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1 SYSTEM AND METHOD FOR MAINTAINING AIR INFLATABLE
MATTRESS CONFIGURATION Technical Field The present invention
relates generally to therapeutic beds'and mattress systems 5 and methods
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ERSRLT A& control modules. Background Art 10 A number of problems are
assouate with inflatable air mattresses used in medical settings. Some

suchRErafRaerdJa¥eriiRn delatnscarrs al¥iRbaRPGSEGPRASRIGIBR AIgsa/yYStems
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rg lZ%[ewnhm the mattress in order to ?a reduce the occurrence of bed
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% ust also be sufficiently soft and resilient so as to be
com ort e or the patient. Likewise, when therapeutic variations in the
Bpekgsenaditiin the air mattress are implemented, it is often difficult to

maiptaiihiber Yeyasnenes Hie Radisnhet aMRaHNassRASe RRIEa8RNIKEd in
surface of the mattress. If, for whatever reason, the patient makes contact
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ttresses and e must take into signiticant variations in t
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mattress surface as an average. Point forces are generally experience
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inflatable cells; any one of which may experience a large localized force, but
URGAARY] ‘&Wﬁm&%[&e@%ﬁ thatie 'Sippetithaspndioning

Control systems designed to maintain the inflation of therapeutic mattresses and
the like must take into account significant variations in the force that a patient may exert
on any single point in the mattress surface in addition to the overall force exerted by the
weight of the patient across the mattress surface as an average. Point forces 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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prevent the "bottoming" from occurring. The problem with mattresses that
utilize 2 increased numbers of individual cells is that each cell must be
individually connected to the inflatioR system and individually monitored by

. whatever control electronjcs might be put in place. Such mattresses would
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sipoifitant.an inflatable air mattress and for controlling the air supply based
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distance include a héterodyning proximity detector, a force responsive
Maites & aeiial it Redation, tarkpHaRirsapem s\asisansiié teigeesimaelnc.)
deliepiassiEes9bldne aRaterimye: e RhRYRP4ArS HeRRArY R aEeindB Batween a

entirety by reference. Various other efforts have been made in the field to .
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suwpsrdasadiniain grelrerisdorsiet.dseiosuTé e tithicky/mtonitbgrgy diempatient
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6 SRETk a0 theeppaiaied/ Walleiths pyerllsyssmerdigoresent invention is

unique, there are additional individual components, elements, and ,
met 688%’&9‘?3%9&%@9&3@%"%6‘%&@%%%*Eﬁafte%?rlé)|mé‘\'lofééf‘dh?qlﬁ‘ﬁ%*m SR air
intlattdle piahlesssaioapdriittig poighit dndge e radithar2padiest@suniéothat

foIIlows will focus on the following unique features and elements in the
Disclosgre o Lanentlon ) . - N
Invention: e use of infrared illumination within individual chambers or

grodpe 6/ steambéie (BsFhic Btagieneachinaiatason Rutbaoaitoniayosystem
feAGERHRE FlARRBITRNEANARS! B B PIEGIGEOST Bk ARYYREH A EHHaIRE for

sensors. (3) The use of distributed microprocessor controllers established on
maiRta{REIg an air inflation mattress configuration sufficient for patient support and

comfort. While the overall system of the present invention is unique, there are additional
individual components, elements, and methodologies associated with the system that
are likewise unique and solve certain problems found in the prior art. In general, the
disclosure that follows will focus on the following unique features and elements in the
invention:

(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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configuration utilizing network protocols in order to reduce the wiring and

connections necessary for the assembled system. 3 (4) The use of various

cushion and bladder construction techniques such as sewing and/or RF

wel ingP[inethod% for the creation ofégﬂi\gaual chambers ultili in&hs ecif!zc):

typdSlof TR P VAL A RIBaPad e 8&&98%‘6%?398@?%@3' TSRS
seemgirrGiitdek Wyide tametsods idoiheaar éasio 0 ohlindigidu dheh Sncoarst uidizor

i ithi Il matt
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assembly, including the control s ms and the me

with BuERsuserel spsaRimSatRKitdpRialrispinijniomardoss miehishie i ce
c@rﬁsﬁmm@?r\ia%lqﬂé&mra?ﬁecﬁle-V\(i?aidﬁlmeuﬁ@tqlte@sfwmd_ tI.d wireless "
commupication unit Tor uploadin n ownloadin ata, programmin e
I S et e e e S
mBfrecifitb gieshiss axaistitio S bsigpns alssetiatacawdt it e dradididioglyo androve

tﬁ&?ﬁaﬁﬂgﬂ%{z;g%%fgﬁgﬁewa@qmgﬁ ﬁj}%ﬂ@ facilitate the operation of the

sensor and con ponents of the system. 15 Brief Description of the
Dral¥infRerige riaerbaidiirpleek eRayramicstionr Wil fonpapoaand,
d%ﬂ%%%tﬁ?ﬁ@%ﬁ%%@&%h&ﬁmﬁmmﬁ PR 8 Aout the

invention. Figa. 2 Is a schematic block diagram of both the primary air flow
ORBIHRRRIHEREY$iRMM as the primary electronic signal connections for the
ove(a)l Systifio clshiemesaniu@&bimyesitos dskpciied widtahechygtbouie el foot

c&éﬁ%ﬁ"é‘é?n%%*ﬁ%ﬂl%:&g Tﬂéé%%%’&'ﬁ?aﬂ%ﬁﬁﬁé% .91'8%‘%9

j sor
sighal componen he present invention. Fig. 4 gggétﬁm Ia? c%%%gﬁearnd

coatislles| eetronicesth OffaBEBRIRX diagram of the mattress controller of the

BREZSRIUANRSHIBNAB DitswAsgeciated drivers and inputs. 25 Fig. 5 is a detailed
(controller level) electronic schematic block diagram of the stepper valve

contrblfer!((8rehrEiFal W RIBM O bt &' b HoYe Ao TRRMIYS: B9g98iTS and
cparspect\wsoeisitot tvihuindssidaeititreafahér plesanteniagetionl. the mattress

iﬁiﬂfﬁ%ﬂﬁlﬁzar%&s&ﬂ%t%"&%%‘:i%%naF i%g% 5 %iﬁha{h yiewofihe rf Keride AR as
yer of the mattres system of the present invention.
well as the primary electronic signal connections for the overall system of the present
invention.

Fig. 3 is a detailed (system level) electronic schematic diagram of the mattress
block diagram and sensor signal components of the present invention.

Fig. 4 is a detailed (controller level) electronic schematic block diagram of the
mattress controller of the present invention and its associated drivers and inputs.

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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Fig. 8 is a detailed perspective view of the mattress controller enclosure of
the system of the present invention. 4 Fig. 9 is a detailed perspective view
of a stepper valve (cushion) controllét enclosure of the system of the present

invention, Figs. 10A %108 are perspectiye views go and bottom) of th
body 2SR AEIAIESPEERBSIAY B B5LERRP LY her SrUSEIRGREaTE's
eftsuté & &4 tyBtane @dahsppasaniievesijtop and bottom) of the foot cushion

mattrgss CoTAPENGRE QFe“b%r%%S(?ﬁiVec\‘;i%F{LSeﬁ‘%g‘gg%ﬁB' %fﬁi@b&%@cﬁs’r@&

are perspective views (top and bottom cushion mattre

mabiigserOmrAaBt Sfdhensistene ¢frdepiaseRt¥ANtRg: 13 is an exploded
persiregsve iayvaiagraliiplreeRAEMepRlBBHRY oM S isHielshion

mattress comP'onen{ f the ?é/stem of the present invention showing

MEesH EATRIR e dRA Y Yar b 4RI Y B lRed plan view of an IR
receingétr&Arﬁtﬂ@B('me, mssedﬁamitxie!vysqummbmmnh@{smdmad thehion
miRRE0 O paHRN, Efggér?#ét&ﬁ%?‘?ﬁ% B SERBRVERtgRal view of the mattress,

sensor and'control 15 components of the system of the present invention.
Fig. 18ds'3 peaspexmivdefair e vestamed sio pHirsnaite srdtatiensrd séibe body
cIRVRSHIR e S5 BiRBbhesPHRIHeEs| Siame s bMee iau&raiBRdwWHidacement

Invention An overview of the system of the present invention may be
ol BIGLEStUs,SHItRFERCe 20 to the schematic drawing shown in Fig. 1. In this

ovenigy tf the sigsiiiod phenmigiire$ainciBmposieatsrara shittevii ik retatson éonitter)
interc C it vari sontrol . components of the system. In
C@E |§ﬁ§gr§@§i§e%%’éﬁ %@vﬁ%&éo%gib?@é%%%ﬁéomprised of a blower fan 12
that ifitrpdiaesehemnalifierp3g saehi iatdiewaidnentaitRASRENINRE G Aateisol

cOMBEREHES dfansdysrint 61aRE PR3RE thrangha heater unit 18 before 25
belnq:passed into the caonduits of the system. The output of the blower box

10 is " tABIISRELLISRATGHNYEY AinrRitsiadBteRPIHEE PEHABCA hEaRIRABN!

iR rtomechoppicas oslias blertrpabconnections (not shown) in the same
BEQPIO%C é);ourryria(rdesgr@q}3 in more .detail below). In various embodiments,

9(51 the. In\fen ion /e
ose connector an be single piece or multi-piece connector and can

inclédecyatviem &f BTQ:SVﬁFﬁm_ erhtbespisisert ﬁmﬁxy_g,n:{oagtbﬁ@&smqﬁ dYkeference
RS AMINEEEIARIMALEDWihang. conpasie IR AIER WRIostem, the mattress

components are shown in relation to and interconnected with the various control
components of the system. In various embodiments, blower box 10 can be comprised of
a blower fan 12 that incorporates a dust filter 14 on its intake and an output that
incorporates a pressure transducer 16 and passes through a heater unit 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 from 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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22, which distributes the air flow from 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

oS R P s S S L R e
38 ustti 0 42s&Eated e fpod posiooa ko kirohvatltes propoticmad ¢srdovinetied

. ; . £ L
ik et e I e
4#lescribed in more detail below. The single chamber is connected by way of a

_qUi%é?!@@ﬁﬁi&ﬁ@@ﬁ§?%%@@fﬁfﬁ@??ﬂgf (é)gt,r al t?‘ab@hma%(%/&?ﬁhbég)% is
IS a Mult]- champer unit (e.dg. ual intla e chambers aving interieaved,
IR B S R AL T IS ST A PRl SR R 3 ick
rghespe sesnEeich 44 theptomoitdsaperatechanei@ss i8adyneshioht80visay ofudti-

i ' t ive. i 26
RHSIERTE G AR Bradmne e RIRICIR CoRIAb o7
altprapiing e pIRIBvEaaA RCIRMbaN B B BRPP IR RIGREB SaRach b e s
s b esiRavBE Sharmi 1balyra Hdiviaualik cernestesmeway of @uick

release connectors 44 to their respective proportional control valves 38 and

A5 CPHE 15 RALUANAL G AR HRKES FE R E WISHIBA Yo tplsre MYl Bifamboer
usiystem, dnmmpmslamchwapém ﬁrde&mébe@iﬂfhmweedataﬂmcﬂ]bmon 30, and
e RS 0 A B U B0 B
reierse NSt aAd R ttioresive v erprastanatgentiohvalvgeddrand 40. The

SPELNRVESn BXERE RSB HtHE 1 GHTHRAES A0 AERIESI HAIRG I ASK iMAiRES ent

. condition by the electronic control of proportional control valves and/or
InyRIbaR 43, dE8CEBRE N (e dRERbBEIYon of microprocessors or
miceoodithelrsfvtndchin pedsdareonitp it éreaxesu ghidle 38stiudii@ushierg30, and foot
oRIRARBInShcens andjer Aloqrims At inelurls (hetanewic af inlaan
pressures and regimens; In addition to being connected one to another by
stiupjuee &b idngiteinsliivaf ibesasesent (ueoliernbaginesaid) aveNel . dirassridise

CEERIREBIRY IR RMBMERRBES NAYIRE Hi KRG FBP Y RIGHLAR Wshtrol of

embodiment shown in Fig. 3, the air conduit leaves from distribution block 22
PRBPCAIRNE S IR of YR AN FE RIGRA GRSH SO 4¥iea{BE QRETAHE M httress
midtsiecet Soespesesiocweandits Wik ainhchadubdpisaitecutable instructions,

e.g., program instructions and/or algorithms that include therapeutic air inflation

pressures and regimens, in addition to being connected one to another by way of a
digital signal network.

In various embodiments, a third air conduit can be provided. In embodiments
having the third air conduit, such as the embodiment shown in Fig. 3, the air conduit
leaves from distribution block 22 to carry the flow of air to 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 inflates 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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30 between two conduits 48 and 50. Conduit 48 passes to a stepper actuated
directional control valve 52 that alternately inflates and deflates turning
bladders 54 and 56. Directional conffol valve 52 is operated by means of

R 5356 R RS TR e B GG ot ais
58vhmhae mmmorahbtpy@ﬁmesmmmdﬁaerﬁwanﬁc@ﬁldudswﬂ(aewﬁéb connectors 44
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pass into t elr espectlve turning bladders 54 and e |nflat|on

birgeatg I 206er8 §@§ﬁ§r5®’|§‘§f@tﬁ'@?&ﬁ9@§’c’€tﬁﬁﬁﬁéﬁ€w|f?§|lﬁéﬂ1éﬂﬂg8f€\§ﬂ16}“ed by

trendlrisceentdigdbyathesdirgsctignglicoatdl d@lM%ﬁ% $a84P ARtaieiRRe the
turg@i bladd [%ar%d deflate the second turnlrﬁ%bladder in a manne

t
SeERAK LRI RRAPSE B aRIL Sy iR IALPSTHE Pat I8HE£?8H%F&%%tH%8ther- The
ofidamdtatans ¢ nigthwisim@lolagdbes featitesiss\dte taes dattosiresy stempas desaribed

Inbrﬁ@r\é’dg\gkb%seIméFHHRiQQtH@gﬁ»ﬁ?g%%ﬁ@AESB %5‘@9 again to Fig. 1, in

various em nts, air con extending from 10 distribution block 22

by VRejesriag aerian B, dainpyasiovsrempedimarts aioprssiihbiti exteading from
dthrmatareseibopeR ChRRiFesRRatIeckSroddo rrlersm larkfsriiblenoid

conduit 50 continues through a ressure transducer 70 and through a quick
6004404 SAHBLRAS S MDA 8BRARP RS Rttt LR §RS& 19SS 62'air condu
smerdanaueenhwera)mkxwm fanddie&eryadoter thdbigpravjdied widnac/emtrioctor

R I ORI AR ELs (B BN RS ey 72. W
bl@dd@rsis%@t@cp&m@m@rﬂquntég@ir@mbbarmbnwamhwﬂ@m Bhchmyagdgus
eﬁ%@%e‘?ﬁsf% BARMAIRN AP eERIRAEEhTHE iRIpATREIShHessTIRgLRBANE

gt nerally incorporated into a user interface unit that mounts on the
MB5t46 4R A PIF AT RN TR atfedCHRTRAUMPIIS G pRRRAIgNts such as
ainyemiigin3s fuaeedmipldéhiandsy iatestace unit are contained some of the

clecHariGs, AEsRPIEA s BIRQIRINR A0S ARSIBUANAN g SN eriace
control?er area networ i\ S ana gth Ircuitry eference is

uwaahaweJ fisrig.the feotheardefitie bed@wh@bltberﬁ]@@ﬂm§wgﬁc@tt€w
pMEBHNR RIS MO bIASBI§S8RG %@ﬁﬁ%%@ﬁ#@%ﬂéﬂ@&%&&?%ﬁw

pneumatic diagram described above with 25 respect to Flg}? In Fig

e'ﬁﬁWé‘r‘%cﬁéi@C@tﬁaa\WEé%RB’H@MH@%&N@P@H ation g ﬁYﬁFﬁH’teRIQalbelt
cdshtml@h @réwmh%m mlm mewgwmdcmnecmr@;na; SRevVendincthis rdagrame to Fig.

B R e A S g
mtqmuumazm dupllcates in part the overview pneumatlc diagram described above with
respect to Fig. 1. In Fig. 2, blower box 10 is again seen to include blower fan 12, which
ultimately (albeit through a number of other manifold connectors not shown in this
diagram) serves to provide the inflation air to left turning bladder 54, right turning
bladder 56, foot cushion 42, body cushion 30, head cushion 36 and MRS bladder 72.
The electrical connections shown in blower box 10 include the electric power necessary
to run heater 18, 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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The electrical connections shown in blower box 10 include the electric power
necessary 30 to run heater 18, which serves to warm the air after it passes
out of the blower fan 12 as well as cbnnections to a data I/0O device 101,

: data interfac hical f GUI
CRr S R o VBTt kB RGHT AC UL £ ESMEER TR 2
aboee bsargemittaticticnaiityeCitbe rtideAthe dtadtdcabieVectiese &lectivadelerisonic
cSIBCHBRG 'QF&%ﬁt&%&‘{ﬁréﬂ ﬂwé%éfﬁ?é”ﬁb’%@ 8 %@ﬁoF%@Q&%ﬂPQﬁP&s@H&ed

a communications connection 04 As Indicated a ove, thes
a*é‘l’é’@trﬁﬁl’/é?éﬁ‘?h)hﬁ@”ﬁdhﬁ@i@@ﬁ§%ﬁ%‘9ﬁ'ﬁﬂﬁﬂ§|ﬁ@ﬂﬂ?ﬁb@@ H@ﬁétgarh@\ﬁéééox to the
n@@@@g:ggsgﬁﬂgmbly 20 discussed above, and thereby form the

from the blower box to the 5 ma

| l/elect tj .
oo eSS ARG LIS ORI i A PAES £ARiRIECS 06 which
rmﬂs”mtmﬁ)waidndeommmmaﬂmp@mmtdommummﬁmS|gﬂaTshértsame

aygﬁ%%ﬁﬁ%‘?caﬁ n I8 6%9)4’&&&?&&2@5[%@%&8(\)&\? ol

to stepper valve controllers assocli ach of e three

awaiﬁdcwmrpwh@é Hieer eecatehiss poraRpaetie of Ohsraxtiersayaiem of the
prERBREIFEIRIIEISIRIGRTAPRHBRMKLAS coRIMRHEAREeHcANSHINUES” SiRPPRIude

valve controller 108 (associated with the foot cushlon 42), ste%per valve

St&&ﬁﬁbﬁét"fi@?EQQSE.BQ@A%&H%@&Q WDHB '86) SrRNGE sbr VERREES AN ler
cdritEbl(as*swlwacbwatebmm mmjymns’kﬁr)nmlam thespestepipercealveller 112

e P R PR epy

C@nwwtmﬂetw@hrdh%frﬂﬁam@%we&@pp@@Iavaqi/wt!bmeom?m%tcfow@szamhpﬂe

afiBeRBES8IRA! oML eBAIRIvacel Blal MtthbaieibcentFRiscyaleR . 3epper
and 40 to maintain the appropriate inflation of foot cushion 42. Likewise,

valienpRitiellce WShdRiieYamBRs Resherstsg VAt AR AHear Rdsiceinen 164 piig thereby

cdiztpland @R 3B anelhas s ardholavalvesapprape28 i fativass detatasndh hdy
RESTLn 383, Chnaltv sieaper e soliolien g, i pssariaed il inkareg
recelvér and con roI va ve are eac assoma |¥ﬁ ﬁe
120siineh128. asealicas oake®! valvesiRd @M%Scﬁanh cfssoniattie witimrdy fushion

3DOSHRNG, &b AISNIO aBhGBNEI0NP5S AhsSBRRESHAN I el Y &8IV 124 and

positioned at various locations mcludma the stepper valve controllers 108,

C%Tf?'é(ﬁ&’iff AR LA ARSO B SHAVHB AR GRS BEctl e g HYOTB80

stiuigitenstlityis Reéanroigduttb e ko rivigked, ilgld el g Rlad el rad sighdllers at
turnl er5 are_ each controlled from th ress troller 106 b

connector o# héw%c ré:rannmeedpgsg)ro ed at various %ca?ttns mcqogmg {%e S eppgr valve
controllers 108, 110 and 112, as may be required by alternative cushion structures and
functionality.

Referring further to Fig. 2, left turning bladder 54 and right turning bladder 56 are
each controlled from the mattress controller 106 by means of the programmed operation
of directional control valve 52 shown in split configuration in Fig. 2. Likewise, the
inflation of MRS bladder 72 is controlled by way of mattress controller 106 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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of directional control valve 52 shown in split configuration in Fig. 2. Likewise,
the inflation of MRS bladder 72 is controlled by way of mattress controller
106 by means of 30 the programmed operation of MRS clamp solenoid 68
and MF%S ent solenoid 74. In the, preferred embodiment, the inflatign of tlﬂe .
Qe BIRAREHSy B LoH AR SO A LL TR o i e daRlF BRI s, in
suchtarebodiyséam, Weledirdssringttnbetdeos ichag! bé coilirsel, tdeordara thinfoam
n%tﬁ(;gggplish the turning function described above. As discussed above, in 8
some embodiments, a foam type cushion or mattress can be implemented
and!fh(aSieHs SRRASHASHIMERtS) AHECRSEA BRI CH FRBIIBE WK R HETBer @fi piderent
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R0 TR LA A B e, PSSy S8, ASTURSES Mot B leacghig now
muatilez to thig NdR®iibladidlewsds dreatmsael ittiesnc dRételencetveorions theadentooFig.
matie | , e .
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SkoMWK AFVINGYraneee Pl esInnsstenadndhe srpeesmsiyaiet diestiarat onkp! valve
5SQREGNAEWD BreatRRRIRdaNER he Wening hiadtesyan webmsde MRGhe

vent solenoid 74 and the MRS clamp solenoid 68. Likewise, mattress

MEn GEATRP £815'2QH/88 1d-{s6Wise (ARiRERTRats IeadAD panSmipayer (and

illtrairsareltersckspf thehefnaretetrads erinlees (gie i) tA3 @y dfdded 8 bloskima a6, 180y 132,
0, ;f IRtanﬁsn'e r | it indes (LEDS) | :

1 péét]e?’ri %e(:érh%rclftgziimehiF éégegri ﬁi%@gg%%ﬂﬂrﬁaﬁ ﬁggﬁr&% oa cda[%’égg %(kIE-Fz)S) inthe

prsitgiEgd sriveegiBey. 0eheiefaRfliaiasi ¢’ epacsthadhplindigalae @ éddzianalller

frd QEHGWiSRn SR ARG BY POPGH AR I fied ANAPEIS E6RRBIIdPRYBIkEwRe
temperature sensor input 144, and side rail position sensors input 146. A

receiMESI B RS GNREAAA S A8 S0dIR GENRET TP 4R LPBIRERAEY ¢SS RARGPUL
1eboved Sidyess pissitiooasenectio o018 elverrvae PRt PIEsSigrassociated
WIPEBHEEILS (1M ESRUE AU gR 1R deRelbe) Zhove, BN AR ceives
embodimen S, mac% ress controlier % ﬁ)rmg a pase networ noHe or
PRRUEtic ehnpessureIBeasiHemenisd oo rmssvselord aerisdratdprirabese
signalJHiRsLeiRIbRedPRY AR MRKRE . ANFLIIBIU DdiRG M sTAISRE MG Work node for

connection 152 is distributed through to each of the stepper valve controllers

neheRtbrNSEIRR R2BRLBIK tssdE e rtwotln tEansTissiafhaad receive signal lines
asniesbegrpooliar soragéaactieguas InedeTias Heewoaatoetwotisn 2% ndididtllyted

receive input from the infrared receivers 114, 116, 118, 120, 122, and 124
O T GA G IS LR Ao Kol dleth meagpneeiabsve 2€neft nodes

108spabtardyl 18. These microcontrollers, again acting as nodes on the local network,
individually receive input from the infrared receivers 114, 116, 118, 120, 122, and 124
associated with foot cushion 42, body cushion 30, and head cushion 36, respectively. In
turn each of these controllers operates and controls the stepper motors connected to
the proportional control valves described above. These stepper motors include stepper
motor 126 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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turn each of these controllers operates and controls the stepper motors
connected to the proportional control valves described above. These stepper
motors include stepper motor 126 a§sociated with control valve 40 of foot

cuen iR e NP3 Ledseiod HA gt SELsR By roters
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Ion 6 9 Eac er valve controllers 108, 110 an
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network ¢ nne%lofﬂé to the attr sconta%ller 106 rto the connectlon back
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eration of the system as a w es a

mﬂ\eﬁm@ﬂbhw@mﬁ@e@ﬁb@émgté pifamsafasdtitibeliemipaicir eesnibasnatress

c@ééﬁ@rié‘ rESRANIANE MeMSIDRRs IR She m@t@g&r@éﬁﬁﬁbﬁg@%%dﬁ%‘i ¥ the
"bottoming" thr(ﬂ%h the mattress 10 cushions, E of the microcontrollers

PERSEHY HNSORBBATERSG R FHRE SN AR AP BRE e MY GrRRER Phaly BE'tS

egaitrsfed. by an H8/3687N type microcontroller IC or its equivalent. In various

embagARR: UREMASTHEIRGRNEE ARl SL AN A0dE D an

conflgur ons, an prOtOCO S. In some em |men S, eac he St pper
NQeRse COBfighalinRg sansirsRtrRItD nifoieme(enabosistaeiss easiirelitie sirpper valve

cUMi&ré’@H@cﬁﬁ@F%‘ﬁ%ﬂ@m?@% OthairbEaBRR-AURDY HBHificihR RHGSIIers,
on the network by way of the indicated address jumpers. In other

aRHHAIRERS E%QH%’é AoniiRR aRytRsre8deg NRIWSHPE MBS Gitidhts
|n6;6.ﬁiembd@@re@m;bmp@tsnaatemm arspedifieorslatodesl aadse ssethmicadpecific

SIS SXple NG SRR Rl AN nafes GRIGONE SNRESiEd e
oliowing or er efwork perV|so ower Con I’O (%) 5:

angiagessashindal e pemitt) ordsst \F@IK/@X@E’ﬂﬁlﬂﬂ)llérOQTa/@l)bB@d}ﬁVhlGé\N:@ﬁd@ﬁ@an
&R ne 30 iR BRI RN BRdERH es (T MGahispOSEpRhAsdin aBowd BohifofiEr (BC),

will appreciate, the various controllers can include similar controllers havin
Ml esntersirelisn W foin ERsthY AR d-QRbioken T K iRngy Yo ﬁ%@@@é@@%@éfgc
ard eiead-valexaopteslite H@Eer eenireler @%lieanyiskilitetaaycavitrafperdbate, the

vgﬁgﬁrsoc%r%r&fgrs? fc%H frll%mde S|mllet1)rl%vt\)/ﬁtrl‘oﬁ?ers %Egltng I{he same or similar functions,
and should not be limited to those described above. For example, the blower controller
can include any controller that controls a rate of air flow from a blower, fan, or other
source of pressurized fluid. In various embodiments, dynamic addressing can begin
with a broadcast message sent on the network by the GUI node requesting all nodes to
prepare for dynamic addressing. When a node receives this message, 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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source of pressurized fluid. In various embodiments, dynamic addressing can
begin with a broadcast message sent on the network by the GUI node
requesting all nodes to prepare for d§namic addressing. When a node

R R R e

exxapip)én sovaziembedirbedimevitsnal B@madaddags biangebagimde poficatisrsupplied to
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an 'havé an identification number of 3. The GUI node assigns a
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Wi e dynamic ress rocess, For ex e, In some e odiments
O R T T L DS e A0S OB Slays
pawdr Y G e blikS natte mtitkiBE ndCtharah iy \WMC modiesopdhe nepvaridvgiditout an

agg{%g%ssgchfﬁ] egr \@g')%r%o ¢ ed@eésﬁa%%gg% tt'ﬂ%.ﬁ] diRde %’gﬁb@}ﬁe}%‘%ﬂ%e

valve 5 contro e on the network without an a ["will

be abi®td RiignaeasHaE R TERRIRN TSRS eHEYeDARE. HROBG thede gets
mislaERPRRAdt ErlaYe RaMREIRANRS Y CarRHS ApAtE EhaMEIRCMYateadfth the

on the network without an address. Once the HVC node gets addressed the

CORiEMSHk IRMARArBR HAPHEATE 9 GRSV RIMICR AR FEERIF o Th g nle
s@wuratemtotos Ha@jniget endid raiaro aamiks ot eo anektisrc o ameitisopricuthatic

preRdiKe é@ﬂ%&j g@%@%w%@oﬁsa%%aﬁedsvgghé;mese%%w St 1B IRELAR Mo

mputs are t . SWIltCh.COhneCtl(.)nS the angle sSensor connecton
cantpoliereciegnivarahaersensior é s itRairateha peltagaaaouaiesIeisensor

pERBARGHAR d8hafBH GrenaideidRIESRISMEBRHE k40T thE m@tﬂfé‘rg%d?ﬁﬁgﬁ@%.
circuitry shown in Fig. 4 also incorporates a voltigg%re ulator 160 for 15

powe iRy AHIP IS AL tRERHANR oHRPoMSIUSlS MR Qfg}iriver 162
theoppeasdsd dhessutruiis @l daaanerotieng olleodéatinglddevbesd Kitw svaire

form driver 162 that,powers and driv he infrared transmitters in.gonc
B i g BEXCEn B NaR IOSANBISOERTRTIER TeOnse Tdina
diseté tipd\vtitiveieni eacelampaariodisaesHestiMAB Taralinthelanepsonriralies106

oﬁ%?é’t%%ﬂﬁ%')été?ﬁé“%aéﬁﬁ HPiGé‘PQ@StEHH?E&H@o@tﬁ’@%fﬁg\”aﬁ%tﬁtﬁeﬁ% EQiohal

driver 168 that controls the stepper actuated directio control valve which
confrle@lsdigtalaing and e BigaderJURUNg Biatsiass Asdventioned above,
migioeardiela 0606 isrmmesteckitiaothioansdanoneherOAR eAdNanchHiigess

BT B SO R A
transceiver circuitry 172.

In various embodiments, the stepper controller can include a number of different
configurations. For example, in some embodiments, the stepper controller can include
one or more stepper driver circuits. In other embodiments, the stepper controller can
include circuits for filtering, buffering, and gain. | some embodiments of the stepper
controller, circuitry can be included or omitted which can be based on one or more
desired functions to be elicited from the controller. In the embodiment illustrated in Fig.
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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25 In various embodiments, the stepper controller can include a number of
different configurations. For example, in some embodiments, the stepper
controller can include one or more Stepper driver circuits. In other
embodiments, the stepper controller can include circuits for filtering, .
SR g SR LRE S L P SUEhbdd REREAER bR Doy
cushidreisndadea tbirsoenated evascih Wiz deefoaseg droatesgnaleras36aiksnedth four

'F‘F%?%%pé ﬁﬂ%ﬁgﬁf@ﬁ%&é@ﬂﬁt foF978ELde 6@%&%@89&%@%@%&9{?%@ each

S5ade diagram of the typical stepper valve controller is provided.
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referred embodiment of the mattress 1%]\/%/' tem of the present invention.
BT BP ORI keI 1P RREY AELis CABIANRR MRS CElRTAIRS LIRSS this
regdatg @3 fibrypibiwesi iguh enparndate sig matb@ssatiaitedovibittyur IR sensors.
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likewise incorporates a voltage regulator 202 for powerlng the comfonents in

dEyETEdR AGARMENENRA FANSTR SHEFRTHE AR RYSIRIP 186 a1dih gt allows
thetepipeycoalvel IeomreﬂefééUbwepmmBLﬁcmgiﬁab dosthie steppawdrprepoiticuits
C%ﬁﬁoﬁ\r/] vle%(.’ f/% Fﬁ&éﬁf%fé%%%'% %hc%%FS’éc{%%?%Vﬁ%s“Q SRl ation
€ particular stepper valve controller. peration o these drivers Is
Cigdbnfifliseiele gistinghishdtifremt thioattsrimgdyeternedesaei the N etwoedidvash

midRBYRTRARNERHGH SR RRRRRS TR HRABEHI R QUitPjHEPEHIFOMR transceiver
proportional contro] valves. As indicated above, each microcontroller has an

CIEHY<ORIRY AR CREDHMeHIQRS QY BihRdLEMAFrom the other controller
nodesenC A (GemiallcrPach Metmickptoatseltian buswydicenisat inels degiaai)
rotocol, circuitry 198 and CAN. transceiver circyitry 200 t intain
o ol Bt R B s P AR RiBlRon) wes
indeinations!yyslirntdardizestis dAgmasySeeldiiell sodanmpitarethppiitatiokdayer

of HELANARBISOIhE| FAN RItarshvas ARSI RANY P aNHRIIZRE i large
1993 as ISO 11898-1 and comprises the data link layer 20 of the seven layer

. ! | yer .
NYEHR ] SEFRICNA ARIIBRARRGIULRTR HNiBH WG RHBIPIRYHES I S A MHUFation
s@lvisitosn duntingreinuinetsrss indiarfchmasariprsmigsiovifasdwie requesting of a

commu icatiqn services: the send ng{ﬂg{ nessage data fram

essage (remate tréanﬁmlsswn r?ﬂues#, ) oﬁ—keq selvices sUchi as error
ransmission) and the requesting or'a message (femote transmission
sigrgliest, RIRYtAMBinee SaniceisHocivbermmepus frames are user-transparent,
which means the CAN circuitry will automatically perform these services without the
need for specific programming.

The CAN controller is comparable to a printer or a typewriter and CAN uses, such
as in the present application, still must define the language/grammar and the
words/vocabulary to communicate. CAN does, however, provide a multi-master
hierarchy, which allows the building of intelligent and redundant 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



10

15

20

25

30

signaling, and automatic re-transmission of erroneous frames are

user-transparent, 25 which means the CAN circuitry will automatically

perform these services without the féed for specific programming. The CAN

controller js comparable to a printer or a typewriter and CAN uses, such_as
SEiD L R ST o S & e P FUPA RSP Yo s
progrdsyocg tuieng id e nserinieatsc a0A h € pess dravirernast rovajebe distributed to
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redundant systems which is, as_mentioned above, a feature ot particular
aliersdrahte HoResidheaRianD e eanivins devisaterrRastRO Flesrags anthien

dBERREM IRV RIMRIht PR eI Iy hadptscdalatiivRe iRy BEEAQSK Wil /e iithe
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meaignaismsiag dheotrghdings siserahfedaceesshggaresent invention may be

disteuiepdhio, K Mbee‘i8’?{[§%%eé ROARS S;H&Erﬁﬁm B ?h@r?gﬂg%%ﬁ‘ }e{é‘&aééents

effect a regimen alteration throlghout the system. ecelvi vices re

otfeervadety AR PHITEMBAUSEEddeNtiHad RVA Hise srash aPRKe g riganted d ghaw, in
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also é)rovides sophisticated error detection mechanisms and re-transmissijon
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ptiséipiny sictilepiadie ated sorap tine Mar iUt ep niooll d b peaeriftthisl erdifredsasydtem
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system were flipped over and the MRS bladder and turning bladders were
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proximate to the cushion component for which they are specifica

|
traasputieiBI&S Al Bt 28%ASBAME I PR SRANET RS BIWHIR: aéiz-awa
trensmeried3ogeihpesn comeredifd sransmiteliscéddint 34| A danidhi@navibdow 131

oSS b IR 070 s b R k.

On an opposite side of the control interlayer are the IR sensors, or more
specifically shown in Figs. 6 & 7, the IR sensor windows into the individual cushions, as
described in more detail below. Sensor windows 115, 117, 119, 121, 123 and 125 are
shown in Figs 6 & 7 positioned in association with their respective foot, body and head
cushion components. Also associated with the appropriate cushion components are air
flow inlet connectors 214 (associated with the head cushion), 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 mattress components. In Figs. 6 & 7 all air
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positioned to receive placement of the transmitter on one side of controller
106. On an opposite side of the control interlayer are the IR sensors, or more
25 specifically shown in Figs. 6 & 7, tBe IR sensor windows into the individual

hions, d ibed i detail belaw. S i 115, 117, 119,
(G FOR38 RrSESRE SRR CE e Ve THBLTBLN o A hre L
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aﬁgsﬁh@mr}{\éﬁnﬁmgt%?agdghggaﬁgg@@%@i;oetrﬁceiyilthetsirtlﬁle large leilir flow
ose (not shown) to separate and distribute the ajr flow to three smaller
on BRSPS Bt A LIRIoGH 6 o 8 BLS N R e etronc
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turning bladders 5 and th_er%rlmary MRS bladder as described above. Also

O R RS QIR PRNERINS BeMRR R COMRR SISO R PEFREN as
desaritetiiabsVieeite easitecyaribigs 20mtratidtimmaneritsrdivieedxaption doriistions

A r?fh‘é’iE}% @?&Ib?cetboé?o@ﬂ?&g aesagﬁo%ntr&%&%é@%@#ﬁ%&?&%ﬁ?hE?z!/ Figs. 3 -
one edge of the Interlayer. In hormal operation, a Sixt ransmitter 130
Syl sdspdsitireandver 10 window 131 and would likewise be linked to the

2-witeeieitRah &S shaue NEGIte A 2Rel (RIS BI RO RRREFESS Sontroller
between the components would be present as described above with respect

106 eRf! BS RNGQEHIGN, YREHS SlEFEA e ABRkalBHIRBEShanisahsaBIaisere Included
withhitbkenanciesiedoasrsvomncind descabedidwsassosiationwathoF gsdiit 36

w i8H'Pe3&%°c%%@rr?i%mné%§F S‘Y%‘}?e 13 ”801)’# H!f‘@%&?de”&ai?ffor 3PuE L per
escription of the mattress con{rol er f([)1 and Its enclosure. Various
aehetied flirecion @ eenisphualverhcavbishtis [driveni by siepp enitioietisd mBtitay®vides

tHVRHRBLER SO AU toT e R HIAY BIQUERRSD P MY AorRnH WS AR BIHE 8HS 60.

conduit 48 and conduit 50. Conduit 48 provides air flow to stepper actuated
direERBRAIAhBOWRRFAE S Mg SRR N Hy s BEWBIChEdredifags air flow out
obtiyislesodridenkedsb@ yliaddneha thertusninprblagdesihyidveaad zandisth of

th\(l:%oﬁ‘r.:cc)rl% rilcrtt])'Pufre]l é8f°r‘°2 E& %r?lp fﬁﬁr%%xﬁeﬁoag rgl\rlcleccj: |8naa|rcf:|<9n ré?vsa‘?\'/%“:?éf’ e\alr%l\é eggically
connected to PC board 230 on which the controller circuitry described above (for the
mattress controller) is provided. The micro-controller IC is likewise positioned on PC
board 230 and forms the core of the controller as a whole. The electrical/electronic
connections discussed above are generally not shown in Fig. 8 for clarity but would
enter the enclosure through the ports, some of which can be water tight, shown on the
sides of the enclosure. A lid (not shown) would complete the walled enclosure 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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of the enclosure to the MRS bladder and to a vent through solenoid valve 74.

Each of the solenoid valves 68 and 74, as well as directional control valve

52, are electrically connected to PC'Board 230 on which the controller

circuitr cribed above (for the ress ontroller e% rovided. The
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d‘?@&}éﬁ tw %ut%ﬁ?ﬂ)gg Y)? ?(%‘lﬁgrgé' d#la(te&v Qb% §%§1 E'HS oRposﬂe S||des of

requwement e system, ISS own as an exam

the iengHsersoEashal the ¢@ﬂﬁ@h¥ﬁ@/ﬁﬁé’§t@ﬁfb88\%ﬁ/é|@@ﬂ@élhé@Wlﬁﬂ@@é‘) PC
b&ARES AdesHiGAIAN BHRIEHHRRE M oS RESRISaE ek %Iétﬁ qRerational

components of the example shqwn, |n this view, 5 stepper motor driven

e'ﬁﬁ%%?v BlRH EBIR A RRGHR e WA SR IR IS RO ASFEABR xRk @ut of the
etictosunié isrslwmineafandasitie Adhiectneibsuralad dﬁmmlarz Inématiestingrtivering the

ralg G vaiR %%%W%ggﬂlon R'%éffé?ﬁtg%’ 51000 (8, eIl YalESated

|rected y way of the |n ed connectors on the
wab;bbewetatt@mf the eYrRiRISurtn Ehoos ﬂwtls@lrmfdheaﬂmesraﬂt@%rm@ves

rRlfESriARIb carRpeiRddo3ind O PeRed AALRAYRICBIRRITARIHAICTREPENSdSrds in

provided. Here again, the electrical/electronic connections (wires) both within
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same and are distinguished on the network as they are dynamically
maireanss QL HisySyRENatd diapeesiiss@ederd 8&&%\%8'5?&6‘8&%@3 these

a@@@&%&tﬁéthstﬂenwlﬂmb&system |t is p055|ble to power-up and activate
indq% aI nodes/control the in 20 ggessw ashlon This

greatly [ faciitates Dot mfaleﬁFement J%raan R g1 fhe corstrucion and
conflguratlon of the cushions associated with the mattress replacement system of the
present invention. Figs. 10A and 10B show the general construction of the body
cushion 30 of the system of the present invention. As shown in Fig. 1 above, body
cushion is generally constructed with two interleaved chambers so as to provide
alternating pulsation air flow into the cushion as a known therapy for bedridden patients.
These chambers are constructed of generally box shaped channels that run parallel
across the cushion. The topside view of body cushion 30 is shown 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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maintenance of the system. A diagnostic mode of operation also facilitates

these aspects of the distributed network. Reference is now made to Figs. 10

- 13 for a description of the construction and configuration of the cushions

associated with the mattrq s [e lacement system of ‘[the 25 Ipreser(yé
1 U M8 S G B 8 T b B Eb Rt RSP e ol
caustotordloofttieeceystehmtdrtagep tiserdsadainee. As shown in Fig. 1 above,

bod IQn IS rall AW inte
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..bady cushion 30.is shown in Fig. an, ay of the fabric seams shown,
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emitalycoperegattion of the seam (shown in Fig. 10A). The mattress cushions

of t r ' |0 sewn.as indi r
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components (or similar attachment means) on the mattress replacement ,
teghaiatP iRl AR RRE T Ay e 5aRG A TNPEP dlEsRRethRPRYRIRLRABH Bshion
3@oot cushion 42 which, like body cushion 30, is constructed of two

intedeav ham Air flow, connectors.220 and 222 are.shown inFig.

11 B e e e e RS b e S AR A R e rom

theuepiistiurtienetipe dyaus Risn s angclostiiseaidv ¢ fdnerstigushipniosd Bonot
défe:égg%éd?t‘a 8BS di Brtiacioss Hi ARmgUEiant irpaskaHs AR #ipicRtifers

rom the construction of body cushion 30 and foot cushion 42. Head cushion
thegeioitot s ticign of 3 's Hjaaeer itk AtiBai R aideWdRipleronnector 214
siy@ssiirizigtionBhetapnaadie view of the cushion). Parallel “channels” are still sewn

or otherwise integrated into the cushion as shown in Fig. 12A for the purpose of

C

maintaining the flat configuration of the cushion, but interior air flow between these
“channels” is provided for, resulting in an integrated interior chamber.

Reference is now made to Fig. 13 for a brief description of one manner of interior
cushion construction that integrates IR reflective surfaces to 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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therefore constructed of a single chamber with a single air flow inlet
connector 214 shown in Fig. 12B (the underside view of the cushion).
Parallel "channels" are still sewn or$therwise integrated into the cushion as

SRR e U TR 2 (L o O s T ety
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Integrates IR reflective surfaces to facilitate the measurement of the IR
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"cross- talk” between the IR illuminated sections of the cushion. These
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the box shaped channels is easily ag{)plicable. 10 Fig. 14 is a detailed plan
MASHF SPRANE L RERESHVR M IHRIRER L8 Hap MpleIial of thRdigEaYEr SnyRiope.
Thegserkan2Ee0i©BizAN bty bdththeaiie sigh @idiien fhdaRicaismitsingle4.
tructure that be configured to function either as.the | nsmitter,or the ..
S ARSI T e b e
ohibsitigviang witiniiedenekess Wassiier 8oie ey aeeasedopevataetighbaothe
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polymer sheet material (such as a polyurethane material) capable of being
Walsi G FRRRHE: tHEPRIaBEGPEP hRSHTAISTRL MAVA BSP ¢ REROPKEIS BliYSture
fBizRd 3@ asctnbaberetain and position the IR transmitter 134. Closure

S R L B AR R oo
havingraidersiotieeside transparent to IR illumination that is directed into the associated
cushion chamber. Within the rigid plastic enclosure is positioned PC board 272 on
which are positioned IR LED 274 and/or IR sensor 276. A number of IR light sources
(typically solid state LED devices) and IR sensors are commercially available that are
suitable for use in conjunction with the system of the present invention. The circuitry
associated with the IR sensors utilized in the preferred embodiment is configured to
operate the sensors in the linear region of their output (typically the saturated region)
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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20 construction of the IR transmitter itself is, in the preferred embodiment, a
generally water tight enclosure. Hook and loop type material would be one
appropriate structure for closure méedns 262. IR transmitter/sensor 134 may
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might have been missed. dition, optical filters are utilized in the preferred
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i | t to put the sensors into the linear region of their output
o A A

escri bove. Although the circuitry of the system for driving the IR
tranBeiRtense issoavetadotel e ene desrsion chticemannealtsywatise the
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anks so as to further avoid the effects of "cross talk" 10 between chambers.
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chamber to determine when a decrease in chamber height warrants an

readidansidinp iRt ipiRA L AuR e RRABRRIHfF9LleNa e IRdNEERIBES S
edvdralaagiovideyaecaesoniptieasoiiiRe Hxeted Zzrangamest of hettiadgetem

er‘%\%'i‘o"p%”ﬁ{‘é? qfutrpl?naxﬁga%ge?sf; glF and 56 are likewise enclosed in envelope 210 and
are, in the preferred embodiment, further positioned and retained within sub-envelopes
integrated into envelope 210. Various compartments and sub-envelopes may be
created within envelope 210 as necessary to position and retain the various bladders,
control components, cables and air flow conduits. These compartments may be sewn
or welded together or they may be constructed with sections of material that removably
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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present invention. The mattress replacement system is intended to be placed
on 20 existing hospital bed structures and the like although the principles of
operation may readily translate into Griginal equipment manufacturing
des In the replacement envir, ent the s rises MRS
B PO UTEH TS By BB T Spd T BT IR Blagesice f the
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shaped channel of cushion 30) represent the direction, dispersion and

aﬁ%&ﬁﬁﬁlq@ﬁé@ﬁ%ﬂ@f‘ Pt AgaeRitlisUieceispiarBmELhARd ltisdanger of
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oL R PR nE el T SOt G il ravior
vaNasges tinetiedoptagrnfigured to provide a more immediate and appropriate response
to the need for increased (or decreased) inflation pressures in any specific portion of the
mattress system.

Reference is finally made to Fig. 16 for a brief description of the manner in which
the system of the present invention may be positioned on a standard hospital bed or the
like. In this view, bed 290 is configured with footboard panel 284 onto which is placed
and positioned the blower 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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surface, such as might occur if an elbow or other narrowly focused pressure
were directed onto the outside surface of the cushion, would result in a more
significant 20 change in the overall 1&9el of illumination received at the
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proximity (low power) RF signals with the various controller devices
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unit may then act to reset the parameters programmed into the individual controllers,
and/or may act to receive and download historical data associated with the performance
of the controller over time in response to the various pressure and temperature changes
being monitored as well as the cushion displacement measurements made by the IR
sensors.

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



communication devices to provide a means for modifying the setting of the
various controllers. The PC boards described in association with the
controller enclosures shown in Figs2® and 9 may incorporate the necessary
less communication 20 transc jver cjrcuitry to permit su data
OSSO AR TS Y A Ca oW PTG lrAtorRare merely
coietivenig ot ecwtingizedautbe gritfe tved, elm botldapatt dfothéhpregieihtind scope of
t 'Q\(ﬁvrg@[&(iCAN protocol) may be further utilized with the wireless capability
y making the hand held unit a discretely identified node on the network. The
hand held unit may then act to reset the parameters programmed into the
individual controllers, 25 and/or may act to receive and download historical
data associated with the performance of the controller over time in response
to the various pressure and temperature changes being monitored as well as
the cushion displacement measurements made by the IR sensors. Although
the present invention has been described in terms of the foregoing 30
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 20 modifications as to size,
and even configuration, where such modifications are merely coincidental to
existing structures of the bed, do not depart from the spirit and scope of the
invention. 21 CLAIMS 1. A patient support system to control support of a
patient, comprising: a mattress having a number of inflatable chambers; a
number of transmitters positioned proximal a surface of the number of
inflatable 5 chambers; a number of receivers positioned proximal a surface
of the number of inflatable chambers; and a network having a number of
controller area network (CAN) nodes in communication with each other and
to the number of transmitters and the number of 10 receivers, wherein the
number of inflatable chambers of the mattress includes: a head section
having a first inflatable chamber;
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a body section having a second inflatable chamber interleaved with a third

inflatable chamber; and a foot section having a fourth inflatable chamber

interleaved with a fifth 15 inflatable €éhamber, wherein each of the head,

body, and foot sections have at leas né é@" ontrol valve coupled thereto, and

wherein one of the number of trans ﬂt paired with one of the number
10of rede Mien%dseasttmetpairtamtttatsdmpm af eastiene corfiataing :

chan'g) tﬁ%g %gllgft[ gB eaE‘rﬁjaFﬁBS e light 20 energy in a

staggere con |guraton the staggered configuration 'characterized by each

pair tPaM4TIEINGf A30SEHEITRORIRNESEREX R a asteAaaIRf the BamketigfdnAatable
cli@EaEng chambers, such that pairs in adjacent chambers are not

transmitting and recelvmg light.energy at. su stan |aI ame time, 25 2.

The FaRUROELBhETERYSIERGTIRART RN ﬂé%[ &6 r%” ? pHEURRHOL IR

chandoersnandation Wlth the number of inflatable chambers of the mattress

and tQ&& Wﬂrﬁav‘i %&p&rgg ‘?rBﬂe‘?oé}H y at ’;S(%KOND ;ﬁg}g‘?{ of

inflatable chambers ccor Ing to data recelve number
comraeBiGatiian3gth each other and to the number of transmitters and the number of

receivers, wherein the number of inflatable chambers of the mattress includes:
a head section having a first inflatable chamber;
a body section having a second inflatable chamber interleaved with a third
inflatable chamber; and
a foot section having a fourth inflatable chamber interleaved with a fifth
inflatable chamber, wherein each of the head, body, and foot sections
have at least one control valve coupled thereto, and
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.

2. 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.



