6% thE W Dnkdfe SN the embodiment illustrated in F ig.
5 a detailed diagram of the typical stepper valve controller is provided. This diagram
describes a typical example of one of the three stepper valve controllers positioned in

association with each of the three cushions in the preferred embodiment of the mattress
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transceiver circuitry 172. In various enbodi nents, the
stepper controller can include a nunber of different

wa@ eovbiogpes@t i ons. For exanpl e, in sone enbodi nePCBUS100€005517
stepper controller can inclitde one or nore stepper

systemniof éhe present trvention cStepperualodictitofier 11PassRRRBH with the body
controller can include circuits for filtering,

cushjgi Isdfseddn t@ﬁ&X@mn—lﬁ ap ilkiliges ﬁwdnn@trdaja@igr_taiﬁsa%mqiqted with four
IR sé‘r%?é.gh%@l‘s’to PhicFddohtrbnéA M @ fdl e ﬂé&ﬂ“ﬁ%ﬁﬁ I‘atnlgghfgtr?ecgm\ggﬁsc fom each

can be based on one or nore desir
of the infrared sehsom asehavemt Bafferfilter airculte 160D 982 MESY and 186 condition
ust.r at tail ed diagram of the

°  ash
the a'{'?ngcﬂiJ"%'ggﬁ%ﬁ i g\ﬁkvgd@%ﬂ S5NSEF dPYiCHS ERriaRRIOPriate4NONitoring by
the nicREOATOMES %b%ﬁértméﬁqtﬁd?%mk&uﬁg i ggp%atégg voltage

three stepper valve contr ers position
regulatoy024for pawaring tke.chmpionehts intthe eontrehérasisuitry. t he

r igent. of t t.tresssystem of the
05 ey R B B B Sl nc
outputssigraala fordheistdpgerelredyiris 8and 19096 ihe rfdg proportional control

exanple as it utilizes four input data signa
valvegggg%r the gonlrelpfibe partiuiarstepper vatysucenttaller. Operation of these

crivefh R L0 IR rddoh A ot oB wBfin 102 o4 that atlows

the niterotentrolidridirect feetibatk oh@fe chRditioh%t smlé éﬁ@l@e 806 Prdddtional
sensor

t he anal pg.sj.gnal,s fromthe individual
contragyﬁl\é%ss ‘&gﬂm’a%%ﬁe @hog@eemwgppg@tr@ﬁerﬂﬁ@ an addr_ess c_onfiguration
circuif 96 &P} ﬂigﬁﬁgj ish E'E'?Pon? e Bﬁ‘[er\é%{f%%c{e%:[@me: Hﬁ%\em\gﬁlg %Each

__incorporates a voltage regulator
microgenfioliesraircuitiikewisedoaludes IGAN protogol ¢iscuiti] 981 bAd fCANNtransceiver

citcull 208 45 R BpiraRuDRIATES e oML he st cpper

The\GANGCoatiblisr A8 NREK f ' -
contr.ol ((val ves under yhﬁ@gﬁtaféo?ﬁdg?u%’\t@s%gﬁ',SHJUW%]&J'Q'HGHY
develgpag fifrautampéve applications. in the eatly 4880'%s. The CANIprotets! was

nterng B a Rl R 1) Rk 1 BPhLRRY EPmopas g fata ink layer

of thef svebdayerd80/0S| ¢cofeféridedmodel. TN SwRichtid foiWsyailable fr%m a large

E{r_oFortlon | control valves. As indicated above, eac
NUMbRT OF SEBIRNGHFIN NiIfaciUERTE iR bardyare fgim aprovidesi twousammunication

eSS0t TER G LA b0 85 Lot o
message ¢wnate itranis nissioCAguEsht RTR). All othier s&ividedSs ihtadéor

Y e Y S e
whichané&&fis tHe QAN SHABWINAltoWRtically g?ﬁé}nig%%%\égérﬁ?.ﬁgg &ﬁout the

autonotive applications in the e
need for $PeEHic PragrammMingnat i onal |y standardi zed in 1993 as

- rises,.the data lipk |ayer of the
EROCRN ot BAPBHASE 14 S5rhal 4 B and ciFuses, suen
as in thegiresdteagplication, |still @eust HEAAE tRE IFRNIAGRAFHAINMr and the
nu afturers in hardware form provides two

wordsQgiFRaHIEALS B6AMEicates CANdoss MowRyeof pravidess ayuti-(rimter
hierarbfy?Whith 3MSHs 178 BOAdIAG Bt irSIGER-SG eRindhnd systems which is, as
mentioned above, a feature of particular importance in the operation of the inflation
maintenance objectives of the present invention. If one network node is defective, the

network is still able to operate. CAN also provides broadcast communication wherein a
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message (renote transm ssion request, RTR). All other
servi ces such as error signaling, and automatic

WO 2606108908011 Ssi on of erroneous franes are PCT/US2006/005517
user-transparent, which nmedads the CAN circuitry wll

sendmtoﬁ nirﬁbrmaﬂudrymvrtfa:rfsmut ftealpdenicad 6RShebLS aithultdidi@RMd Thus,
ecific gramm ng. The CAN controller is

prog %B}reuelaﬂ@ mev ase of thg pesgent veatian aray be distributed to
eackﬁ%e%n‘trﬁllépﬁoﬁseéﬁme gﬂ%i’ncﬂﬂa‘?ﬂ r Hdt!oh f?(;fé?tgaqeg? en

["anguage/ gr ammrar "an Worderv o LB
alteratwmmoughcmt tﬁE\Nysllnes Alheceivirg devioss teadathelhessaRsamd then

decid §i5 Gkt lodef TRk gaAniaes dha Tainprity hapasse e deyices in the
systérﬁﬁls@ﬁﬁe%%n’f@?n?érﬁ&’elt%h '@RW&L S pfovided %tfprﬁﬁﬁ:ra?éd Qﬂof&etec’uon

he inflation naintenance o t| ves Fesen
mechamémﬂetm rel-ﬁramﬂmSal@nvmfrfault}omessagehef ective, the

ISE R B Bl inacB oo BBk S.sSitieRos o eyl piacements
of the®gribus B6Mird| d&n@dderﬂﬁde‘hﬁﬁe@ Anb s RIs8ed iabBlE a?‘i‘@ﬁ@ &7 show, in

Thus, programnng through the user interface o
perspreiyerAnd plaBviswn reapechively therunslerside of theacontod! intedayer that is

o BB S PRTeE0 s Ay SR B v ot e

posmcmsmf\the indieated epniprantdgs (FORGEIdIRIsSdILi tifke fidlPedd system
is relevapt to them This guarantees data |ntegr|t(y
werey gVl angjihg MBS b'ﬁdﬂﬁéa@.@/&remgd@addm weregemoved (this overall

o
36 Bk ¥ £ ABaR U iy OB BHA R ) S pomcter
lnterlay!ergagmﬂstrﬁeibdrmmnarlly of ﬂevatmdallécbeﬁclgsur%e@‘rl? gurk®linding a foam
o SR S 5 B M o s
inverftiods - Méttr%s@ c%hﬁb‘lleﬂ m@%rpﬂ%ﬁféde\ﬂ PSowh, ?éb' | ﬁ%’i’é?ﬁ)er valve

respectively, the underside of t
controfiess 108, |1ﬁ8amb‘rb2 edhe nstqpptelnevalmtamm@dieﬁwartaqmsuiortdd&so as to be

oo R31nd QY BBl STER LA e b BReBRE SRl A

one dfhhe m&ﬁafn%ﬁﬁttémsdré@h‘ﬁﬁfneinfﬂlé@éﬁd e¥Bhed@ed téﬂz‘&héﬁ'ﬁ concert. IR
er _and turni ng bl adders were renopved

tfansw‘é@f§|1323t13&cﬂ%6,e1 a@@é&@u%@éhpwnmmmndﬂgs tfn&dw IR
transmlﬁé} {RPRESbeb rgllngvec}ﬁ% s?%&f@p%ﬂ[gceﬂ}% 'ggg rrﬂ%dow 131

constructed prinmaril
positioned donedaige ala‘ceemant of thelit2nswnitter bnvnl’neczﬂd@be controller 106.

t d, th us control conponents of the
CEan pBPPHiR AR (Dt T auatesaner Ble e IRcensers, or more

spe0|ﬂ@§wélﬂjmlrﬁlslg§h9‘&"7 e IR%%n%B?WoWé"’nY@tlﬁ?ﬁHfﬁ&da? cBishions, as

110 and he st epper valve contr
descrﬂhﬁd N maidelaildelow Benpoowindmns t15,t1HF, dd9hidh 123 and 125 are

shouHTRRIER S, Bl ot PR W Bl Pt Sh B in heac
cushlgg %W}%%Ahgﬁgﬁfaté@mgﬁgésEg\r/\c}qd_ﬁlatrt]é @Giﬁggﬁ Itcﬁf@onents are air
flow iglegconneqtors 214 (associated with the head cushlon) connectors 216 and 218
(associated with the body cushion) and connectors 220 and 222 (associated with the
foot cushion). Manifold 22 is shown positioned to receive the single large air flow hose
(not shown) to separate and distribute the air flow to three smaller conduits for

subsequent distribution to the cushions and maitress components. In Figs. 6 & 7 all air
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transmtter 130 has been renmpved to show the placenment

of IRtransmtter w ndow 131 positioned to receive
w@b@cos®nt of the transmitter on one side of chol/USIN&H05517

106. On an opposite side oft3the control interlayer are

flow chaduits bavesbesn removed forsaity f |F¢@h|rMaﬁ|hﬂMﬂ22' tWoFélgﬁowQ:ondwts
sensor wi ndows into the individ

Wou'gd?rﬂ"&ﬁéw' th steppes valyecomiralisrse 10/t Hi0 angk M/to se:nsdﬁ the necessary
air fl&wriﬁl%viﬁe%reéézusﬂl}xﬁ Wrthird ahéek \ﬁ'&gn&&l?ﬁg{urﬁ%(ﬁ]s. 8 anifold 22 to

GSTtioned i n ASSSci att on
maﬁrasgr;mﬁnouer ﬂ%wheb@tne aecedsaagdaic st is Prowidpd te ficSturning bladders

o RS Gl b G o,
(/ﬂg@ peinaled fo é'QF 'twﬁ F@s‘g@ & V%}b%%st drRE Bl lc?all%?«'fctr%ﬂ?c

8 (associ at ed body cushion) and connectors
conngztyo@maemmaemnpas @onitot tormpenérist Tmesetxoepllon to this is the 2-

e BB R oAU RIF oG o et B e
interlayst. r intndrendl bpefitiont haixth QRttFHrfémlﬁ@?ﬂi $@Woﬁgi“9é‘¥)b§|tlﬁﬁéd over

. Subsequent distri bution to the cushions an
windey g wouldlikswjse be ligked 0 thea?wireooirastribiat tsgshmme Additional

cleo TSNS ol s AL BPLEL Ay koo

descrbed abeemth]r@@pedtJtG Rig.R. 1additidn, aké ﬂ\%{(}]}\hﬁ%@ ﬁéﬁﬁ(?ﬂgcbnnectlons
ird air w

hi
betwEgh i SShled endfoshoes, marhemAsb deseriadt nassoctation with Figs. 3 -

G I V\,here the necessary air flowis
5'Wproe{sg e re]sgﬁ‘é turni ng bl adders and the prinmary MRS

Bﬁd@@ceas ndwsuadé ¢ol Fidh @/fer aMrie desompticnh dicthe Ghatticky controller

106 4l 4 FieinfwS, &l Sretrdnies Bog %ﬁ%ﬁﬁé&{a@%%‘@ﬁﬁgkzm included
withinT e @i éﬁblééuré Riohtrofier h%@alr%ﬁﬁscﬁﬁ@é‘zsg Wé of conduit 46

i nking each of the IR transmtters toget
which:faeslssondni 48rand conyduit 50. nCmodHEHScmemdes @i, ﬂaw m sﬂebper

actualt&i Hfr@@ﬁd@efl Egﬁ“ﬁﬁgal%%g# W@HPS? N ' \[SEF mvg,t ngﬂN this provides

the ned:eﬂsalrys aBlflownto tAdduitriingBladabREby Wé\?'df%'oﬁﬁhﬁ @BhRections 58 and 60.
onnections between the conponents woul d be present
&@@gPI tpOprapides ay low it%§9|§69|dt\@|\ﬁ §8 wehich in tadiolidireots, alr flow out

en,the
of theE: %ﬁcl?ﬁfrﬁ‘g’? &@%Mﬁ%‘%@é%@ﬁg 6d yehi ﬁﬁr%&x@ﬁ S0lgngld valve 74. Each of
the selepoidi wlves6@ant 74, gs wedl as 5|re¢tmnbdc@htgc§l vbﬁ/e%@sa?r@telectncally
conngfied 1 B bodor 240,87 wiiér s hirusolleG ity desenoed above (for the
mattréSE EOREBIRY) i %frbﬂblédeﬁ%trh% %%Hﬁ‘BﬂErEIbelgthRQ%%Wltﬁﬁ{ed on PC

controls are included wt mattress encl
board.$3 apd feims thﬁBeC(Hemffttholswlara&aswbplezva?he)élecmwl!etectromc

con g0 LA B bR St B S iy S o
enter d@éndbsu@ theouigh thiei sdttd, Softd ofRRhiek o’éhed@\ﬁ‘rétéf‘?fgﬂf shotvn on the

rovides the necessary air flowto the tu

sides Hf” 7 gwow%a@ g (nelcshoutny) wasiie sompiste 156 wealedamclosure to

generally seal it against fluids.
Reference is now made to Fig. 9 for a brief description of a representative
example of the stepper valve controllers that operate in conjunction with the mattress

controller and provide the regulated air flow to the mattress cushions as described
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Conduit 50 provides air flow to sol enoid val ve 68
which in turn directs air flow out of the enclosure to
w0 b@chB85h| adder and to a vent through sol enoi BC/EB2066/005517
74. Each of the solenoid vakves 68 and 74, as well as
abowvd. rlecig 09 adteppet Ve ¥ahirsll? 102 1vhick S54icks 3hé ?/elcgirements of the

connected to PC hoard 230 on which the contro
body.¢yshipn Py dfdhe pysiem, imehewn rganiexamplet diswinderstood that the

I ' j ' ’ troller. LC i
e b i Serd U6 B APl Hiob g o woud
compffise bre-haiftaf the: eperatioaaltarhpondrits of the example shown. In this view,
el ectgﬂirgﬁl / el ecté&gi c. connectjons di scussed above are
I

StePRIPInNAFIVRBPrePAANRLCantp! valves 6:ang 28 pre ghowpuiTde source of
air fIeNEthd hRit ASHAFNBR driey QHE br IrIt?{erﬁ’a{)é e aé?ﬁﬁ]rﬂfﬂ“ﬂh&ii&ating the

can be water tight, shown on es
soureg as ¢omirg fram the maoifoldiRRnPutilow of aipfrphethe ddmérohehives is

direc%;tf Lo?é#iygcé%iﬂrg%ﬁ[@g\}g& §F ﬁ'{egii_n&@%?qﬂ g@%réc:t%isdosri the opposite sides of
the eelsuidt Eadh of tie EGHFAISANEAI6/SnE®B8HE R1&riddI5 c.%{nﬁ@?ﬁg to PC

val ve controllers that operate in conjunction w
board#2dPanswhighihe sontrellereirquittyisduovitiedr dtareagaih, dhe f1 ow

clect ol B, 37 3= o STRFRIFBRGEBue o s cut or e

encloseneiareontitted for ddrity b Gdntrobishinervabie eberafien $YAHEE8 miohitoring the
as an exanple. 1t _is understood that the

rate ﬁ?fg‘f%\i?%ﬂ%mf‘% apfipnings i e etiei to srdunesovasall valye noise associated

_ . ] . ! t ‘i _

with e HRTAHIT D foystoin® 10 48LHf, Bndht tnd BRBREF Bratars mvoives

monitgtingrof durenhias avineans sf eppe ch@flcqlting th’.t[r %Mﬁfbll@ig?m.f ]El'héfFad: boards in
I 2 d 28 . 1e source of air

I T AL

AsIRQUSELT B ety SoMAPald BB, A3uER TG Tikon

Becaype of theidistiithiéety pracsissing Suchyrevafthe hetwarkioi dhe aystdm, it is

. : . ) wem.
poss BRI BN S Ao HRAPRE IR YL Bl hEier santiiisrs budhe Fysteryin
progressive fastion 0 TRS dreafig fadfRare bdth Wti{xlﬂglpq‘éiﬁéﬁféltibﬁrand subsequent

. circuitry is provided. Here again, _ N _
maintgnapee of He sYsier dhdgnestie sradenef qpairatien) alsotfaciiiatés these

aspeétg%fmhgwﬁ?ggg%&(o and out of the enclosure are

omtted tor clari Control of the val ve operation

Ref¢redes ismowtmadetp Flys. nate1dforwndescripfioRiolése 8dsstruction and
in an.effort to reduce overall val ve noise

_cl osi ]
configluralion B the wwshionsessssiatad vl e radress serlacement system of the
vl 1ol r r .
presenhichon, . 100 851 108 RCGPRE 0B b MELITS e ey
cushigp 30rafithe isysiem ofithe presentindantion. t A showadn Fige pipalsove, body

Y A e O
alternding putsaltion swdbVe 56 dhsl eusmien 2R Rhdah I%Iag??&%&tﬁi?‘afgp patients.

the distributed processing structure of the” networ
Thesg ghapsieaie ¢anstricirskef generally boxehaped ananrals thattran parallel

across T ¥LSHBHh. %‘éet%gﬂgt\fi& lo? B%d)? r&uéﬂgn SltsesWoIN?I in Fig. 10A and by
way of the fabric seams shown, indicates the configuration of the interleaved channels.
Air flow inlet connectors 216 and 218 are shown in Fig. 10B (a view of the underside of
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progressive fashion. This greatly facilitates both
initial inplementation and subsequent maintenance of

wo b@wody®sem A di agnostic node of operation al BOI/US2006/005517
facilitates these aspects df the distributed network.

the deshieng meré sheyowouldslighowith ghd cdAnect}d theiF cérresponding
cri Eti on of the construction and configuration of

conngﬁﬁo% Hit%§°%f§%'gme§?¥:ﬁr Nseusseseabame: r ess repl acenent
SIS @BTShfuctiBR oP bBAg RLisHBHAM & Pnﬂ%%ﬁr&%ﬁ%ﬁ%qiﬁ%%%high and/or

show t he general construction o _ _
low aif loss Eabyicsttbat pfovidectheraidient “dutiet?for the. aiAmﬂaHOMVBymgm, as is
constructe

geneliftoul e 1 o CCRbiRR it Se8lk Sondisuainy Sewing techniques
“insic d@t’ aptiiv ehaiused Er(r]grﬁisrdé‘ MMHdgfr?;hsé_ﬁ‘@ri]tgsrg*Bcph%g rfiee%pgn of the

known therapy for_bedridden pati _
seampfshovahist rigc1@A). ofheymeatiress gusiions bbibedpresemtriaventidmamay be

sewr{)%éagp‘agcﬁs é%ho@%%?ﬁ?aéfhﬁg%\eﬁ%ﬁgég r:eq@%ﬁc{a)g gb%gv%ig\gpg{wén the art.

The firished:cstron issivaimained dh 8 pesitioRen 4 e iplamdhtGystem by
channels. Air flow inlet connectors 216

way é\ﬂbg%@géfgg Zppsia (Phsimilgr attaghment meansy to mreamedmgdfipper
i () | nd copne

comy e, S U RN el B AT S

enclospteemadgrial. di scussed above. The construction of body

. : ! o0
BB A 4 47 GssEie e carstiiatien B 0t Gushing 42 whicbuike body
cushiof@0, & &oﬁs@fucﬁélfofiﬂ_lv_\f]o fn@rk%‘vlee Rakiders) ﬁﬂsﬂdwc' cgﬁﬁfﬁg{sg%zo and

known in the art. e cushion 1s generally const
222 g5g shewnrig FigcHiB (fthe sintersidel giewwof theraishior!) hdinet soneadction

YL ' i ou an initially open section of )
technjdye¥Yor fict &8ffion; 47 Biedhe Same g tibselaeecaibed csmadagbedy cushion
30. the present invention nmay be sewn as indicated above

 may be RF (radio frequency) welded as is known in
lglgé A¥A.anmb2é disclasedthe onstiuction elheaccushion B6iwkich differs from

the oA of Boliy Sulbh St ahd B0 BrEPBR S e R op T ot

desigoed tebpsubjeuted tpae alteaapng Dhamier préddlir-atioR eapyant is
e _mattress replacenent system encl osure

h
thereﬁg?gg?\%ﬁ?cté@ gt a single shambenwithsz sipgle aindowdnlet cannectar 214

t ' swhi-ch ol cHshion. 30, is, .
showin FRP1ZB8R PRSI iEorth! Bl cHAIRT:HRngkf are st sour
or otheowise dntegrated intartte 2Aghianessdhmwn ir?rFiﬁl QJZAIdnBtthétﬁlﬁ‘pose of

. The construction

i e bR S 0 47 o o s
randeels pOURIE fetbe SR gl 1) 17
Reference isrmaw maslectorfsgr 13 faranboéf destyiptions of one 3faratet of interior
cushidrP85n&HRRbA rihélizihte'_gi?gt%sqﬁsrre]i‘lgaiv?é(ssdr?ac%%tto facilitate the measurement
of the IR illumination with the cushion by the IR sensors. In this example of cushion
construction, cushion 250 is made up of fabric box envelop 256 and top surface 252
shown separated in this exploded view for clarity. The important distinguishing feature
in this construction is the placement of IR reflective surfaces 254a, 254b and 254c (a
variety of which are known in the art) on specific interior sides of the box shaped

channels formed within the cushion. In this manner, discrete portions of the cushion
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designed to be subjected to an alternating chanber
pressurization therapy and is therefore constructed of

w@ 2084060 chanber with a single air flow inletPCT/US2006/005517
connector 214 shown in Figl612B (the underside view of

becdme tlwfm:ue of thePiR dluntihatioh @herdby alliving tHd éys%&wrto%reﬁer identify

e i rated into the cushion as shown in Fig.
fhe \MF ﬁﬁ@%\ﬂgfptk@é MRV feguife graateq infladion) and help to prevent “cross-
talk” ‘b%ﬁﬁ/é&\’ﬂﬁé II'\OﬂuPrflnétE@ s‘.lé\:EﬁBhQBf trhké%u hgﬁ rTﬁéseZteatLerjegv\(Nhﬂn

bet ween t hese "channe
combined Mlﬁgﬂlatreamnen efrtinoed pbmn’g@f theRIR sensmre discuserd liﬂﬂdﬁ)re detail

f
i W b eSS RS e e S
may W@cﬁdu@hoﬂﬁe‘éﬂhﬂéﬁ&ﬁpﬁe@sﬁ%‘ | Atrdugntthe c’ﬁ%ﬁﬁ}é’r%gﬁgfru&fon of the

IR illumnation with the cushion
CUSh%h%@Q §h0\IVﬂ in Figs 1§xl§r$pm§\fdiatcdf&fenhtmrthe rchatribem construction

shoufR08 923 BF A R BB BR2BS e on o

mtenbowauwfthe/boirbnapemohémals § GadiNHppHbalig. feature in
this pnstructl on is the placenment of IR reflective
th deB‘g@sa dsiaile %Vlﬁhﬁ(’fﬁlﬁpr@ﬁem&lveﬂ@ trensiitierfsemseor device of

ine sSR! st by NP8 R TESh D BBl i

singlenstroeture dhatanay bepm»nflgom toﬁuhdstmmenﬂ’mr@ﬂlhecmﬁrér’fﬁrmtter or the IR
f the on_(thereby all ow ng

Sensfgﬁgﬁgﬂé’ 8 %‘e?%aglﬁp'?d%ﬂ' ISR trsmibRr 64 tshewemtmed over
windé\halt35ﬁﬁ360rn%ljinﬁ@rlaﬁfe‘? %b%l\l\gﬁfﬁ@l’ﬁhgr@ G‘n?ré}?énﬁ’ip&o 134 is positioned in

prevent "cross ta 1 Fummn
a pockst 268eonstructed of pliablerpolyines shéetahatesial (suechrasca pbiyorsthane

matefab 35b3E Rl SouhioTFod8) 4 BB o e enveiope.
The ;muket 260 sized isbHCRBAR r@[falﬁ Bﬁd POLHibA rithlRttn‘%ﬁsFrHﬁéF Piy,
at may require nodified [ ation pressures.

C'OSlAretrnet@@ﬁl 262 I%Wed:e@rgss lﬂm ppeniof of peckeik26®to PBYIde retention

of SVt WA e A4cF, ST 3RS s ob GRS ot s e
consipmu:tlm @fithe dR tidRsheftbeitddivie, BLhé w@@r@ur@hsgdlﬁfédtya generally
erior walls of the box sh aped

n the in
Wa’fe'p@ﬁﬁé\@%uée eHepkyangd]aep tvpa matqra) would be anenpippéate structure
for cl@étﬁ@ & Q ca representative IR transnitter/sensor
device o e system of the present invention. An
1) Jtr@ﬂsrrwlmer/serlsbe 18é snayninciudersn InRioni melded riyi¢ plEgtie enclosure
yr e t hat

v R 0 BB P R DL A GA L i S
cushlaﬁ@l’@hﬁ)érn Vitiin tﬁérlgﬁ blgst‘icf ERABL S %éﬁ]oﬁgﬁ"l‘-”b board 272 on

posi ti-oned over W n 35 in control inter
whicheargapesitionast I LED &714)and70aH% Bens@r27534A|rmnptmen dflIErhgdt sources

ol RO BRI el A S R Byt ar

suﬂalijerfaﬁg.lﬁfwcwﬁurvmbﬁemﬁ mééﬁtémt&&hé‘brégen'{ iHvenbb&! TR Bfrcuitry
The pocket 260 is sized so as to both retain

3380%\@#8 ﬁ]ethedﬁi sensorgutiizessinithe grefeged ambedimentis eorfigured to
opera%@%hé Sernds b ﬂi%el%e%‘frré’& Bnto‘?%qé%PS{Hpﬂ? (t?plcg AR s0hihS region)

provide reten
and incorporates an auto gain adjustment to place the sensor into the linear region. In

this manner, a more accurate and direct correlation between illumination levels and

sensor output is achieved. This approach is particularly important for smaller
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of the device within the pocket. C osure 262 is not
necessarily water tight as the construction of the IR

wWo ec@ndsdose er itself is, in the preferred enbodP@BLBE200&005517
generally water tight encld3ure. Hook and | oop type

dlsplniaémelnas‘ ofthiel atbess rashiop chaimisdrd dihdg Honitored (%fmaller changes in
sure neans 262. IR transmtter/sensor 134 may

the 'E?l#mlﬂ%en spvalnihat under previaug anngeachssasiaht heme lbesomaissed.
Vdd%ﬁiufﬁ dgﬁ@éltﬁlt%@arcé gfﬂlztegi"’}ﬁ? E)Fé?{aﬁéa ebiﬁb adiment,of the present

l'um nation that 1S direc
mvem:t(mhiomarodnmtﬂrerR fréfuency biwed reagivedhns monhiteonsd. oFbisbdn@lwidth

a3 Ao SR S0 o1 it e e b near

reg,cﬁ{yﬁqhgﬁllduyplﬁqsldgs%hggg abBldevices) and IR sensors are
comercially available that are suitable for use in

Vt)augbtthercirabitty aftike systeenforfdriving ihied Retransmitters dem:rlbed above
t il

vl i Bl s W Ko AR AT b0 e i Eitrs ana
poll thla&:m%BFOthE BehB6rd inMRiks UL RthER8U6id AHE RECts of “cross talk”
ically the saturated region) and incorporates an

bemé@ﬂ &hamher%dﬁugﬂmthet fmyltageouspoliag ob sensardrarisaitter pairs that

e i8] &9 cHankBE oBUOT e A BIBRFRAEE i orcimint

suchsmowtallo(llgptlfrorrsom haammtterﬁemgf piekedupiby & sensor from a different
ticularly [nmportant for smallerdi splacenents of the
tran {t %@?Hbon chanber bei ng nonitored (smaller

REBagRel i8 anam'aHh ave t1'5°I'?9r !aed’éég}lpf gﬁ[)f g{édl%'émﬂérel\ﬁ' Wiigh the

approaches m ght een m sse
systespof the presentinyentien uﬂldaszaemeasutdme:mlmfﬂerwdmatlon within an

e B B e oA SRS B an crease

in infRAbH PresEliraltd e chamiRh té’ PéJe'IBi)até‘H{éch%’hBeradFl SY 5’%@0 provides a
to put the sensors into I'i near region of thei

descamqmof the lawed.ammgamﬁ of the hiadger chmponentsl ctfrtbe sf/stem of the

preserf kot ekl SpladRptesy R i fvied e Miaced on
existiap mdspctbl beistdustuiescanidihe Il@@Hdughthe Prikcipfd of (ﬂ%ratlon may
ondj ng sensors in banks so as to further avoid

readify{gAnstig nto Gioinahasipmanimapetambuina sesiges.sin theoeplasgment
enwr&ﬁ‘ﬁleﬁg mg d SN gﬁ?‘ée’s Igggt?{?&@%rofn%% 8@:5?1‘%412{ %ﬂh{/ 3ystem

envelopee? Mo uT urniey lvladderw!irmand 5B are likbwise@ictosadin &T\/é&ﬁpe 210 and
one transmtter bei pi cked up by a

are, i hE BleTp B GHI RGN TUpPLPRNAnSS AL FIanegakin Sub-envelopes
integ3R&& i ‘éﬁvéﬁop@%d@@n&% é:drﬂ a&@eﬁ%aﬁd dG5: “ernklgfo'pgg ity be

the manner i n which the sys
Createdlv\éﬂmn envelope 24 Qsasmemsanelwmasﬁcdn arﬁd rd;ttamntheaﬂalnons bladders,

t ed er to,determ ne when

contrif dorhBhr, b an R Tt coBH I thess sabpakBenismay be sewn
or welddd wgeﬂ’férnfrftﬁéylﬁ%ytﬁé b&?étrlfb‘fé’dmﬁih detibfs BF Ratdital th& removably

chanmber. Fig. 15 al'so provides a
attach one to another with zippers or hook and loop attachment surfaces. Straps sewn
into the envelope and secured with buckles and ties may also be utilized to position and
retain the various components of the system in place.

The control interlayer of the system is further shown in Fig. 15 as a cross section

generally from side to side on the bed through the center of the mattress system. In this
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description of the |ayered arrangenent of the bl adder
conponents of the system of the present invention. The

wWoriob/08®s0 r epl acenment systemis i ntended to beP@l/asmd6/005517
on existing hospital bed stiBuctures and the I|ike

locaBdn, e EUsRRPS0 RESHIVAS with |RACARINIABY ’FBZI! bSAEBhEY on one side of the

translate into original equi prent nanufacturing
cushiers e 4R senson @13 ppsitionad on asmomcmm«!et th&m eontroller 106

GR35 TR e fR e BB e, Y B0 vve

contriliel d98qwhitheis Yespurtsilig forethe iaflstion 6F BdtR/ dﬂfs(hfd?f 8@d Foam
nbodi nent, further positioned and retained wthin

interlaysr sateamairial 212dg plsosspaninsress, seeion in1ois Wewi Slown in dashed

hi
i GAAERE AR o BRLER S Bl N IS O 0 v ey
101 aad ipoiosarp lairdtbey sonduin28@| ascihey avanid e pbnﬂttimdamﬂtrw ed in
flQ ndyi ts.  Th rtnents ma e sewn or
assagiAtian Aty Bt RBlaGHmen )aesS SYSEBhst I uct ed wi ¢ h
3@6&#&\%6?1 I the TR 8Bh&br $y3m'i€ gﬁﬁé‘l‘ﬁré/d & Bé“énnﬁg@ur%%ent of

anot her with zi ppers or hook oop attac
illuminatioadevel VBtmrapscf@mbenaaqppds@ddmwhpWhamatewpquof a line of

siohtheatn & 5160hc s 1B aRuR G 8 1} iRt Bofth Ik S8nsor s not

one tﬁ\mds tHd Gtmlhmlt patheNings ty eiarfbett &€ asvdieMLight fpb\fﬁshéﬁown in Fig.
in Fi as a cross section generally fr

15 Wéthmecu%ﬂ@? ad’ (wﬁhlnmeo@rdnprﬁ BIRSH- hm:leb@eﬁh@eobcham@l of cushion 30)

s e L

cham!ﬁertémj itsiebéntoabredepfion atther IRL§Engo0S iIFro@rthis lﬁﬁa@be seen how even
ch retains

slighf Ribeiicaliane 19 theyiepeuanaicsuriace: Gl ousIpB Wl soHR decrease n
the 18veliot il%ﬁﬁ@ﬁén ?r/é”t!e‘ﬁfeqc 4 r\é%leln%r 1§@n Ji@%h’?@hér%es |8)the planar

responsi bl e for the inflation of cush
surfaegasucmas mlglybocmmnfeamalbew ai otﬂé@nasrowlysfocasarh pressure were

dlrecggcggppe Ct' §lp|8%utg% g}ﬁgug}loq H/go g%% %h&r@ sngn%cant

chan@glednelie BOéralJQe\Vélto*F llmnﬁﬁbﬁdn étbivitfatthe nX oA Fn tHsorWanner a more
conduit 280, as th woul d be positioned on the

accugafestatemmination oft gr@pm@grfam displacementsgid eﬁthe danger of

o AL Bl AT BT AT e
con n@&tlom) fwadAnk®f$R I“ﬂén};otsf& well eisrtheir direcotormmdctibg t@bir inflation

ght beamof IR Ii Thus the orientation of the IR
Va'vqsr %\rﬁsthﬁquewe %emlgvr@g forpEidena mareimmestiate; achaplroprate response

to thé’tngﬁﬂ f Hhcféaats@@r_(og aégrgtagmégﬁlhﬂgﬁ&{ Rf%ﬁﬁ%@ Vﬁyh%dn&:{ﬁ]c . portion of the

shown 1n I'n cus
mattmssruystemross bed box shaped channel of cushion 30)

FRHPERHGRJA BRI MEcHOM {6 Soren PRk dBcanioib gF thermanper in which
the sggfé?‘ié gﬁ{hﬁ{) @@ggﬁtﬂ.ﬁ%ﬁﬁoﬁ H\r%rlgéﬁf ;?cgé;ft?l oendsgltﬁ %’Etéﬁ‘daﬁd' Hos‘f)ﬁﬁl bed or the
like. dn &niaviewrbiect290is @Cmflgnl;m@.hMIh faptboardpanel 284 <anto Wthh is placed
and Slosﬂrlonaeae therblower box enclosure 10 of the present invention. Replacement
mattress system 282 is shown positioned on bed 290 much in the same manner that a
standard mattress might be placed. Clamp 286 is a rigid panel connected to blower box

10 in an adjustable fashion that allows the blower box to be retained and secured to the
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the level of illum nation received at the sensor.
Significant changes in the planar surface, such as
wor@answscur i f an el bow or other narrow y focREEUS2006/005517
pressure were directed ontddthe outside surface of the
foottsatitipainel 284! Blawesiubdx efcidsuirer ! mcomidrateadn ér'@@ﬁgfhlé Randle 288
the overall level of illumnation received at "th
to fagilitafe its nlacarert entanend remevaldrame.dheded. d%rtmaam aﬂaflowmondwt

conr%é;rtlég {e}fe @?Weg §9?f1 r%%#rﬁ%ﬁifalg 'ggr%éggg%ﬂ ) \9 e\li.l& gssomated with the
intertayet bﬁtHeﬁmtthSyslt@ﬁl 2820 V&s AleshtibRed bb@h/é &Pk requisite

connection to a bank of IR sensors as well as their
elecyiicakelectghiscabiesmand cannegtions hetweey e blowsr dox and the control

mterLehB/%F 8f€lrfeo teQth'c?jtr{eost dgLY 'Ir?d(g Jﬁ? ES? Wﬁiﬁﬁﬁn&ﬂpso as to

propr i at esponse reased
eliminate thesmebd fGﬂfdddﬂ:lODlal comms=alioas. |Imtlm1me£¢xe@d érmaommemo air flow
m. Reference s fin

condiit P80 P iROrE1ER 4 GFIch AUsom B orPUBHING 15 MR oS g i
sepdrBfors ¥R pI8veF BBx l%ﬁ?ﬁi@ bAIANES b | %}B}’erﬁe Fﬂﬁ h&élopﬂﬁﬁjer cord 292

on a standard hospital bed or the
provisies the mecessaiAGQ power ta drivé athobtw eleptical am;elwlmaw

comihfls'h 1R B BSOS, L2 o

nalsbIshdWnsiiRig M & BAvirsSlesd duth ESRUMERIdNULVRRI2G8 that may be
much in the sanme manner that a standard mattress m ght

configureq te-eemmunigate @8@@@ proxingitwi (Ipwmewer Rﬁeﬁg@@lswth the various
f
cont Ilgmffew gi lrfc%r &a e iy nckeh? %Eé&gegér% Iilltl?L f@@ gﬁbratlons,

regimens;| pa28rhetd smlmgsband theclikesmiag nb@dltotbefmgﬂirﬁme@rinto the micro-
ono ¢ handl e 2? faC|IJt te its Iacerrent ont o,

contiglrs @ @é?re%?r&rﬁys iiscbensfic tg utiize sycFlesmapemity data
comﬁﬂﬂ%‘ﬁbﬁ dek)%e@'t@‘fﬁéwé@ %aﬁﬁf it eﬂ{ ﬁ’g/ cfft%%%?ﬂ{é {&Fious

his vie assocl ate
contmﬂet& eElse Eﬁ‘sbms&mscnbedmnassnmﬂommm thet b@ntrcdkan enctosures

h Vﬁ] C ctroni c ca s and connections i

shoufh B b A o e odTRO IR o F PRy H)ElearaonmLnication

trandcefeir eReaiti9do iparMittdieh data %Hémlé%f orl B@cl@éh@?&dh ®th a close
flow conduit so as to elimnate the need for

proxiity halldhﬂld gBiind &eingiwork profegol ptlba:@r nnetbemfemadeembodument of

e b BBy PRS2 L I ENER s capabit

by makingetheliandf gldhunite: distisig iddéntified rﬁid%t@fﬁheﬁh@cﬁbfk C%he hand held
power cord 292 gr ovi des the necessary tgovver to

unit @y Jaem Apt torreppbinel RATAMaiETE mﬁlra@n@@dﬂm e dngpgraheantrollers,
and/Qf mtap%é:ﬂ’s i r\}q ahd'8 Wh%%%'“lsfoﬁ}ég A8'%s &lﬁfé@\&@@%(—%g?ﬁormance

61 285 ata Communrcati o gev:ce
of thempntnellercmter dioveeith responsartaniheatagioony pressge @Emadenmpeyature changes

being RABEAT Ab oSl REcF Rale abiBEotebhMoasiiaeais gatn by the IR

sens¥yd. i ous cal i bratl ons, reginens, paranmeter settings and
the like my need to be prograrmed into the mcro
Although the present invention has been described in terms of the foregoing

preferred embodiments, this description has been provided by way of explanation only,
and is not intended to be construed as a limitation of the invention. Those skilled in the
art will recognize modifications of the present invention that might accommodate
specific existing patient support structures or hospital bed configurations. Such



controllers of the present system it is beneficial to
utilize such close proximty data conmuni cati on
walewcog®se o provide a nmeans for nodi fyi ng the BEr/UBI9g6/005517
of the various controllers20The PC boards described in
modﬁ&%ﬂéh@"aé %‘ siﬁet BnH RGehVohti ﬂa%bneﬂﬁbféséﬁ&?nﬁﬁﬁmrlbﬁ‘s are merely
Figs. 8 and i ncorporate the necessary wre
coingigentalite axlstmg Btrantslc@ oéilhecbed: giotirat depapdrarn tthe spinit and scope of
thelﬂﬁ%ﬁ? ansni ssion back and forth with a close _

'ty handhel d unit. The network protocol utilized
in the preferred enbodi nent of the present invention
(CAN protocol) may be further utilized with the
wirel ess capability by making the hand held unit a
di scretely identified node on the network. The hand
held unit may then act to reset the paraneters
programmed into the individual controllers, and/or nay
act to receive and downl oad historical data associ ated
with the performance of the controller over tine in
response to the various pressure and tenperature
changes being nonitored as well as the cushion
di spl acenent neasurenents made by the IR sensors.

Al t hough t.he present invention has been described in
terns of the foregoing preferred enbodi nents, this
description has been provided by way of explanation
only, and is not intended to be construed as a
l[imtation of the invention. Those skilled in the art
wi Il recognize nodifications of the present invention
that m ght acconmodate specific existing patient
support structures or hospital bed configurations.
Suchnodi fications as to size, and even configuration,
where such nodifications are nerely coincidental to
exi sting structures of the bed, do not depart fromthe
spirit and scope of the invention. CLAIM5S 1. A patient
support systemto control support of a patient,
conprising: a mattress having a nunber of inflatable
chanbers; a nunber of transnmitters positioned proxinal
a surface of the nunber of inflatable chanbers; a
nunber of receivers positioned proximl a surface of
the nunber of inflatable chanbers; and a network
havi ng a nunber of controller area network (CAN) nodes
in conmuni cation with each other and to the nunber of
transmtters and the nunber of receivers. 2. The
patient support systemof claim1, wherein the network
i ncl udes a dynami c addressi ng system



10

15

20

25

30

3. The patient support systemof claim2, wherein the
dynam c addressing systemincludes a sequential power

W@ poopswess. 4. The patient support system of BCHURA2006/005517
wherein the nunber of infl&table chanbers of the

mattress includes: a head gqatpgn having a first
i nfl at abl e chanber; a body section having a second

1. i nApstignt supneiheystemipadngal sdppart of a fp’atic'aln? cbm]:p:riamg: e
h ; a f ] i a fourth inflatable
gh% erreTQ’%B g‘(‘ﬁ@aa\?@@{“&ng fh‘é @ﬂ?@hci Pﬁ'ﬁsabl e chanber,
whe hairtbet @f franbmithets pe@fionBa roxiad aféiﬁﬁacéQﬁtth@f?_EréHb@Y ®f inflatable

t |east one control valve coupled thereto. 5.
Cha"g}é@rﬁént support systemof claim4 , wherein one of the

P HBIR] of AR 85 onpBALHAf U PRBE Ol b pe of il
chamabberspand one i nfl at abl e chanber, each pair configured

' d [ I i ght in a staggered
coRMPBRTRINAUIE 3 RLmbek 06 PRI e HEWomHCAN) hodes in

comPAlcatibR Witesadt o®@f Bnldb lih% ﬁﬁﬁﬁ%@} bt itfé@itsﬁﬂﬁ’el.rseé:r?d HeWimber of
|'ight energy at substantially the same tinme in
receyetser nat i ng chambers, such that pairs in adjacent

chﬁggb re not transm.tiing and receiving |i.ght )
2. end gééti?rﬁssglggpgrﬁy§%m? F{?émg'a etrglﬁ‘st_ﬁe@_et\gﬂn'é( 'Bﬁ@péﬁ? dynamic
addresgingsysteyst em of claim 1, including a source of

pressurized fluid in communication with the nunber of

3. i nkhepalignt stRppBSystesn of plaima, wheseindhe dynsmieaddressing system

; : trol inflation of the nunber
Inclug?§F\f}%‘d&%‘éﬁ%@ﬁvﬂ%@eé@c&ggbrdi ng to data received by
4. atTHeepstienirseppbritsystemioberimf, wWheetinehs nimbdt of inflatable
aratus, conprjsjng: an inflatable chanber; a

Ché‘ﬁ%ﬁ?ﬁh%@ NCYE]: proxi mal a surface of the .

i nfl at éBﬁtﬁ? bV [ Ly .proxi mal the

surfaczé)iﬁa(?%e I n F%\?g%%gfﬁ%ﬁ‘fl@ﬂ%l%?fé gméjﬂgg%al ve

cont r old kodyhsedtion having aldeeond irftatalsieahain{etAMerleaved with a third

Ci. i ositioned proximal the inflatable chanber
aﬁéﬁ#ﬂb%?%@?%ra?f@n wth the t ra_nsrri tter and_ t he
recei vef fooBsedtith RAIAY %tf‘éfﬁrtﬁﬁnﬂ%ité‘bl@cﬁanﬁﬁé‘rliHl‘é'rl_@Q}q&% with a fifth

source of pressurized fluid in comunication wth
v anfizdaklgrrhesnher; whergin eagh of thepbead kodyo andfoetdections have at

AR R pigbgraorner according o dat
5. The patient support system of claim 4, wherein one of the number of transmitters
is paired with one of the number of receivers, at least one pair associated with at least
one inflatable chamber, each pair configured to transmit and receive light energy in a
staggered configuration, the staggered configuration characterized by each pair
transmitting and receiving light energy at substantially the same time in alternating
chambers, such that pairs in adjacent chambers are not transmitting and receiving light
energy at substantially the same time.
6. The patient support system of claim 1, including a source of pressurized fluid in
communication with the number of inflatable chambers of the mattress and the network,
the source operable to control inflation of the number of inflatable chambers according

to data received by at least one of the number of receivers.
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transmtting infra red light into an inflatable
chanber; receiving the transmtted infra red |ight

wo cavaiogdeso i nf | at abl e chanber; determ ning if aPCT/US2006/005517
difference in light intensi22y exi sts between the

7. I eARiappdratns reomeikihg:ght and a dynamc light intensity
threaﬁp t he determ ning based in part by a

co@ﬁﬂlﬂaﬁhleﬁhéﬁlbl%tv\ork (C‘AN) and adjusting a rate of

if the diff
o oMt EdsRhet RroR R s AT th il ghainera,
apgp eeciver, positiomedrogimai thé 8hHasabf heCiffahsle éhhmber and

u atlent thereon, the inflatable chanb
heft eﬁ@ee?onn pllechavieg capiseliriarpa netwerkdGAN) cnwcg:rtt'y positioned

proxini ARAE irkRiASe RAGH ta]qgrlp :cgmrﬁ?ﬁlﬁgtlérf FARThS &%&\ﬂn&t‘t]e’r apd the

posi tioned proXima ransm ssive” p¢
recelvafra red receiver positioned proximl the |ight
d.a m crocontrol |l er having

cofts Bppaitis B¢ '%@?mmnidm@ SOUFREUPR RPSSHifzed fluid in
comﬂﬁhﬁfc@ﬁ@ﬁﬁnﬁl‘h' h@gvdtl\{]é é‘?ﬁ@%’r ftgg's?)g(r:déé Bﬂeﬂaﬁf’e {ddrfrdi fiffiation of the
|nflatta\lr)faen§hr2rrt1tt)§rrac%r(])rd|ng ?o data received by the recelver.
9. A method, comprising:

transmitting infra red light into an inflatable chamber;

receiving the transmitted infra red light from the inflatable chamber;

determining if a difference in light intensity exists between the received infra red
light and a dynamic light intensity threshold, the determining based in part by a
controller area network (CAN); and

adjusting a rate of air flow into the inflatable chamber if the difference exists, the
adjusting based in part by the CAN.
10.  An apparatus, comprising:

an inflatable chamber to support a patient thereon, the inflatable chamber having
a reflective internal portion and a light transmissive portion;

an infra red transmitter positioned proximal the light transmissive portion;

an infra red receiver positioned proximal the light transmissive portion; and

a microcontroller having controller area network (CAN) circuitry, the

microcontroller in communication with the infra red transmitter and the infra red receiver.



