WO 2009/120270PCT/US2009/001620 1 ADAPTIVE CUSHION METHOD AND APPARATUS FOR
MINIMIZING FORCE CONCENTRATIONS ON A HUMAN BODY BACKGROUND OF THE
INVENTION A. Field of the Invention The present invention relates to methods, articles and
apparatus foV 8HRSHABY supporting a seated or recumbent human body’ qWHISé“ﬁglméﬁ:fﬁrly, the

parts using an adapy ﬁ%} TR Spaion fet ég%g m B il prossurzed
in response to mea ar%@gsg‘%%f#% &géj}l%nB Description of
Background Art Wheneve@% Q%b@@sﬁﬁﬁoﬁ%ﬁ@'ﬁbject such as a chair or bed,
normal and sheaAforceBiptddditee! limeagiion to the weight of the individual are transmitted from the

supporting surface througfe threSkin, ABNRENIRSIMESs WIFRIAROEY: . dRikIeskpigtappihaueregs exerted
d
M e S o T

cases cause 0 ves els and

s on can.com
occlutlo nUMERLRIHIRIES S A TBeHE LA RRRR L 25 MIONBARE SePSEoN HIRdatrEsen
determiningunRettast hedioaBmssja®pmadsaityaypusbion My R Rifxabal Ragdrralinot
sufficient tevtizle teraclysigmittally passmuriZedinseaptinsesd donexsunpiacaisecs bbipeforkés bigintdat evenly
distributed gloEad Sps R APRg hBUigfer from tissue damage. If, however, there is a sufficiently large
external pressur rad'%s%@e ‘n‘ o¥; ct.k egump%f{om for example, a low-pressure area adjacent to

a high-pressure area internal bod grate to the area of lower pressure. Tangential or
shear forces exerted ex{'é{ﬂfﬂwvgﬁ %‘B‘é‘@?’bgﬁ%ﬁﬁaﬁgsﬁfa’ﬁﬁ BLYi .ﬁféﬁ’%{?eﬁ) th@g‘ A-'8I686 vessels

by distortingethararaehand sheeh inirsp arestased in rRartiondehrewri dheuindividwahaseth the
surface foraamaﬂteﬂﬁ(memaggmﬂmgémarem@maﬁ)sapphdcbebe&sm exgxtig @tdissue,
Prﬁcause it ig @i@&@?@'@dﬂ?ﬂﬂﬂ%%m@%{éﬁgﬁ%m Hrﬁ&§%ﬁm@d dingale death.
us, eve I‘ S | one

another, c}rbeégérﬁ/g%e %Q%rtgéﬁi u%a‘innggﬁ gly ’Iargmgar stressegé%%] ernﬁ %@gl?é% ée"s)areas of the
human bofﬂﬂ%ﬂ% RAEE FRR CPRIBRS NG 108 M%@%eﬁﬁﬂda%‘%& BFI%QHF@%PJ’&F@ heel,
ischial tubéhﬁsﬁmwagrﬁmmmdunhﬁfeth@mﬁmm @ngudnration of these fpecesafightsrainiagety of
pressure/fometsenmiebammsombﬁwmammys Miblcpressusealedds gerstaiiyohnobrmal and
shear forcagfasidPdeiit ReaRScyshEa 18EPHRAAE T HIBAIRE ) are BabjdlRed16(51).973,
November I’?‘BQiQ% %"@H i&%%‘lgﬂ?ﬁﬂ% SRS %P&éﬂ%;“é%@é?lf o%%s?&é‘%%ﬁgé’é Hpspital

Mattresse ons disclgses h|n planar sensors tor measuring reaction ces éxerted by

mattresseshGF'”aYgfr JHAEoIS tRe TR/ Y r@f%b@ﬁ?%e%’t%%%éﬁuﬁ? AR HRBPE the
invention dissldtied ficime e cexaoaRion dfievervesspiaciancasireeatdenadiighrapertin® Bgea,
two-dimen sirealzdisayly\iGIROOMIR0S 509 G THMES2RRONI13G20 prassfrisolitaentiaboekineant pads,

each consigfiag:nk.HuB JREIAYRY T HBER" H%‘P%IQH%ﬁﬁé@%ﬁ&ﬁﬂ&@ﬁiﬁ%ﬁ%%&&@d with

electrically gg %&*% dg{éﬁlﬁg dRPlen) RRF 8B SMRL BRBNCNE LRTNG I rEhiar) contact
with upper a owe es 0 9%9( s se arate measure ents to be made of the
electrical régig ﬁ?fréggsﬁ %eé% BRie gradigel aoidbesdemali force

exerted on anel@&emaﬁ&@rmxaws@mm,mltm rcrAbinstior etiasefasiaiad
therefore itthatdetidsmtodistanetrdip adiibubsequentigisgerdstthvediiacioven relatively small

external shear and normal forces, which may be independent of one another, can
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The present inventor also disclosed a novel method and apparatus for measuring pressures exerted
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exerted on all air bladder cells while varying pressure in any individual cell The present invention was
conceived of to provide a method and apparatus for minimizing body force concentrations on parts of a
human body supg)orted by a chair or bed cushion, which includes measuring forces exerted on body
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exerted by a person’s body on a single individual air bladder cell while adjusting the

inflation pressure in that cell may be suitable for single air biadder systems, and for

those conditions in which the body of a supported patient freely conforms to the support
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air bladder cells which are individually pressurizable by means of an air compressor and valves to
variable pressures. In a typical embodiment of the adaptive cushion suitable for use-on bed,
the air bladder cells may be arranged in a 6X2, X-Y rectangular grid, thus dividing the cushion into left
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correspond to any in er cell, such asthe upper value in a 6-row
by 2-column of air cells for use on a bed, a preferred mode of operation is to choose as zone-one the
cell on which the highest body force was measured during the initial monitoring process.




During the step of deflating the first, zone-one air bladder cell, which is done in a slowly varying,
ramped fashion, the forces exerted on each of the cells including the zone-one cell are measured, and
the sum and optionally the average of those forces calculated by the computer. At the end of the
downwardly r&? g/ eA&tion step, the air pressure corresponding to the R§FaER28tafi0a6M average of
all force sensor readings is noted. The zone-one cell is then re-inflated to that pressure corresponding
- 7 - to the lowest sum and average force sensor feadings, to complete the cycle for zone-one.
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After theﬁ&%&iﬂ%@%ﬂ Syﬁz ARG, R'ﬁé@ﬁn&’%ﬁﬁﬁ%ﬁf&iﬁ%ﬁ? 3@&%63%‘2&"%0“5*"0”

those steps are rep or a Z0 ut u ed range press ower upper set
pressure@gﬁﬁ'ﬁl gr ES? r@s&%g ‘Ef then repeated again until the successively
smaller adjustments irf’ ?@ré@ﬁ@&@@@ﬁ@ﬂ@%ﬁb@w&mwﬁéﬁhﬁm&@%ﬂ als@hich time
the cyclicgatbplsatiofefithe, stetéchablenéaimen pasyivel diaee sensor nethed passivefstatesithe
computeespetiiRibe 2aHieh iepies ASYSEG Sttt on eRto (it elimeeUTHRE VERMORStIve

cyclical anesglion ind Ui led Bhe AP AT EhARR S Rl A Pl Ben P BeRliabexg rRfgdetermined
threshold in yespon or example, to patient movements Acco Ing to the first aspect of the
invention; CIREIR s provided an adaptive cushion apparatus for reducing the magnitude of reaction

force concentrations eXRFtERNSATHFEY R PRARII DG PTeresh nentiv dneledsnstratsipBlsiing object,
said appéabtics cownpridirgiama cshianttos pltien diatvbe sandwiaheg heiivapobjesearfdcinguman
body, saigopdeRipicavings wasbdrs %?r‘éﬁ#@ﬂﬂ@' rpiBciicedy semad aiti blaisiarresitigach made
Ofath_'“ﬂ%ﬂ?l a"rHBQe&éi%iﬁrHiQ&e”ﬁa'% %Wééua%‘#réﬁc N iRREHG FIRRRRSIEONS
associated wit Irst and lad S, respe ch sal sensors having an
electrical SREPSR IR AR RS ARy e e ik iﬁr 1 b SRR L Al blacider
cell by a YBREDS¥aES 81 ﬁ?@s%%ﬁ%tﬁfﬁﬁ!&ﬂ@@!&%@%ﬁm@ﬁ@”&f FREFIaPYp AR SNSKEN of said
air bladderreyllis tplaceih divithea lppenseifabis pEtwial, tladdeaseinapdasaintairmdsiutiatoperatively
coupleabipéstiendly of Rrie-attMpddaegaiiodbeIRRsMafsUTAE AsbpikcaRitrR&¢ N et daekow interior
7a spacegf gathAicepld iRl ddakr s Y @riaPpeobRISHIb Rar IpadR Rage Ry interface
port for receivin saipl rce se fors ss re. tra s cer ortf Becervgng elgnals from
said pres@ﬁe} éﬁ‘éﬂ%@éﬁ'&%ﬁ %é) 8('88% or q,n n%; Slg dt pressurlzatlon device
to therebﬂf‘rﬁ@é@fﬁﬁﬁ@ﬁmﬁﬁfmgﬁhtﬁﬁ fakragp |MW%€H?F8F§B%9@%§W minimize
a sum of dorchekershukbareapldtad aviibnacrepper haserdhal teneasainitel aspericrodthelingention,
there is prewied pigrerbsidtios reticenctisistagpitute frgeticorfdbrie eamehniatsdexeitted on parts
ofa hgm Bb &%%f ﬁsmfg]}?gw&%waﬁa%mwﬂ t ﬁé&@?@ﬂm WA r@ﬁqaeesrauf
accordin irst agpect of the inventi comprr e steps.o providin ion for
placeme e%§ sidha IL wtﬁe?:ﬂ?md ;tﬁ‘l?mv‘?ﬁ b %chéaloa cuéi?l%% {/ﬁrgl%it iegasgtc%l‘llgt and

eena su
second h%t[%ﬁi%{ﬁy%é’éi% BiERRHANSeIIs each made of a thin, flexible, air impervious material, b.
providing at least first AnadepiiverisbipsappEeluReeenEingtniaeniesentakentianinguebnd air
bladder cafigjseppanivayatocintiotiaidatdos iseffestivg iaraittentiied) slevaateiigjiantiviehtirgries in a
predeternﬂaﬁﬁhwawaw@édﬁgpwms%ﬂ&eréa'dp%'selﬁégerrpﬁékem @%R@@yefermeweg a source
of press”py r%%rg%%c%r ShSravials %é}%ég '&gﬂ%sﬁﬂﬁeﬁé %%Qt%@e?'?gﬂﬂdd%%e R&gEn

individually contro le pressure t one EI’GSSUI’G sensitive trans cer 0 eratlvely

coupleabRNEY RS BPEHH*SH ‘BEJHQ@? (?éll?lrﬁcﬁ‘ig%%y?‘?ﬂg SEGR freann %@Mh‘f Sllow
interior sgaEEhbindiddustlytaiearhdersasasser provierag HiseiherepyiratesmaiiaIgiRESignals from

said forcecsttrsely detbaaidoetssiicainasistance ahthp saiding whitids Siyentely maipopiesslirization

device o peRdrRFP# em%‘m&&&d@g Siadeeyabiearpie Whiskdnisiniea arsymyof forces

sensed b¥r§?ﬂ fczr&e 5‘5 %tgrg%'t'g&aéq 8 ntrol apparatus a signal from said pressure
eeiectro

transducer representa res ure wrt in said hollow
tro system also includes a computer which receives as

inputs electrical sighals from individual sensors representative of their resistance, and
hence forces or pressures exerted on the upper surface of each sensor.



7b interior space of a said air bladder cell, g. inputting to said control apparatus signals from said force
sensors representative of a forces exerted on all of said air bladder cells, h. providing from said control
apparatus a control signal to said source of pressurized gas to thereby pressurize said hollow interior
space of a siPAMBILYEEr cell to a value which minimizes a sum of force8EERENY Y 4 %aid force
sensors associated with all of said air bladder cells, i. calculating by said control apparatus from said
transducer signals and said force sensor signals-&ppropriate pressurization values for said hollow

interior spaces of sald.r?. er cellsn\fvhgcgﬁtggd toarpalrgﬂmlze a umtg t{_‘orC(; QI en‘}ra ion on said air
bladder cells, and j. provef ng fo L R kS ?ro?gco R0 S BT RN 6P BPEssurized

air contr@i%‘?gﬁﬁi@%@n%%’ﬁ%sﬂfﬁﬁ@ %%l%ﬁﬁdﬁﬂ“ﬁ@ﬁ%ﬁﬁ?ﬁﬁﬁﬁﬁa@d iR #Ridmizing
pressureceapessBIR IBF I MERCRIPTION & JiHErDmRhwmap®id and ingiydusilyisontiiialyle

diagramindétcspRIIRP VaKRY IRV6AEIR I RARICRIA BITbRIGIUPBAD PEHB ppabtasiapib mdladpdaiee
concentrgf} Q&%f.l%'%?QH%%%?V%P%%&%%EQ@F%}E%EU@ w.tmﬁ'%&é@t i3 & Hipogagntary upper

perspectlv W of the a ara us of F ensqr arr acC et of t aratus removed
o a rofiRAG a1 ow% e (RS B e T e TR BB KBl of (o
mattress. Flgu @s%&#ga rwﬁémﬁné flartdclyererpbierand danadisiving an

individuabpénopdisitiereiof which air Figararsdstietizgt aitivatitasideldle vanshuciedtofaiselapiearatus of
Figures hanfladdehQuineoarnas hlv@l@eﬁéﬁﬂédrwegfé@‘iﬁ&@mrachmﬁupamﬁarg@smmrted on
parts of %ﬁé‘&}@@ ﬁ%%&ﬁ%%ﬁf?{ eéjéys i ygwm the oed:lgure 4 is a vertical sectional view

of the mattress of Fig

t ling 4- f t
exploded perspectlvelgwggﬂ%a W@%egric Ionﬂ(i(é'@ees%g\xﬁp e%‘?%é;f?%pg?%{% g s%g'?gry
arrangengétiteraasiold. With thg yanbvaly asfleedialy ﬁgﬁm‘ig’%ﬁ'ﬁ@i’é‘?r%QrMhip
betweendperdipusitim poésmjdzedt #ir fander seitctdd this Widddef arelhsaladmdestrio dbaveen

conductosfisifiesarthesulle £lihaust porthdgiie (dnboaNeCtdCAl dasisiBRCaressnymMatierce

diagram foRdhg RSP SI9HEL eIt W A LbARNABIE WHIBE00RMNL62Re & electricatly
connected to an output control port of the computer, and operably controliabie by
signals on the output control port.

The present invention also includes a method for electronicaily controlling
operation of the body force minimization apparatus. The method includes an algorithm
implemented in the control system computer. That algorithm receives as inputs force
measurements from individual air bladder cells, and outputs command signals which
individually adjust the air pressure in each air biadder cell to values which are effective
in minimizing force concentrations on body parts supported by the cushion.

According to the algorithm, each of the air bladder celis is inflated to
predetermined upper set pressures, which may be the same or different for different
cells, prior to a person’s lying or sitting on the cushion. Next, a person is positioned on
the cushion, while forces exerted by the person’s body on each sensor are initially
monitored by computer controlled measurement of the electrical resistance of each force
sensor. A first, “zone-one” air bladder cell is then deflated under computer control to a
predetermined lower set pressure. Although zone-one may correspond to any individual
air bladder cell, such as the upper left-hand corner cell value in a 6-row by 2-column of
air cells for use on a bed, a preferred mode of operation is to choose as zone-one the
cell on which the highest body force was measured during the initial monitoring process.

During the step of deflating the first, zone-one air bladder cell, which is
done in a stowly varying, ramped fashion, the forces exerted on each of the cells
including the zone-one cell are measured, and the sum and optionaily the average of
those forces calculated by the computer. Atthe end of the downwardly ramped deftation
step, the air pressure corresponding to the lowest sum and average of all force sensor
readings is noted. The zone-one cell is then re-inflated to that pressure corresponding



Figure 8 is a partly schematic view of a preferred modification of sensor elements of the array of
Figure 1, which includes a diode junction. . Figure 9 is a current-vs-voltage (I-V) diagram for the sensor
elements of Figure 8. Figure 10A is a schematic diagram showing a six row by two column
matrix of the sensors of Figure 5. Figure 168 is a view similar to that of Figure 10A, but

showin nsors modified tg include a diode junction. . Figure 11 is a block diagram of
clectro BB PR SHIOAER SR ATR IO e i g e g oo ete BERIE BEPSRRT e
perspe&i& view of the electro-pneumatic controller of Figure 11. Figure 13 is a flow chart showing
operation of the appdteysessEguranipiDE SCR BFOIbS&-Eboe R BROR[ECAENIBODINENTS
Figuresohel 3dinsH@igevrlip Ui IBe diachl Aomainnshaperrnpa heialo Hiaidsizisgibedyririce
conceniRlignaiy AL RAnANL LYna,AR ARtk cURINARAREY Hiada DIeRABRRY tapuRRIon. The
example embodiment or the invention O\f |$ted in Figur 553% and ?g}ln ludes an adaptive cushion which
5 of anCHFORRARS B AVSERPSNEN-TBRISE BIvS SOMERIPIGe I} PGIMRER 2 08 as wil be
clear fr6hPaan @ssthaFore aimiiahdihe Mighesh Si& BIsh BalYIRICo WS, TeRRHERRZP BRI adaptive
cushioneandasraspdnd wihatfeneiapnd thesesosuchighcsinmty foreefiredshiamenivéleel chair.
Referring first to Figus@g rLiA8 thrsarbadmmbive CHRINO RAE RRIGHUSHABIdRIITENBHEN ksfdyéorce
concentiBners e SamieL %ﬁ%%”ﬁ(b%%ﬁ%@&%@e%@eﬁ%’? 18 Bdsalangitigiealy elongated,
rectangular cushion overla . Cushion q n

{ to fit copformal
(op of S EFISRS G289 h PR LS. AR AT RRE CAHTREH o ATEhIDN 90 S0 Stbirally”

elongatetesswasgulbheresente dsctipn 6easatrd Again Wntae Srrressi@lYasmaligfickness of
about 4dtfisements in foks: sheagarentégts édlldaicva pretietssiineddiresbhidrieiadl) 4 whinttructed as a

recwWHHéﬁ’ﬁé%%’l&&be?)ér%ﬁd@M%ﬁ@& drd RAiMigs I8 iafaladnR Frdiadder cells (22). Each air
bladder cell (22) has%l eral Se;l%ng@t% ,tg%;tg(gﬁggﬁi@%ﬁnmv%ﬁ Igpggg qEabouLd8dpches, a

depth of about 17 inc es,?aﬁ a thickness 0 A\i%%mwn in, Figiur.est.ltag 2, bladders
(22) arePHiPASe A HATIRN RS RS SRIMIAL SEAETHR AEASHS iﬁgwaél?gc?drgﬁaaﬁ \2efally
disposesighifinaliy changecdf Biayideree AseamiemenigheveB piedeteupined BIRRIGIEdN has a flat
base parebcibedbrand gy, eredopsisalsniddgri@htshead and toe or front and rear panels (26), (27),

and an upper panel (28). The bladders (22) are preferably made of a thin sheet of a flexible, preferably
elastomeric matetiabstth@sneoprenefiubbier esPAS 200911202 10PETYUSR00 0G0 20°

provided an adaptive cushion apparatus for reducing the magnitude
of reaction force concentrations exerted on parts of a human body
in response to contact with a supporting object, said apparatus
comprising; &a. a cushion for placement between a supporting
object and a human body, said cushion having at least first and
second hermetically sealable air bladder cells each made o©of a
thin, flexible, alr impervious material, b. at least first and
second force sensitive sensors associated with said first and
second air bladder cells, respectively, each of said senscrs
having an electrical characteristic which  varies in a
predetermined way with a force exerted on a said air bladder cell
by a said body, ¢. a pressurization device for presgsurizing &
hollow interior space of each of said air bladder cells to an
individuélly controllable pressure, d. at least one pressure
transducer operatively coupleable to each of =aid air bkladder

cells to thereby measure gas pressure within said hollow interior



- 9 - polyurethane, having a thickness of about .014 inch. The six panels of each air bladder cell (22)
are sealingly joined at edges thereof to form a hermetically sealed body which has a hollow interior
space (22A). Optionally, each air bladder cell (Zza%ay be fabricated from a tubular preform in which
each end panel is sealingly joined to opposite transverse ends of the tubular preform. In either
embodiment, adjacent panels of an individual air bladder cell are sealingly joined by a suitable method
such as UltPRSSHiE bSHdirkP HF-ReldFR6r dtihesite Boftgcetls, R nGmbet, S8 rape,
relative positipaing-ard spacing okairthladdercellsd22) oftaatierss coshton bverlaye L)varenot
believed to he critical . However..it is believed preferable to arran ttress. I ) |
symmetric:5'7]Ilyq'-lrslﬁlégedE feft and lri%h;fs co uemn%e Ié%gg%hv%gpalﬁggisitg Evg%é%%%%\eé%b yO(s%t;L Ic?r%gtudinal
zones corr&seAdingto M&pR ctnalare ofa BngiEdinany disposedunedial 8BEtiofrof & HRital human
body. Thus,@scshaywn rbiguresdl, 2A.ane13, snatieess averlay:icushien §21) bas aoleftdeand<olumn of
&% 21Re 1 As

six air bladder cells (22L1)-(22L6), and a right-hand. column of,six cells (21R1)- .

shown in FF&ure%fjg%%y4, é%eﬁfadrdlezr% (Za%rare‘%]tggl%erld cfoas;f"éjfy tgégthér% %Bbot front and rear and
side by sidémfrectidns ] WithanaiHirrimadagitudinaksndiaierial 3pacngsg29), €30), ifspeetivefy, that are
preferably vanishingly, sgaalksedbatadiacent bladder cells physically contact each other. As
indicated in Figures 1, 2A and 2B, each bladder cell (22) is provided with a tubular air inlet gort 31

which protrudes tAfotgR A Sfle Ralf & g SRR or it Sde"Wall {24) GFBY 8Rd comithtnicites with a
hollow inteierspaee (22A)arithia tHebladedrcAircadnitteddrtoioreidhaustedefonmt bollowirterior
space (22@0%5%%%@9955@§%§£99ﬁ@; biaddercell (22) enables. the.cell to he inflated ar deflated to a

selected pressure. ‘ ough the shape of each air bladder cell (22) of cushion (21) shown in
Figures 1 &#RF23§ that ot fe GHRYORBI8cRYEEFAralBfepipBa tifair biadd &l e R EPtonally
have differenricshajies; sueh as<convexhemigpheres pratheding upmards framdhe-bage of the cushion.
Also, the afrgy ol pladder cells (2101 susion (2L)nay,be pajts of a.ugilaly stuciue i a

common base paneﬁ%ﬁs) which has individual rectangular-block shaped, hemispherical or hollow
inflatable beERRCsToHEr SREPES Fofruding tffarfyfronTIRE cBRfMbATURIEFY Bastparfdst
Whether ingdividial aiidblagelescells i22)ar-separate-bodissor appeninfatable shell-dike=pertions
protruding upwardly from_a common _ hase, air_inlet/exhaust port tubes (31) of each air bladder cell
(22), ot SolBEa o bIadiGr SISy, B b Tocattin Ihe Back Laiai123) o L call abrotrude
downwardly frobsaise célirefthenthae beliy feeted #Passidé WalPanaprotadnqy iaerallydttvards, as
shown in R $ A 200 secoft® ShownInSdautesdvh and 2. bodyderen pinigeation
apparatus includes a force sensor array (32) which has a matrix of individual force sensors (33),
with at leasE®né SERBPPOSRAIAE 0Ah & LPPeF StffacE 287 6f 84chtiF blddde? cERTWO 7
2009/1202Z0RGTALS2009/001 628~ 10 £122). Aswdl be-explained:in detsiliplawreadtstaree sensor
(33) comprises_a force sensitive transducer which has an electrical resistance that varies inversely
with the ma%%fthdtéyofa a ﬁ%;rhr%a\fﬂq?[é’. , pcéfpé:’r]fé)igﬁfgﬂgrc&é exerted ocﬁgt e%%%é%r%%%r?%bsjse%geuch as
the body ofzrpeesori sapgortedtisy boErldyEashion (ZPR NS a pfefefed effctiment, Foréecséhsor array
(32) is maintained inpositionpn theuppey sudaces of ainklagddersselis: (22) bya-watar-proefc
form-fitting contour fabric sheet (21A Wh.i(t:h fits 'Ftightly %nd removablgio_\y cugc%oq g:&)l,east%hown in
Figure 3. S2STRERFHIRY 5 Flghire T i thay e s6&n that Body foree minifization apparatus (20)
includes anselettroric sohtrot module{88). AsWilEba explaitedin deradiusows eleetionieEdatrol
module (35),includes sensor.iniarface circuitry £36) far-electeal interconngetion 10 sensQI§-33).
Electronic control module (35) also includes a computer (37) which is interconnected with sensor
interface circEiithy (365 -CARBULSI ) B pFoGramhed s FEEEIVE inpilt sighals frons seisSidnterface
circuitry (36frmeasHed the fesistance=ofdndavidualdenseisi (33)arwbcatculatesthedsfrem thendagnitude
of forces exgrted. an gach sensor, make calcylations hased %sﬂgssfgﬁ%@%we&%tée angd jssue

a

command signals to control the pressure in individual air bladder cells (22) which are calculated using
an algorithn 26 TR ETOFEE LR CEFatlors R tiecdis® T Blaffghréired ShBodifiett of
apparatus (20),dneaswament of thenesistance-ekeachsersar(338) isifatilitatedday. armangirig the
sensors intg a matrix array of rows and. columns, With this arrangement, individyal resistances of a 6 X
2 array 32 ojfns%%gs%% %3§)¥m5§3be r%%%%u?ed l%g%g 6 row interfa%re? condtctors and ig column interface
conductors g@}?@gag mﬁ.ﬁ@%’é\ff of said gas pressure within said hollow



To avoid cross talk between measurements of individual sensors (33), the aforementioned row-column
addressing arrangement requires that each sensey have a non-bilateral, asymmetric current versus
voltage characteristics, e.g., a diode-like impedance characteristic. As will be described in detail below,
the present invention includes a novel sensor having the required diode-like characteristic.
Alternatively; wising forep2ensefs 33atHichido botlave a cidde-like chagactetistic,the ferceé sensor
array (32) 8%%@%961%% ned.ino 12 separate reetangularsensors (33),each glectrically, isolated from
one another, with a separate pair of interface conductors connected to upper and lower electrodes of
each sens6E 2 TOASIhoVRITH Figuret, vty forde niimirfization appa (265 ihEudes an air
pump or cynpressAd4@)-far psavidingpressurized airtodbe inpubpor(d2) ofasgelectorsedlie
manifold (4813ﬁr8eéectgé valv% Srganiiolg d(41 alhas A2 o%%e%%%rts (4§ég,s%arcg gonnected,thrqugh a valve
(43)to a separa{fe air bladder celf infet port (%1). As will be e\)/(plgined in detail bealow, tﬂe compressor
(40), selectorvrNemanifaie (42 arrd vaiies (33y ar® opdtably ifftércorifected Y6 €otnptiterctd7) and an

air pressurg;mneasyament trapsduger (44)Reessinadeansdueer{44) suipuiscan elegidgabsignal
proportional to pressure, which is jnput to computer (37). This arrangement enables the inflation WO
2009/120278P /ﬁ?ﬁ%ﬁ@ﬁ%l@% p?%ss%&rleégfa é’gch%ﬁ”%%gdecrec%{l]lg(?zﬁ to %@i%%?\%ﬁﬁralﬁy.%easured
and varied =aider comtroldf tepanginter (B7r  saidFigmass@acdand Bilasratardetaidisf the

construction of force.sensor artay (32) - As-shewada thosedigures, sepsoralray {32)Jaclygdes an upper
cover sheet (45) made of a thin flexible, elastically stretchable material._In an example gm@odiment of

sensor arrdy (35} tabriE&ted by FRAGFSsent invahtor>cdver shedt {45) was mads B "o way stretch”
Lycra-like matenielaghieh had athitkness obabeut 0:01@mchramdadhrsiad bdardtietalbedt 88 threads
per inch. Thaimaterial had the trade name Millglass Platinum,. Stle No (2417279 obtaingd from the
Milliken & Company, P.O. Box 1926, Spartanburg, SC 29304. Referring to Figures 4 and 5,
sensor arrd&PESnclGdes & GBPEF *GABmniconducior shaet (48} @Y is fixetfotheoweP surface of
upper flexiblescouerishest (4%); by Hexibleladidesivessitips made ©f 3M trahsieradapé 950y oe a flexible
adh(_asive Srlfjmg’h laéilzg%g%‘iselg%gog%eag_hesive. Column con_ductor sheet (_46) is made of a woven
fabric matrix sheet composed of 92% nylon and 8% Dorlastan fibers, which give the sheet a flexible,
two-way stretch elasticity. The fabric matrix sheet of conductor sheet (46) is electroless plated with a

base coating of copper, followedBb HiliS coatings completely

e LTI T ¥ g EIsAp et
impregnate the surfaces gigibery agjacgati iﬂl@ﬁ@ﬁﬁﬁéﬂdhﬁf_@ﬁé&@%ﬁ%ﬂ@”lﬁﬁwgm and
jower surfacgss (g 45k h iR MBS 18R KrRIIG AT AN GPRELE N B S

I (48). The present inventor has fo a suitable

between the upper, aq wer surfaces (47) an und tha

conductive ﬁiﬁ%%l’%gﬂ%agtor sheet is a Woven Silver brand, Catalog #A251 available from Lessemb
Company, 809 Madison AV@WEe2AiSm{aqmaniang, urper RefSRSElivR wenhebiimanPaiaden r array
(32), upper Copdiectivesbheing(acianssrariajeckiebof the \apparasis cendaedogor asmatisessal

described aQeday wSEaGS! tesisipibr sk npethandpwera riadReddd) ald B)aefdbataigterfighavas
about 1 ohn}mrggéjare or less, and the inter-layer resistance between upper and lower surfaces (47),
(48) was about 5

ohms per squage. In_a preferred empodiment of sensor ar. 32) agcordin
to the present invention, E%W%ugﬁgna&%@%%‘gg o‘p?g(/v%{ggﬁo%%%ﬁ%sgf %%%ﬁoa%%frrgé%%ggned byg
etching met8heetnerammslyidaincall&ieonductor sheet (46), from the top of upper conductive
surface (47), all the way tbigheeodisondisidrwematio didietevationvigvspf theapparstisaf dekpsre 5,
narrow longi{ushgall\sHispipsask BHRi WM ahanaals ¢hsheareiefhied ibredgbs G rofuroaexsistor
sheet (46). UH%QJ}Q FuC 'g&m@%@éﬂg&%@&gf%ﬁ@@gg@%é?!aﬁveIy Widg, longitudinally
elongated left and right planar cc‘)#umn eﬁ?&qdesctggo% gé{ﬁT?%%dJﬁacﬁptslseféfﬁdJ%E CO'!’%’QPH
electrodes are separated by & Te aitslvael‘{/ehln CRSRNG A , thus eléc rlcal?y iSO atlﬁg e’atajacenq
column electfSudisargan&idingtd. WO 2009/120270PCT/US2009/001620 - 12 -
Figure 5 is a fragmentary exploded perspective view of the mattress of
Figure 1, showing elements of a force sensor arrangement thereof.
Figure 6 is a diagrammatic view showing a preferred relationship between
the dimensions of adjacent air bladder cells and the width of an insulating strip between
conductors of sensors on the cells.
Figure 7 is an electrical resistance-vs.-normal force diagram for the
sensors of Figure 5.




According to the present invention, insulating channels (49) are etched through upper conductor sheet
(46) to form column electrodes (50) and (51) by the following novel process. First, to prevent
capillary wicking and resultant wetting of a subsequently applied etchant solution to fabric conductor
sheet (46), tHEGHEEE 13 e-processed by treating it with a hydrophobic sdlsStaee¥t$%¥s PTFE. The
treatment is preferably made by spraying the conductor fabric sheet (46) with an aerosol containing a
hydrophobic material such as PTFE. A suitable adresol spray is marketed under the trade name
Scotch Guard by the Company, St. Paul, Minnesota. Preferably, areas, of fabric conductor sheet
(46) which are to hav?wmgﬁa in aéyﬁgmgi ?'Frﬁé%ﬁ&%_m%afﬁﬁaéﬂgﬁ'ﬁ%ﬁ%gﬁwg%obic
treatmer®iBgARAHY e AFRYPHFASHNS: ReyiRardiadayaeiaRe channels to the sheet before
applying the hydrophdtigireldsia auttentiesioltage (I-¥ptiiagragrtiior the-perses slegrentsmductor
sheet (4@jigamedke it hydrophobic, sheets of masking tape are adhered tightly to both upper and lower
surfaces (17), (48) of g RAAMCIOL SURBIURHIRFAHELISWIRRS LW ES WD dBRIRARAK OIS
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(28}, (27), and an upper panel {28). The biadders (22) are preferably made of a thin

sheet of a flexible, preferably elastomeric material such as neoprene rubber or




Platelets approximately one micron thick and 5 microns in diameter. Screen Analysis (-325 Mesh)
95%. Apparent Density 2.8. Microtrac d50/microns 12-17. Available from : Novamet Specialty Products
Corporation, 681 Lawlins Road, Wyckoff, NJ 07481 Graphite Powder: Synthetic graphite, AC-4722T
Available frofi CANREFEN a Science 4-214 DeBaets Street Winnipeg, MB BEE¥#€H& 0al Lamp
Black Powder: Anachemia Part number AC-2155 Available from: Anachemia Science 4-214 DeBaets
Street -9-

polyurethane, having a thickness of about .014 inch. The six panels of each air bladder
cell (22) are sealingly joined at edges thereof to form a hermetically sealed body which
has a hollow interior space (22A). Optionally, each air bladder cell (22) may be
fabricated from a tubular preform in which each end panel is sealingly joined to opposite
transverse ends of the tubular preform. in either embodiment, adjacent panels of an
individual air bladder cell are sealingly joined by a suitable method such as ultrasonic
bonding, RF-welding or adhesive bonding.

The number, size, shape, relative positioning and spacing of air bladder
cells (22) of mattress cushion overlay (21) are not believed to be critical. However, it
is believed preferable to arrange mattress overlay (21) into symmetrically-shaped left
and right columns each having at least five and preferably six longitudinal zones
corresponding to major curvature of a longitudinally disposed medial section of a typical
human body. Thus, as shown in Figures 1, 2A and 3, mattress overlay cushion (21) has
a left-hand column of six air biadder cells (22L.1)-(22L8), and a right-hand cofumn of six
cells (21R1)-(21R6).

As shown inFigures 1 and 4, the bladders (22) are stacked closely together
in both front and rear and side by side directions, with minimum longitudina! and lateral
spacings (29), (30), respectively, that are preferably vanishingly small so that adjacent
bladder cells physically contact each other.

' As indicated in Figures 1, 2A and 2B, each bladder cell (22) is provided
with a tubular air inlet port 31 which protrudes through a side wall, e.g., a left or right side
wall (24) or (25), and communicates with a hollow interior space (22A) within the bladder.
Air admitted into or exhausted from hollow interior spacae (22A) through port (31) of an
air bladder cell (22} enables the celi to be inflated or deflated to a selected pressure.

Although the shape of each air bladder cell (22) of cushion (21) shown in
Figures 1 and 2 is that of a rectangular block, or paralielepiped, the air bladder cells may
optionally have different shapes, such as convex hemispheres protruding upwards from
the base of the cushion. Alse, the array of air bladder cells (22} of cushion (21) may be
parts of a unitary structure with a common base panel (23) which has individual
rectangular-block shaped, hemispherical or hollow inflatable bodies of other shapes
protruding upwardly from the common unitary base panel.

Whether individual air bladder cells (22) are separate bodies or upper
inflatable shell-like portions protruding upwardly from a common base, air inlet/exhaust
port tubes (31) of each air bladder cell (22), or selected air bladder celis (22), may be
located in the base panel (23) of the cell and protrude downwardly from the cell, rather
than being located in a side wall and protruding laterally outwards, as shown in Figures
1 and 2A.

As shown in Figures 1, 4 and 5, body force minimization apparatus (20)
includes a force sensor array (32) which has a matrix of individual force sensors (33),
with at least one sensor positioned on the upper surface (28) of each air bladder cell
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(22). As will be explained in detail below, each force sensor (33) comprises a force

sensitive transducer which has an electrical resistance that varies inversely with the

magnitude of a normal, i.e., perpendicular force exerted on the sensor by an object such

as the body of a person supported by overlay cushion (21). ina preferred embodiment,

force sensor array (32) is maintained in position on the upper surfaces of air bladder cells

(22) by a water-proof, form-fitting contour fabric sheet (21A) which fits tightly and

removably over cushion (21), as shown in Figure 3.

Referring to Figure 1, it may be seen that body force minimization
apparatus (20) includes an electronic control module (35). As will be explained in detail
below, electronic control module (35) includes sensor interface circuitry (36) for electrical
interconnection to sensors (33). Electronic control module (35) also includes a computer
(37) which is interconnected with sensor interface circuitry (36). Computer (37} is
programimed to receive input signals from sensor interface circuitry (36), measure the
resistance of individual sensors (33) and calculate therefrom the magnitude of forces
exerted on each sensor, make calculations based on the force measurements, and issue
command signals to control the pressure in individual air bladder cells (22) which are
calculated using an algorithm to minimize force concentrations on the ceils.

in a preferred embodiment of apparatus (20), measurement of the
resistance of each sensor (33) is facilitated by arranging the sensors into a matrix array
of rows and columns. With this arrangement, individual resistances of a 6 X 2 array 32
of sensors {33) may be measured using & row interface conductors and 2 column
interface conductors {50),(51), as shown in Figure 1.

To avoid cross talk between measurements of individual sensors (33), the
aforementioned row-column addressing arrangement requires that each sensor have a
non-bilateral, asymmetric current versus voltage characteristics, e.g., a diode-like
impedance characteristic. As will be described in detail below, the present invention
inciudes a novel sensor having the required diode-like characteristic. Alternatively, using
force sensors (33) which do not have a diode-like characteristic, the force sensor array
(32) can be partitioned info 12 separate rectangular sensors (33) each electricaily
isolated from one another, with a separate pair of interface conductors connected to
upper and lower electrodes of each sensor. .

As shown in Figure 1, body force minimization apparatus (20) includes an
air pump or compressor (40) for providing pressurized air to the input port (42) of a
selector valve manifold (41). Selector valve manifold (41) has 12 outlet ports (43A), each
connected through a valve (43) to a separate air biadder cell inlet port (31). As will be
explained in detail below, the compressor (40}, selector valve manifold (41) and valves
(43) are operably interconnected to computer (37) and an air pressure measuremant -
transducer (44). Pressure transducer (44) outputs an electrical signal proportional to
pressure, which is input to computer (37). This arrangement enables the inflation



-20m1 of carbon black Example 11 for forces in the range of 0-100 psi -200m1 of acrylic binder -5m1
of nickel flake powder -5m1 of graphite powder -30m1 of carbon black Example Il for forces in the
range of 0-1000psi - 200m1 of acrylic binder -1m1 of nickel flake powder -1m1 of graphite powder
-40m1 of carBShHIAdR*? The fabric matrix for piezoresistive sheet (525 EIBHIBIE in the
piezoresistive coating mixture. Excess material is rolled off and the sheet is hung and allowed to air
dry. Figure 6 iIIustrates calculation of a midimum spacing S between adjacent air bladder cells

(22), andamlnlm tho rip (49 be n adj acent con uctors of sensor array
BrEpIYRA G oo SPad TAs5 R AShPEIIGR Adasralcandualora Al e

(32). rrin ure &'unaerstood’ 25 0 pa%ef?t ks 10 A djer} ?lng bladder
(22), th&Rpisetabipe 9@ ?5&%?5(33) is drawn down and away from the bladder over which it was
initially positioned. If friguies-2bnd @l S diiistats deteilsnafrthe, chesirictiogoetisiteg sensetonductor

such as#edyni32s0ndLstionbh) hvediiggris sefistingrhiadae) indlassiant agiraasieanghesor (51)
and, thl’@@ﬁ?@u‘ﬁ&é BreesdiRhbask “&‘a@%@ﬁﬂfé%&ﬁéﬂi&ﬁéf&ﬁstom LS RIAgHe e RnMBIRRlwas
originall 1Atlgn%ljralagt é(%ﬁh?a foretgg%in ae%tr%sma e the 1on- covré rus%g/& i%?ag’lg Wld ert;ough to

prevent ea SImR o SMUSHON WIeT2in an Al er ce Fleflated

until the E@ﬁt‘é’?ﬁﬁﬁ\%‘%ll‘-}'ﬁ@f%é foRterial wigh g RthickPe SR RiARIE S0 deeh BRriRe
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Spartanburg, SC  28304.

Referring to Figures 4 and 5, sensor array (32) inciudes an upper, column
conductor sheet (46) which is fixed to the lower surface of upper flexible cover sheet (45),
by flexible adhesive strips made of 3M transfer tape 950, or a flexible adhesive such as
Lepage’s latex contact adhesive. Column conductor sheet (46) is made of a woven fabric
matrix sheet composed of 92% nylon and 8% Dorlastan fibers, which give the sheet a
flexible, two-way stretch elasticity. The fabric matrix sheet of conductor sheet (46) is
electroless plated with a base coating of copper, followed by an outer coating of nickle.
The metallic coatings completely impregnate the surfaces of fibers adjacent to interstices ‘
of the mesh fabric, as well as the upper and lower surfaces {47), (48) of the conductor
sheet (48), thus forming electrically conductive paths between the upper and lower
surfaces (47) and (48). The present inventor has found that a suitable conductive fabric
for conductor sheet is a Woven Silver brand, Catalog #A251 available from Lessemb
Company, 809 Madiscn Avenue, Albany, NY 12208, USA.

In an example embodiment of sensor array (32), upper conductive sheet
(46) was fabricated from the Woven Silver, Catalog #A151 material described above.
The surface resistivity of upper and lower surfaces (47), (48) of that material was about
1 ohm per square or less, and the inter-layer resistance between upper and lower
surfaces (47), (48) was about 50 ohms per square.

In a preferred embodiment of sensor array (32) according to the present
invention, individual conductive pads, or rows or columns of conductors, are formed by
etching metal-free channels vertically through conductor sheet (48), from the top of upper
conductive surface (47), all the way to the bottom of lower conductive surface (48). Thus,
as shown in Figure 5, narrow longitudinally disposed straight channeis (49) are efched
through upper column conductor sheet (46). This construction resulis in the formation
of two adjacent, relatively wide, longitudinally elongated left and right planar column
electrodes (50), (51). The adjacent left and right column electrodes are separated by a
relatively thin channel (48}, thus electrically isolating the adjacent column electrodes from
each other.
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= R11I(R12+IR22P-R21), R1y1 = RI i(R1211R221R21)/(Rii+R12+ERni+R21), where brackets around
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Analog-to-Digital Congﬁgglrég%g& @@(gim?gk@easures the voltage drop or current through a sensor
(33) resulting from applicati )

cati test current or.voltage, and inputs the measured yalue to computer
(37). Using predetermined %%e%ﬁg&grgaﬂﬁgﬁy %ﬁ*@ﬁé@%ﬁﬂgqrgs@ﬁfgﬂgéﬁ '93?383& electrical
resistance of a selected addRS§88n ABAEISI3I28 MEBIPA%: resistance value, a corresponding
normal force instantaneoushiepered Benbigyati8ressed sensor. In response to control signals
cyclically issued by computapistélrat astipiReers /2-and Y multiplexer (73) are used to cyclically
measure the resistance of ei%g?(ﬁg EEHSONS tééé&@{fﬁ%@ﬂ&@)@g‘@gr%of for example,
[

3,000 samples per second, ena mputer (37 Icu t e exerted on each force sensor
3,000 samples per second. enaolL S Bk Rosd ViyeKoR 1 67464

Graphite Powder:
Synthetic graphite, AC-4722T
Available from: Anachemia Science
4-214 DeBaets Street
Winnipeg, MB R2J 3W6
Charcoal Lamp Black Powder:
Anachemia Part number AC-2155
Available from: Anachemia Science
4-214 DeBaets Street



WO 2009/120270PCT/US2009/001620 - 18 - Referring still to Figure 11, apparatus (20)
includes a pressure control module (75) for dynamically controlling the air pressure in each individual
air bladder cell (22), in response to command signals issued by computer (37), based upon values of
force measur®® BYP¥eHet array (32) and an algorithm programmed in the€EFHpII0&28hown in
Figure 11, pressure control module (75) is operably interconnected to air compressor (40) and air
pressure transducer (44) at output port (76) of thédcompressor to pressurize air in the outlet port to a

value controllable by computer (37),. . let po w 6) of compressor (40) is coupled to inlet port
ml‘ﬁP@;%#s%%é érical control signals issued by computer (37)

(42) of a 12- outlet port manifold ( 5
and routed through p‘Pé‘é%[’!FeB&ﬁﬂfbl module (75), each of 12 individual air bladder cell inlet selector
valves (43) connected to seftatitae ity o Higl Bajfofmamtiifdddd Finigidividually controllable.

In a first, open position of a pgestonvales 648kdieepair inlet port (31) of a selected air bladder cell (22)
IS pressurized to a pressure . redetermined value, by turning on
compressor (40), to therebyﬁ%@ %%m%%%g%ggé g?%tgg?% Alternatively, with compressor (40) in
an off-mode, a vent valve (77) cou é% Tﬁg tf)%?f (42) of manifold (41) may be opened to deflate
an air bladder cell (22) to a lower rva. ey B9rkxhEUESing air to the atmosphere. After a
selected one of the 1Palktetigraraleasritiehabrbiaturepesed tin mekeqrisedresistrermanerizgnal from
computyatary WFfarimeaessiadigeficient to inflate a selected air bladder cell (22) to a predetermined

pressure, an ﬁ%ﬂ@éﬁiW&&é@%%“&ﬁp&SfW%%%ﬁ:“@’ which is proportional to the pressure

in that cell and Inpu S in the computer outputting a closure command signal to

puter (37), resu
the valve and a shut-%ﬁ@ﬂn#gﬁé’ f% IzSﬁ%rcompressor (40). When vent valve (77) and a
selected selector valvdQaBphairkeldiake pOMER response to command signals from computer (37) to
deflate a selected air-izwtief gedp{2@) povadewver predetermined pressure, an electrical signal from
pressure transducer (4éhingptienepnpmirr (37) results in an electrical closure command signal being

output from th%ggm&%tﬂr;%l}a;%%wgqﬁ%é%p&q% };)%ri‘t valve (77) and the open selector valve

(43), thereby maintain e se lower pressure in the selected air bladder cell In an exactly
analogous fashion, the BRET I'ﬁ1b(!:‘3\%ﬁrother air bladder cell (22) is sequentially adjustable by
sending a command SiAfaigket ks RAawAL{43) to open that valve, and operating compressor (40)
and/or vent valve (77)5mlinfigmphiteflatedire air bladder cell to a predetermined pressure.

Figure 12 is a simplifiegippesmestve wrwkof a preferred embodiment of a housing for

electro-pneumgi IR ?‘f&%’% N EloHi® X described above. As shown in Figures 11
and 12, electro-g%‘é%t?%'té%%ogtrog%r wrﬁguéﬂ& an gggrsator interface module (78). Operator

interface module (78) é’_ Arnlfar! Fols, including a multi-function, on/off, mode control switch
and button (79), up anthi&kRigkehflak@ PRy buttons (80), (81), and a digital display (82). Display

(82) is controllable WO @d @ EROMHRQFRGLIS2009/001620 - 19 - by switch (79) to selectively display
air pressure within andfesrefaaariadgiyr air bladder cells (22), and the sum and average of all forces

exerted on sensors (3e fapric ARECWS ?i@@%&i&%vé'%ﬂé%ﬁ_‘@?&f@“%&8%?&88 (2DANS
preferably contained in a gox-llke hou.s %o% ?%{\‘/_Ivf’gch t??s;)r?tamﬁ:? ro$1 aﬁear paﬁﬁl %84?1§1ereof an
[-brackaI AP LYE ARG WS i romT S i APiey Sifna e Shesids D8R (s3) of
electro-ﬁ”@m% abstrsiler (20A) also includes a tubular member (86) for interfacing air hoses (87)
with air bladder cells Eigyrediiliusiratdsmalodatiootofa(88hi8o), spasing & H€d8Een seljacerdrray (32),
and an elpeikealcpevifs (408 xwinirnuaRicthaleaticabpavetive sppYe o et enadianents of
apparatya (adfiehrs of sensor array (32).
Referring to Figure 6, it may be understood that as a patient sinks into a

deflating bladder (22), the upper force sensor layer (33) is drawn down and away from

the bladder over which it was initially positioned. If the non-conductive strip (49) is too

narrow, there is a possibility that a conductor such as column conductor (50) overiying

the deflating bladder will contact adjacent conductor (51) and, thus register forces that

are not representative of the force over the bladder in which it was originally positioned.

it is therefore necessary to make the non-conductive strip (49) wide enough to prevent

this from happening. |f we assume a simple situation wherein an air bladder cell is

deflated until the center of the cell, then the force sensing layer is drawn down a distance

equal to the diagonals (C1 and C2) as shown in Figure 6, the width S of non-conductive



Force Minimization Algorithm The adaptive cushion force minimization apparatus (20) as
described above, includes a cushion (21) having a multiplicity of air bladder cells-(22). Each individual
cell (22) has on its upper surface an individual force sensor (33) of an array (32) of force sensors. An
air pressure MBZ&HEMENt transducer (44) is provided to measure the airsrE8SaPaYHEEEN cell (22).
Each force sensor 33 is located in a potential contact region between a person lying on cushion (21)
and an air bladder cell (22). Each piezoresistive ﬁﬁree sensor (33) functions as a force sensitive

transducer electrjcal resistance th nver rtio imum force

exerted V@@réﬁ? '%:)b “8%‘#%8%‘1155?8 ec}rggﬁt %a'?h@ﬁn rﬁ‘% gt@o%elgsgﬂaﬂ%efb the lowest

resista YR dRIcs B RGIpd FbIeasPsSBINg from a pe nt of adaptive cushion
ri@epﬁ% Rei g ighi ﬁmﬁﬁ%

apparatus (20) accorfiggre theljusisatasintienticlectridalhoesistarigusss 4 anedntie sgsisien is

partitior}ﬂéﬂ@f@sasﬂa& iredt antolobidaraitydmalivinisagsiegcielkiging JMsee BTN ARy ithibirn

partitiong IQtﬁiﬁ &’ﬂi?aé&%?n&%c@e%&mr?af{éﬁ '&%Wﬂq g FeQ'aFQﬁBCﬁ”%MH“'Ch

support one of a pers C head and heels., Thus, as shown

o TRt SPe o o e 3 SR TR o0k PSR SR £ X6t PR e

(22L1)- Gm%’)sqflf@ﬁﬂﬁlégém@eﬁﬁ&ﬁ@%iﬁf@%@@?22[&%22[%%{2@3@)&%2%7@@@%@&Iy

controll&d e cosmierssov{ae) ame:sabbe ey adlredi¢hl)finoesabfreedo force measurements made

using force sensors (A3)sHaMiNdH g Of OfcHir ERRFHE4I S 85 iRdiish 2 sirmyelin 2Rk affected by

SJFHC$L°VL§§*§ZWQ“ iy calhFiEmOAde YA TRHL SR e Wt BereBaRTIBNE (), 2
D RstiePR e SN AR R 5 T S AU MBI 253Y Rloncs the

and up

maximuff X¥orderss ﬁ\ﬁmf‘ﬁléﬁ@kriééﬂpnﬁ%%é@ﬁﬁ plastinsas iUB s SEIRIPIBTRE AR the air
pressurevereheteatriciydisozabdThesepatabé ghgiridinesiemat afccuhitiosu fatezatibnofvbiezet2 the force

sensorss(é?@oglgtegniqum 82k fo5a8 on the patient's body, and the pressure transducer (44)
measures the alr preggufe By ULATAE sfcr ﬁ; JHarRiALAGEIRGABRIN forces
on all sensors, the air pressuré,’'within each ingivi ual erc I iS restored to t?@ressure
where tREFELTAS ﬁﬁw&ww&saﬁn&ﬁ nes gste&*m. MEURY R HBA R S8t randy
WO 200@&2@%@%@%@%3%&%@@ finaiaed dptinpaBitrider pesidaneetef each

individuiidielt e skngoirs (B fhegahyaletermdsancerpeirkonas Epertstidntioy seagorasthiere(21).
Algorithpg Pasestanaai &a@:@k %@ﬂﬁée@ﬁﬁe FENEALTNBS emarpiiddrsidedcrihte?) amaRdmbared one to

t | sdgcer (44) to
measure%%fgtgba%%%ﬁ air b a er Céﬂ%&i ttgé?c'? %&%ﬁ%ﬁl%a ?Hrcéﬁg %%g&c?rg% ﬁ%] O|1ulé)‘?le of
measurﬂbefﬁgrﬁ?a ufiRsca ﬁ?tﬂé%ﬁﬁ%&vgf‘ ﬁP eveloped f é ) supplies
air at prm@m@@ﬁap&@@.&@md@,@mﬂé@maudred&rl&feW@éﬂ%c(zﬁ HanbesRBEMAA YIS a
normallyefersied; ve Figalect 08 ther clofiaitalk bewlecredemistiadda)y whitid B veysaxdauitiigralr to the
atmospheyiaifrepRithe YeNsYai¥8nction, mitigates the cross-talk problem present in the matrix

of symmeirically conductive sensors (33} shown in Figure 10A.

Sensors (33) are modified io have a diode-like characteristic by modifying
the preparation of piezoresistive layer sheet (52), as follows: First, a piezoresistive [ayer
sheet (52) is prepared by the process described above. Then, either the upper surface
(69) or the lower surface (70) of the piezoresistive coating (67) of Piezoresistive sheet
(52) is modified to form thereon a P-N, semiconductor-type junction.

Modification of piezorésistive coating (67) to form a P-N junction is
performed by first preparing a slurry which has the composition of one of the three
example mixtures described above, but modified by the addition of 5mi each of copper
oxide (CuQ) in the form of a fine powder of 50-micron size particles, and 5 ml of cuprous
oxide (Cu,O) in the form of a fine powder of 50-micron size particles and thoroughly stir-
mixing the foregoing ingredients. The resultant solution is then reduced using about 30
mg of solution of sodium borohydride, also known as sodium tetrahydroborate (NaBH,)
or ammonium phosphate, to form a solution having a pH of about 5.5. The solution is
then coated onto the upper surface (69) or lower surface (70) of piezoresistive coating
(68) on piezoresistive sheet {52). This coating process is performed using a roller



There is a plurality of selector valves (43) that selects which air bladder (22) is being inflated with air or
deflated by exhausting air to the atmosphere through the vent valve (79). Algorithm Steps 1.
PsetPset, start, close vent valve (77) 2. Select zone 1=1 by opening selector valve (43-1) 3. Turn the
compressor 828149 asure the air pressure in the air bladder cell (22 THZ3HEPE $Bressurize the
zone-one air bladder cell (22) to a pre determined upper set pressure and close the selector valve
(43-1) value Pset. 6. Repeat for i+ 1 until i +1 =Ni#.-Select Zone 1=1 8. Obtain the force sensor (33)

readings for.all zones. 9. Open Ve.nt valv %g@ 0. Deflate the zone-one air bladder cell (22) to a
prodetchRTIEg m&qﬁw@g&gﬁw B 08 FERMCP DL SO LT 81 SSUPTS R a Bacor cels
(22). M&@RBdRth bl &8 roatingistHemalioweddocailsdnysiranm Jepneiatyraadés. 11.
Measure=fativeshomidityiobleds éhar|RO(A2 fasithesiag|Aftesribe coatd kutra hbeidgethfibted and
comput@ fhstisHE =N rupise slyniberriipiRe SRl It cR coneer £itd) ceaditin I6B)Siwrgtingremory of
comput%(gﬁN_ rggm&g&f@gﬁgg&fﬁtﬁ - &&i{epladder cell (22) at which the minimum sum
and optionally (NEaverage & Mucvsias 2 Sonsor (35 windh has Baen prepared as described
above to give the sensor a diode-like characteristic, and a circuit for obtaining the |-V
(current versus voltage) transfer function of the sensor. Figure 8 shows a typical |-V
curve for sensor (33) of Figure 8.
' As stated above, the advantage of modifying sensors (33) by adding a
semi-conductive layer that acts like a diode is that it reduces cross taik between sensors.
As is shown in Figure 10A, this cross-talk occurs because of the so-called “completing
the square” phenomenon, in which three connections are made in a square matrix array
of three non-addressed resistors that form the three corners of a square. Thus, any two
connections in a vertical column and a third one in the same row function as either
connection in an X-Y array of conductors. The resistor at the fourth corner of the square
shows up as a phantom in parallel with an addressed resistor because the current can
travel backwards through that resistor, and forward through the other resistors. Careand
additional expense must be taken in the electronics to eliminate the coniribution of this
phantom. For example, if, as is shown in Figure 10A, a potential V is applied between
row and column conductors X,Y,, to thereby determine the resistance of piezoresistive
sensor resistance R,,, reverse current flow through “phantom” resistor R,,, would cause
the sum of resistances R,, + R, + Ry, to shunt R,,, resulting in the parallel current fiow
paths indicated by arrows in Figure 10A, which in turn would result in the following
incorrect vaiue of resistance:
R = Ruf(R#+ R4 Rp), Rua¥y = Ryg(RypH{Rog) R MR 4R #H{R 4R )
where brackets around a resistance vaiue indicate current flow in a counterclockwise
direction through that resistor, rather than clockwise, i.e., diagonaily downwards towards
the left. Thus, for exampie, if each of the four resistances listed above had a value of 10
ohms, the measured vailue of R,, would be: :
R, = 10(10+10+10)/(10+10+10+10) = 300/40 = 7.5 ohms, i.e., 25% below
the actual value, 10 ohms, of R,,. ifthe resistance values of R,,, R,; and R,, of the three
non-addressed piezoresistive sensors (33) were each lower, e.g., 1 ohm, because of
greater forces concentrated on those sensors (33), the measured value of R,, would be:
Ry = 10(1+9+1Y/(10+1+1+1) = 30/13 = 2.31 ohms, i.e., a value of about 77
percent below the actual vaiue of R,,.
On the other hand, by placing a diode in series with each piezoresistive
sensor element (33), as shown in Figure 10B, the electrical resistance of an element
measured in a reverse, counterclockwise direction a test current flow through the sensor
element, e.g., R,,, would be for practical purposes arbitrarily large, or infinity compared



13. Restore the pressure in the zone one air bladder cell (22-1) to the value at which the minimum sum
and average force sensor-readings for all the force sensors was obtained. WO
2009/120270PCT/US2009/001620 -21 - 14. Close the zone-one selector valve (43-1). Maintain the
pressure in zB¥E2H1E2870Set Count =i + 1. 16. Repeat steps 2 thru 15 u{lD&IM@e= N, 17. Set:
Pset = Pset, start - (Count *20/0_ (i.e., reduce the initial pressure in the zone one bladder (22-1). 18.
Repeat Steps 2 thru 16 (i.e., with a reduced initidlressure). Caveat 19Constantly monitor all force

sensors 3 d if s flcant ch Delta F>0.2*F#).is detected. (patient ove

S b cee TP RURL e SRR RO OBt
descnbé&am wﬁblémﬂ‘ﬁs%ﬁrdbﬁmﬁédﬁﬁﬁm|N’§F%%tf®? mﬂfmaﬁde\% (22), as a
functionretidtarcergybici hapdigat walothef P2 clunswoptdtbe: by overlay cushion (21) of the apparatus.
TABLE 1 Rays = 10(1++1)/(10+1+=+1) = 10 ohms, the correct value.

Thus, modifying each sensor 33 element to include a p-n junction thereby give the sensor

element a diode-like characteristic electrically isolates, i.e., prevents backward current

flow, through each sensor element (33). This enables the correct value of electrical

resistance R, of each sensor element (33) and hence forces exerted thereon to be

measured accurately using row and column matrix addressing rather than requiring a

separate pair of conductors for each sensor element.

The above-described components of force minimization apparatus (20)
according to the present invention are interconnected to form a closed-loop serve control
system. That system is effective in reducing body force concentrations using an
algorithm according to the method of the present invention. An understanding of this
method and apparatus may be facilitated by referring to Figure 11, which is a block
diagram of an electro-pneumatic controller system component (20A) of apparatus (20),
in conjunction with the diagrammatic view of the apparatus shown in Figure 1, and the
perspective view shown in Figure 5. ‘

Referring to Figure 11, it may be seen that electro-pneumatic controller
apparatus (20A)} includes a computer (37) which is bidirectionally coupled to force sensor
array (32) through force sensor interface modute (36). The sensor interface module (36)
includes a Digital-to-Analog Converter (DAC) (71) for generating in response to controf
signals from computer (37) test voltages or currents which are directed to matrix-
addressed individual force sensors (33).

individual force sensors (33) are addressed by connecting one terminal of
a current or voltage source controlied by DAC (71) to a selected one of X-row conductors
1-6 by an X multiplexer (72), and connecting the other terminal of the source to a
selected one of Y-column conductors 1 or 2 by a Y muitiplexer 73. Sensor interface
module (37) also included an Analog-to-Digital Converter (ADC) (74} which measures
the voltage drop or current through a sensor (33) resulting from application of a test
current or voltage, and inputs the measured vaiue to computer (37). Using
predetermined scale factors, computer (37) calculates the instantaneous value of
electrical resistance of a selected addressed sensor (33), and from that resistance value,
a corresponding normal force instantanecusly exerted on the addressed sensor.

In response to control signals cyclically issued by computer (37), X
multiplexer (72) and Y multiplexer (73) are used to cyclically measure the resistance of
each force sensor element (33), at a relatively rapid rate of, for example, 3,000 samples
per second, enabling computer (37) to calculate the force exerted on each force sensor
{33) at that sampling rate.



Patient Weight Minimum Pressures Start Pressure 75-119 Pounds 5.51't 0.7: 1120 10.31t 2mm Hg
6.5"0.7: H20 12.18 t 2mm Hg 120-164 Pounds 6"t 0.7: 1120 11.25t 2mm Hg 8"t 0.7: 1120 15 t 2mm

Hg 165-199 Pounds 8"t 0.7: H20 15 t 2mm Hg 101t 0.7: H20 1815 t 2mm Hg 200-250 Pounds
WO 2009/120270 PCT/US2009/061620
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Referring still to Figure 11, apparatus (20) includes a pressure confrol
module (75} for dynamically controlling the air pressure in each individual air bladder cell
{22), in response to command signals issued by computer {37), based upon values of
force measured by sensor array (32) and an algorithm programmed in the computer. As
shown in Figure 11, pressure control module (75) is operably interconnected to air
compressor (40} and air pressure transducer (44) at output port (76) of the compressor
to pressurize air in the outlet port to 2 value controllable by computer (37).

Outlet port (76) of compressor (40) is coupled to inlet port (42) of 2 12-
outlet port manifoid (41). in response to electrical control signals issued by computer
(37) and routed through pressure control module (75), each of 12 individual air bladder
cell inlet selector valves (43) connected to separate outlet ports (43A) of manifoid (41)
is individually controllable.

in a first, open position of a selector valve (43), the air inlet port (31) of a
selected air biadder cell (22) is pressurized to a pressure measured by transducer (44)
o a predetermined vaiue, by turning on comp%essor (40), to thereby inflate the cell to 2
desired pressure. Alternatively, with compressor (40) in an off-mode, a vent valve (77)
coupled to the input port (42) of manifold (41) may be opened to deflate an air bladder
cell (22) to a lower pressure value by exhausting air to the atmosphere.

After a selected one of the 12 selector valves (43) has been opened in
response to a command signal from computer (37) for a time period sufficient to inflate
a selected air bladder cell (22} to a predetermined pressure, an elecirical signal output
by pressure transducer (44}, which is proportional to the pressure in that cell and input
to computer (37), results in the computer outputting a closure command signal to the
vaive and a shut-off command signal to compressor {(40).

When vent valve (77) and a selected selector valve (43) have been opened
inresponse to command signals from computer (37) to deflate a selected air bladder cell
(22) to a lower predetermined pressure, an electrical signal from pressure transducer
{(44) input to computer {37) results in an electrical closure command signal being output
from the computer. That command signal closes vent valve (77) and the open selector
valve (43), thereby maintaining the selected lower pressure in the selected air bladder
cell. In an exactly analogous fashion, the air pressure in each other air bladder cell (22)
is sequentially adjustable by sending a command signal to a selector valve (43) {o open
that valve, and operating compressor (40) and/or vent valve (77) to inflate or defiate the
air bladder cell to a predetermined pressure. :

Figure 12 is a simplified perspective view of a preferred embodiment of a
housing for electro-pneumatic apparatus (20A) shown in Figure 11 and described above.
As shown in Figures 11 and 12, electro-pneumatic controfler (20A) includes an operator
interface module (78). Operator interface module (78) includes manual controls,
including a muilti-function, on/off, mode control switch and button (79), up and down data
entry slewing buttons (80), (81), and a digital display (82). Display (82) is controliable



10"t 0.7: F120 18.75 2mm Hg 12"t 0.7: H20 22.49 t 2mm Hg Maximum Pressure 26"t 0.7: H20 48.74 t
4mm Hg In a variation of the method and apparatus according to the present invention and
described above, after the pressures in each air bladder cell (22) have been optimized for minimum
force concentftSH/ 1Attt ubes (31) may be permanently sealed, and the HddpHA¥MABN (21)
permanently disconnected from pressure control module (75). This variation would also enable the
custom fabrication of cushions (21) using air blad8er cells (22), for customizing chair cushions to

minimize force copganirations on /1] r_individual, Sip iaf]
appara 05 %%Jgg%‘d ng){é hgéglbr%@%%@%%é@t%ﬁ%@ﬁ%%%%%e%ﬂﬁ%ﬁgm@sgggfe%%u %%tsggf ca;r;dseats.
WO 206679965 F6IER) Ye 5L ENDIveReg 9 %&'ﬁﬂﬁ%%ﬁ&ﬁ%?éﬂhﬁﬁ%%ﬁﬁ’f apparatus for
reducing the magnitufe $fawadiohigis: tonelssiratipne snatie ¢wrrpias @A himeBEB/YN response
to contagintgihedsn ppssivike hmetiran(8 Hpphichvssyirisiig froma @aupbhre (84 ptheesobnt
betweeq 2 SypRAENBSPiBFsaEFR A BRIl kiRgifrGwsh ISR BYag 3 l8Agtiiatand $8eand
herme i SR (B R AL SRR D ARG B A Dhs DO Fa A R R FRELE (86,

for interfacing air hoses (87) with air bladder celis (22), row and column conductors (88),

(89), to sensors (33) of sensor array (32), and an electrical power cord (80} to a source

of electrical power for powering the components of apparatus (20A).

Force Minimization Algorithm

The adaptive cushion force minimization apparatus (20) as described above,

includes a cushion {21) having a muitiplicity of air biadder cells (22). Each individual cell

(22) has on its upper surface an individual force sensor (33) of an array (32) of force

sensors. An air pressure measurement transducer (44) is provided to measure the air

pressure in each cell (22). Each force sensor 33 is located in a potential contact region

between a person lying on cushion (21) and an air bladder celi (22). Each piezoresistive

force sensor (33) functions as a force sensitive transducer which has an electrical

resistance that is inversely proportional to the maximum force exerted by a person’s body

on the air bladder celi (22), the maximum force corresponding to the lowest resistance

path across any part of each sensor.

in an embodiment of adaptive cushion apparatus (20} according to the
present invention and shown in Figures 1 and 3, the cushion is partitioned into a pair of
feft and right longitudinally disposed columns. The columns are in turn partitioned into
six longitudinal zones, each having a pair of ieft and right air bladder cells which supports
a different longitudinal zone of a person, such as the head, hips, and heels. Thus, as
shown in Figure 3, there are 6 air bladder cells (22) in each column, such as left-hand
column cells (22L1)-(22L6). The air pressure in each of 12 cells (22L.1)-(22L.6), (22R1)-
(22R6) is individually controlled by compressor (40) and selector valves (43) in response
to force measurements made using force sensors (33). Individual control of air pressure
in each individua! air cell {22) is effected by electro-pneumatic controlier system (20A),
using a novel algorithm implemented in computer (37), as will now be described.

There can be a minimum of one zone using one air bladder cell (22), and
up to N zones using n air bladder cells, wherein each zone has a force sensor (33) to
measure the maximum force on that air bladder cell, the pressure transducer (44) being
used to measure the air pressure in that air bladder cell. The control algorithm is one of
continuous iteration wherein the force sensors (33) determine the peak force on the
patient's body, and the pressure transducer (44) measures the air pressure at which the
peak body force occurs. Af the end of a cycle sampling forces on ail sensors, the air
pressure within each individual bladder cell (22) is restored {o the pressure where the
force was minimized for all zones. This process continues and the apparatus constantly




b. at least first and second force sensitive sensors associated with said first and second air bladder
cells, respectively, each of said sensors having an electrical characteristic which varies-in a
predetermined way with a force exerted on a said air bladder cell by a said body, c.a
pressurizatioW@eAAEE1E8 Bressurizing a hollow interior space of each of sadiEzisplageisssells to an
individually cohtrollable pressure, d. at least one pressure transducer operatively coupleable to
each of said air bladder cells to thereby measure§as pressure within said hollow interior spaces of
each of said air bladder cells, and e. a contral apparatus havi force sensor interface port for
receivingﬂfﬁgﬂsg R AL R PSP TR O A LA SR L SP TG R B o saic
pressurd @@ RIGRE08 APSFEEMHBUPPRFED P RVRIIAY evthiendhals to said pressurization device to
thereby pressufigeninmithdscriianr bladder cells to individually controllable values which minimize a
sum of forces ggRead by said force sensors. 2. The apparatus of Claim 1 wherein each of said force

sensors is furttg@zgﬁgg_e%@ﬁ (i'gesr I %ﬂ@gﬂ%gaaég &Y %}&cm% éT%s{Qolqe of upper and

lower walls of a.said.air |, said envelope Including an upper flexjble electrically conductive
sheet compris?rqéea&;ﬁ%:e&i%n%ejf%ﬁaﬁ tﬁ?,ng I%ﬁé)?é%@ %@E%pfc%ﬁ)‘/ec hATCBYPLR ll!{gomprising
a lower ¥ANSGMEBNH  TaRBS¥IRRIble piezoresistive layer located between said upper and lower
conductive sheggsh WiCh 2ibie GO ZMP S TRERDSTID A0 Isigd s foRa senappi)juspaidiach 2

wherein gaissarvgleie rabsindseiases Fifesibaedefingrk anlgtedonaslshaldgast partially of an elastically
stretchable matgrialyg,eLa6aBREasRE GlRig 4udiereio S SisRspl stislabatipmaleal s
further defined,as bei tretchable elastic fabric. 5. The aratus,of Cla urt ncluding in
action %) BAIRLPHIS (22 DS A QLTS 8 AT TS g Vb Roy a2t ARALG o o
integer. 8. SARCIshaInRIadser snh G2 veprhansling 2K fRdipAiresPRsie-taERghLheareNbr which is
associateaiweith one of said additional p-2 air bladder cells. 7. The apparatus of Claim 5 wherein said
p air bladder cefisepsadiripieralriingdaledoingaiveanadsyl ther seaitis ditithodisisaddecoRanns. 8. The
apparatys, piqGIdien Witk ofid i HERAR N HIHONBHRF P 1ER1RE BRREsS pHurb iR Q5 R dRsGR:sENSOrS

being ar(larllaggegyaa matrix array of m rows and n columns aligned with said m rows and n columns of
said air BRAdaer gblls.

Algorithm Steps

1. Pset ;... Pset, start, close vent valve (77)

2. Select zone i=1 by opening selector valve (43-1)

3. Turn the compressor (40) on.

4, Measure the air pressure in the air bladder cell (22) in zone |

5. Pressurize the zone-one air bladder cell (22) fo a pre determined upper set
pressure and close the selector valve (43-1) value Pset.

6. Repeat for i+ 1 until i +1 =N

7. Select Zone i=l

8. Obtain the force sensor (33) readings for all zones.

9. QOpen Vent vaive (77)

10. Deflate the zone-one air bladder cell (22) io a predetermined minimum pressure
and monitor all the force sensor (33) readings on all air bladder cells (22).
Maintain biadder pressures in ali other air bladder ceils (22)at their upper set
pressures.

11. Measure forces on all air bladder cells (22) as the single, zone-one air bladder is
being deflated and compute the surn and optionally the average of all force sensor
{33) readings.

12. Store in memory of computer (37) the pressure reading of the zone-one air
bladder cell (22) at which the minimum sum and optionally the average of all force
sensor {33) readings occurs.

13. Restore the pressure in the zone one air bladder cell (22-1) to the value at which
the minimum sum and average force sensor readings for all the force sensors was
obtained.



9. The apparatus of Claim 8 wherein said force sensor interface port is coupled at least in part to said
p force sensors by interface electrical conductors. 10. The apparatus of Claim 9 wherein at least one
of said force sensors is further defined as having a non-bilateral current-versus-voltage impedance
characteristicV 4 #%&"af¥paratus of Claim 10 wherein said interface elech§EAVEMeIOEES which join
sad force sensor interface port to said sensor array are further defined as comprising m interface
conductors connected to m row sensor conducto?d and n interface conductors connected to n column

d id f fCl 8 wh id
oreseuroion GEDEATE fROREP I TR L REG b b I R U S ER s

control aﬁ%araﬁ%‘t@ﬂﬂ’é}‘e’by"aﬂernately |nflate and deflate individual ones of said air bladder cells to
controllaifie pr&speatatepssithnic byustiCeantduddrahd adjusted in accordance with an algorithm
implemerted iBatipwaARiPsSPBRIALT LRSIV I, 3Eriabe giweitanirEvitingifolise asmeentrations
on said cushlogné&aﬁggﬂ@a{ tus of Claim 12 wherelndsa|d allgorltkr;lm |§ furthltlar defined as mcrl]udlngI
the steps of cyglicall essur |n a ividual air bladder cell, monitoring a physica
charact %rénc W tg?é% t81 S/ mgg ﬁwJéjcﬁ é? q
2009/120270P@§¥@@2009/001620 24 - forces exerted on each of said air bladder cells, summing
said me48uredGenetathe sweiitpthalhifasces sensors X saned itosipathizaiok oltdobactutda in the
minimum of saj-gLErF Rehsumrddvplatsifeass kem alafsadidpree sensors, and repeating the

foregoing steps for efﬁﬂlﬂ&%%%ﬁﬁp@s@um ﬂéaﬁ@ﬁ aug,Qf %Im prz’?"{bereln said

algorithm_is fur thei def ned d|n t‘1 |zat|on ste of in Iatln ach said # gder cell to
a prede x%d‘ |t|afJ d:t roe‘é%ure L?T eh gra us o AP %. H%?eln oald step of
cychcallﬂ%%ﬁsaf?bhég G?és'lr{zag&ﬁ &r Hl?fc’!lfﬂ%‘r eLihR WRight gL M Ratsnt RIRIRRS (PEFANaI step of

deflatingssarbeiedbyideertay fushiendZbteoé theranbargivs set pressure to a predetermined lower
pressuremmEMmethod for reducing the magnltude of reaction force concentratlon exerted on parts of
a huma ratus of

atla abia
t=-HtA-o ouppul I.IIIU UIJJC\;I.,

IU IIICLIIUU UOIIIU LTIC appa

Claim1 an coBlRitdYgiO8leps off  MNITIHG SEEIERion for placRiRBIESRMERN a su :)portlng
object ah#s tigrguhady, said cusHisrehagmg a;@ast first and se@adierAm@ically sealable air
bladder cells each made of a thin, fl 3)1'@|§1 @@m ous materighy .18 ng@g at least first and
second teree-sefsitive-sensers-assqeiatet-with-said-first-and-se¢ond-air-bladder-cefts;respectively,
each of >3@S§$@5’@”ﬁ§’\ﬁng an elect@cd Cfatderistic which varREif- & ﬁe(aetermlned wayj with a
force exgrted on a said air bladder el b@isgmdity, 15 + 2mm Hg
165-199 Pounds 8"+ 0.7: H,0 10"+ 0.7: H,O
15 £ 2mm Hg 18.75 £ 2mm Hg
200-250 Pounds 10"+ 0.7: H,0 12"+ 0.7: H,O
18.75 * 2mm Hg 22.49 + 2mm Hyg
Maximum Pressure 26"+ 0.7: H,0O
48.74 + 4mm Hg

In a variation of the method and apparatus according 0 the present

invention and described above, after the pressures in each air bladder cell (22) have

been optimized for minimum force concentration, inlet tubes (31) may be permanently

sealed, and the adaptive cushion (21) permanently disconnected from pressure control

module (75). This variation would also enabile the custom fabrication of cushions (21)

using air bladder cells (22), for customizing chair cushions to minimize force

concentrations on a particular individual.

Similarly, the variation of the method and

apparatus according to the present invention couid be used to customize saddie

cushions or car seats.



c. providing a source of pressurized gas for pressurizing a hollow interior space of each said air
bladder cells to an individually centrollable pressure, d. providing at least one pressure sensitive
transducer operatively coupleable to each of said air bladder cells to thereby measure gas pressures
within said holiBetfdrspaces of each said air bladder cells, e. préfaTHEze0eBMsRN apparatus
for receiving signals from said force sensors and said pressure transducer and providing control
signals to said pressurization device to therebyp¢@ssurize air within said air bladder cell to a value
which minimizes a sum of forces sensed by said force sensors, WO
2009/120270PCT/US2009/001620 - 25 - f.inputting to said control apparatus a signal from said
pressure transducer representative of said gas pressure within said hollow interior space of a said air
bladder cell, 9.inputting to said control apparatus signals from said force sensors representative of a
forces eXéndsdr 4%id air bladder cells, li.providing from said control apparatus a control signal to

sawd soufee of ReaapFGeE BasHRN SIPRAIRR REBRIAG WS WBIFIRIRPBF Sl choR wieDladder

cell to a value which minimizes a sum of forces sensed by a said force sensors associated with all of

said air btdestreéibns exertedalulpans of saitheoanobedpaiatissponssaid wantahicedtbigmals and

said force sensor so?)naé? a%ﬁJo%gate ressurization values for said hollow interior spaces of said air
bladder EENE WG tdRG ST

I & 2P RBPEBYEE concentration on said air bladder cells, and

j-providing for issuaneeciisivoadicr praterhapPoEaiRIOS8IhHOHIEE 6bject and a human body,
said cushion having at least first and second hermetically sealable air bladder cells each
made of a thin, flexible, air impervious material,

b. at least first and second force sensitive sensors associated with said first
and second air bladder cells, respectively, each of said sensors having an electrical
characteristic which valries in a predetermined way with a force exerted on a said air
bladder cell by a said body,

c. a pressurization device for pressurizing a holiow interior spacé of each of
said air bladder cells to an individually controliable pressure, 7

d. at least one pressure transducer operatively coupieable to each of said air
bladder cells to thereby measure gas pressure within said hollow interior spaces of each
of said air btadder cells, and

e. a control apparatus having a force sensor interface port for receiving
signals from said force sensors, a pressure transducer port for receiving signais from
said pressure transducer, and an output port for providing control signals to said
pressurization device to thereby pressurize air within said air bladder cells to individually
controllable values which minimize a sum of forces sensed by said force sensors.

2, The apparatus of Claim 1 wherein each of said force sensors is further defined as
including a flexible planar envelope located on at least one of upper and lower walls of
a said air bladder cell, said envelope including an upper flexible elactrically conductive
sheet comprising an upper sensor conductor, a lower flexible electrically conductive
sheet comprising a lower sensor conductor, and a flexible piezoresistive layer located

between said upper and lower conductive sheets.



pressurized air control signals effective in pressurizing said air bladder cells to said calculated
force-minimizing pressure values. 17. The method of Claim 16 wherein said cushion is further defined
as including in addition to said first and second air bladder cell an additional p-2 air bladder cells,
where p is an'MtEG¥F2Y8. The method of Claim 17 further including an a86RERHMSIte sensors
each of which is associated with one of said additional p-2 air bladder cells. 19. The method of Claim
18 wherein said force minimizing air bladder cell3ressurization calculations are further defined as

including the s.of ?Msa% 4 'r@ W [Ta{els N a first indiyi ' @I cell, monitoring a
physica?bharﬁgr%%%% eac Y%%C’él’sens%ﬁ@%%%%@s%%ﬁgu@%ﬂg %a uesr ogf o'?cgégge &eig?tee%] on each
of said ak biddgenmtd|at Seastpagtistigl ohaaisstidaligesiraichablestaiadahe air pressure in said first
cell to that value which resulted in the minimum of said sum of measured values, of forces from all of

said for@e sendBRs2RRAALIR Afi SR fordigtrin Said eirstically srelahabiamateriaks rbesn p. wo
2009/1204(RB S/ LY dURRAPeR I astie Higignethod of Claim 19 further including a first

initialization step of inflating each said air bladder cell to a predetermined initial set pressure. 21.The

method®f Claithelappraeabia ebg!siap ofusiieicmsiuding i andiiessdorseid Arshandisetandaicell is
further %?fi gd %%;i”CIHdAHS'{h 'nitiai %te%l%ggﬂa i %d %ir bl §$ % From a predetermined upper
adder celis & no(ﬂg- i rg%ﬂgr er '§oiha|e'

n

set pressuge 0 apredetermined lower pressure. he metho 19 wherein said sequence
of stepsas repFatedppaithamicht Maiot Hftatheethsladies ehfatiiiosabpicfaiideciewsa i asetiermined
threshold value. 23. The method of Claim 22 wherein said sequence of st([,:ffés is reinitiated if said sum

of measPhraligRIioRsSPSIAtE NI g ol said pridiieaahrepihRieAdr 68l

7. The apparatus of Claim 5 wherein said p air bladder ceils are further defined as
being arranged in a matrix of m rows and n columns.

8. The apparatus of Claim 7 further inciuding an additional p-2 force sensors, said
total of p force sensors being arranged in a matrix array of m rows and n columns aligned
with said m rows and n columns of said air bladder cells.

8. The apparatus of Claim 8 wherein said force sensor interface port is coupled at
least in part-to said p force sensors by interface electrical conductors.

10.  The apparaius of Claim 9 wherein at least one of said force sensors is further
defined as having a non-bilateral current-versus-voltage impedance characteristic.

11.  The apparatus of Claim 10 wherein said interface electrical conductors which join
sad force sensor interface port to said sensor array are further defined as comprising m
interface conductors connected to m row sensor conductors and n interface conductors
connected to n column sensor conductors of said force sensor array.

12.  The apparatus of Claim 8 wherein said pressurization device is further defined as
being responsive to command signals emitted by said control apparatus to thereby
alternately inflate and deflate individual ones of said air bladder cells to controliable
pressures measurable by said transducer and adjusted in accordance with an algorithm
implemented in said control apparatus fo values which are effective in minimizing force
concentrations on said cushion.

13.  The apparatus of Claim 12 wherein said algorithm is further defined as including
the steps of cyclically varying the air pressure in a first individual air biadder cell,

monitoring a physical characteristic of each sensor to thereby measure the vaiues of



24. The method of Claim 22 wherein said sequence of steps is reinitiated if a force measurement of
less than all of said cells exceeds a predetermined threshold value. 25. The apparatus of Claim 1 or 16
wherein said surface force sensor for measuring normal forces exerted on a surface, said sensor
comprises; a‘aPIéW8t1aAT8t planar sensor element, said planar sensor eledgaRisoeinge thin, flexible
upper conductor sheet comprising an upper sensor conductor having an electrically conductive contact
area, b. a thin, flexible intermediate sheet ha4ng an active sensor region which has an electrical
impedagce characteristic that arifs with a :}%%r\ggl force exerted thereon, said active sensor region

having aR"GBPeT Eh EECL R FT'EoRY oﬁﬁiﬁ'vﬁmﬁﬁﬂmmﬁﬁgf%nductive
sheet, apghtoring tRe AV PrELHLGHS SRTRECOENRE NG SR FPRI TSN PMEARRSIsctrically

conductive contact area in electrically conductive contact with a lower surface of said active sensor
region. 28 isRriseraswradvadees ahlress fompalabssidiewesrnpriarad ispealiag die. 27.The

sensor Te ] | I r electrically conductive contact areas
&?&m t%‘éaf "LaLIFSPL QIR R MR , y

of said %E)st eﬁs%rge emegnt is conductively cor?tlnu%iés%%u%ﬁ:%rresponding one of said upper and

lower cotductiVeeappaiatread Cfaaid Sdereaih saidalgedthemis AWBer defined as including a

2 120270PCT. 2 1 -27 -
009/ grsmnitci:ali/zua |ogos /e%oo ezn at%ng each said air biadder cell to a predetermined initial

upper set pressure.

15. The apparatus of Claim 14 wherein said step of cyclically varying air pressure in
a said air bladder cell is further defined as including the initial step of deflating said air
bladder cell from a predetermined upper set pressure to a predetermined lower pressure.,
16. A method for reducing the magnitude of reaction force concentration exerted on
parts of 2 human body in response to contact with a supporting object, said method using
the apparatus of Claim1 and comprising the steps of;

a, providing a cushion for placement between a supporting object and a
human body, said cushion having at least first and second hermetically sealable air
bladder cells each made of a thin, flexible, air impervious material,

b. providing at least first and second force sensitive sensors associated with
said first and second air bladder cells, respectively, each of said sensors having an
electrical characteristic which varies in a predetermined way with a force exerted on a
said air bladder cell by a said body,

c. providing a source of pressurized gas for pressurizing a holiow interior
space of each said air biadder cells to an individually controliable pressure,

d. providing at least one pressure sensitive transducer operatively coupleable
to each of said air bladder cells to thereby measure gas pressures within said hollow
interior spaces of each said air bladder cells,

e providing a control apparatus for receiving signals from said force sensors
and said pressure transducer and providing control signals to said pressurization device
{o thereby pressurize air within said air bladder cell to a value which minimizes a sum of

forces sensed by said force sensors,



28. The sensor of Claim 26 further including at least third and fourth, planar sensor elements, whereby
said sensor has p elements arranged in an array of m rows and n columns. 29. The sensor of Claim
28 wherein said upper contact areas of said sensors have electrically continuous conductor strips
correspondind¥fé 8A¥18¥238id plurality of m rows and n columns, and said rwarseantesntsareas of said p
sensors, have electrically continuous conductor strips corresponding to the other of said m rows and n
columns. 30. The sensor of Claim 29 wherein at1gast one of said sensor elements is further defined
as having a non-bilateral electrical impedance characteristic. 31. The sensor of Claim 30 wherein said

non-bilateral electricaf bRt SoNYolRRP AT P 9oRh EAISBIE RIS MR KanesERgF acteristic.
32. The pgitaaerffa{ADr 32N gL PRasit ARinh SR AbIRANRETBHIRaCE B BRA RS Ppludng a layer

composed of a piezoresistive material. 33. The sensor of Claim 32 wherein said piezoresistive
material4§ffurther defined as including electrically conductive particles suspended in a polymer matrix.

34. The sensor of Cla" &%%%eiga@ ggﬁ;os‘u%?gsgrg{u%aigﬁ e‘?’l‘ ﬁ)rﬁg i\éeagﬁé/%ij&f%rég%{%?ﬁned as

having depositgd theredn a cbating including at one metallic oxide to't y form with said layer
a semi-capdestngtivel gt a dtore38xdried sem atirod kGid inir Maddiereisilajd metallic oxide is further

defined as incllfl]Qing providing from said control apparatus a control signal to said source of
pressurized gas to thereby pressurize said hollow interior space of a said air bladder cell
to a value which minimizes a sum of forces sensed by a said force sensors associated
with all of said air bladder cells,

i calculating by said control apparatus from said transducer signals and said
force sensor sighals appropriate pressurization vatues for said hollow interior spaces of
-said air bladder cells which tend to minimize a sum of force concentration on said air
bladder cells, and

i providing for issuance from said control apbaratus to said source of
pressurized air control signals effective in pressurizing said air bladder cells to said
calculated force-minimizing pressure values.

17. The method of Claim 16 wherein said cushion is further defined as including in
addition to said first and second air bladder celi an additional p-2 air biadder cells, where
p is an integer. _

18.  The method of Claim 17 further including an additional p-2 force sensors each of
which is associated with one of said additional p-2 air bladder cells.

19. The method of Claim 18 wherein said force minimizing air bladder cell
pressurization calculations are further defined as including the steps of cyclically varying
the air pressure in a first individual air bladder cell, monitoring a physical characteristic
of each force sensor to thereby measure the values of forces exerted on each of said air
bladder cells, summing said measured force values, restoring the air pressure in said first
cell to that value which resulted in the minimum of said surm of measured values of forces
from all of said force sensors, and repeating the foregoing steps for each of said bladder

cells 2 through p.



at least one copper oxide.
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20. The method of Claim 18 further including a first initialization step of inflating each
said air bladder cell to a predetermined initial set pressure.

21. The method of Claim 19 wherein sad step of cyclically varying air pressure in a
said air bladder cell is further defined as including the initial step of deflating said air
bladder ceil fron'i a predetermined upper set pressuretoa predetermined lower pressure.
22.  The method of Claim 19 wherein said sequence of steps is repeated until said sum
of measured values of forces is reduced below a predetermined threshold value.

23. The method of Claim 22 wherein said sequence of steps is reinitiated if said sum
of measured values of said forces exceeds a predetermined threshold value.

24. The method of Claim 22 wherein said sequence of steps is reinitiated if a force
measurement of less than all of said cells exceeds a predetermined threshold value.
25. The apparatus of Claim 1 or 16 wherein said surface force sensor for measuring
normal forces exerted on a surface, said sensor comprises;

a. at least a first planar sensor element, said planar sensor element including
a thin, flexible upper conductor sheet comprising an upper sensor conductor having an
electrically conductive contact area,

b. athin, flexible intermediate sheet having an active sensorregionwhich has
an electrical impedance characteristic that varies with a normal force exerted thereon,
said active sensor region having an upper surface in electrically conductive contact with
said contact area of upper conductive sheet, and

c. a lower conductor sheet comprising a low sensor conductor having an
electrically conductive contact area in electrically conductive contact with a lower surface
of said active sensor region.

26. The sensor of Claim 25 further including at least a second planar sensor element.
27.  The sensor of Claim 26 wherein at ieast one of said upper and lower electricaily
conductive contact areas of said first sensor element is conductively continuous with a
corresponding one of said upper and lower conductive contact areas of said second

sensor element.
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28. The sensor of Claim 26 further including at least third and fourth, planar sensor
elements, whereby said sensor has p elements arranged in an array of m rows and n
columns.
208. The sensor of Claim 28 wherein said upper contact areas of said sensors have
electrically continuous conductor strips corresponding to one of said plurality of m rows
and n columns, and said lower contact areas of said p sensors, have electrically
continuous conductor strips corresponding to the other of said m rows and n columns.
30. The sensor of Claim 28 wherein at least one of said sensor elements is further
defined as having a non-bilateral electrical impedance characteristic.
31. The sensor of Claim 30 wherein said non-bilateral electrical impedance
characteristic is further defined as being a diode-like characteristic.
32. The sensor of Claim 31 wherein said active sensor region is further defined as
including a layer composed of a piezoresistive material. _
33. The sénsor of Claim 32 wherein said piezoresistive material is further defined as
including electrically conductive particles suspended in a polymer matrix.
34. The sensor of Claim 33 wherein an outer surface of said piezoresistive layer is
further defined as having deposited thereon a coating including at least one metallic
oxide to thereby form with said layer a semi-conducting, PN junction.
35. The sensor of Claim 34 wherein aid metallic oxide is further defined as including

at least one copper oxide.



