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Briefly stated, the presentinvention comprehends a method and apparatus
for minimizing high concentrations of reaction forces exerted by a chair, bed or other
such object on protruding parts of the body of a person seated or lying on the object.
A body force minimization apparatus according to the present invention includes an
adaptive cushion for placement on a mattress or chair, the cushion having a matrix of
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The electronic control system also includes a computer which receives as
inputs electrical signals from individual sensors representative of their resistance, and
hence forces or pressures exerted on the upper surface of each sensor.
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at nosphere through a exhaust port of the vent valve to
reduce the pressure in the individual air bladder cell
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el ectrically connected to an output control port of
the conmputer, and operably controllable by signals on
the output control port. The present invention also
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feSPOf\ﬁﬁbf,QfQXﬁ@nt%Q?t'%BHW‘of’Sm?é‘ Svas measured during the
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on parts; ot & bl Bod §ipeorted BYEhE SrittEss BYEAAL PO oF e |
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i ghodtOHERID 15 G EROMEREIY ArBIREtLpErepaefius Vg of the mattress of
Figure|01h estrowing leterpents ofya farcaaenberarrangeinenttheireof. each of
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sensors of Figure 5.




adjustnents in force neasurenents fall below a
predeterm ned threshold level, at which tine the

W@ ywbitzelo operati on of the systemreverts to aP@EBES1008001620
state. In the passive state, the conputer nonitors
each of the force sensor ougputs. Restoration of the
control systemto active cytli cal operatr on is

hg;gb?téﬁgrn %%a@ K& %ﬂ%técr? &%ﬁggf ?I? réfe re]fagrrnﬁﬁlf ication of sensor
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DESCRIFﬁﬁ'dr@“B fgra CubreRROYIWSItRgEI(BVY) didgram for timaséhsor elements of
Figureqtagram’ratl Cc perspective view of a body support
shi on apparatus with adaptive body force
concerriigurei OA isiasonematicsliagraroshipwingtasix rew py éye gelumn matrix

of the g@ﬁ@}gldfrp:, lﬁreggyre 2A |hs a fragnentary upper
ers t t
D sen agbréﬁcié?%é’wew SrBhE fialor R 108, it Shigng Sensors

modifiedhtd rinclade \eedibde jonctioron of the apparatus to thereby

r eveaIFlg@g}: ¥ %“ |bk?dkr dr?é@ﬁﬂ%‘i‘ e@t#ﬁpﬁéu%gﬁ? Eﬁﬁfr{)ﬁéselements of

ure 'y Vi éw 0
the apga@tueyf EleFEéure 2A showi ng an i ndi vi dual ar r cel |
t her e@‘rguﬂél aer B 3 shnplifiidapepspattive giede of | theaéleetro-pneumatic

f t he apparatus of Figures land 2, show ng
controﬁ%r 'ﬂu[ﬁ iader cells thereof deflated to reduce

supporﬁlgtﬂr@r tis 2fiowmcharbshouingsoperatiomofithe apparatus of Figure 1.
supported by t he nattress overlay Figure 4 is a
F

f rag nEan exlp}l d)ldstrateavapem mpectsemf afmednamd apparatus for
minim%néh%ﬁofc Egﬁagrﬁpa@rﬁngﬁtaéhgfna?\ E%af%sﬁ?ﬂradaptwe cushion

ereo

according i@ meﬁeerleve%pn eTfae ﬁmﬁlq)emmmttqﬁ the invention depicted
in Flgtﬂeﬁeﬂﬁhﬂl‘?ﬁ inEludes arcadapstive dushisre which issofaard approptiatié Bize and

shapegﬂr ﬁﬂ%bﬂéueltgpd%%gﬁbglegopﬁ&ﬁ&é Pé@ ‘ ?—fb‘%{g&& 9L wiif B8 Yéar from the

ensuing=désaription-afthahexamplef embediment; dhe Size and shape of the pdaptive

cushidnl &4H Be @aﬁbﬂ 36 Quft differen? apblidatidisc 8BER %s\fbﬁwéé’Bn% fixed chair or
pre fication of sensor elenments f the array

erred
€ &F‘aFf'r gure 1, which includes a diode junction. . Figure
9 i s Refernimyfirst to Figuregitand 24), adiaggptive tushiphappanatos (20) for

mrnrmghﬁﬁdy %o cghé%HtF‘atﬁmstrgH %d% Ofal ﬁrﬁoﬁrj’l mrﬁf\'acb may be seen

WNng a Sl X ro
to lnc'ﬁ@ﬂ@o‘ﬁ)@gﬁﬂdm?ﬂm elongat ﬁrigrmgqmgar gushign Qyetay; ?-ir {383*"0" (21)
has an hg roprriate §ize€arik0§haﬂwto ﬁfmmfog‘nalbﬁen top obdistarethrd size hospital

bed. oﬂ‘ﬁéug%{r d&fﬁﬁ rﬁ% t 8 %Usﬂrq]nl r(reﬁ)t ‘ﬁaB' chétéjr'aﬂgréghgated
rectangular shape with a |ength of about 6 feet, a width of about 3 feet, and a thickness
of about 4 inches.

As shown in Figure1 and 2A, mattress overlay cushlon (21) is constructed
as arectangular, two-column by six-row array of 12 individual inflatable air bladder cells
(22). Each air bladder cell (22) has a laterally elongated, rectangular shape, having a
length of about 18 inches, a depth of about 17 inches, and a thickness of about 4
inches. As shown in Figures 1 and 2, bladders (22) are arranged in left and right
columns, each having 6 longitudinally spaced apart, laterally disposed, laterally
elongated bladders. As shown in Figures 2B and 4, each air bladder cell has a flat base
panel (23), left and right end panels (24), (25), head 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 material such as neoprene rubber or



the apparatus of Figure 1. Figure 12 is a sinplified

perspective view of the el ectro-pneunatic controller
wo@boobiigzre 11. Figure 13 is a flow chart show PQI/US2009/001620

operation of the apparatus of Figure 1. DESCRI PTI ON OF

THE PREFERRED EMBODI MENTS Fjgures 1-13 illustrate

vari ous aspects of a nethod”and apparatus for

polyuriahE! Al Bickh8ss B SBBSE01A Matf e bhBahBiet cabfir bladder
cell (22)yarerasainglyiained.at esigesdhewef tefarma hefeeligallyfealed body which
has a HRilb@ Rfleriér Epseé Q?ZA).artdpﬁonélmlteams_ aitnbladder iced gfzz) may be
. cushi on whi i s.of .an appropriate size a r .
rabricféd oM a Ll pip v AyieR AR eppanef & 2 ipdRi8Ret Ropposite
transveiisiel ends of ther tubutan prieforams In eighercembodiment, atljaceat panels of an
. .. | i t . .l 7 1 .
GBS adiE A sy BB 348034 rasonic
bonding, & -welding o5 adhgsive hondiRdchai r or wheel chair.

Ref er rihegniimbet, size, [shaipes selativel paditioaingag spaeing of air bladder
cos (2370 AR ARERRH D 7o P2y e N Bl 98 g, However,
is beliengd peeferable to arrappedeatiressmyeriayi(d) injo sypwgetrisally-shaped left
and rigRCtagHsAbash Haviy atdehst/ five Bnd prsTBIbly (shi Joritudimal zones
corresggﬁéi%&tlgﬁt@jpéé@?? r}% 8igf$r§gi{u§ggélfy-ﬁﬁ§égs%r lglqélll%?%t}o%ofa typical
humarebdadi Thars, asishowsitin figyres)1, BAdand 3 amattegissyoverlayguskion (21) has
a Ieft-IfMaﬁ"@t ﬁﬂg'?‘hg{; gﬁ){‘égﬁ%a‘ﬂdte? cBils FZELH:Zf(gELG)t,’ AN Pri ﬁg‘iar}fﬁcolumn of six

eet, and a thickness of about
cells RMRMEETRG). shown in Figure land 2A, mattress overl ay

cushi Agshawh in Figbees 1 andudethedsiaddersq22)ared stacked closely together
o 1§ 530S P ot B gl and ol
spacings:(29)( (80), respestivelycthat iaje erefeahly yanishingly gmallso that adjacent
b'““gﬁ%ﬁ”'}%@“ﬁ‘th@%ﬁ? @ﬂ—,_eaﬁ(r)]gt 18]c i nches, a deﬁt h of
/. , 0 i . .
shownf ﬁn@PﬁE?dZ@ %Hﬁ%s g: béi %{b‘gzPs efgg ?’l'%‘?‘ge'a‘%i'a@g%ﬁ rovided _
with a tubulae &ir isletipoit §r twhich preteydesstbrougtva siglegvall, e.g., a left or right side
wall (24)%? k). ?h&% nanesed viltes hollORirReAbY pte @22 Within the bladder.
Pl Ly S e A
air blac{dl-:ii)oelll(efZ) enablesithbicetind uelainﬂhted(mdeﬂ;(téﬁlo atssdected pressure.
oe o [ . .
 panel "\F_Egzg" #RC008 01 BER o Bialder odlf (22) 3 CusfioBH) shown in
Figures hiand2hs dhataf arectangulardlogk.<r pasdlielepipgd: thedis bladder cells may
optionaith't rﬁdeacgﬁéﬁ Eﬁﬁpé@,ﬁﬂcgrb? édth)@&?é_bﬁi@%héwsqirbﬁnding upwards from
v i SS ut . G
the basgs St Flishfbry AR e afay B oy guddicans | ?{f‘} it may be

parts afdaasmitangrstnicture withna acoremest baa¢|gar@éa(§é whigh has gndividual

rectan@??r—@,%ﬁ%éc{]ft%gég\éﬁé’aﬂeor( Réfow inPataBRAbbYiesedChther shapes

> er. ce maé e fabricated froma tubul ar
protruding upwardly figm the UL HasePE]| i ngly joi ned to

oppos Whetheaivsdieidual airdsladtet lvells (B2) are [separaten bddies or upper
ot S AR ERBH SR b BP0 i & pcinef o mtiexnaus
port tubes K31 firachaair bladdes@eii(28an Salectes. albblackigr Gells (22), may be
located i hel B )PaKEI 123) 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



The nunber, size, shape, relative positioning and

spacing of air bladder cells (22) of mattress cushion
w@®phz027( 21) are not believed to be critical .PEDUS069/001620

it is believed preferable to arrange mattress overl ay

(21) into synnetrically-shgged left and right col ums

each having at |east five d preferably six
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(22) byCégéﬁg P@&etfaﬁ#ﬂrﬁh %htédrofﬁbr%nghé&amﬂK)dwhidl'\eﬂ&thghtly and

é |ret|os mn ?.1 gi tudi nal” and | ateral
removVaRiyRY& g8!s E‘ showa i 9'080:{/1 that are preferably
vani Refeging etmaFiguw 1,hitt mayj be eseerblthdtidrodyefdree minimization
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t t
exerted QN GRAFPISAE OAkRAIGHIADAER based DR IARTATcE ASqLESeRts, and issue
command sigrals (@ tontrbbthe presBugimeindividual dir bladdeatcetls (22) which are
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resistarideCofiaHh sthsof(33) |stfb@ih@tédlby @iraﬂgin@ir@kbﬂsocsldte a(radfrix array

o rows ek, Yt B lachi R 562 ary 32

of senmst(sﬁguhayha maassnmw;ngqémwpmterfaae eandustorsyand 2 column
mterfac'F rﬁ‘ﬁﬁm (?ngﬁ?ﬁ) 8 sﬁbﬁﬁﬁnﬁ@@%s‘l prot rudi ng upwardly

| d
L O guei ass ik balWesttveaRakent i iuguigha bsti 33), he
aforemémntidreschinve columhn atidfessing arrangement ragiliineg thatwach gensor have a

non- bllé'{e? d aaé‘y?ﬁmgmcbggﬁen?'v'élré{% tﬁgga&?afrggfégﬁtugié'fﬁa (élhlode-hke

impedapee|characteristigy Asewilbbe degcr e@ i detaibbglove the preset “invention
mclude*s b@l(ﬁ@l deriod havingthe Fedlirstidiodeikecharddieristid. |Alteraatisly, using

force serkls 19| WhIiiRh et hale'a ickfo-1Re enditugiai, M Bfce sensor amay

(32) caphberpartitionedirinto 12 separates re@aagulﬁbrs@@sms]|(3\$)z&@c'@relectrlca"y
lsolate@?rWﬁ htlsadcﬁﬂér IAgH ﬁdﬁpa'%‘afé’ baR SfaRfeiface’ Educidns connected to

|nd|V|duaI force sensors (3 ).,

upper%c{pmﬁrq?%%gﬁ%gx% $¥8si ti oned on the upper

sur f aAs shd®n infFigareh, d)adytfbe:mm;mmat(OMppamtua (20) neludes an

i ur B By 001 o g ekelfacs sfF B 65 port 42 of 2
select%vg@emaﬁfoka E1)s SelRaor yalve man 443@?§é H°'Etﬁé43A) each
connedi@d thrbugR afalde (W3) @ a separate aﬁfmaddenceélmhlémme(M) As will be

ert ]
eprlﬂ&%@ﬂ%ﬁﬂ"@ﬁ% SRR pr B aBP B S VREndr I REY dd vaives
(43) arpregarablydinteroonnestad to computer (37) and an air pressure measurement
transducer (44). Pressure transducer (44) outputs an electrical signal proportional to
pressure, which is input to computer (37). This arrangement enables the inflation



force sensor array (32) is maintained in position on

t he upper surfaces of air bladder cells (22) by a
wowdoen2q@roof , formfitting contour fabric sheepCT/BIWP9/001620

which fits tightly and renovably over cushion (21), as

shown in Figure 3. Referrifnrlwg to Figure 1, it may be

seen that body force m ninzati on apparatus (20)
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Figures 2A, 4 and 5 illustrate details of the
construction of force sensor array (32). As shown in
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Referring still to Figure 5, it may be seen that sensor array (32) includes a

thin piezoresistive sheet (52) which has on an upper surface (53), that is in intimate
contact with lower surfaces of left and right column electrodes (50), (51). Piezoresistive
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Referring still to Figure 5, it may be seen that
sensor array (32) includes a thin piezoresistive sheet
w@ 2@yp/1:2rch has on an upper surface (53), thatPCEUSI909/001620
intimate contact with [ ower surfaces of |eft and right
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coat e‘d"ﬂicglgéﬁp?' ©ROWIET ysed to achi eve force response
i n t hatOnavoffoariben blacke of O to 1 psi, graphite is used

for t aBrit 2P ol di tiven argHals kaberged in the
B e W) e sl e
piezoresistive\goaginggnixtures dexgassdnaterial jrallgd it and thesheet ishung and
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V\yckogﬁ%grmggdﬁﬁu'@r pﬁmaé' %w&gg?s]‘%?ﬁm%ﬁ%g&%g'ﬁm gipks into a
deflating(bladaaim (2R)atHeabpper fooce sensartayen(38) i durwn 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) overlying
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. If 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
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upper sEtacs )T Uppdy stBRaLs sheslid) QTReRepy ey [#4) 4% ol h Figure
7, the reiistaincbadariblsdkﬁel}selw}m a-fanttiorf ognmgmaltfefqeowder -40m

0 C . inst . .

_ Sheory SipRnORCENTS £ Yol ofFEibUEs (31 IPATERGRSLI in vertical
alignmenqt with eolumn: electiges (32+1) through| (S4-p foramwith iezgregistive layer
sheet (375)I ﬁétfﬂ/é?ﬁftﬁe Tolume andarow éledtridedadnNen Getlangailarahatix array of
m X G5 AR B, Pl B RS o B SpACE biement 49
were electricallydeclated: asseparate; ppimet leagroutdcenduatotsofriueach of the 12
sensoré’,fi.g?,eé‘ﬁﬂél S 38%dd32) - Referring to Figure 6, it may be

e

Hn rl§rte?grdabﬁyr] %ts S %war‘\ iﬁ?‘tiét?rréts 1Sa'mrH(§, s'err]ntsgr grray is arranged into rows
and columns, thus requiring only 8 lead-out conductors. However, as shown in Figure
10A, if matrix addressing of sensor array (32) is used to measure the resistance of
individual sensors (33) to thereby determine normal forces exerted on the sensors, there
is a substantial cross-talk between the resistance on an addressed sensor (33) and non-
selected sensors because of parallel current paths to non-addressed sensors. To
overcome this cross-talk problem, the present inventor has developed a method for
modifying sensors (33) to give them a diode-like characteristic. As may be confirmed by
referring to Figure 10B, the cross-talk between sensors (33) which have a non-bilateral,
polarity-sensitive transfer function, mitigates the cross-talk problem present in the matrix
of symmetrically conductive sensors (33) shown in Figure 10A.

Sensors (33) are modified to have a diode-like characteristic by modifying
the preparation of piezoresistive layer sheet (52), as follows: First, a piezoresistive layer
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 5ml each of copper
oxide (CuO) in the form of a fine powder of 50-micron size particles, and 5 ml of cuprous
oxide (Cu,0) 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
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resstarﬁéﬁread;ﬁ rm«.mgaa(\@umfnnmmumw a fine powder of

o ok FOfIERAM ﬁlieémaﬂd-ﬁgfz{r%g%é cBelctaihueg ¢ he

fore lution |s
Thus, m@dym@.msgb%glemem@o include apriynstion therahy glve the sensor

elemenPa 'dibtieliiké %haﬁHc%@néﬂMVécﬁﬁ:aﬂ?@Bdlﬁ!etset & alpyeVents backward current
v, S bt s AR B cSFh llof porin
resistance &, beagheensar elersento(3) and berce foicearxerted) thereon to be
measur?gg&h%?by udiR Creﬂvtéﬁtg coRffin AtatAk %éIBF@e?élﬁé irsithe? 98 requiring a

coar rocess is performed using a
separateqgiepternduedonsf Sgﬁgﬁ h ggnser ?'@5&?’1 ts in about 0.5 m of
sol ;JtTIﬁél abeve si¢seribed wumparients dfdoree appiniizationTapparatus (20)
surface .
s B 5y AL 54Ok 688 o
systemf oifhat isystesn ig\feftactivadncerdusing lhng(c@r%scmqe@éraﬂpﬂs using an
algorlther REEHIHy RS the Method of e g@@%mtlmentidﬂ | Antrierstanding of this
methodsand %ﬂa%g&stbgrem%; be Rjistets B refeRing HEFigns 17 WhidhFis a block
diagrarh lof aatelattes-pacsmatiocrcont®)lenaystanheamperent (204 oéapparatus (20),
in conjtﬂ'ﬁci%h' \pﬂ?tr@a‘é‘@rérﬂgfﬁt%evlé%ﬁﬁa pafattls SHowWr ilﬁeFIPU(/e 1, and the

racteri st circurt fo obtalnlngthe
PGTSPeWﬁY'@MSW@,U& FigWre age) transfer function of the

sensoRefdrriggrte Kigarewd, it mapibesseen that eleetrd-pnesmatiorcontroller

apparaﬁﬁ]&p&f) Hg:ltggé] ﬁp@%ﬂ%‘@ﬁﬂ%ﬁ %’ﬁdlrégﬁoﬁﬁ%@%rdvtgfforce sensor
array (32)yteroughdorcecsensor indedface mpsule (8at hptsenéaw&ﬁmgdule (36)
mclude%aé bnd?&‘i—‘t@-ﬂ?\aﬁﬁj@@hﬁertéﬁ(wﬁcy UM/)'ITor Qeﬁe@ﬁhg if Géspdrivesto control

ignale 37 lootd Rt TSBES.g1 BirERs O s R 18 matrc

addressed éndividaakfpree sensorsi (>833Lr ray of three non addr essed
resi S‘rﬂfnﬁd%ﬁ%ré&é&ﬂﬁ?@ 3dy&e éiﬂfr@@ééd c@nﬁ@étﬁfgeene terminal of

Thus WO conne t| c [ umm
4 curreptiprypliage Sovres GOBEMET BYAPA%&“ ‘ﬂ%’r’e 8¢ X 1owbonductors
1-6 by CamnNe aiultipleker @TQ)Xa\ﬁchcomythfng:majomerr$rmTrlai ofcthiessaurce to a

selecteé.lghgg%f#o&;.ﬁmi%oﬂ?hcgr gﬁ g gﬂﬂl\lﬁek@r 73. 3Sensor mterface
e See b FR0B ) A Hoaore

the volgl?% 8"6&5 or 20frehpthreughtd 6eHE6r (333 res0RIng" freinsapplication of a test

curont s R i SRAUC15S ket Nl i @7, using

predetshaimednscaler factansplcomputer 437) saltulatesi therinplantangaus yalue of
electn&:ﬁ ?gﬁgfta"i‘llce\éf%%%%d Sﬂd l*é%%éﬁ §€n§6’r"(33§‘ %ﬁ?i?ﬂ‘drﬁ‘ﬂ'\at resistance value,

ors

et er
a comespopRing e pie IGsiRIANeRNSIL exatied Qe Asip i Sénsor
curremh respshsértougtntigihsignals’ cyelmailyotssﬂedzby vaomputer (37), X

muIﬂpIg%%ﬁ&%%%ds?' M. IE&Q&‘ PfSﬂ'ﬁ?ﬁ%sgﬂo ’&yaﬁ@zﬁw rﬁe&’t?rettﬁe resistance of

res arrent

each forgetsensatelement (83), ada@twmwa@m @ateoh f O(Aﬁwnpiem\gt%%samp'es
per seond %rféb‘hhbtcdrﬁbdtéﬁ(m&b uiditatenre foreelexertedemméach force sensor

(33) at tﬁa{ sampfng rate.



Ryl=//(R+ RR),Rx 1y = Rn(R 1 [R22] +R2i)/ (R

11+R12+[ R22] +R21) , where brackets around a resistance
wo ad0ge2602madi cate current flow in a countercl ock€BES2009/001620

direction through that resistor, rather than

cl ockwi se, i.e., diagonallys downwards towards the

| eft. Thus, for exanple, if each of the four

resi ﬁé@ﬁﬁg Eillﬂf‘i" V1 héﬁpé\'aY@é ¢20)oinchiesapreséidre control

module ﬂﬁ){@m&;\amﬁalmm & % altpmp%%waphgngm%ual girbladder cell
(22), in respdmskede ddmnand \signalslissuedlby cbmputerf (3R),1based upor values of

oS4 BFSEnk 48032/ n RS ep it ipoer v

shown inohigureel . pregsmomé@a Pelst ape ggterconnected to air
wmpre%%?b) BAd %‘ﬁ gresé %’F )3a'i)out+ i o {RBY ¢fthe ?oghpressor
to pressjirge if e oulfet s i R bl

act udDutlatipert (T6)Rificommesshe (éﬁ)hsrccmied toynigt pertr{g2y of a 12-
outlet pg"t‘?\%mfcﬂ 3% J.€h r‘@s&:ﬁn@é%‘ e‘é&ﬁ@é?éér&?él\ﬁgﬁﬁﬁﬁﬁued by computer

(37) and eayted éW@élg prsﬁswe&migwlfon mfgﬂ? Zééh ﬁag;‘ Pgogl'eé'v'dua?a" bladder
cell inle€ selkictsro/aNds\(43) adinnectédto sepiarate cutietqarts' (43A)tdfintanjfold (41)

s indiviBiEIP ERROBIRIET 211 %1 5 v, or I nfi ni Ly, Compar odt o 4]

cl ocHniasfst, mnﬂamoqjém of afset!@ﬁtpénalver(ﬁéhg}hetaﬁ@n!ﬁtmgﬁ (1) of a
selected @ lﬁé&&@r%lﬁm\)\ﬁb fessufizeq So Ahesaite iiBasuredtby ttansducer (44)
o e AL By L ) S ey A o ot
desiredvaressuree :Alternatively 1with eomm)%ssm(i@) iri an offipodeng vephyalve (77)
couplecf{?f {hgclf'lﬂg%bﬁ 545 ahi Hf W oﬁéﬁée to d&fatecaR air bladder

unath o t
LA ki A L ey
I SO| ARer aisetected lonecot thebt2 Isaha“oﬂorcwlves](%) bas been opened in

respondd A SEFAR o) SFBId J37) oY mB Tl csuhent o et
a selectashaio bladdensetl (22)to %naedeéﬂmnpgrmggswe An&lestreaksjgnal output
by preskeré)ﬁaﬁﬁfdérr 4 w&wtsebwpé‘iiumlrt@\th@pebswremhmwlmd input

o om0 i el By kbl 7 SREL Eoind gna o e

valve antavshutesft comenancbsignakiot coropreissot 4®i ni ni zat i on
appargjiih \le%ﬁ’g PafdasBldded SEIBERR vaive\(#B) haVe Béén opened

QoY
e e b5 s wacr o
(22) to Babeer W&tmmedomssaren caraelextrical isigmal £oam rmesﬁgjredransducer

(44) mpdlp?? ﬁﬁé\'ﬂ%rﬂéa ‘?ﬁ %ﬁ; Ié&YlﬁQfél feAéb Hﬁﬁﬂ O&g&i'b%ﬂ'\g output
from the somputeg Tbamcgnmnmslgquss\@ mag&( J)a@ﬂéhﬁapeme'ectm
valve (£3F Qﬁér@bpﬁﬁé‘iﬁ?éuhﬁ\gctﬁétsfévééteﬁ Iowet pfésmf@ imthet sléctey aif bladder

cell. Itk anetognys e oM, R Brestubd i Bgor bt AFBibdder cell 22
is sequeatialheadjustable bysending a commandsignaReraseleatprvalve (43) to open

that vaf\:lkag?ﬁ& oﬁératl ll%%s ? ta?ﬂ?orq}é?ﬁ%ﬂlep('ﬁw@mﬂgte or deflate the
er a ara %HI ncl udes a conputer (37)
air bladgeraellite apr f“'Bﬁ‘é r§s fipl ed to force sensor array

(32) Flywedr iser simplified perspectiveadewrafdupreférted embrodiment of a
nousing 4 et B i 1200 A0y 1120 desorbed bove
As shown in Eiguwresd ttand %Zl,telgptro-pneumatlc controller (20/% mcluges a% operator
interface module (78). Operator interface module (78) includes manual controls,
including a multi-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 controllable



signals fromconputer (37) test voltages or currents

which are directed to matri xaddressed i ndividual force
w@egone®7q 33). | ndividual force sensors (33) aPEI/US2009/001620

addressed by connecting one termnal of a current or

vol tage source controlled by DAC (71 ) to a selected

one of X-row conductors 1-6 by an X nmultipl exer (72),

. i . -t ] . t .
by smt@ﬁ?é@?@@%f#gﬁggﬂ_&ggmﬁnﬁw %r‘ri]egbﬁr@ withirl BRdSBFEES Bnl Seldctable air

1 2 b Y
bladder, g5 (g2 a0 th Sut ABHVERGR Phal 1FEaS EXeltesOn.sansors (33)

i ncl WieshewnAndriggré d2Defsdct-piiEumatic eontralld) (20A))is preferably
cotard 4RSS R B R B v
an L-bracket £8%) for suspendjeg the fousing: fomiasidenard rend oard of a bed.
Housing g&’&)ﬁf?ledtgt% negllfﬂaﬂla g@hg@lﬂ%ﬁ(m ' chfmhmefs@wmr member (86)

. A . . e n ntan
orintrbR 5 bk B b Bl S T A AR Eolip Eqlyctrs (e,
(89), to s8A30rsy38) bf sensdrarrayed); amd an eléaticalpawencardA6) tega source
of electﬁ@élgﬁﬂwé%F ?obv@ﬁhgriﬁé% nénfs‘6f fparatud {@A@Sﬂdr essed

sen _ort.i I'n

Y esponSe to control signals cyclically
Force Migiw; r (37), X nultiplexer (72) and Y
The bdaptivecushioh farée uiaimization dppandiug (B0 s destribed above,

. ' | , ..
nciudeb S EhGRT317hnfS A, PBRERCA APALLEOBEBbIY 43 Bt avidual ol
(22) hagenn i sipper surfape iangindbrigualderqessensas (33) efipRtaran(32) of force
sensoréfs. g(nrglﬁiir%é%&ﬁ@ ﬁé?il?éih\rgrﬂgfaﬁllslaﬁagp 4?4()3§brél\ﬁlidé@% measure the air
pressursin eadioptih 22 L pFa LUiRSebRt P fs togdliiinag@REAl BrtSct region
between wpersomlying onicusbidni (24) ahd aniair piaddetceall (22)ekath piezoresistive
force séﬁgdr"g&?i %néii?n@ Ladg ‘?grtl‘;ee kbnsifive trafsdiu@eP Wiéh tHas an electrical
~ commahd’signals issue conputer (37), based upon ,
resistancg tbeglsmverrﬁelwrﬂﬁ%'enéhly%be HMHPF pgfson’s body
on the ii:i!r ®lddddioel(28),ahenda iimuhhft)rc@gplu'esl()ggd%n_gstbdhe chvgclast resistance
i qur r r ntrol nodul e I's r

path acfo, e?@%ﬁ%gcq?§§§5§e§$‘épconpr essor (40) ?and aiOPep?es)s/ur e

t r anslouare entbpdiment ofiadaptiye qushiog) apparatis EMpaeearding to the
presenfC igvt&?tgiﬁf Hgd gﬁoangiFi%bﬁf Pgiﬁ?\b al tﬁlﬁidstfﬁ&(\) fl; p@’%itl@netfi into a pair of
left and gk Bagificiath dRBORSH SPUES, THY Sofimis atesy ity Bartioned into
six longitutlinetl zpoes, eachinaving 4 pair of left anssightair hladdercallsiwhich supports
a differBAPlonBltudind 2bAe 'of SUGcksBH, SOEFPHS fhe hdad, RS, ARYIHYGIs. Thus, as
e e by v proon
cqumnCdﬂﬁszﬁ)-mLﬁ)p a'hletar preiskate ipadch ¢f42/9elisf(22hm)-(2216), (22R1)-

. .. | H
2re) AR PR ket rspone
to force(Beaswremenie madedusiag forge §6a8ersd B). (ngiyidyal control of air pressure
in eachggegﬁ%{gég éa‘i’td%érlﬁ(]ﬂ()e 5& eﬁléétga b}?é!?bﬁr@%bd%ﬂnﬁétﬂﬂ&ﬂ}mﬂl‘er s§dlem (20A),

. J K r .

using & el Hgprith et it cotpliey (375 o Wil iehi 8 Wscribed.

pr essThere ¢an beraaminigium ofwné zooepising one @irdladdereell (22), and
up to 16P08ing%h 4 Vladdiréells! WherSinRiatth 26né Rasidiée BBRSOr (33) to
nh -ttt e e R
used tcﬁ?fﬂétatiaté ihe d@ir préssurd in tiataibiadder ol Fhexontriobalgeditimds one of

. of the oy V

contm a6 GBI Bri ek (125 BERANTREEE g fore on he
patientts badypand thie pressure tansducear{44hmeasures the air pressure at which the
peak body force occurs. At the end of a cycle sampling forces on all sensors, the air
pressure within each individual bladder cell (22) is restored to the pressure where the
force was minimized for all zones. This process continues and the apparatus constantly



a selected air bladder cell (22) to a predetermn ned
pressure, an electrical signal output by pressure

wa e@ngeincer (44), which is proportional to theP@r/ES®09/6)1620
in that cell and input to conputer (37), results in
the conputer outputting a_%psure command signal to
t he val ve and a shut-of f conmand signal to conpressor

hunts to(ﬂ‘r'@the Yé’ss@?@é fo? edch rrﬁﬁhﬁﬁh%&lﬁ%ﬁﬁh@ﬁn minimizing
ave 89ene i n rﬁog.?@s“g to conmand
peak foegeg R R &Y %‘F Dyeray cysh selected air
Algorittven Desttipi@®?) to a | ower predetermned pressure,

lectrical signal frompressure transducer (44)
input to conputer (37) results in an electrical
N Zoses eashraantainingyeré alidiadder ighie2) asdh nyebersdoneto N
THhir laaderdcali 8nahcls zopess sectatiy \vonhédatiedotare air pressure

| ector v e (43), thereby naintaining the
transduggr Q@S ?r’}essure in the selected air bl adder

EagH air brachier e:eﬂ¢22))nsaﬁmlddyﬂuenimhwdual foree sgnsor (33) capable of
measur |:n'ihrﬁ g&cﬂe‘ﬁ#‘ éf(eﬁ%& oh'tﬁ@ deFface!df éachlcells

c%ﬁgrfﬂsgpr \ﬁérpphg§ ajra éggqr;egg)fa co ge se?ec‘?ed individual

air bladdgecelis (22) obtherzenes Tdi@)is amdimally elosed arbmevalve \7T)dor deflating

a selecﬁgeé@tbja%e{d%éll f‘ézﬁ f@xﬁiﬁstmrga&iigé |t§g ?tg{oﬁgﬁera through the vent

valve. perspective view of a preferred enbodi nent of a
h%ré' 8% plRFalRty of selectorwivés (43)that sélests(Whkh aihbladder (22) is

being inleled Jitheai o ABNAlect g procuing Bt R apfsprlts Fobdn the vent

valve (T®erator interface nodule (78). Operator |nterface
,_ﬁr,@Bn Hm(St8pg i Ncl udes manual controls, including a

unction, on/of f d ontrol switch and button
Psep::: 3535%3’3%%!3?@@10‘?3 ewi ng buttons (80),

$8lexct zclamlr:&I by @pbnlngjsdggw tvéB@)(|43D:)spl Iay ((j 82)I i s

o selective i r
Eﬁ@‘s@%é&a‘)&% Qida oSce)on sel ect abl e alr Efa%eal
Nbasgre(m)alrarﬁrssrunere the aiibladdarcell (62) i) 7oA ces
Pf@spﬁﬂeqnesasr@t bﬁe(ﬁBbIad&erSd%lMQZ)ntocaqweedéﬁrmined upper set
el ectro- matic ¢ era
B'E?ﬁ?ﬁf‘?r@ sgtggxs ?ézgpﬁéﬁ&(&éoﬁ@%ﬁ%\g has d
Repéatrﬁurm-gﬁurmhlaﬂehk panel (84) thereof an L-bracket

?cb%h siuppendl ng t he housr ng froma side board or
oarg of a I(%)‘é-)lousl n of el ectro-pneumatic

%'Fdh?é‘i’m@m% tzl%'ﬁﬁar nmenber (86)
Openi Viérstrvzee (W7)ai r hoses (87) with air bladder cells

0. %ﬁ}te Qg ﬁ&'awmagggfea zg t& %ﬁredé%méd’nﬁﬁﬁﬁﬁﬁ%ressure

o b b=

= © 0 NO

sensor arra an el ectri V\ag s (22
80d gnenitgr al taeszEﬁ%éeaﬁ%K readings Q2 lr%\’qg e fglls (22).
MiinPbragddrSpressafasinnal otietdi) biddderacallsn2@)atahetmupper set
Al gorithm The adapti ve cushion force mnimnzation

b%aﬂ“ s (20) as described above, includes a cushign
11. Measuhafomgs anrall aif plader gells (23)asthasirgle czonesope ajr bladder is

gﬁkdégfatga ?Hebo Aighite &%?aurﬁ aﬁd OptibhallyhRiveragé o£all force sensor

orce sensor of an array (32) of force
'n9§n air pressure rreasurerrent transducer (44)
12. lStow i mismotyoofreamputert (37)athe pressurte geading: of the|2one-one air

g)iﬁder afi zzé)oéﬁ@] ?ﬁ ﬂ?é’ﬁ\lrﬁrghé}n?sur?r tiohafly B SVér'agb of all force

act rson lying on cushron
annsqn(%)re@dlasaaccea | (22). Each piezoresistive

13. fRHsQ@re‘iﬁéWésérﬁ%)m thenzbne oheatir latideceelb@2s1) fothe value at which

GhERSSEHGEr S Sl D5 ag8 r6icBCehk6Aleadings for all the force sensors was
obtained.



resistance that is inversely proportional to the

maxi munforce exerted by a person's body on the air
whb@dden7ecel | (22), the nmaxi num force correspopdi/ngv001620

the | owest resistance path across any part of each

sensor. In an enbodi nent pﬁlgdaptive cushi on appar at us

(20) according to the presént invention and shown in

, A s " : _
16 G D5 M4 e ore o
15. ) GAHBt =trel-col urms are in turn partitioned into six

16.  Rapuitisteps2thruotEantie@oontrahg N pair of left and
al r SoMbi S -
17, SdBhet byl EHEI R L A0S Bl e e e
anecbladdes(22rhys, as shown in Figure 3, there are 6 air

I i &N wiecA ini ft-hand

R P A & S e e P 1 oach

Mcells (22L1)-(22L6), (22R1l)- (22R6) is

19  Constantyahoyitaroatlr force dsensoron(d3dsand if Aignifieant change (Delta
F‘n%dé‘%@{'ﬁﬁ%ﬁéﬁéﬁ%@?'gﬁés_ JSLat dy@r o O T F”‘;f .
ai r grigyeiddis a flowceharhah Wit e fReraapn of gppataus (20) utilizing

the alg@rﬁﬁwﬁﬁﬂédcrﬁbecfbbove.oj'fmﬂe_mati:sts appropriates lowersardnupp@A)initial set
usl .

pressuigS G pfadifRfS (22} Y bl LHOR of 1 witioht of STuleit drifher person

supporteddy-overiayscushiom 2 ) of theapparatysi | (22), and up to N

TABLEZONes using n air bladder cells, wherein each zone has
a force sensor. (33) to neasure the paximimforce on

PagéntaiVeightadder | celMinimbm Presssinese t rlansduStart Pragsure
perng—used—tonepsy e the gl T pressurg L, L Ha
75-119PWIde cel|. ThhoAG-bi H;(bgori thmis (]Er??et gfa} H,0
cont i nuous it erajtor3mb@naniHg he for ceg t2n8ar 2maizBig
geternmme—thepepk TS the patient,,s bogdy, ~and
120-164 £oundssur e trawéd’&&iﬁ?ﬁl) nmeasur es %ég?rhs essur e
at which the peak1hb@b/+Rommddgccurs. 15 kXremdHOf a
cycte—sanmp g T PrLLes P, A T Sensor s, ; - SSUr e
165-199 Faundsach i ndi | BetBt7 Bl Qider col | (22§]&i*§6-7eg're red
to the pressure Wére2irineHgor ce was ni pi&i7oed2mon Hy |
Zores— TS PTOCTESTR,, COT Iﬂ Ss—and the | I u
200-28@ faunds| yhunt s gﬁf*ﬁc?t opti mal bl agﬁ%ré‘gr E'@Qures
for each individidaB.zekl2mmddgti ng i n h22i48i & 2rmgn pigak
—forces oM a PETSPIT SUPPOTr ted Oy OVEr I ay,ahS 1)~
Max‘“N’@?r’P??HfPDescri ption G ven: N Zones ea%ﬁ%:@??gilz I ng
one air bladder ¢ell (22) and nunber ed| 48&4tb4ramirg
air T btradder—cer I of _each zone 1S selectably

measult spySrafiaf it Biehiod i BPR3HGE aceBtind o, fhe present
inventi?ﬁ ea'nﬁ%(e?@ﬁt%%@b dubvet g?%??ﬁé resbureghAaanhAir Wr'%ﬂ (22) have

orce F xerted on the surface of eac
been opfihlized\fSrAiMirAGATorée EdnéeitPaticrs, inlet tabesn(31) Snay beqiermanently
up to 5psi to selected individual air bladder cells
sealed( 3RJ ths adaptieocieshiol (21)epermanently disdonnectad:tiomgpressure control
val ve (77) for deflating a selected air bladder cell .
modulg §78). thhie ¥Reiation would alscenakie hawsisim fabrgasiogrof gishions (21)
rali.ty of .selegtor va

using GSPIRGRAT Selec2)wipt iustomiing ghaif soyeiighs ‘@ YRimize force

concentrations on a particular individual. Similarly, the variation of the method and

18.

apparatus according to the present invention could be used to customize saddle

cushions or car seats.



being inflated wth air or deflated by exhausting air
to the atnosphere through the vent valve (79).
w@@on2@hm Steps 1. Pset :::: Pset, start, cl oOBEI/US299/001620
valve (77) 2. Select zone i=1 by opening sel ector
valve (43-1 ) 3. Turn the_%)[rpressor (40) on. 4.
Measure the air pressure i the air bladder cell (22)
in zone | 5. Pressurize the zone-one air bladder cell
(22) to a pre determ ned upper set pressure and cl ose
the selector valve (43-1) value Pset. 6. Repeat for i+
1 until i +1 =N7. Select Zone i=l 8. Qobtain the
What isfataioeedsisnsor (33) readings for all zones. 9. Open Vent
valve (77) 10. Deflate the zone-one air bl adder cell
1. Amayaptive qusbiesx apparatus fonredueing dbeumagaitedensiireagtion force
all the force sensor %33) r eadi n on all air blad

concentealions @2‘?11 Mar'n%"% | 8fiap, 8dy, 18 S esRonse to; RACt with a
air |

sunporl B il SEpARUIERIAIBAE.  12EEL, °2L PLOT3H) 5
Conpsa[ 88%»ﬁgng&frpaeeﬁueﬁt be aﬁiﬂseu Bofifig\6bjéer 4 achubish body,

and option ave ag of al

said cuirﬁbﬁ Rabingetledst filstapddidtond hb?meﬁbﬂl)esealame@f Madﬂer cells each
conmputer (37) the pressure reading of the zone-one air
made obhahie flexible, aiitperviousi materiat m ni mum sum and
optionally the average of all force sensor (33)
b.eadiatdeastdirst and §ecomé&r@e@enﬁéIVprS@wgrSeaﬁ;sooﬁfedwﬂbsa'd first

and seqANi| Ain AIadARLRlIS €5 @é%;éﬁﬁﬁﬁr%%ﬁa?a}vﬁg 3 electrical

charactegBie 5T SR0E rfiémr’i‘f%d%ﬁhﬁ%ﬁ? et 2Eforks BxEReEg G said air
= 1. 16.

bladdef by R s bo.lT 177 o’ peer - Poet. start -

é. Couné ré’é%‘iﬁlzétloﬁ devicesa pfedshﬁzlng 4 hollowristesior epace of each of
t he zone one bl adder (22-1) epeat Steps 2 thru

said airlfladderccellsitotan mdividualyd controilablerpressunes) . Caveat 19
Constantly nonitor all force sensors (33)
¢| g ni at leastonspiiegsuredsansdycey opepaﬁ)veihgcwlg@blgdo each of said air
i ent npved) start over at e 13 |

bladdef el t f391E0Y ARASHS OAS PUSRSRE ML Rl fecorpades of each

utilizin ealgorlthmdescrlbed above. Table 1 lists
°fsa'd9H'pt?|Bé9 'g.?% S8 and upper initial set
e. a control apparatus having a force sensor interface port for receiving

signals from said force sensors, a pressure transducer port for receiving signals 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 electrically 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.



pressures for bladders (22), as a function of the
wei ght of a patient or other person supported by
we@r@phiz027cushi on (21) of the apparatus. TABLE BCT/HSZ09/001620

vari ation of the nethod and apparatus according to the
present invention and desc%j bed above, after the
pressures in each air bladder cell (22) have been

3. ‘I?\?é sf SYCIBirh 2R reft $4d %‘ﬁ%l%llyéé@a‘i’c!]sehé&r% flirdsdefined

e permanently seal ed the adaptive

as bein§ Mﬁéufpat leddi patia ra# il slaghicatiyryracieablé matepiakssur e
control nodule (75). This variation would al so enabl e

4. THecapparatus 666HEined wherein sair elastisally siretehiable eiaterial is further

bl adder cells (22), for custom zing chair cushions to
defineddsrheing @ stirtshablersjastic fabirigns on a parti cul ar

e
e 3 LR35 SEEATL AN i i,

6. 'I"I'Féjé'ﬁb tﬁg‘Sf ORI S Hiihe? indIGaR 'éi‘f‘a&c‘ﬁh@ﬁal p- 2 force sensors, each

concentrations exerted on part$ of a human body in
of which %Sagmfc‘?atba Wit bAE lof Whidaddifionaios-2i digbliddes cellsai d
apparatus conprising; a. a cushion for placenent
7. Tres apparatus opCaim H whebgiacaidpdinbladaden celisiare further defined as
cushion having at least first and second hernetically
being agaagedlie adnatrix efondowsandn @Wm%de of a thin,
flexible, QuS eri al

8. Thwapeesius PhOAIM L Rutier Bougindad agggmaéPZﬁ%P{e%sétnws said

ote o § o5 S Ping 8ER00E ) AL Bral o rlcquARER okt algnea
with sa%ﬂ?rrﬁ%‘aﬂdo‘sﬁ OIS fgésa'ae.ﬁbragdareé let er ni ned way

force exerted on a salrd air adder cell by a

9. T QPPQFBtus of ChaiRf 8 Whisreitpéaiafofbeyéersor dntepfaceport isi cuwpled at
a hollow interior space of each of said air bladder

least inqrdrt ® $aidgnforeel sensiows! by interfaceoeleatrical poeductoes. d. at
| east one pressure transducer operatively coupl eabl e
10. The apparatis ofiGlaimn 9 whetgie @t deastoneof ﬁ@ﬂef@ycwsagﬁ@ is further

| h hol |
definecias hayhaga e atshk Segen e s valaGe iaedios oharacterisi.

Ny AR i
sad for&-r.' QQﬁ%ﬁﬁ{erﬂ\%% drPto éﬁa %'eabagaﬁhg Afé furiiét@etimied as comprising m

ressure transducer, n output port for providing

|nterfad“e‘3é3r{dﬂct§r'sgib%|néctéu @ahdowrmur canductorsiand néntesface conductors
hereby pressurize air within said air bl adder cells

connedt@d todicolumalsepsopoondidtats ef said fercevdensbr arralym z e a
sum of forces sensed by said force sensors. 2,

12.  Zbpappatatusbf Claimf whetaie saldeer@ﬁswzamrbdme% i fsléﬂ?%?’@f“ed as
is further defined as ipcludi n& Xi bIe pl anar

being @W@D%W@ toogemEnghsignals. g8Hite &Yo?a' optral RpRaatys to thereby

svemal S0 B IR0 oL oo B4 bRt contotabie
pressu %%@Eg%@@?{ ée §Y rglg'c 9%& ggtal R éuéiéa at&rdance Wm?lfan algorithm
implemented in said control apparatus to 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 bladder cell,

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



sheet conprising a | ower sensor conductor, and a

flexi ble piezoresistive |ayer |ocated between said
wappen2end | ower conductive sheets. 3. The appar@l/us2009/001620

Claim2 wherein said envel ope of said sensor is

further defined as being [r? e at least partially of an

el astically stretchable material. 4. The apparatus of

: . habl e _ .
forces %é'?%“r Br'eseRdt satdarf Badé&Pbis Séd gﬁ@@&warméﬂurea values,

e efin as being a stretc stic
restoring2hé g pressureSinaiidfifst ¢8ll ¢ tHataiataelwhich resuited i thé minimum of
i'n addition to said first and second air bladder cells
said sumofadeasured Malyeslofforceds faniiaall afeddid forak seasers, anditepeating the
integer. 6. The apparatus of Claim5 further including
foregoing stepsi for eagh O@salop bladdet salls2 dhrasghtp.of which is

associ at ed neg, of said additjonal

4. e PBPafﬂtUTrﬂ:A%sé%at%%@"bFa@ SlonitsyjaduBiher dafineq 35 iciuding a
first iniCpIRgB,S18p e ot selif aliadagsr &L 88 redeitihEd inital

uppersgtﬁ.ké'gszjréu” her including an additional p-2 force
sensors, said total of p force sensors being arranged

15.  THe 8ppBidtus ofCldith ¥4 wReréinsaid Step @f?&yéﬁﬁéllga#argn@biwptéssure in
sald mrows and n colums of said air bladder cells.

a said &ir blduder el isfurtherfdefineidrasSinchaling thes imitihl fstem of defiating said air
interface port is coupled at least in part to said p

bladder eelifeorsapredetenyined upperset pressure taa pasietermiped lowey pressure.
The appar at us ai | east one

of im9 wherein at f .sai d
16.  Agnethoddakeaducing gﬁ'ﬂ‘ﬁ@f"tﬁ@? e é?ﬁ%@"ﬁa(ﬁ%@%e"?fatw" exerted on
opn-bilateral current-ver - vol t [ . :
parts of 3 Bimen i eSeporSe 1 KBTI o8P oR SABEE spid method using
L I f%%t s which join sad

the apﬁag?g.les ﬁ@s%g'??i%r?tﬁeﬁg%gég rt’;:'gtgo sa% sensor array are

jurt hsfoﬁ’&f'\gn&‘i':uéﬁio?pffﬁf iptadenénti Bétueencs suppariigobject and a

connected td mrow sensor conductors and n interface ]
human IGSaid sushionelsavidg tat leastofinstnandesecondcenietioally sg#alable air

said force sensor array. 12. The apparatus of Caim8
bladdenbelizeack matieoka thin; flexiblen airdmpesvipys materal def i ned

as bei ng responsiv mtted b

to command signals.e sai.d .
Bont 1 BroWgipaIat lerstfisstans) ¥RPn B SRIING SFHSATS agRqciated with
., defl ate individyal . ones, of d : ;
said figh AR ACaBRE Rt e e de SR vEN Pk G Fail ek having an
i i i i force rted on a
electrifl ShafuciBligc WRIGHEE PR phtdcteRfirRdaiay Wi a force exerted o
id ai §ﬂ‘e§' i 58idBadyn zi ng force concentrations on
said a@gl% cu?%i"ct))\r?.ea %% Theynappar atus of Claim12 wherein o
gai d prevdinghmsourée of ipeessirizedegas fori pressudiiziggtadollow interior
steps of cyclically varying the air pressure in a
space bf each saitl air bladdesicells ta @aandividyallyrantioablepressure,
physi cal characteristic of each o_there

oo PEOYIHINOAIGRS OB PEFSSULE SSESRINA UgRSAedr SpeTatyaly coupleable
ir, bl.add [ | ' ' ier .
to each &fid Ay HAd ﬁ%‘ﬁ@?@&?‘%’fﬁf"%&@??‘f ?&%?’P%‘“f%é?’d hollow
interio} Spdcee o o £ dif fladlel BIET 1 MM BT S8, ST

ENSOlsroviaity 4 eBRRGI dihdrBtus for Aaseiviag Sigriads from suid foroé sensors
sai d bl adder” cells 2 through p. 14. The apparatus of )
and s&id piessiife transduceraind proyiding tontral signaisity saidpressurization device
including a first initialization step of inflating,
to thereby Ipressiufizei air withindzaid @i bladdercell togtyalpgwhich Minimizes a sum of

forces sensed by said force sensors,

O




upper set pressure. 15. The apparatus of Caim 14
wherein said step of cyclically varying air pressure

w0 poo/1s@7@ ai r bl adder cell is further defi nedP@®US2009/001620
including the initial step of deflating said air
bl adder cell from a prede_t%[ri ned upper set pressure
to a predeterm ned | ower pressure. 16. A nethod for

fr ed“%’é@agha %o g?gﬁ%cgﬁi%i D afﬁﬁgaléignépﬁ&rﬁ S PRSYSLAS traRsducer

exert n=pa a human bo n response to
represeffAtvRSf stid daspredBard withit saiid Réllow frteronspauacofisssaid air bladder
the apparatus of Claim and conprising the steps of;
cell, a. providing a cushion for placenent between a
supporting object and a human body, said_cushi on
chavi rigpattinge 4& tsdid r centseldappatates idgnals fram paid fpege sensors
ai r bl adder cells each de of a thi Xible, air

hin, fl
representasive ofc foraes exered op alle 'Hiafﬂfgb'alf’a%ﬁ% Sfirst and
i oM o0t Said SR aftRce Bl o inl el gpurce o

vely,
i i . 1 " 1 = t A
pressurffed@{lotiGRBybrasdirith o Rolblyinesior SpA6e ) £ tagldifbladder cell

to a valBE i€ nfiRinfiz&é8atsuih lof Rbreed @enséd Ibyly saidfersk Sersors @ssociated
providing a source of pressurized gas for pressurizing

with all @f baid aiwbladdericetlsspace of each said air bl adder cells
to an individually controllable pressure, d. providin .
iat | ecalculating py seisl cante apparatus froarsaid @@S@B@félgwﬁgnd said
coupl eable to each of said

force senrer signaieaBRFAPriie PHResILizA & w?h%gﬁgé%eﬁalf{@ﬁ”gwe’b’ spaces of
sac ait PoaheP e 5 R G5 ek & 4y 4 8%, G5tdehyafpn on saia ar
bladderg{‘ﬁ%@p?ag\'dq force sensors and said pressure transducer

Viding control signals to said pressurization

jdevi cerdvidingefdrbissDaRes Yron Ssaid I'cokitidli appematlsato said source of
bl adder cell" to a value which nmnimzes a sum of

pressufigéd e contesl Gidyalsaeffiedtivecia pressurizing said rgiubtaddgr wcells to said
said control apparatus a signal fromsaid pressure
calculated fordeainimizingpssure valugs. sai d gas pressure within

17. ﬁgﬁmggh'p'dggfv éﬁ,g&ﬁg{ﬁo&hé ace of a%islé?%gjr&?%kgqqg\%h%ﬁdduding in
o i G 4 HGERT LD el 287 s o

. j ontrol apparatus a control signal to said source
p1s a"i&%?@ssuri zed gas to thereby pressurize said hollow

18. 'me ERod BT TI8in? i 7 duaRétinaiudiny ad ddditiomal pt2force sensors each of
» ich mnimzes a sumof forces sensed by a said force
which gefssociated withi enedf saidhadditionsl ps2iair biadder eefifer cel | s,

i. calculating by said control apparatus from said "
19. Thensuktbed of Glaim ABdwbereins saldk fatces gununiging air bladder ce

| at I zat i I f i.d, hol . .
pressurzBoh saicy s a5 uther datnedasaneaina e Sigkiaf Welically varving
the airjraRRige 1 1ret nidyal St GBUBRF KB hBhkAMER IFpfaf bharacteristi

of eacht forde $BAES Ao tABRBABAshHR theivalfes 6fF8rc¥s 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 sum 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.



pressurized air control signals effective in
pressurizing said air bladder cells to said cal cul ated
wo eroea2027ni mi zi ng pressure values. 17. The met POTUS$009/001620

Claim 16 wherein said cushion is further defined as

including in addition to said first and second air

bl adder cell an additional “p-2 air bl adder cells,
20.  HEnBtrd o ORI 19TURher HeludInG pTRit)anatriot@p bfinflating each
said airBladdercdzliite predditéinitlediibitiapset pressavied addi tional p-2

air bladder cells. 19. The method of C aim 18 wherein )
21. THw ohetlwdof Glaim @ whereinrsad stepeof ayelicaljy varying aispiressure in a

calcul ations are further defined as including the L
said airdlagderoteltisciurther defingd \asnigcludingithe fitialsstep ofdeflating said air

first individual, air bladd?r cell, nonito

bladder e} 3iorh A PEHAEHTISISCLUARS SFLRISSRUISHPEPTEdRSSTGH lower pressure.
2. WA CHIE b iheEinEla Sequfie T s ihedlcBRt said sum
of meagf 3l 3juds5 Bfclfis reBuded bBIP BTiBdetriiet HrbSholaetue.

23.  TWhithoParClAs Z@Méﬁeiﬁfs_afwé&ﬁierfdecd’ﬂswédw ifrefrdfiated if said sum
force sensors, and repeating the foregoing steps for

of measiret valuesosdid dobes exceeds 2 predetarmined thresheldvalued
of Gaim19 further including a first initialization
24.  TEhepnathod of (Glainn @2avhereimsaidsaquensefisters |s feinitjated if a force

predetermned injtjal set pressure. 2. 1. The t hod 81‘ |
measuremgntof tesmibag; all etsaidce S@FC%‘?@? P@éﬁﬁ?‘%’%‘f’iﬁ%'ﬁ%"' value.
25 SESaRRRGIA o e, B A WY sfilshrabel o Bingtt Kodasuring
normal fo84&xe hloﬁégﬁyaﬁgaggatﬁﬁf‘%gnﬁﬁ@éé' set pressure

to a predeterm ne pressure. 22. The nethod of

& ai myfi@avhiefiRt plaar defsorusianeneisaid plamar sensrasiément including
until said sum of neasured val ues of forces is reduced

a thin, fexXible @ppuradeidactdrsheet bomphising armupper snsoTieenductosdaving an
of Caim22 wherein said sequence of steps is

electrically wonductive contast areaum of neasured val ues of said
forces exceeds a pred threshold va

The nBNBSTDISIETTESaIRSHER TS AR BELNE SEEAT r8gigpwhich has
is reinitiated if a for . |
an elegicalimpedanrs ceradatStie fAlYnEb LY Bimel ek et thereon
said acii\glg fs;éngo r?ﬁé‘ﬁngfan]fﬁ'ﬁdéps%r@be Wel@&ﬁiﬁiw coniddctive contact with

ce force sensor measuri ng normal “forces
said cxﬁﬁ&étté?@a%? @Péﬁbbﬁéﬁcti@sﬁbét?ﬁﬁor conprises; a. at
east a first planar sensor elenent, said planar ]
genson lewanrunductdrstieed corprising fd tow Isepsapgenductor having an
conduct or sheet conprising an upper, sensor cond ctPr
electricallyicopdunties contactaneayjn elﬂﬁ:@rmlliy\sa@neeﬁfﬂ\eﬁﬁor&?%wﬂb? ower surface
~athin, flexible internediate sheet having an active
of saidagtiyersansgr 8#918Ri ch has an el ectrical inpedance

26, TREBAREF bEClsm A ThehaL Bl dhd y BpBph SBhoh gt s8hdGrblement
27. ?ZH %egfso‘r i éuﬁfﬁ 56 %Iéréin%grléa;ﬁtéﬁéeoﬁﬁia fpfperiahtl 16wkt electrically

area of upper conductive sheet, and c. a | ower

conduﬁlWéjé’GﬁtQ&t Sleasiofeadfirstiseaser elemertis conductikety continuous with a
aving an electrically conductive contact area in

correspbAdingi orté b saithdpper ard dowerncondictiveacontact agas et said second

sensor element.



of said active sensor region. 26. The sensor of Caim

25 further including at | east a second pl anar sensor
web@geni270 27. The sensor of C aim 26 wherei n apCT/@88819/001620

one of said upper and | ower electrically conductive

contact areas of said fi r_s%%sensor element is

conductively continuous wi fh a correspondi ng one of

28. TZ@C%%@%E% C34ith FB"fﬁﬁhéP ihg @t F% 36iFd %hgﬁ%ugfé, Siahdr sensor

ensor el enent. 28. e sensor o
elemenfs! WHeRéby Balduseriybraias! B @féméhis' araged iah array 6farrows and n
sensor el enents, whereby said sensor has p el enents
column@érranged in an array of mrows and n colums. 29. The
sensor of Claim 28 wherein said upper contact areas of
29. Tw sensorfGlaim28 whersin said upperoeantachareasfsaid sensors have

electricalyBORITHAWSHNGNRIET SHS SHTESPONERG 85 AN salckaluraliy of m rows

and n G318, S BE R CodhBEL AR o <G B B ity

continu§ds wﬁauctgpstr@%eco?ﬁgpgn gsg ﬁ‘ié%tﬂ%ﬁﬁ@&%iﬁ‘ M r8lys S columns.
one of sSald sensor elenentS 1s further defined as

30. THY 58/ STCIalh 28 Whéleif lat fddst ik offerd @eAsor elements is further
characteristic. 31. The sensor of Caim 30 wherein

definedss® lda\nnﬁ -andrbitateraledlectricat mhpedaredoctaractesistict eri sti c
is further defined as being a diode-|ike . .

31. Thmrsanseri of iGaim230 TWheseins saidnap-bilateml elgediieal nimpedance

said active sensor region is further defined as
charactefistie i fugthgr dgfieed @gheiag @ @Pdﬁ-'%&!@f%%tﬁg?ﬁl%e

2. {54 bbbl o, 0 S o b Wor ot o
. - i i 1 . - | . | d d
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33.  WHE'sn8oPEf ClMIM32BVhéRMPsAd siezéteBistive neatefiai isfurthercdefined as
is further defined as having deposited thereon a

includirtpélectritallp Sonduotivepaitices suspendeddnla polyrietenatoix.
thereby formw th said |ayer a sem -conducting, PN . .
34. Thesensor. of3Claimta3 wherein an ouferiswriasepfaaid piezogesistive layer is
metallic oxide js further defined,as .includi

further defined sischavipg dengsited thereon a coating including at quatst 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.



