; e3eEEL@X6T LWD 02/ 102292 PCT/ SGA /00122 C 1 AN ELECTRI C THERAPEUTI C
MASSAGE DEVICE Field O Invention ' The invention relates generally to

therapeut\,{,ﬁogﬁﬁ%ge devices. In particular, the inventiorpgd@i@sizko an v
el ectric therapeutic nassage device fior stinulating nuscles. Background of

the invention There are many types of therapeutic nassage devices, one of
which is an electric therapeutic nassage device for sinulating body

massages. The el eCANEKLROTRICEFHAFAPESTEC MASSYGSEIPEVMIER hat generates and
sends out mnute electric pulses to the human body via conductive gel pads

for therapeutic purposes. Using s E devi ce, therapeutic effect
on the human body is achi eved by %ﬂ mm%m@mﬁent t ow consequent of the
el ectric pulses applied to the hu HH ”I ugh the conductive gel pads,

whi ch exdiitldOfimvertdon n t he human bodyG®dzr eby i nduci ng contraction of
nmuscl es ich the nerves control. After . each electric ci}{lrent di stgharge,
r
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the cont r 4kt ByeHHcTelless peparally tytharenchiis dnassaes dipiSHer Ity PAHAUIES (188t ed

appr opr i ghednyioh R8I fol i OthBaR SR mANATR HNEE FhetinnAMe) BhRrkr i cal |y
i nduced nuscul ar contractions and thereafter slackening cause sensations

rem ni scent of body nmassage sensations such as tapping, chopping and
squeezi ng, of the | e groups. These body nassage sensations are believed
to have t gﬁ%ﬂ@ﬁ#ﬁﬁ?ngPag relieving tension and reducing stress to sone

degree. EhRed bicCmBf Yy o ssradisfapeltay faghpe aAdyickhe dnefaivhizhl i€ dnnelediéic consumer
mar ket for a substantial period of tinpe, Mst conventional electric body

nmassager sherapeatie axpssage sleviga foriprating bedsrmassagss. flhetdstriq basdyovassasst or
expansi o t] I V] : h St i massage
devi co. ongnquiFEle qefbeTil ARUAHS st SRR TRRN S BHER B0 Ruliln TO2R0E
wi th fixesbd9vipeadabiivecegt] pady for nheijeatie pumpoids. Wiing swull o/ miassapods/idear
selectigg frequen%% and anplitude settiqgs and nodes of operation.
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patterns are not "optio e nmass ce end user 021 102292
PCT/ S 1/ x0it&2nc2veEhiarthe hsmah doéf treechyl indudiyg aonimetion of nancles ehichi the body
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When coordinated properly and directed appropriately to particular groups of human
muscles, such electrically induced muscular contractions and thereafter slackening
cause sensations reminiscent of body massage sensations such as tapping, chopping and
squeezing of the muscle groups. These body massage sensations are believed to have

therapeutic effect by relieving tension and reducing stress to some degree.

Blectric body massagers have already been available in the consumer market for a
substantial period of time. Most conventional electric body massagers have features
that would require much further improvement or expansion to meet the continuously
evolving sophisticated needs of massage device end users. For example, many electric
body massagers are implemented with fixed or predefined user interfaces with
unfriendly buttons for selecting frequency and amplitude settings and modes of
operation. Furthermore, due to the limited flexibility attendant on these massage

devices, massage device software upgrade and addition of new massage patterns are not
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options for the massage device end users.
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A configurable electric pul se-generating nassage device with an interface
nodul e for facilitating communi cation with a handhel d conputi ng massage
devi ce iSydi$4.95€d. The nassage device allows a massage plepsGH/asRr to
transfer data, to the massage device ysing the interface nodul e for
configuring a user-interface and changing el ectric pul se paraneters for
provi di ngrégifferent massage patterns. Through the interface nodu t he

|

handhel d Tderfpisttheiglonngsales H@ﬁsﬂi@é%éﬁﬁﬁi@it@éﬁ@w%&%ﬂlﬂhﬁmméaéée_ Vice to

provi de_Lg. 1Refaol MEN QR OMANS daRdNE:d hisNd mssage devi ce for
pu ow data tra er

facilitating user In , and a or effecting changes to
exi sting nmassage patterns or add nmassage patterns. In accordance with a
first aspect of the invention, a massage device for generating and

del i veri mMyM¥MAEY ri c pul ses and which is capable of interfacing with a
handhel d gt @f‘e\ffrfcgadls%- 36H08 ftkssalDACIRE S B £EC ERIRI 85 8
controller for per?orm ng and controll1 ng mssage operations Iin the nassage
devi ce; daciBlating rcomnpulicntionentyr athendickih emmlputingomasdage dovite ad Himclobek:

enerati el ectri ul ses for delivery to a user; .and an interface for
or ovi di ngtHEOMAIHES SETI6 ARV A RESAES (RVISC RSTdINeTEHSES A 1d HaveLES f or

recei Vi ngel, 38 kg khOmeerAbe MoHEB fsmnﬁg‘mlig)é h&"r—iﬁt&f&i‘é&ﬁﬂ‘éﬁﬁ&%ﬁ@éle&ﬁé form ng
massage oper ations. I n accordance wt a second aspect of the inventi on, a

met hod f gulsgepaamticrsg fanprovidingy differapt ahessags vatpuhs e sSThygughatheasgerfpse devi ce

whi ch i s capabl f iL.nterfacing with a ndhel d conputin evice is
el o e ioRie e Hand e LLABAR Meklhel ARENESRGOTRN Wik S hiSengB |
massage QReicattb Qsvide dhupite@ideesn e hiRhsES®AGRtiHEL \thaeige0vRdeator Ng

electric pulses for delivery to a user via an electric pul se generator
dependentfa@litating veesarpus) 4nd pllow dlatagrangfed forpitosting phanges to wxisHRB PIast8ewi t h a
handhel d i i ja an interface for receiving instructions on
whi ch th@%g%%?feg%d;l%agggéd@gte&r@aént for perform ng nmassage operations. WO
02/ 102292 PCT/ SQ01/00122 3 Brief Description O Draw ngs Enbodi nents of the

invention are described _hereinafter with reference to the drawi ngs, in
whi ch: Filaceorfancg Withoe Rrs pepgeteh 1am BeRdemh amasase dovice S BsnsrAne #dul es t he

conbi nat i i ch j hagerly j hdg to
embod merE L B By o e i a? Der o
oper at i oramptidg | devidehiz detbiadat i'the ofasaspe clevipeosdmiaises he consslayefodevi ces
of FIG 1; FIG 3 is a sl ries of tin‘in%di gr ans in relatiogn to
conmuni ceF Hm&g(gpg(ggptgo ﬁ%ﬁl&?Sﬁg? figerations 1n the massage device; an electric pulse
generator dependent on the controller for generating electric pulses for delivery to a
user; and an interface for providing communication interface with a handheld
computing device for receiving instructions on which the controller is dependent for

performing massage operations.

In accordance with a second aspect of the invention, a method for generating and
delivering electric pulses via a massage device which is capable of interfacing with a
handheld computing device is disclosed. The method comprises the steps of
performing and controlling massage operations via a controller in the massage device;
generating electric pulses for delivery to a user via an electric pulse generator
dependent on the controller; and providing communication interface with a handheld
computing device via an interface for receiving instructions on which the controller is

dependent for performing massage operations.



massage devices of FIG 1; FIG 4 is a block diagram showi ng conponents in
a Basic Massager Unit in the massage devices of FIG 1; FIG 5 is a series

of tim ngyglhagrass illustrating different electric pul se mavsonor2f or

di fferent nmassage patterns; FIGS. 6A3 6B and 6C collectively forma
schemati c diagram showi ng an electrical circuit relating to the operati onal
nodul es of, G 2:. Fl 7A to 7E are flowharts illustrating various

pr ocesseBrighescription; FYI8%r ati onal nodules of FIG 2, in which FIG 7A

is a fl omehadineh&l Rt GviRionSe BagiitedRSSASRY v feferfilcSto AR drswigé,! owchart
relating to the nassage device main loop, FIG 7Cis a flowhart relating

to a PWMn(whitlse wi dth nodul ation) interrupt routine, FIG 7D is a flowhart
relating to a PNPP (positive negative polarity pulse) switch, and WO
02/ 102292 PCT/ SQX01/00122 4 FIG 7E is a flowhart relating to an ADC

(anal 0g- 103, di iga thadckCRAMBM BB Wigt AIniBE bf Agidtibng mantkskhéTonbihstich &eri es of
screenshots of user interfaces provided by a handhel d conputing massage

devi ce twhighi pavidee anayshee of cnrsess doueRTnacorEHng ot embedmerts 4t B on

invention;

FIG. 2 is a block diagram showing a number of operational modules the combination of

which provides the massage devices of FIG. 1;

FIG. 3 is a series of timing diagrams in relation to communication protocols used in the

massage devices of FIG. 1;

FIG. 4 is a block diagram showing components in a Basic Massager Unit in the

massage devices of FIG. 1;

FIG. 5 is a series of timing diagrams illustrating different electric pulse waveforms for

different massage patterns;

FIGS. 6A, 6B and 6C collectively form a schematic diagram showing an electrical

circuit relating to the operational modules of FIG. 2;

FIGS. 7A to 7E are flowcharts illustrating various processes and steps in the

operational modules of FIG. 2, in which

FIG. 7A is a flowchart relating to the Basic Massager Unit,

FIG. 7B is a flowchart relating to the massage device main loop,

FIG. 7C is a flowchart relating to a PWM (pulse width modulation) interrupt routine,

FIG. 7D is a flowchart relating to a PNPP (positive negative polarity pulse) switch, and
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El ectric body massage devices according to enbodi nents of the invention
that provide friendly user-interfaces and allow the addition or anendnent
of massageopaidzesns for addressing prior art deficienci esparscaascni bed
herei nafter. The massage devi ces provi de further inprovenent over and
expansi on of conventional electric body massage devices and features

t her eof facilitatin o] nicatio It andhel onputi ng. devi ces, or
the li ke%ﬁghgﬁe}sda gicwcgg@rggﬁgg &as%g%ﬂ@e@P%%%'g%é‘%ﬂﬁf8‘5’?"&5‘?{391"&?’9%& he
handhel drgl@iticc@fl provi de user-interfaces, allow changes to massage
patterns, and access storage on the handhel d devices for storing user
massage profiles. Basic features of conventional electric body nassagers
are pref b I, R} j Vi CE:q ] i l,e [ ul ses
A e e e R D o St
of left andsdgedbiicOtstwhith dirannehse devicehis edimectgdi r of ' conductive pads are
connected. A handhel d device provides a user-interface through which
command, control and feedback relating to massage operations. performed by
the nmassggg i%v]'b&gr-'gﬁmpr ovided to the user when the nassage device operates
in an int er?ace rmof . The conmmuni cation interface between the massage

devi ce afdecthebdyndissigt dbyides ecdosdiag o embollipeef ef did invergionghatpaosdde d

conmuni c%{%iﬁs con e&ti ons . such as bﬁlilﬁ RS- 232-C s rifal conmunj cat j ons
connect i oYY HEHdS 2459 and gllow ! BpreHEb Gartee i 65?$W3§@m§ 8tion. The
massage Q@&'ej&@ng’f?ﬁo@hﬁodém%afeﬁ b Qb el NRrdiirdRel driglewic@ b Nicicsd andal one
node. Accordin o a preferred enbodi nent of the invention, a nessage

device i 9r hetimprayiertienboto eid pxpadeion ofcomventiqnabélestsb bydyamessagd number

of buttons. .for_providi a sinpl e.keyboard interface .for, groviding m ni mal
control ARgpEr i Rphtes tpet kY M ielng SRkt on RR aBecld syl 0 1§ e
and downldesided o ¢hd like ARRIMBIIEISLEsCETHE Radshee Benedaed Hiflavicafy with RS Sager
application_that preferably runs WO 02/ 102292 PCT/SGA /00122 5 on the
handhel d haedlickk davgesapeyidseusepdaiedercs.o alinve haegesi fof Beessge tnpfemsotndont r ol s
and user -} I I sage patterns.

Furt her nglﬁ%tsggatglf%ggg? ‘81%219 nﬁ’ﬁ%g&ég%&%gg%%{;ﬂ%@%@?%gg%r& y' the nassage device
on the user is preferably generated and stored on the handhel d conputing
device via t t}e interface w t{] t he massage device so that a massage history
rel at i ng Bagicrrriungs ef cqnyeiianat clreiEg bpdy MRisagem arvaaicEbhpp pgeried nce. A

m cr o-co .S Rraf: -lbgggi S I i ng of f
l'ine ope%e{sggjﬁ%%ﬂg% l?k@%{aglggtég evfggb %%far@tﬂ@gfe}f?geré ggetﬁér)r%%g J’J%N:‘ -line
oper at i omasgAgerdsvico ustreviarmppenddeft anpeigat ootpubthannelsnasshigk adgant o2 wi t hout

the utilisati f conput i in.the handhel d device. This th
al Tows aCRAAGRET Bsc EnEer v TROTHCH ABHOG BT R P s A troRd s age.
oper at i ORyH foMBM, Bohtiod endRIARER rGNAER thisshdd dPePHIOES Serfdiffed by the

mcro-controller also receives instructions fromand transmts Tnformation
to the haHEsAER deaooi i6 cbrovided to hike niises aden dbeimessigs dpdeaopeigtes rint e

st andal o e he-#.cro-contr.qll.er receives i,nstructians. rel ayed

pr ef er ab?@elg%gtlﬁ%éeacg %gf) ?’5’%&6{1“&%@ mdmﬁu%%e WP L] e - 31831?? ﬁ’ﬂggléevi ce
form ng hakitghoadswcd i3t sohiaed preferabBE @iMg RenbaEWonihemtitheis Weshectibs t he case
of a massage deyice_according to an alternate enbodi nent of the invention,
the massay& deviheeRprdtdr atsrgl seapHEcationg conasstipnt ¢toAtandenringerRery a

keyboar d ¢ - ge- 21 f CUt i | so f b and

cont ol | S pESepRE ComubleahaR BHTRCALL e WeRed Rt S e e <

are pref sithbliy tige heudiekid davide siant siaidabynet meden ¢ Meesrdhier ©d | £préfarédhe char ge

punp circuit to contral the anplitude of the electric pulses generated and
STPATIREL fis P TnvenfigR.oh MERSAEP FETIPE 19 wngecdaplp vaiiet dprkmpeNitded i n

t he Massagm 66 : Tl : rough
the user's l_)ﬁgdy. .g_nat %ﬂﬁ@%Eogggﬁﬂéﬁw&)lﬁ?/lgﬁgga?%g%é%%ﬁgg?\%éﬂf%\ré,e%lgr ably
provi dedpravidipgminigiebepatrdbieagieest hen transl ates the detected el ectric
current flowinto a digital signal that the mcro-controller receives and
processes for adjusting the PWM signals accordingly. In this way, the
massage Oewildition mawagd hatterae mayo pEdrable B godiidnind@HowhRaldd o @y rent
flow through the body by tracking the sane using the feedback circuit and
t he ADC. MRFgedayirs viatthe handheldgdevirey | 4 anaspagsnapnlisetions that prsferabiyiamisy set the
paranmeters relating to the electric pulses for creating massage sensations
such as tappi ng, chopping and WO 021 102292 PCT/ S&1/ 00122 6 squeezi ng.
The paraneters preferably relate to frequency, ranp rate, burst rate,

|



nodul ati on, and bal ance settings of the electric pulses in a nassage
operation. By setting the paraneter relating to the frequency, the rate at
whi ch theyghHfihidC pul ses are generated and delivered to #dm®sSGRAOI20LS
preferably set between 1 to 200 Hz. Generally, electric pulses set within
the frequency range 1 to IOHz relate to the tapping sensation, while

electric pulses . s wi.thin the frequency range.. to 35Hz.relate to the
choppi ngo%@’?éjé’flfﬂéeﬁ: d@flé‘?:’fnr'l)’@_[]s&he a@gttgmﬁvﬁ(?endlfroﬁ’@mf Mo ehe]ny o@_g 35Hz
provi de {he Faueet! 4 glf%%@tfo%e Mb@ﬂingeaf;ﬁﬁagagéﬂgat%sawepﬁ&harﬁb@t, lang to the

ranp rate, the nunber el ectric pul ses at are generated and delivered
to the bedyrdbef anassagdee opdretiansi perburnrednby thelangfsags deyibé tandéhec Hagigs and

reaches a preset |level, in which the a {tude change is prefer

ohi oved ehangreehHaE i ey P8 hE RaRTRIL POERURRCITEY SaShEuRERRY |
pref er ablyyn 84 nﬁﬁéagee&iée_ {c0thada BlaE histdy heiengPRthe a¥elis MaaRgled Hhi S
setting therefore determned the tinme duration for the electric current to
reach t héepandeld eomputingdevicevel , which indirectly affects the tine for
bui | di ng up massage pressure. Mdre inportantly, this time duration is
dependent on the frequency setting, because if the ranp rate setting

remai ns Ahgigawentrdlhe isQiréferiblyt asal hi ghemabsaggubniy foesllotdng nffilirect | y t he

el ectric current_reaching the preset anplitude |ev earlier. Changing the
setting eRfaptiTmoyhen s prassagederishdein Be tipdptednodent #fﬁvgesqpar?éloaé?%en

tappi ng, ' i TS ' R of BEhE@R1eNg |1 ght
to heavytocnégggiggeg&gg féts@%%éﬁglﬁg?glgp |e§'§edF§gC%n§¥sﬂs?§8@eﬁg§?%§98r ef e?ablgl;

gener at esesoundestinl the Barglheld dlevice.c Thisl tbesallawser mdntiheld ddbyict osarhe rboetier i N whi ch
every burst. of eleciric pulses is follo by an interm ssi.on the duration
of whi ohAPRICHH AR ST A 51 e eEeSpEratioR OPUPEI e BEFTPRETOrC HOPH Siret or
relating to the burst rate, which relates to the nunber of electric pulses

generated and delivered to the body during every burst, sets the burst rate
pr ef er abThe betiemntrallert asooBocizpepiskiiegiops (foss andraesnsits mifergiatpw és thehe user

long to shopt. .intermgtent tappin choppi ng..or .squeezi ma [My]

sengat i oﬁ%n.dﬁ‘?]r‘}e&1ei¥bf§’s a\é@elﬂg\ﬁ @gég%eg%evﬁ?eeggorpﬁ%lwg% eos?t% a%&g dﬁ:;(fe?(t)}hegf or

snoot henjri@olddptrsiidreedeivk imﬁaﬁ&isnglasy@cng\%férmy bgbtﬁch a@bvatiaP ¥ Bgo plish choppi ng
on the user when the electric pulses 02/ 102292 PCT| SGO /00122 7

r el at i ngbettmnsemothardecking dedice dorating deieyhenard dnterdacener Frsgiying inpyifom
frequencj,es i r I i r : IS

appﬁi ed th§ ur?%@u]?atgg c%sg\;e\.ﬁlfd %@% i c@e%}e({ee%%o?wé@ga%gg Elglf%tt% %ﬁ%@éﬁﬁ P 'f'?l})é 35 Hz by
t he userinvihigors ahé ingsapt dehzepaeferaile préwiiat twrgpish buthnsafblr dornsieg s t he
nodul ati on preferably between 1 to 15 electrjc_ pu ul ating

| ses for .
every | ofeYhoaniieEace| & ERFTER PP SECWETS 3P RIRETaR ?S?g?ﬂ‘écm]gggyé@vi ce al so
pref erab | h : i ance of
Pho 1 ef t g <ol BulE iahnaialiTPRAUFIRAAL o el pehekdlRt B D05 ght
par amet esers etit by g=, michecandwilee®stba chaigk punhaoiseis tecditmi ther arhplithdoof put
channel s_on whi.ch to affect .changes tq t massage_.pressur.e prodyced
t her eby Q{?CE}P%}PF@JUES@S &herptgd é&&‘%@vﬁf&gé&gﬁar‘l@et i %@bﬁieﬁlwﬁbﬁsfﬂsﬁ hree
basi ¢ mﬁ&@&ﬁblp@%di&%&ﬁ‘é AbldAge 16iFPHRER BRIARIuRSoPEE S ERLer FIBRI Nat i on
massage profilées thereof, each conbination massage profile preferably
consi st i Agoegh thecuwsatds hady-ooiinpleg-tptDigisal asivertam &age fwithst inrefsrablyr e
har d- coded i nt.q_t.he m cro;cont r . AN f th hr ee j age
prof 11 esBuifedn PRt ATRE B8 bt e deishP PR Lot BolER Y b
massage digyCeghahatiis nfiet-oanelatictgvanmddrbiesasifgadhabier the PWMSes t hat
produce the tapping, chopping or squeezing nassage sensations. Each basic
_ massage PEBAE [aecqdiBely aBl (hiv 819y tesmassage dees alews Hiet e 40 wefipe (e yi ng

rassage Brori o epEopterdl foflRiodul 0 SR bORBmRR e R SR e

each confiedbddkaircnibasdihpe AVOfi |l e al so consisting of preferably 12 nmassage
patterns, with each conbi nati on massage profile consisting of a conbination
of massage patterns relating to tapping, chopping and squeezi ng nassage
sensat i OPfoferdhig, fHRtAdssAbd! RYIcE IO s BRCHkeP &S MR se e SR RERTilhthd S
preferably 15 mnutes. ‘A nenory, for exanple 256k bytés of non-volatile
menory, iostherdéarialphized forlouehsidgimassge seasatinge sudyic@ppingechoppheg anshory i s
used for storing up to three downl oadabl e massage profiles. The three

downl oadabl e massage profiles are preferably downl oadabl e fromthe handhel d
device via the interface nodule. Wth enough free nenory space on the
handhel d devi ce, the handhel d device is typically capabl e of



storing nore than three downl oadabl e massage profiles. These downl oadabl e
massage profiles may be further upgraded or changed by a nassager

appl i cat ivp® oBYo2vs Ng WO 021 102292 PCT/ S&1/ 00122 8 i nf opaltGamor22

downl oadabl e fromrel evant websites t@® the handhel d device if the handheld
device is connected via the Internet to these websites. The downl oadabl e
massage profiles, each preferably consisting of up to 12 different massage
pat t er ns,squmginge Jiheeparameigrse prefrasy anbites to rieguasyd camp aatka uest nates age

rofiles on e handhel d devi ce for providing different ssage sensati ons.
P user Teaiganan hianes Sap e R B il Sahdsftst ormiphar  of

downl oadabl e nassage profiles in the handheld device for downl oading to the
massage device. A manual nmassage profile is also preferably stored in the
menory, tHesstigithe patesdgaciatiog id e disausnsyi g refe abmibychdhe eleaisicaydsepr of i | e.

The paraneters for the nua sage profi.l e is preferably c i.gur abl e by
the user W §e{1?{3teﬂiaﬂ@hggﬁveaee(i/it% Qnd™t {r%aﬁrseﬁﬁrglflgdse?obe %enngstgag@ &%\H ce for
storage iGentR@lyEBRFY paRes s Qdthfthe cfRss g genaba0He Relaldno i apgitit - of f
feature is preferably also inplenented in the massage devi ce. en the

ni cr o- coneRsalipwrwhilsedlesige palsestet wWithin 1P dicareney gan tor356t% relete loethpai r of
ducti nect ft. ; i f
Gurat: on PPREE sRAGE Bkl hi%es S8 il InChighleyBle SIROARVEAE 0

del i veri ngudehmgakeationc pul ses imedi ately. A soft start feature is
preferably further inplemented in the nassage device to prevent the nmassage
device fromgenerating and delivering high electric currents upon starting
up or at Whe, QeGIRLBYMetGICHHIPRIROBAPRASALRmbE df R cHl-aRdal ane mode,

t he massage devi c%ﬂp?%aereably all ows ﬁ?gpuse’r to cthoose froma max?rrum of
pr ef er ablaye gineeaterbasiatpdivpredfto thedodpbefkd thh elbickicanuerchiumiiergode simplitude t he

v of L1 o0 SisEeafriaiar Plrsel oL doNAChITES SHERGRGS EHaEe i EoGM GIRRT T om t he
handhel d tﬁi@ﬂ%lg 8 serfod@f disafe RE1tchhl}gs 8F 99e8A ChdD)s ﬁl’éﬁrd%‘lfée@ hakle¥n Wesd for

i ndi cat i n% the sel ection of the massage profiles as well as to indicate the
anpl i t udd>Sledsedtic plsasier dgvekehange. pliis ectijpg therafon detaiminsk ithectineel dumatiohe user .

dovi e oo BRI ER o iR i RE BEP e | HEL SR et P b SSBRIREThg <o
t he pref e dorBdildhg e aiBs@EhaeistRN Mok IhRrialleg MhioRind Budgse it bed in

detail hereinafter wth reference to the drawings, in which FIG 1 shows
t he har dWsP@dsricen thedtaguencyrseiting, basgawgé theaompaste seimgBaspins thessssnger WO

02/ 10229 : /1,0 I i I | .
devi co. it Srper o BbAE Reafihby ot SogBeltd P Rhniclient b B REYT o
vari ous puiseunmpituda Iehed cmelésag€hamiigcthe tihiny tpdforr thssltditnidngdO4r consi st s

of a Spripgboard connector of which the detail ed conponents js described in
det ai | wERHe dRiErBiRRENS beeeay tapping, SRORIFRR PIHTGNEEBRATHATARS Songatigns When

Handspri ng indrB&ingSight &Pheal§hRR3k ptkQird Rlappfsd St ant (PDA) using Handspri ng,
Inc.'s proprietary Springboard connecti ong. An RS-232-C sub-unit 106
consists of an RS

The massage device preferably generates and delivers electric pulses intermittently to
the body, in which every burst of electric pulses is followed by an intermission the
duration of which is preferably 0.5 sec. Therefore the setting of the parameter relating
to the burst rate, which relates to the number of electric pulses generated and delivered
to the body during every burst, sets the burst rate preferably between 50 to 250 electric
pulses. This setting gives the user long to short intermittent tapping, chopping or

squeezing massaging sensations.

The massage device also preferably performs modulation for smoothening the effect of

massaging sensations such as tapping and chopping on the user when the electric pulses
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massage device is operating in the standal one node or the interface node so
that the WO 02/102292 PCT/ SGA /00122 11 Vi sor nmassage device nmay receive
user inpwabiRAkhhe keyboard interface on the docking devicagsawinthne
user-int er‘%ace respectively. As showg in section C of FIG 2, an RS-232-C
driver 206 and a power circuit 208 are included in the RS- 232-C sub-unit
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devi ce. The conmmuni cation protocols for the Visor and non-Visor PDAs are
the sane, with the only difference being the transfer nodes, in which for
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with the Visor PDA, four control signals fromthe Visor PDA are decoded by
the PLD paldes,ribm ohassagsidpvitesstapsl generatie cands deliyptingt Hhet wlscBas palstssage
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DO | i negeviéé ko Gadvant ERnmbeage deribs et igaferhtivy bt delgeringaliigh telandc of t he
PIC SK signal, and each data transfer is 16-bit long. In the case of the
comuni c SETYHS wparstariag Wb AL A% thebegnming eirack BlasspRe BRCIAIs age devi ce uses
three signal lines, i.e. Transmt (Txd), Receive (Rxd), and G ound {G1d)
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describin he instruction sets for serial . . .
m%x%num o pre%érgbly nine massage pro 1Iies, of which six are hard-coded into the

micro-controller to form the massage device firmware, and three massage profiles are
stored in the non-volatile memory that are downloaded from the handheld device. Two
light emitting diodes (LED) are preferably used for indicating the selection of the
massage profiles as well as to indicate the amplitude level of the electric pulse
generated and delivered to the user. The LEDs also preferably provide progress

indication in the massage device operating in the standalone mode.

The massage devices according to the preferred and alternate embodiments of the
invention are described in detail hereinafter with reference to the drawings, in which

FIG. 1 shows the hardware architecture of the massage devices. The Basic Massager



communi cation in greater detail. Each instruction set contains two bytes,
in which the first byte transmtted is a conmand byte, followed by a second

byte con{g ¢ shobnf or mati on regardi ng anplitude, frequen®cr/scmponrate,
burst rate, duration, or node relating to the electric pul ses or operation,
or control information. The anplitude and frequency of the electric pulses
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issued in relation to the control of the nmassage operation, the control

i nf or mat interfdseimaylec onthei dnsliingrievise iméha stindatonesnede. aghs deghiengjbornist oppi ng

a nmassag ration, or praoviding stat I.nf or o]yl i n he
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hereinafier referred to as the non-Visor massage device, may be used in conjunction

with a non-Visor PDA in the interface mode, or alone in the standalone mode and

therefore does not need to provided with connectivity with the docking device.

When description is made herein that relates to a massage device, the description
applies to both the massage devices, whereas when description is made herein that
relates to specifically to the Visor massage device or non-Visor massage device, the

description applies to the respective massage device as such.

The function of the docking device is for providing a massage device operating in the
standalone mode with power and a keyboard interface to the Basic Massager Unit 102
in the absence of the user-interface pfovided by the handheld device, preferably in the
case of the Visor massage device. If the massage device is the non-Visor massage
device designed for use with a non-Visor PDA, for example a Palm V series PDA from
Palm Computing Inc., batteries and a power circuit are required in the non-Visor
massage device for powering the Ba\sic Massager Unit 102. For the Visor massage

device, however, power is drawn from the Visor PDA through the Springboard sub-unit



WO 02/ 102292 PCT/ SGOL1/ 00122 14 Start/ Stop Byte Table Bit 7Deci nal val ues
011 refer to the 12 nassage patterns in a nmassage profile theBit

6i nf or maty@mh/ahhi ch is to be used for performnm ng nassagepgEnabizan or
witingBit 5to the EEPROM Decinal vabue 15 neans to wite the nmassage
profile orBit 4pattern information to the EEPROM Bit 3Deci mal val ues 0~9

refer to n ssage profiles. The.te rofiles are.3 hasy,cBit ofiles, 3
conbi nat iléﬁabci%qqcpgagt,tg St Wﬁﬁ}rﬁmg?%ﬁOF &ﬁelgﬁ%t%i nﬁ&r‘?& S?@in?%% it 0 This
byte fol iewb&dCopRqh&ANRS A ek MfvideNe réfuned /f8t DR CigsMiaskags dewdedtd o
provide information relating to the selection of the nmassage profiles and
pat t er ns op¢reteén thefstandalpse axpdeoper ati on by the massage device, or wite
massage profiles and patterns into the EEPROM Anplitude Byte Table Bit 7
Deci mal val ues 10150 refer to 10150 unit pressure. 10 unit pressure

t rans| at 8%itBidfeiBndeOtoaPloy. D XtheWaglcyMassagesrAul 21 (seefi@c i) SpringboadtsubBit 5 Bit
4 Bit 3 Bit 2Bt 1Bt 0 The anplitude of the electric, pul ses, be
updat ed uitild4 (eestientBloRo233-kes a5 FectiweCli andt ‘I'lfé’fcﬁ% S ice in
the inter : | ; : Tabl e
Bt 7 Dodt i DL e descp i i e M PP p R RSN, o5
2 Bit 1 BiiNo@-Vibe rhasagedeycesf Thhdaslkddissager pnfitsé} saywnbie seghidatieenddur i ng

operation of the ssage .device via t handhel d devj ce.inthe interface
mode. RaifpTBYIESTED e Pfl{lgqséﬁff ﬁﬁb-%hf'?ésé 1@%@%#}1 -Mlgo?eﬁ ¢t pul ses
for defi Qing,shosde o tStBlebscRIMUniohofs Bl thedBisbr ARkdagdRGicHRIA YRiHIES 115
refer to 115 electric pulses for defining ranp-up tine,Bit 2which is
def i ned asenparys2® peshdwnehn peshipn B3t whiilt contains software for the massager
application that runs on a Visor PDA to which the Visor massage device is connected
for providing the user-interface and other features. The flash memory 202 also allows
the user to upgrade the software for the massager application. When the user plugs the
Visor massage device into the Springboard connector on the Visor PDA, the software
stored in the flash memory 202 is launched automatically. This is known as the Plug-
and-Play feature of all Visor PDAs. A Programmable Logic Device (PLD) 204
performs address decoding and generates the necessary input/output (I/O) signals for
providing serial communication with the Visor PDA. At least four signals are needed

for ensuring proper communication with the Visor PDA, and these are the Chip Select,
Data In, Data Out and Serial Clock signals.

For the Visor massage device to operate in the standalone mode, the Visor massage
device needs to be connected to the docking device via the docking sub-unit 108 shown
in section B. The docking device provides power and the keyboard interface to the
Visor massage device. The Visor massage device detects the docking device through a
6-pin connection made between the docking device and the Visor massage device. One
of the pins is pulled low when the Visor massage device is inserted into the docking
device, which is then detected by the PLD 204.

The massage firmware in the Visor massage device then determines whether the Visor

massage device is operating in the standalone mode or the interface mode so that the



Short burst nodul ation is used to snoothen the inpact on the body :when the
electric pulse frequency is bel ow 35Hz. Ranp-up tine is use to control the
time to papehbiy@ preset anplitude, and is defined as theausdienont pul ses
required to cause a level junp. A maxi num of 50 mA of peak current may be
delivered to the human body. WO 02/102292 PCT/ S&1/00122 16 Burst Byte
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regardl ess of the frequency setting. Duration Byte Table Bit 71=Second,;

O0=M nuteBit 6Bit 5Deci mal val ues 1240 refer to the same number of
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| eft side of the body, or equally on
To interface with the Non-Visor massage device, the non-Visor PDA uses a serial port
interface, and communication between the non-Visor PDA and the non-Visor massage
device is accomplished via this serial port. Unlike the Visor PDA, the non-Visor
massage device stores the massager application in the non-Visor PDA. The
communication protocol that is used for interfacing the Non-Visor massage device with
the non-Visor PDA remains the same with the Visor PDA, in which the handheld
device or PDA functions as the master during the communication. When the RS-232-C
signal level is not detected by the micro-controller in the Non-Visor massage device,

the Non-Visor massage device switches operation to standalone mode.

The communication protocol is described in greater detail with reference to FIG. 3,
which shows a series of timing diagrams in relation to the communication protocol. As
described in the foregoing, the handheld device functions as a master during any
communication established between the handheld device and the massage device. The
communication protocols for the Visor and non-Visor PDAs are the same, with the only
difference being the transfer modes, in which for the Visor PDA, synchronous transfer
using the Springboard communications connection is used to transfer the commands
from the Visor PDA to the Visor massage device. For non-Visor PDA, the standard

RS-232-C communications connection, which applies asynchronous iransfer, is used.

For communication with the Visor PDA, four control signals from the Visor PDA are

decoded by the PLD 204 from data signals and provided as input to the Basic Massage
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burst node. Repetitions of the nassage profiles or patterns are al so

det er m negloly@asii cular bit setting in this byte. The noper/bgéonz al so
used to control the sequence of nassage pattern in a massage profile.
Status Byte Table Bit 71 = Read EEPROM or micro-controller ROM pointer,

which is_the sa as the nmssage,patt.er r.in.the file.Bit
61= Read Lfﬁllte@e %‘?FOIQTPAEE%EF%%EF]FCthia@dS@Eﬁlsd]g?ktn&’géisqée%%seconds
LoBi t 21, aadpBesanBaafbb1d bofiaad MiieB kol Seafa g gatioAsl | tude on
conductors appli‘éd to the body 02/ 102292 PCT/ S@1/00I22 18 is status
byte is twosidensed thyPXaEhspehl cadicach date rafsfards 16-hidlangt t i ngs and operati ons
of the massage devi ce on the handhel d device screen for the user to view
Therefore, upon receiving the conmand byte with the status bit set, the
massage e \he easg eifethatmmaitdcdtivAngifi tie hdi-Visst DU By ten\dsdrhgadraggihel d

devi ce. The Basic Massager Unit 102 is described in greater detail wth

r ef er encéeyige pses threeisignghfines, iie. Snasnit (bxdoRspave &X‘Sh@ldfﬁj‘éq“@dcfgﬁg} ol | er

402, a P r 10 C U 4 htive- [¥e polarity
pul se- (PR St PinE g PP ik e WeornBRR G G RABA NS S 0.
and a paiRB2-@f-bdseDgadsier.mdde micro-controller 402 interfaces directly with
the PLD 204 as described in the foregoing, and is also connected directly
to the pair of LEDs 412 for providing visual indication when the nassage
devi ce ORRLFhCetethaflRE SeANFALONS: MAELibiHe b CLREGAh' Qblseliof 1rhtlr t her
communi cates with the handhel d devi ce when the nassage device is operating
in the i ntmnfuatketiondegeateni¢thilt Feclkiaytinodiod seincoatdimctwoibies, ithehichdkbage

devi ce i ting i.n the standal . Th | og.feedback. circuit 408
tont ¢ or s SRR kAL 2 R Biay rafvetloBy b A<BOF I TG oM iher at  on
and del i viebim&font lBar@lRCAimpIEEs) FRREncHN chrhiA Rt | Bt AR, abtallosUr @bde | f noOre

than 15 electric pul ses are generated but not delivered to t he bol;j%. The
m cr o- comglpting tertha elechicsylsps e vactatom e carirolvisfosmptign. sTmamglitude etk char ge

punp cirguit 404..Th har pu circuit, 404 produces, hi gh vol es raging
Prom sovitabety s eebpie Py LR e oRESAUT imP b yhES (R,
of the PV it @aalheld @eviketinghd meafaes aipdefanthiee BRI @Rk Sr KR INTEiseONsSt ant

at 5KHz throughout operation. The PWM signals are switched off when a
nmassage dpevageidsiicpdndhe shadelews vedeerhhs Pewwege profidestiteyrd b theagédoar e

provi ded ' . | O | | EAE@’? ol s the
directi oﬁg@}-dl{%ﬁgﬁde Iggte?]?lg E@!ﬁgrragérﬁlé ﬁ%g%%hoa‘t%[ geaggg@- ﬁ%éﬂgq ec r@@%& se

wi dt h i s tleoBhsio Medaget TAROUSR comsid dFMPumencyf oamp,r maste denatibg smidtiade or equal
to 10 Hz, Four control signals are used by the mcro-controller for
controll ibﬁﬁis't he PNPP switch 406, which are PON, NON, PPULSE and NPULSE
signals, which are described in greater detail hereinafter. The EEPROM 410
stores the downl oadabl e massage profiles from WO 02/102292 PCT/ SGOL/ 00122
19 the handhel d devi ce. Each massage profile consists of up to 12 nassage
patterns. Each massage pattern requires five bytes of information, these
five bytes being the Frequency, Ranp, Burst, Mdde and Duration bytes. A
total of up to 60 bytes is therefore required for providing information
relating to one conplete nmassage profile. The nmassage device nmay store up
to three downl oadabl e massage profiles in the EEPROM 410, and therefore the
size of the EEPROM 410 is at | east 180 bytes |large. A 256-byte EEPROM 410
is appropriate for this application. The electric current flow through the
body is provided as feedback to the nmassage device via the anal og feedback
circuit 408. Electric current is translated to voltage levels suitable for

. the mcro-controller 402 and a built-in ADC in the mcro-controller 402

then converts the voltage levels into 8-bit digital signals. These voltage
| evel s are then conpared all the tine with the user preset electric pul se
. anplitude | evel. Based on the conparison, the mcro-controller 402 then
adj usts the PWM signals accordingly to bring the output electric current
close to the preset level. The mcro-controller 402 also contains I/O pins
for interfacing wwth the handhel d device via the PLD 204, and the docking
device in the case of the Visor nassage device. The nassage firmvare is
enbedded in the mcro-controller 404 and the code size is |less than 4k

byt es.



FI GS shows the various waveforns that are generated by the Basic Massager
Unit 102 for delivery to the user. By changing the frequency, burst, ranp
and nDde“Qﬁhﬂﬂgggrs relating to the electric pul ses, thepgassboonms2change
accordingly and the outcone is the cgusation of different sensations on the
body. Wavefornms shown in FIG 5 include electric pul ses generated in the
ranp node, burst node, short burst nodul ati on node, and conbi nations of
ranp andCemmandByted'ablsy s 6A 6B and 6C col | ectively forma schematic

di agram of the massage devices. The schematic diagramincludes all circuit
components for formng the Visor and NonVi sor massage devices The circuit

consi st{sCofnidiidee sect i|@escriptioeel y t he Springboard interface sub-unift 104,
Basi ¢ : ' 4—ane 232-C ; ' r poses
of convieBitdfice and br eViX3t=leMHePEd K G umred

under the Springboard i (r)é%glr {iéﬁﬁs%aﬂ&%ﬁ bHe4aragd described according
WO 021 102292 PCT/ SGD1/ Q0122 20 Ln the Basic Massager Unit 102 transj stors

Q and EBitesundi ng confjoueptitsdé,oi tnihetephar Bealptims vpdasuinosxble. daringnsi st or s
Q to @ and @ to @ and surroyndin .c(g)rg)y?nﬁlgfes formthe PNPP swi tch 404.
An integrated circuit (|I®F 39S PE FLRY"$%1 Y K8 anal og feedback circujt 408,
whi | e apRGFUS S USe (TREqciey, CEDROVPPED (Rall e Bsdatdobliblee during

downl oadag;se massage proI?iécf es.ey’A Philips m cro-cont?%(} I erqj P87LPC767BD i s
used fof the micro-cont|ropktation48ge fratvengpiteitiblsar d sub-unit 104 consjsts of

t he fl aph—rerpry—U—tHePLb U2 —and—a 68—min-Springboard T Ccat] ons
connect pPLtMIL. The doc ﬁ?@%ﬁtpu]r\'ﬁls W&SB‘?}#EY%%LE“%§%er€g]§bﬁec€é@é'ector JP 1.
The RS-PRZ-G SUD-UNI U LO%, GO0k, S0S250 pitées Ber Batsr: ScdbuMebyt/tatard a 3. BV

DC-DC step-up converter] PS1 that steps up the voltage supply providefd by
two bat[Biti2%s in seri es DwraBomsdpphy 3Polin.ags dwegianbyidieblon- Vi sor massage

devi ce. Hpa-the Mser—rassage—device—the-68-—pra—Springboard—commnicati ons
connect pBIIAL is used f?ﬂoﬁﬁeatsiawoﬁ?ﬂega%&eorrespondi ng 68-pin connectpr in a
Spri ngbogrthyreceptact e IFayifeq Ry PIESY Rk sEhifing 769 dbkiredhdl NRed 0|
massage| devi ce sots for| providi ng connectivity between the two devices. The
6-pi n cpnnector JP 1 i s| amgditudeothighelyitelopndifraquencydiove bpeniit RE-_82Qi Ree
connect or in the docking (%S%%%e n RS-232-C conmuni cations

connect { on- based connecit? GP(]? isting of Txd, Rxd, and Gad pins |s used
for providing connection wth the non-Visor PDA. FIGS. 7A to 7E are
flowcharts relating to the massage firmvare. Wth reference to a_flowhart
pr ovi ded¥bna Bit @hichAs maneedgt i thk kablp dreaseiting offthis b mress thee 2 CPRMAEL & | s

descri bed hereinafter. The ssage firmmare .in st i ndti.al kses all
vari abl eSSUHBEHOR &o & plaWni‘rTeﬁ% s en?prengtfogr ﬁlﬁ?&fﬂ%@%@%@nﬂ“@ :l'fsst ep 704
checks t h&tﬁ@ﬁ@@s@ﬁe deNé e ShRECMGBat@Rs dsihg i peanidtet informutien cmssage devi ce
is connected to the handhel d device for_operation jn the int el?r?faﬁg node or
to the doiiefgllensinedyte for maseegopeistipn Feica Bt yaeh ekl 0 fhe BHE case of
t he Vi sorg B Cl] I :d ! N ctor
5P1, i e S BB SR BoafihaR bfinkad AT rofichord NG TBAGIBMERL O,
i nser t ed niaRsdgb @peatitn, e dentrcleinformetion being containet liethel0&tdyés legclt b s pin at

startup and, accordingly sets a plug-in flag. In the case of non-visor FDA
det ect | oSt RIOPPEE 4 asSaRt %Rﬁrﬁ*tkﬂ%’ % prp g-ﬁss_t%m%rp@@gp r%?tggtﬂ;{ﬁeat t he

RS- 232- Cothclatgloplittiod fo thiBandndld R%cb 0ORAZ0eTHL R LARMARA BikeTPRORGE devi ce
Is in stanéé1on8 mode, the plug-in flagis set to zero in a step 706.

Ct her wi sealid hies tirheygnil bitf7 iaghe kighest prioritywith thesexsepsionthe thagtop bk hag he

regi sters.and var.i s initialised and the plug-in flag set, the nmassage
firnmare%gﬁngg?Qb@ﬁ#ﬁ'Ioop 710 and checks all events fromthe handheld
~device in the interface node or the keyboard interface in the standal one
node and reacts accordingly. All events are interrupt-driven therefore
enabling the nassage firmvare to process in real time. The interrupt events
. include the occurrence of a keyboard interrupt 712, an ADC interrupt 714, a
PWM interrupt 716, and a PNPP switch interrupt 718. In the nmain | oop 710,
as shown in FIG 7B, the firmvare perfornms two different processes based on
the plug-in flag, the status of which is checked in a step 720, where the
two different processes are perfornmed in relation to the standal one node
and interface node. If the nassage device is in the standal one node, a
correspondi ng process is performed which involves the nassage firmare
obtaining input fromthe two push buttons found either on the docking unit
or the non-Visor PDA in a step 722 via the keyboard interrupt 712, in which
events are driven fromthe two push buttons. The two push buttons used in

t he standal one node consist of a Start/Up button and a Stop/Down button. I|f
the massage firmmvare checks in steps 724 and 726 that the Start/Up button

T Y 2 -—r~ AN\ I T I 1 I o by 1. --— A — - Yy  a-— -~ N\ M




the sane by 5 units in a step 746 or decreasing the sane by 5 units in a
step 748, respectively. The nassage firmvare al so checks in a step 750 to
ensur e t e odAozkére nmassage operation occurs for nore thanpdBS@Ivwias, the
massage devi ce stops the massage operiation in a step 752. |If the nmassage
device is in the interface node, the nmassage firmvare perforns a
correspoggi ngL Srgcgze iin which the nassager firmmvare scans for instructions
fromthe in a step 754 via a PWM interrupt routine shown in
FIG 7C. After receiving input fromthe handhel d device, the nassage

firmvare checks in steps 756, 760, 764, and 768 for instructions to start,
stop, | o&dt har Beeitet saluem-Tleredergo dheid2 massage peaitems yn agnapsageeprefifet the

per f or he—eor r.espondi events.of starti or stopping the nass
Poer ot | bEIG CLIRRRRAS shde G 1 pe hedlfh hoatnRhe H-aRE: Blahle, BPORDHE 766,
and 770{ Bi€sPERt tEEEPROBEN DdranilelAvant mbsds uckiiRntheanasshge ptofdel.orin the

PWMinterrupt|routine shown in FIG 7C which is entered every 200 ugec
upon a {Bitek | patiar nsermatipe tolle FEPROMct ric current generated by an ADC

i nt err upforotrihe Sﬁﬁ‘gﬁﬁ—&j’WﬁﬁW put
el ect ri ¢ St r bRECTE! S ri A tPREPAREP PRIEEet TPEURS PPRTCS Epd B9¥S | and
764, andBife tplofildy ¢ b&nBihatidierbHE ST 8Rdllod@bR GBS And 1 n8dRRE 766 and 768
with respect to the output electric current. If in the step 762 the nmassage

firmnar eBithecks and finds the output electric current to be higher than the

user preset—t+evel, a counter value PWM COUNT which affects the duty c¢ycle |
of the D%Ui%i pnal is reduced by one in the step 766. If in the step 764 the |
massage frrmvare checkS and finds the output electric current to be Tower :
t han the user preset level, the PWM COUNT counter value is increased by one |
in the sTep 7@s.folvwisgvhs dransnaissias sddghe Staritbiap eommand isrused do Pwwidé gnal |

accordin o the P counter value in a step 770.. .. Thi IS ne for
overy el bt rebhe ity S8 of Bs MhnttadnSVER afd Paneh sy Eng of nce
t he PWM Hhtsﬁitgé Eraﬁ@ﬁ”biy@]@e hﬁ_sﬁ@é aEd6e, )¢ Birite s _%%oﬁl%@hﬁd ghtyess mtse to the
generation of the 5kHz  PWM signal. The massage firmware perforns

housekeephegERIpEMAt i ons at this routine for all the tinming related events }
|
|
\

~—

such as nonitoring the duration of the massage profile in a step 772 and
al so controlling the display of the WO 021 102292 PCT/ SGA /00122 23 LEDs
412 in t panplithdd Bysan€ablede in a step 774. The massage firmvare al so scans
instructions fromthe handheld device in a step 776. Wth reference to
FIG 7D, a PNPP switch interrupt routine is described, which is entered
every ti nrat i Hoezd dr &y 1 phul fof i T c
ater plise of PoVTT PUE Sett) EpUP o0 | etemey s TComh RESRCIE RS Ty o
rout i ne| @itsent toadppyoxdmaielyd. 3 ntAheutputdlendriofurtdne el ectric pul se out put |by
checki ng—-h-afstep 780 an electric pulse, and turning the electric pul se
off in aE%&%p 782 if the electric pulse is turned on (pulse on), or ¢n in a
step 784gfsthe electric pulse is off. This routine also kicks off the ADC
conversion _once the positive or negative pulse is turned on in a steﬂ 786.
Bef ore { Bt 3rassage firmvare exits this routine, a new tiner event is|set
based omr—the frode of operation in a step 788 according to the frequency and
bur st se??ﬁ%gs. This therefore allows the massage firmvare to nonitorn al
the el ec¢ pul se currents. The ADC interrupt routine as shown in FIG 7E
i s descri n further detail hereinafter. This routine is entered at
every puBsed on and when the PNPP switch interrupt routine kicks off ahe ADC
conver si-oh—Fhe ADCresult is stored as—a global variable in a -step 790
after the output electric current is captured, and an open | oop, when the
. pair of C 1 (. Sp : : i tracked.
The' rout iag ALY RS oSyl BAS R ok Wl Spera B0 B ottt D1
st ep 792deuneviafthgemdhélddevies inthe kerfick nidder e are nore than 15 open | oop/ no
- load counts at the output in a step 794. |If there are nore than 15 counts,
t he massage operation stops imMmediately in a step 796. |If there are | ess
than 15 counts, the open |l oad count is increnented by one in a step 798. If
the ADC result is not equal to the open | oad value, the open |oop count is
reset to zero in a step 799. This routine helps to prevent the output
el ectric pulse anplitude fromreaching high |l evels so that when the pair of
conductive pads accidentally contacts the body, the electric pul se
anplitude | evels do not cause any disconfort. The actual output electric
current is translated to an 8-bit binary voltage value which is used to
control the PWM signal duty cycle. Because of this arrangenent, a constant
output electric current is achieved. This is inportant because different
parts of the body offer different WO 02/ 102292 PCT/ SGA /00122 24
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A nunber of user-interface screen shots are shown in FIG 8, and these are
achi eved using the Visor PDA touch screen. The user-interface may be
changed §asjlyA9d port over to other handheld devices. Toe/ssoitoaze for

t he massage application may be upgraged easily by installing new software
into the handhel d device. For exanple, itens A, B, and C show screens

depicting the selection of the squeezing, shoul der, and tappi hg nassage
profiIeéﬂﬁﬂﬂ@ﬁ&dﬁﬂﬁﬂ&ﬁﬂélten1D shows a custom massage profil e screen, where
t hrough the touch screen, the massage device allows the user to transfer
predefi ned massage profiles fromthe handheld device to the massage device.
|t em E |SBioWs |Ddrhnalalaheet +200geke teer00wyelee t hr ough this screen, the|l user
may operate tthe massage device in the manual node. In the manual nodge, the
user is|BitPoved to change the frequency, ranp, burst, nodul ation and
durati 2 ings to generate different kinds of nassage sensation on the
body. Ijtem F|shows a screen providing a graphical representation of g body
wi th receitmended | ocati ons on which to place the pair of conductive pads.

I n the foregqi ng manner, nassage devi ces according to enbodi ments of|the

i nvent i (oBitBor addressi ng the foregoi ng di sadvant ages of conventi onal
massage rges are described. Al though only a nunber of enbodi nents|of the
inventijon arg disclosed, it will be apparent to one skilled in the aft in
vi ew of | BRils |di scl osure that nunmerous changes and/or nodification cap be
made W fhout Jdeparting fromthe scope and spirit of the invention. Fpr
exanpl e|, BtRe lel ectrical conmponents and functional /operational nodul es
descri bed—wittrreference to the foregoi ng bl ock di agrans and schenatic

di agranms may be replaced with the |ike electrical conponents and

functi onahd Gpuenty ofidiic eocitit pslses map de tupdeateq during\Gp@aiiar0eDBR PGFASGO / 00122
25 Cains 1. A nmassage vi.ce. for, geperati.ng and delivering electric pul ses
and whi cHevies ‘Géggﬁ'la@g}éﬂlgﬁﬂ‘fl%erlf’&‘? Wgﬂff/]ﬁ Aodehandhel d conputing devi ce,
conprising: a controller for perform ng and controlling nassage operations
in the nmassage device; an electric pul se generator dependent on the

cont r ol | RamfpoBytgdisbleit i ng el ectric pulses for delivery to a user; and an
interface for providing communication interface with a handhel d conputi ng
device for receiving instructions on which the controller is dependent for
per f or nTRY 7TES5a9RaPRERRS 11208 -refer tdNE-1GYlebieicaFulseR o alefining whver ®urst { he

el ectrig_pul s generator receives a PWMsignal fromthe controller and
convert 5Bitlte Pwaidagemal into an el ectric pul se the voltage | evel of which
i s depehdent—on the width of the PWMsignal. 3. The device as in clajm 2,
further F&ﬁLling a polarity switch for controlling the direction of
current [RiQW | nduced by the application of the electric pulse on thejuser
by prov{ding both negative and positive polarities of the electric pulse.

=T

4. The {iBitiXe| Becimal ehlapamit]5 fajert loet~TiSndbeitt mylsas Feradefinms ramaep ymdher ei n
at | east—ene—pe nent ssage profile is stored in the read-only-nenpory,

the per (Bitent W&ggéb‘éeﬁdganP SSHAE SVRIAEPat | east one massage patterh that
defines|@f; 1 €pst one paraneter relating to the electric pulse. 5. The

device as in glaim4, further including a non-volatile nmenory wherein at
Bit0

Short burst modulation is used to smoothen the impact on the body when the electric
pulse frequency is below 35Hz. Ramp-up time is use to control the time to reach the
preset amplitude, and is defined as the number of pulses required to cause a level jump.

A maximum of 50 mA of peak current may be delivered to the human body.



| east one tenporary nassage profile is witten to and stored in the

non-vol atil e nmenory,

the tenporary nassage profile containing at

massage walhAhioed hat defines at | east one paraneter rel aPCmMgGhTOMRR

el ectric pul se.

| east one

6. The device as in wlaimb5, wherein the tenporary nassage

profile is transmtted fromthe handhel d conputing device to the nenory via

t he interfaCﬁ. E¥§02/102292 PCT/ SGO /00122 26 7. The device as in
$ APeterface is provided via the interface for the us

provi de user input to the controller.

1, wher

claim
er to

8. The device as in claim7, wherein

the user-interface includes a display faor the user to receive information

fron1théBEan

f or

mcineal vaBies 3B e 2§6vifertodd + PSGeledine guls¢sur t her i ncl udi ng

nstruction codes on which the handhel d computing devi ce
operation to provide the user-interface, the instructi
etrievabl e by the handhel d conputing device via the int

st or age
is
on
erf ace.

10. Thel_devid
sensi ng
the ele
gener at
capabl e
conpris
control
to a us

e as inclaiml, further including an open-load detectofr for
circuits at the output of the polarity switch and cuttijng off
re-pul se when an open circuit is detected. 11. A nethod for
%§3aqd delivering electric pul ses via a nassage devi ce which
Biointerfacing with a handhel d conputing device, the nethod
ng the steps of perform ng and controlling massage operations via a
t he massage device; generating electric pulses for deljvery
an electric pul se generator dependent on the controller; and

is

The burst rate is defined as the number of electric pulses transmitted between every 0.5

sec intermission regardless of the frequency setting.

Duration Byte Table

Bit7
Bit6
Bit5
Bit 4
Bit3
Bit2
Bit1
Bit 0

1=Second; 0=Minute

Decimal values 1~240 refer to the same number of seconds.

Decimal values 1~30 refer to the same number of minutes.

Bit 7 in this byte determines whether the decimal values defined by bits 0-6 are in

seconds or minutes.



provi di ng comuni cation interface with a handhel d conputing device via an
interface for receiving instructions on which the controller is dependent
for perfowgiongosssage operations. 12. The nethod as in cbetrmsGhilooiyherein
the electric pul se generator receivesiza PWM signal fromthe controller and
converts the PWM signal into an electric pulse the voltage |evel of which

i s dependen n t width of the PWM signal. 13. The nethod as in claim12,
further &ﬁ@h&gﬂﬁéﬂﬁﬁ% step of controlling the direction of current flow

i nduced by the application of the electric pulse on the user via a polarity

switch hy providing both negative and positive polarities of the electric
pul se. BAUOJ/RB&@ZC@QIPEMW%R‘Z 27 14. The nmethod as in claim 11,

further Hth-pg—the—Sst-ep—of—previ-di-rg—a—teat-ontyrerpry—whereta—at—| east
one per rd%‘gﬁt #&fé’%béel—m ef@%a@?or ed in the read-only nenory, the
per ”H”eqt&@s“’l’&ﬁea‘?@%du% ht”thE‘ redlous BRgdagOPBIdRSSage pattern that

def i nes |at Iectst one paraneter relating to t1e electric pulse. 15. The
met hod csBlm Q IP&pth], I#Repdamhemmbagdlpm@ﬂle tﬁtensb@mrmﬂg providing a

non- vol & BAD feretn—at—east—on i unal rassage—profe—3
witten ;%tgand SQ%N§NF( n the non-vol at ﬁ)g ﬂﬁ?‘&)?@l the tenporary nmasgage
profile q_jﬂpgal ni ng-REgA®aDhlyone massagejpghiiern that defines at |east one
par amet rel ating to the electric pulse. 16. The nmethod as in claimjl5,
further iBitlluchOﬁg{dpb@Psd:\eqmsMHtwanmmumnmg the tenporary nassage profjile
fromth .m.u.% (kﬁp uti.n %hod to,.the nmenory via the interface. 17. The
met hod 48 LiIRFPSaL rffvd‘? ?“}{@Fcﬁaiuﬂjgj’sthe step of providing a user
interfage is prlgsgdﬂggP\(é‘goﬁsmulsﬁtr%lfeaﬁ%sfor the user to provide user |i nput

to the gontrolll 18. The method as in claim17, wherein the step of
provi ding the dé@’rldmpmﬁlace i ncl udes provi di ng a di spl ay for the usgr to
r ecei ve inaforation—fromthe—controtHer—1+9—Fhernethod—as—+n—<ctarm 8,

further including the step of providing storage for storing instruction
codes on T ©Bdd bae bamede kit eRMANEH didhoiekidedf tieSeldaRe pRBlgeh@htc@RRA AL I ON tO
provi de the user-interface, the rnstruction codes being retrievable by the
handhel d d@bwe@ tnthevserh dehangiagtthe conirod bytecauses the masageprestiratesilieng| aji m 11,

further | | et o) ensin
open of r Suiipe AR hesCioat Bpyied Rsreb deftty 188 Mee AR e Rl bl T e
electric umtﬁ sﬁey\h&mlsauyt@raﬁa doinfrolsi the itgrnéit @@bﬁdff the ramp and burst mode.
A Assr.As . AL.A9L_.A's. A L. A9l sL.ALs. Ass. A9" . AsL.A-".A( 9. As% As. As. A& "L
CA8S. A& R@e‘ﬂﬁ_om of,&gg massagggorofiles or pattemps are also determined by particular bit
; 1LCBr u| we, ] caUlcalc
4] ca] cal Ca % Cafo%ﬂ%(: afdcg%h%géﬁﬂﬂr&]a&n‘é alGahtabe &gl
c<rc]l) 6ktp@zbtanf1ah\tﬂasa]ge@}afa]acal)] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca]ca]ca] ca]ca]ca]calcalcalca]calcalcajcalhT ! _{!}!;
#SU* +" +s++- 134[ 4y456} 7mBa: : \ ;
;» <<&zumthas'\Bheersmkcal cal cal] ca] ca] cal ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
Ul ca] ca] caJcaJcaJcalfca] ca] ca] ca] ca] ca] ca! &=x===COAXAVBBBC
FGBG G&EBH | " KnLLaM\[ NNCPPZQ?Q\/QQQ{ qu ga\ V\] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca

-catsatealcateathcalcalcatecal ealcalcatealcatecatttealecalea WrY
Cob s8] B 7 Do G ECaEp R RS RhRiran (o e a o e] Bafe Sha e da] cal

ca massage pattern number in the massage profile.

Bit6 | 1=Read Frequency

Bit5 | 1=Read Ramp

Bit4 | 1=Read Burst

Bit3 | 1=Read Seconds Lo

Bit2 | 1=Read Seconds Hi

Bit1 | 1=Read Mode

Bit 0 | 1 =Read Current Amplitude on conductors applied to the body




U]l cral] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
\(/:\}\('/i\ﬁ ml(8+%qu§%grf;{|8r;f\s/\ijsx]sss]sstttuvvv
! ca] ca] c®
HPR caﬂj c{g{lcaU]Eca] ga] el a] cle;U] ca] cal] ca] ca] ca Upcrapodpuoz
) T o e o e oo oy kyzy LS DL =
; ?~ytoid YTl ga\]cal] ca] ca]ca]c”g]calc
Ul c”a] calffengtes aqeéa]eeaqsée&]byé}aég%algéeﬁ %ﬁ%@}@}eﬁa Pg%g%))q@%&%&i‘%l"ﬁeum
}mg R(-J xsf ?ﬁﬁg%gcglac&lvfc@@ﬂhf%@egfheﬁbg ableaksahe ake’ @l viehcaTrabeed)] ca] ca] ca
] caUcaJca a}] cal caJcaJca] cal ca] ca] ca}}pa! A j$rz: G @gztnid_zZU]ca]ca]ca
]U]C 22;: 23?@fﬂgg?£\gag gﬁ ﬁ@ﬂﬁﬂédg@éﬂ]thé%@ﬂ@% ti]es]it; ]ﬁ]edaw@gec@qv@@] geapefcal] ca] ca
! : wr calc
a] ca] ca]aéla]t@éf%g? t%ta% s %’%&g‘f‘&‘g}egda‘??éﬁ%a] ca] 21;1??1;1]02!31]0223 gg]cgg]cgg]cgggglc
@10%& ()-1 @ 10%g; & () - | @ 10%/ z& () - DI@10% & ()- B
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which is shown to consist of the micro-controller 402, a PWM controlled charge pump

circuit 404, a positive-negative polarity pulse (PNPP) switch 406, the analog feedback
circuit 408, the EEPROM 410, and a pair of LEDs 412. The micro-controller 402
interfaces directly with the PLD 204 as described in the foregoing, and is also
connected directly to the pair of LEDs 412 for providing visual indication when the
massage device operates in the standalone mode. The micro-controller 412 further
communicates with the handheld device when the massage device is operating in the
interface mode or with the keyboard interface when the massage device is operating in

the standalone mode.

The analog feedback circuit 408 monitors the actual output electric current for
controlling the generation and delivery of the electric current and handling the auto cut-

off if more than 15 electric pulses are generated but not delivered to the body.

The micro-controller 402 also generates and delivers PWM signals to the charge pump
circuit 404. The charge pump circuit 404 produces high voltages ranging from 10Vde
to 100Vde. The high voltages vary according to the duty cycles of the PWM signals,
and the frequency of the PWM signals remains constant at SKHz throughout operation.
The PWM signals are switched off when a massage operation is stopped to conserve

power.

The high voltages are provided as input to the PNPP switch 406. The PNPP switch 406
controls the direction of the electric current flow to the body. The electric pulse width
is controlled at 250usec and 500usec for frequency less than or equal to 10 Hz. Four
control signals are used by the micro-controller for controlling the PNPP switch 406,
which are PON, NON, PPULSE and NPULSE signals, which are described in greater
detail hereinafter. The EEPROM 410 stores the downloadable massage profiles from
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The massage device may store up to three downloadable massage profiles in the
EEPROM 410, and therefore the size of the EEPROM 410 is at least 180 bytes large.
A 256-byte EEPROM 410 is appropriate for this application.

The electric current flow through the body is provided as feedback to the massage
device via the analog feedback circuit 408. Electric current is translated to voltage
levels suitable for the micro-controller 402 and a built-in ADC in the micro-controller
402 then converts the voltage levels into 8-bit digital signals. These voltage levels are
then compared all the time with the user preset electric pulse amplitude level. Based on
the comparison, the micro-controller 402 then adjusts the PWM signals accordingly to
bring the output electric current close to the preset level. The micro-controller 402 also
contains I/O pins for interfacing with the handheld device via the PLD 204, and the
docking device in the case of the Visor massage device. The massage firmware is

embedded in the micro-controller 404 and the code size is less than 4k bytes.

FIG.5 shows the various waveforms that are generated by the Basic Massager Unit 102
for delivery to the user. By changing the frequency, burst, ramp and mode parameters
relating to the electric pulses, the waveforms change accordingly and the outcome is the
causation of different sensations on the body. Waveforms shown in FIG. 5 include
electric pulses generated in the ramp mode, burst mode, short burst modulation mode,

and combinations of ramp and burst modes.

FIGS. 6A, 6B and 6C collectively form a schematic diagram of the massage devices.
The schematic diagram includes all circuit components for forming the Visor and Non-
Visor massage devices. The circuit consists of three sections, namely the Springboard
interface sub-unit 104, Basic Massager Unit 102, and RS-232-C interface sub-unit 106.
For purposes of convenience and brevity, the docking device sub-unit 108 is subsumed

under the Springboard interface sub-unit 104 and described accordingly.
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components form the PNPP switch 404. An integrated circuit (IC) US is used for the
analog feedback circuit 408, while an IC U3 is used for the EEPROM 410 that stores
the three downloadable massage profiles. A Philips micro-controller P87LPC767BD is

used for the micro-controller 402,

The Springboard sub-unit 104 consists of the flash memory U1, the PLD U2, and a 68-
pin Springboard communications connector JH1. The docking sub-unit 108 consists of
a 6-pin connector JP1. The RS-232-C sub-unit 106 consists of an RS-232-C driver U7
and a 3.3V DC-DC step-up converter PS1 that steps up the voltage supply provided by

two batteries in series to a supply voltage Vcc in the non-Visor massage device.

In the Visor massage device, the 68-pin Springboard communications connector JHI is
used for mating with a corresponding 68-pin connector in a Springboard receptacle
provided by the Visor PDA into which the Visor massage device slots for providing
connectivity between the two devices. The 6-pin connector JP1 is used for mating with
a corresponding 6-pin connector in the docking device. An RS-232-C communications
connection-based connector PS1 consisting of Txd, Rxd, and Gnd pins is used for

providing connection with the non-Visor PDA.

FIGS. 7A to 7E are flowcharts relating to the massage firmware, With reference to a
flowchart provided in FIG. 7A, the overall operation of the massage firmware is
described hereinafier. The massage firmware in a step 702 initialises all variables and
registers in the nﬁcro—conﬁoller 402, and then in a step 704 checks the massage device
hardware to determine whether the massage device is connected to the handheld device
for operation in the interface mode or to the docking device for operation in the
standalone mode. In the case of the Visor massage device, detection is achieved via the
6-pin connector JP1, in which one of the pins is pulled low when the 6-pin connector
JP1 is inserted in the docking device. The micro-controller 402 checks this pin at start-
up and accordingly sets a plug-in flag. In the case of non-visor PDA, detection is
achieved via detection of the RS-232-C level present at the RS-232-C driver U7. If the
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Otherwise, the plug-in flag is set to one in a step 708.

With all the registers and variables initialised and the plug-in flag set, the massage
firmware enters a main loop 710 and checks all events from the handheld device in the
interface mode or the keyboard interface in the standalone mode and reacts
accordingly. All events are interrupt-driven therefore enabling the massage firmwars to
process in real time. The interrupt events include the occurrence of a keyboard
interrupt 712, an ADC interrupt 714, a PWM interrupt 716, and a PNPP switch
interrupt 718.

In the main loop 710, as shown in FIG.7B, the firmware performs two different
processes based on the plug-in flag, the status of which is checked in a step 720, where
the two different processes are performed in relation to the standalone mode and
interface mode. If the massage device is in the standalone mode, a corresponding
process is performed which involves the massage firmware obtaining input from the
two push buttons found either on the docking unit or the non-Visor PDA in a step 722
via the keyboard interrupt 712, in which events are driven from the two push buttons.
The two push buttons used in the standalone mode consist of a Start/Up button and a
Stop/Down button. If the massage firmware checks in steps 724 and 726 that the
Start/Up button is pressed (step 724) and held down for more than 1 sec (step 726), the
massage device begins massage operation using the current selected massage profile in
a step 728. If the massage firmware checks in steps 730, 732, and 734 that the user
presses (step 730) and holds down the Stop/Down button for more than 1 sec (step
732), and that the current massage profile is in operation (step 734), the massage device
stops massage operation in a step 736. When the massage operation is not in progress
and if the massage firmware checks in steps 738 and 742 that the user presses and
releases in less than 1 sec the Start/Up (step 738) or Stop/Down (step 742) buttons, the
massage firmware moves the massage profile pointer up in a step 740 or down in a step
744, respectively, thereby changing the massage profile selection. When the massage
operation is in progress and if the massage firmware checks in steps 738 and 742 that
the user presses and releases in less than 1 sec the Start/Up (step 738) or Stop/Down

(step 742) buttons, the massage firmware changes the massage pressure by increasing
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v 109 &c&)résf)onding process in which the massager firmware scans for instructions from the
handheld device in a step 754 via a PWM interrupt routine shown in FIG. 7C. After
receiving input from the handheld device, the massage firmware checks in steps 756,
760, 764, and 768 for instructions to start, stop, load parameters, and read status,
respectively, and thereafter perform the corresponding events of starting or stopping the
massage operation, loading parameters, or reading status in steps 758, 762, 766, and

770, respectively, when the relevant instructions are received.

In the PWM interrupt routine shown in FIG. 7C, which is entered every 200 usec upon
a timer interrupt, the output electric current generated by an ADC interrupt routine
shown in FIG.7E is obtained in a step 760. This output electric current is compared
with the user preset level in steps 762 and 764, and the duty cycle of the PWM signal is
adjusted in steps 766 and 768 with respect to the output electric current. If in the step
762 the massage firmware checks and finds the output electric current to be higher than
the user preset level, a counter value PWM_COUNT which affects the duty cycle of the
PWM signal is reduced by one in the step 766. If in the step 764 the massage firmware
checks and finds the output electric current to be lower than the user preset level, the
PWM_COUNT counter value is increased by one in the step 768. Otherwise the
massage firmware turns on the PWM signal according to the PWM-COUNT counter

value in a step 770.

This is done for every electric pulse that is generated and delivered to the body, and
since the PWM interrupt routine is entered every 200 usec, this gives rise to the
generation of the SkHz PWM signal. The massage firmware performs housekeeping
operations at this routine for all the timing related events such as monitoring the

duration of the massage profile in a step 772 and also controlling the display of the
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With reference to FIG.7D, a PNPP switch interrupt routine is described, which is

entered every time an electric pulse is turned off (pulse off) or every 4 msec after pulse

off if the electric pulse frequency is less than 35 Hz. This routine essentially controls

the timing of the electric pulse output by checking in a step 780 an electric pulse, and

turning the electric pulse off in a step 782 if the electric pulse is turned on (pulse on), or

on in a step 784 if the electric pulse is off. This routine also kicks off the ADC

conversion once the positive or negative pulse is turned on in a step 786. Before the

massage firmware exits this routine, a new timer event is set based on the mode of

operation in a step 788 according to the frequency and burst settings. This therefore

allows the massage firmware to monitor all the electric pulse currents.

The ADC interrupt routine as shown in FIG. 7E is described in further detail
hereinafter. This routine is entered at every pulse on and when the PNPP switch
interrupt routine kicks off the ADC conversion. The ADC result is stored as a global
variable in a step 790 after the output electric current is captured, and an open loop,
when the pair of conductive pads is not attached to the body, count is also tracked. The
routine checks if the ADC result is equal to the open load value in a step 792, and if
yes, further checks if there are more than 15 open loop/no load counts at the output in a
step 794. If there are more than 15 counts, the massage operation stops immediately in
a step 796. If there are less than 15 counts, the open load count is incremented by one
in a step 798. If the ADC result is not equal to the open load value, the open loop count

is reset to zero in a step 799,

This routine helps to prevent the output electric pulse amplitude from reaching high
levels so that when the pair of conductive pads accidentally contacts the body, the
electric pulse amplitude levels do not cause any discomfort, Thé actual output electric
current is translated to an 8-bit binary voltage value which is used to control the PWM
signal duty cycle. Because of this arrangement, a constant output electric cusrent is

achieved. This is important because different parts of the body offer different
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A number of user-interface screen shots are shown in FIG. 8, and these are achieved
using the Visor PDA touch screen. The user-interface may be changed easily and port
over to other handheld devices. The software for the massage application may be
upgraded easily by installing new software into the handheld device. For example,
items A, B, and C show screens depicting the selection of the squeezing, shoulder, and
tapping massage profiles, respectively. Item D shows a custom massage profile screen,
where through the touch screen, the massage device allows the user to transfer
predefined massage profiles from the handheld device to the massage device. Item E
shows a manual sefting screen, where through this screen, the user may operate the
massage device in the manual mode. In the manual mode, the user is allowed to change
the frequency, ramp, burst, modulation and duration settings to geﬁerate different kinds
of massage sensation on the body. Item F shows a screen providing a graphical
representation of a body with recommended locations on which to place the pair of

conductive pads.

In the foregoing manner, massage devices according to embodiments of the invention
for addressing the foregoing disadvantages of conventional massage devices are
described. Although only a number of embodiments of the invention are disclosed, it
will be apparent to one skilled in the art in view of this disclosure that numerous
changes and/or modification can be made without departing from the scope and spirit
of the invention. For example, the electrical components and functional/operational
modules described with reference to the foregoing block diagrams and schematic
diagrams may be replaced with the like electrical components and

functional/operational modules, respectively.
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voltage level of which is dependent on the width of the PWM signal.

3. The device as in claim 2, further including a polarity switch for controlling the
direction of current flow induced by the application of the electric pulse on the user by

providing both negative and positive polarities of the electric pulse.

4. The device as in claim 1, further including a read-only-memory wherein at least
one permanent massage profile is stored in the read-only-memory, the permanent
massage profile containing at least one massage pattern that defines at least one

parameter relating to the electric pulse.

3. The device as in claim 4, further including a non-volatile memory wherein at
least one temporary massage profile is written to and stored in the non-volatile
memory, the temporary massage profile containing at least one massage pattern that

defines at least one parameter relating to the electric pulse.

6. The device as in claim 5, wherein the temporary massage profile is transmitted

from the handheld computing device to the memory via the interface.
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device via the interface.

10.  The device as in claim 1, further including an open-load detector for sensing
open circuits at the output of the polarity switch and cutting off the electric pulse when

an open circuit is detected.

11. A method for generating and delivering electric pulses via a massage device
which is capable of interfacing with a handheld computing device, the method
comprising the steps oft

performing and controlling massage operations via a controller in the massage
device;

generating electric pulses for delivery to a user via an electric pulse generator
dependent on the controller; and

providing communication interface with a handheld computing device via an
interface for receiving instructions on which the controller is dependent for performing

massage operations.

12. The method as in claim 11, wherein the electric pulse generator receives a
PWM signal from the controller and converts the PWM signal into an electric puise the
voltage level of which is dependent on the width of the PWM signal.

13.  The method as in claim 12, further including the step of controlling the direction
of current flow induced by the application of the electric pulse on the user via a polarity

switch by providing both negative and positive polarities of the electric pulse.
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14, The method as in claim 11, further including the step of providing a read-only-
memory wherein at least one permanent massage profile is stored in the read-only-
memory, the permanent massage profile containing at least one massage pattern that

defines at least one parameter relating to the electric pulse.

15,  The method as in claim 14, further including the step of providing a non-volatile
memory wherein at least one temporary massage profile is written to and stored in the
non-volatile memory, the temporary massage profile containing at least one massage

pattern that defines at least one parameter relating to the electric pulse.

16.  The method as in claim 15, further including the step of transmitting the
temporary massage profile from the handheld computing method to the memory via the

interface.

17.  The method as in claim 11, further including the step of providing a user-

interface is provided via the interface for the user to provide user input to the controller.

18.  The method as in claim 17, wherein the step of providing the user-interface

includes providing a display for the user to receive information from the controller.

19.  The method as in claim 18, further including the step of providing storage for
storing instruction codes on which the handheld computing method is dependent for
operation to provide the user-interface, the instruction codes being retrievable by the

handheld computing method via the interface.

20.  The method as in claim 11, further including the step of providing an open-load
detector for sensing open circuits at the output of the polarity switch and cutting off the

electric pulse when an open circuit is detected.



