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*159159* Movenent tracking systemwt

devices in shoes Field of the |nvent|on The pﬂﬂﬂmmmmmmmmw
invention relates to the field of novenment tr

and nore 5 particularly to that of |ocation-awar eisoso
systens in which individuals ﬁnving (e.g. walking or
running) within an environnment are tracked. Background

of the | Mevement tkaghkjng system withcembed ded <hewices int thaes i s,
systenms for tracking the location of a 10 nobile

user) have been proposed in literature, but nost of
Fliebdofithe ihostit@cur acy systens with a resol uti on on

the Il evel of nmeters. They require at |east three fixed
stati 6R% Pé%se{“hé“’leﬂﬁ“‘?“aé?lﬁtﬁ%ttﬂ be ffisld of megmeng fraskinggapd more
ﬁ&ml:@lﬁﬁ% td QU off 18€atioR-aAsd %’sﬁ:ﬂ’lsq whlc-lfhﬁlﬁlv‘fcﬂﬁﬁ O\Hﬁggé.g.%valkmg
orientation I nformation about the user, such as t

di ruaningpwithin anvdnivirbnmhentare sévded.s f aci ng whi ch provi des

cl ues about the current object of the user's 15

attention. Furthernore, they are partially obtrusive
BackgiSuhld of tife ]mgﬂrmnt as at least a tag needs to be
cllpped to the user's clothes or hung around the

user ' Manxdreatian-asarg vesieay flball i5c aystems derstragking dhsolpeation of a

c
o o €W e, RSB T U ACAR B sy
metenty Wwithoa Irésokutionhen tgelevel bbaﬁ:temrmtay tdqanrélaarlwt three fixed
sensor. uires " guat.e pl acenent and densi
R N R P e a"édﬁ‘?ség‘}}" for 51 pSsitoning.

?ﬁé}l k&bt Sﬂﬁ/ldeooﬁaﬁatio%vﬁllforﬁlfan@n RBOM tha el REch 2C e &?%tlon in
depends on sensor density. The RADAR s st ém pr oposed

Mmcp heBahsheaﬁ cfaqyng Nhighgphowidas blkas about aurrent Abpject of the user’s
Il ocation .and Trackin

ééksn?lg}r\ﬁ Spera %%g qreé’%a?'{lzaly gb%rusnvg tcr)) rtlgeclésseg Is rr]réov%Eent as at least a

tggeeds tetbe ehgpdd tb miieouseE s ckot‘neabr hurlg arpurel thasserstretk.ons

posi tioned to 25 prqvide overl appi,ng, coyerage in t
brea P SFiveades 19cation aysian Biopased Ry Waptahd & By g Active
Badget LécANONISFEAN Mids ube oAE wg@qagéusermahe h sk:ﬁsw lhetwdk to link
"Parasitic Power Harvesting in Shoes" by J. Kym ssis

thedisert's lpratiqantorke mearesy sensan. Warsqbines ‘tadequald zlampqnh end density of
B‘n%rsér?s%?se’dan%o rsecf 3 vl’\llsa%cr:urg%ggphcat donls toqneo Mef ota 4 \5\%olm and the

power roug y one aver age
axfcumcgkiapetnds oid\éértsomambye generated by 30 nor mal hunan
wal ki ng. _The, systeminclu REID tags to be attached
to ea@ﬁe Bf'\ibﬁ%ép'ftem proposec(ij %y P. Bahl and V. N. Padmanabhan in “Radar:
An in-building RF-based User Location and Tracking System” operates by recording

and processing RF signal strength information at multiple base stations positioned to
provide overlapping coverage in the area of interest. It requires at least 3 base stations
for triangulation and the accuracy is meter level.

In “Parasitic Power Harvesting in Shoes” by J. Kymissis and et al, an RFID
system was built utilizing the harvested power from user steps. It is shown that a peak
power of roughly one Watt and an average power of a quarter Watt can be generated by
normal human walking. The system includes RFID tags to be attached to each of a pair
of sneakers and one RF receiver. The user’s steps power up a power-conditioning

circuit which will activate a RF transmitter when enough power is harvested. However,
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of sneakers and one RF receiver. The user's steps

power up a power-conditioning circuit which wll

activate a RF transmtter when enough power is

harvested. However, ~ | | | | | 11111211111 1 1| |
111121121221 1 1 | 11111 @&00002~ 2 this RFID system
operates at 310MHz and is onl% able to provide

vicinity information as it only can detect whether

thireREH2 aystam operates gt p EMHagrand ds onlyablet teepravide yidinity igformation

g é)nW:LB 5%&0{&#‘6?1%6 \{Eogﬁ)eaka'e 51 Ee%ﬁ'o\f ot: nO-IEqu ?ﬁzﬁlon of the

cati1on stem"”,

RBID wglrllhtwétohhsw redeivapr | ocation system pr oposed by
Kenj i, %uda and et al, works by neasuring

trackiThy EEEAgPapsials ehrdicotnpet Lgration drasking; §)é§|tqm ofthe footprint-
6%@& RidoBf focﬁ‘ﬂl(;rhs%{etrﬁ g?&ﬁebéa %}nféﬁﬁat A gdigﬁﬁ)& ACWesy rﬁgasurmg

e position of "a us IS C y sunm ng up -t
msirtrwktngahddnapllacenmmvmols altingpl tegkeofdnotpuptstvathsultragoaic-infrared-
ation.error

test di.sadvanta
R} Sport, DI PR g o SCIEIFD 05 FHOTYE B8 the current and all
p@vi@a&, |d@'pﬁcbﬁ8nt”€éc|i&§l THE ghdutadP [lisaB¢hntald® is€thd- ackimhidation error

his will lead to additional infrastructure

@bgnent frwe thes prgang prslgﬁsnlenT hough serael raygal Brtienamnethod can be applied
d i nt - based

KR 208 o vl e A prahlopan 01 boser,

navi gihd AshiNayisdystem ﬁape@ddjy Sﬂmmhur‘{mizapomd ¢taah imf‘AshiNavi:

1 Eoahnaset Kmmprcan Ny SRR Sbier” R et dorr & gaipgl navigation

derhPBBad oﬁfth@cm 96516615 Y th bder, whlaﬂ%aét&&e&l 89S dofmmercial
footprints towards the user's intentional direction

wltrasoniolenatinn systepy w}lsbtagmnt rgqwizesi theideployvmentsadra senpor array with
" Qr . ral .User

saees ihdinr (St GFERE I i) aiiHion arg shown by a
@ojaagmryo ﬁhvngﬁwmd user. Syst em has _been proposed for

oo TR 5GP 0 R N R R, Uppinenon ana
TRAYEBRET 69 RYLRR It ©rP %ﬁ?&’ le: %&y TRV BEW, U §fstm Ma$ bédrOprop&sed for
systemto determ ne the Tocations of one or nore

idaefifyingurgppla Sased on|theigfaetsten forerprefiles.ne present
I nvention proposes that nmultiple spaced-apart 25
antennas controlled by at |east one RF (e.g. UWB)
Sumntiry of die Iawantaﬁbedded into a shoe. Optionally,
bot h '?f a user's shoes include such antennas.
e present invention aims to prov1de a new and useful positioning system to
determine the locations of one or more individual users.

In general terms, the present invention proposes that multiple spaced-apart
antennas controlled by at least one RF (e.g. UWB) transmitter are embedded into a
shoe. Optionally, both of a user’s shoes include such antennas.

Preferred embodiments of the invention make possible high accuracy position
tracking, providing information about the user’s 2D position and the orientation of each
of his or her feet. The tracking may be accurate enough to differentiate each footprint.
In preferred embodiments, it requires only one single fixed station system, and thus has

easy setup.
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Preferred enbodi nents of the invention nake possible

hi gh accuracy position tracking, providing

i nformati on about the user's 2D position and the
orientation of each of his or her feet. The tracking

may be accurate enough to differentiate each

footprint. 30 In preferred enbodi nents, it requires

only one single fixed station system and thus has ]
easy Beefarpbly3the pptenagsapiidyRF tigasmitier argaembaddedzmto the sole portion

Bfl%@%mrésfggﬁdiﬂég%%g&ﬁ%ﬂ:?gvih&taoto%z%nm Kive ek LRRcOlo th Gser since

correspondi ng S provides a nobtr usi ve
thepren mighendtbetelhen asae of thealevick lembeddad imitighdhoesot be

even aware of the device enbedded jn the shoes
ot i oﬁap?fgﬂ,"yaaffgwe Seuh S8 PEanCined Htmsoeéﬁ?qdﬁect fgstem to collect
%(égg? ?&@ti&y e GRFF Rrdrdfation §.n§1 &r‘AHﬁﬁit ritle@ﬁElFQ'lB% fr@hctg’aﬁ éag to the

|.nfo.r.mat|on and t.rar]smtult W relessly rom .
tized statiannwsiliziigabel cemnmunigation abilityi af ghe prepessdhsysiéro athis additional

ilit. f the p d Thi ddi ti I
ikt i b SRR ORE Anditsts §fThe MU RO ™, 1
user’ @Ffr@mryl,eme&racmigi s¥8Rh Yan bdSelf-paCdred W6 hedNyCRBuirement
-p

be self-powered. Wthout any requirenent faor )
foxt hagteriess the fag’s pgwer sevbe hasyesied fiam\dstuser’s stsapingemovement

oS [ - 10 unobtrusively during
ggﬁrluﬁléélgre&gbgg‘fa%}@gf&é?m escription of the Drawi ngs
Enbodi nents of the invention will now be described for

he_sake, of exa e oply with reference to the
i’sﬂeffmﬁﬁg"ﬁ"@rﬁr‘ﬁg A"Wech: 15 Fig. 1(a) is a
EfBBaMRicnEs df the! fiveadidroWilPhova Be ABRABEATRIHthOEake of example only with
posi tioning systemin the Singapore patent

miprencede thefollogagdaresin whidh: 1(b) and 1(c) show
ant anhige | SREERRY RSl G55 dftafher 8 5 5 BERL YRSy stem in
thePinghpaie patenaappticatioat 200605327st.r at i on of t he

coordpnate.s I n Singappre patent . 20 application . .
20060882 1) 351 ) by gragE R exatie yorades BRuGH & 8 Teceiving
&Méﬁrﬁ_ﬁld@i‘n@ﬁbdr@gﬁeﬁt'a?ﬁﬁcaﬁBBQdOGIBBN-QE the invention,
conprising a nobile transmtter and a fixed receiving
st at i Big: 1) ¢ a srhematip iljusirefiar eftthe posdlingtessystemnin fingapore patent
] odi ment of the invention, including a
?p}r“?%ﬁ%?rpg)g?%c?gﬁﬂect ing GRF data. 25 Fig. 4 shows
anot hEig. 2nbadichematiofllustrgtidnny eydtérn rwhich wha dirsteemtblihed of the
with.a battery is enbedded in afshge. . .
invention, comprising a mobile transmitter and a fixed receiving station.

Fig. 3 is an illustration of a system which is a second embodiment of the
invention, including a force sensor collecting GRF data.

Fig. 4 shows another embodiment of the invention in which a UWB tag with a
battery is embedded in a shoe.

Fig. 5 shows another embodiment of the invention in which a UWB tag with a
power harvesting subsystem and a power storage subsystem is embedded in a shoe.

Fig. 6 shows another embodiment of the invention in which a UWB tag with a
force sensor is embedded in a shoe.

Fig. 7, which is composed of Figs. 7(a)-7(c), shows graphs of typical GRF

profiles.
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Fig. 5 shows another enbodi nent of the invention in

which a UWB tag with a power harvesting subsystem and

a power storage subsystemis enbedded in a shoe. Fig.

6 shows anot her enbodi ment of the invention in which a

UMB tag with a 30 force sensor is enbedded in a shoe.

Fig. 7, which is conposed of ﬁigs. 7(a)-7(c), shows

graphs of typical GRE profiles. 4 Fig. 8 shows one

possi Bige8shews pne possible strentere of @rforas| qoeﬁcﬂetmaeha@mal switch for

od| ment of the invention.

|dﬁgge&% m"ﬁﬁ?°ﬂ&8$§6§§§10f the transmtter circuit.

Fig. E. 9k aJBlelaﬂﬁgrahh@fthefrHﬁﬁmlﬁér drcpcket which a
transpitter _in an liln"oodl mepnt 5 of the invention may
9

t r anshigt 10 diystrates the Jogmat of ackAt WhicB|a frgjismtitter in an embodiment

bﬂﬁ@'ﬁd@hﬁ&{‘mﬁﬂr‘a{hs‘?ﬁt appl i cation enpl oying an
enbodi ment of " the invention. Fig. 12 shows an

appl i Bigt il brillustratesyam intelligemtiinfdimativn sefrvicé @pplication ieorploying an
all court. 10 Fig. 13 shows an intelligent

W%PQﬁEVﬁgﬁ @V93FVHce system which is an application

of anFigModihaRistanOhpplietidm ¥@Ployaiy W embd@ifkent of the invention in
envi ronnent. Detailed Description of the enbodiments

hasket ballisanlr y of UVB positi oni ng techni ques whi ch may

be e”?n'goyl%dslh&vsf i PP{E%%BOSF{EI"%E#IW %ecﬁ\vn%gﬁgigérﬂt Wlh is an

w Be given o
ab;ﬁlchtunﬂcf amn:mbtohrmxmt efitheiigvenBom agpbsmme pavimininent.
appl i cations. These positioning techni ques have not,
to 20 our know edge, been publicly disclosed in the

f)behéd@feséﬁyﬁ.af@ﬁﬁ%mmﬁmrh@n (i.e. location-aware
systens), and nmay thus be considered as lying in a

different technical field. It is for this reason, and

| so e Lty fot
gppl I§ rﬁnI%o ok VlVJe‘{P/?B E)g% hgr\ﬁgg t%%tl(bLfeg\DWRCh rﬂ? frﬂgloyed in the
pesamtemyodiateetsof the application, that they are not

descri bed in the "background of the i nvention" section

above. 25 In Singapore ("SG') Patent Application SG

2005048R8criptioh WHBn®W Vet 4i0H sfguwusdoemohﬁ@ezécmues disclosed in
nmono- pul se concept has been pr_?rgﬁsed Using t

Hyeet earliert $iagapore paentt appticasions, Plpesmpm@gdnd@rquee &ave not, to
glﬁ‘ Er?‘(}»{/lg@ée?q)egx p%bﬁl:l?ghlgcl&e)éeﬁl tl{eeﬂglﬁsl)f‘) Iihe B?esgrg invention (i.e.

location-aware systems), and may thus be considered as lying in a different technical
field. It is for this reason, and also because it is believed that two of the applications
were not in the public domain at the priority date of the application, that they are not
described in the “background of the invention” section above.

In Singapore (“SG”) Patent Application SG 200504866-5, a UWB positioning
system based on mono-pulse concept has been proposed. Using this system, the 2D
position of a mobile “responder” can be estimated by a single fixed “requestor” using
ranging and direction of arrival (DOA) estimation. This application had been laid open
by the priority date of the present inventioh, and its disclosure is incorporated herein by
reference.

As an enhancement of the above application, in SG Patent Application

200605527-1 (the disclosure of which is also incorporated by reference), a related
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rangi ng and direction of arrival (DOA) estinmation.

This application had been |aid open by the priority

date of the present invention, and its disclosure is

i ncorporated herein by 30 reference. As an

enhancenent of the above application, in SG Patent

Application 200605527-1 (the-disclosure of which is

al so i ncorporated by reference), a related 5

p@%ﬁwm%mgn@w wathad ds prepessd w@tp\wﬁé iiopal featyrasiprientation can

ath {

I:g%géetE éel?@\l}\?é E@&%ﬁgg%]l)%dgﬁﬁh cfpt egt?gs onj;@oo‘?‘% We\(}ﬁ&ﬁg transmission

fratatht rraolsile “4ag’oto the rforedt dteiono he eprésbntgémbadlmbm dasmelo:éd below

statjon. Th resent od| nt des ed.bel o

Biod letasnayef abuIfca i, AR A6 i O Qb SPgAPBGDAn 90695527-1, and
AR Uti2td @BsedR8GERaRd- 1, and S5 fully utilizes these

two features. SG Patent Application 200605527-1

pr opo8EsPateny diplicatiimZ00608325 ipropobessa pesitdoniag: sysitain WwBrst and

eterm n he pesition of. th f|r
FEpuf SOuBTASHR, erkdilE e Bl R b s (R, Bl RGER o the
ddcand UWBsleviat 68 videeepasFigi 0@) Nisaed ﬂi@po?hﬁnfﬂgrs%tem The first
UWB devj ce 10 has two or npre omni -directional

HNY Biguise 108 two op mase ompirdiredlipnal antensag dend ninqeed apart by a
gfeaét@%ﬁed HiGamecand JNB( ﬁedcf]véceh P lﬁl@e om&e dlrectlonal

irectional antennas A an syst em term ne
aritenmae |Aagnd/B. Plssysteonddiersedesathe mmwoswnstmmd on the pulses sent

t h t \
ReEbAET e R enine el B0 of M Ei G bestd Fonss: 1y be
expr esheeklaive poditibP Ry beExpreés3d aVh @ifet (d,d,[H Wwiee:

rel ative distance, defined as the average range from
the ofhi theirelative distance, defined 25 $h averasg rengedrm sheggmuirdirectional

Irhlfsﬁ{lﬂHg\gngﬁT{AsQﬁ’ éﬂé)ﬁltspg g %9‘3 R de¥hé Wﬁ d'e?.c& he

ativé angle, define e aver age he omni
di rectiiprbd relathanangle, tdefigedias dhan azerege Dﬁbqufrtbe Op\WB directional

fraiontifive Spfhasortie i URVS AResteeE Yo fifisel o TWB Gyice.

j Oi ni pgs tHeereRitive oridhfati6n,i defiakd bt ANRSMdlé b thedadis ﬂﬁngBe omni
the first UWB devi ce, relative to the second

diseetional trgsmiting antanas ob theofirst UWWB slevicrerefative fo thgmecond UWB
syice relative to the second UANB device from at
east two UMB pul ses received at the second UWNB devi ce
from Thdetermmt thd pBitikevoicthe fmstpllJWrBadievuge nefatlpamtl'etsecmd UWB
trac ed fr

re e WO |.ses
i ecien A6 oot ol IV Gy FesrarBb e rrnd '§ VS feies o the first
DWB eRbitELE _Pll!lrlall@'t éRpEmetRdrs £re dxitdeted (fom am@l tvd UWH' Bulses by
ext ract ed. The extracted features include four
sigwl ipregasing. In the preferred embodiment, 6 parameters or features illustrated in
Fig. 1(b) and 1(c) are extracted. The extracted features include four amplitudes:
. AlA (corrésponding to the pulse 12 from first transmitting antenna 1 to
first receiving antenna A),
. A2A (corresponding to the pulse 13 from second transmitting antenna 2
to first receiving antenna A),
.» - AlB (corresponding to the pulse 14 from first transmitting antenna 1 to -

second receiving antenna B) and
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A1 A (corresponding to the pulse 12 fromfirst
transmtting antenna | to first receiving antenna A),
A2A (corresponding to the pulse 13 from second
transmtting antenna 2 to first receiving antenna A),
30 A1 B (corresponding to thg pul se 14 fromfirst
transmtting antenna 1 to ond receiving antenna B)

and 6 A2B (corresponding to the pul se 15 from second
transhi t t i AgB4peresspending tothe qudsgdl 5riseriseeang tanswitting gptenna 2
and two ti f ays: AA 16 (the del ay

bet ween th{egesﬁg(%r@erg&i\g?g%t%ro first transmtting 5
ananédlﬂecbmmrdélaysﬁnsm tti ng antenna 2 to reach

first receivyin 17 (the ti

di f f et ence® ée%'g\é %ﬁ“%“ég kLN p %5 t Yaninftome firgytransmitting
first trag§dinhti r&ﬂd %@E(ﬁﬂpﬁ'aﬂsnﬁﬂ%gsﬁﬁm 3 "t8N_H hl‘s@grecelvmg
antenna 2 to reach second receiving antenna B).

Based on tanegwmapggrandet ers and the predeterni ned

di st ance, l.e a,..distanc and,orien ion.

of "o 11 rABIGHBR ainf iR EBrGieed g MU UBD | Slriited by firs
devi ce i s tralgh®itifl af@nnd1 @nd Jdcohd FhRMEtinBRANEARE Qltdﬂ?éaeh second

system between the transmtting antennas 1 and
rel ative t@c¢iM@zaganyBhg ant ennas A and B whi ch is

appl i 2t on B gaaasErgbed e BRI iyl ATRRRE o, disance

d modropienatienl foyf theefist &NWB) dgviaprdaiveatontht h;ecbn‘doUWB device is

sti nmat re paraneters of a recejved

Gty . Ao MA e a0 R RE ST LS8 Pehep s rphomiting antennas
rfdt 2rd18RN©Ethe trécePh@ hRteAfhseA landas %1éhai¢liﬁe@rto d¥BALIAR relative
for the paranmeter or paraneters. Briefly, the

Pasdigm que operates as follows. Firstly, the method

esti o I

Mo o SoeneE BT Rinad flud di Shie ARk T HFitbrated by
efeecm:n) pioposes b meethatfor vﬂdnainrxgrtmle ot moméapaame’arsm‘cﬂ eceteed UWB

S Aok PR L i PRl ot St v

ﬁll@dﬁﬁfdﬁr Shé paranft@V&dpAra@eictd) B, fth€ dechh@na! opefatdsOisMollows.
a refined sngnal The aramster s) for the first

Eirgiatheemethad estipates @eegqrarﬁatp ar st sipnaleelementfinrasteceived
ﬁ%ﬂlﬁ] at:hen ey tt i %fgglgl ?Emgntefﬁ fth{] ?eq,el%cg Qi%halr@o htaid Ia%nodlﬁed
sTgna Vi

el ement e greates
signal. The parameter(s) fora number of further signal elements are then estimated and

these elements are removed from the modified signal to form a refined signal. The
parameter(s) for the first signal element are re-estimated to re-define the first signal
element based on the refined signal minus the signal element having the greatest
amplitude. The parameter(s) for the signal element having the greatest amplitude are re-
estimated to re-define this signal element. The steps are repeated to generate a refined
estimate of the parameter(s) for the first signal element. There is also disclosed a

receiver for performing the above steps.

2. Description of embodiments
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25 anplitude. The paraneter(s) for the signal elenent
havi ng the greatest anplitude are re- estimated to
re-define this signal elenent. The steps are repeated

to generate a refined estimte of the paraneter(s)

for the first signal elenent._There is also disclosed

a receiver for performng t hé above steps. 30 2.
Description of enbodinments 7 Fig. 2 illustrates the

set upFigf 2lluspetesrthousétup of 9 saﬁe@nwbﬁhneﬁn egtbodimgent of the present

?o?lt Iﬂsrb g@tél i ntg Hr’?’c Sé ?’1 ti$'ec ,u SqSIO% d(grqd mobile
receltvin ? 1

Bmd@dlomembedc&dlm tﬁé soreeoibbnd’fﬁf mdre:m@edtiveas}ﬁb@e@e shoe is

e %hg?mﬁ?%aiﬂf)&pyﬁd%misgbtsy EQ%F;E’V‘E Q%rrlses a UWB

&%mn@erf fsS & for <§:|[ EltloRdd %Wntt:ﬁ Nok Qﬁidaa{‘go@exp m 598! $Wo omni-

. TWo ofmi - rectional antennas are
dm@hahal adteanasr p &Q7 are énstalltd abfespéntive hods. of\i¢ shoeaWith each step

i Brromes PECRRREcHve i D6 Tots6 anrpiied Fietfibical Fifghaos wil

{rigaBsit UVeB trfSmitRr § 0 dbStnbmat a tkath 8f O BNBnsls @cnsé Sent ut by the
be sent out by the two antennas 106, 107. The

trapergennas 406,105 The FWB transmitter IS raoH thel fosoq t:@ﬁmﬂ@@ swigch 108
r t
RE DR 157 Biudh BAlickP O i dolel rbeldi HYUAT 109 which transforms

kihetidpowereasf thmhserehteodldfdttd‘mtw and pdssjlg EWltH y pmwélhstarage system to

0 st or age store thjs At the
gf"i?ééls DOVt %Sé Téf”% fe6Fi VB tation lﬁﬁt A ANLengp A9y 1@ made up
SPsGeP tw@fdu@étldnﬁﬂﬁﬁteﬁﬂ’é@ 198] 664 LANRRLs tﬁE‘WBaﬁgrila%traﬁlsQﬂﬁed by

collects the UNB sngna s transmtted by the nobil
llmmtalg uwB agd Opbatg @gssph dlesﬂlgn!ﬂ to the UtWiB rwqreleélfmeanaly&s

%& o@&%l ver 1]!3 d)f Wrec?rvgrc Araf 26l (hte sé%lt:!a'ls C1:ogected by

rece anal'yzes theé signal’s'c
thia eandetine nareaya sy as swithhth@smeshold prbpose@tih atle (8 pacad application

th S t 2006055
p ﬁoﬁg‘ifﬁhéagﬁib%?@g&awgf e fi‘ﬂ& ﬁ?"wtw qf {ae mobile
UWB ke 104MB tha0 Wi LedeRet 160, MBS "tl%clﬁdsytﬁfn ahdQriedAHdn bhsach shoe

position and orientation of each s i's determ ned
B@letpraingdr angerrent of enbedding the transmitting tag

into 'ht]e a?raﬁ) e?nelﬂ? Soft edﬁ% %atgzgl%m?lftm %S Iinto the shoes has the
eSS i
unobt rusi ve reness as he®orientati on

afvaetagés cﬂtoﬁahenotsﬂmeﬁsmss pa)attuw alvirgnas a0 theadrizltativh of tdvh of the

r's posture, intelligence as the

e nd po
et saratyralhy F%QC‘GWSW%V\EW S RerendRvb Bowse e iEines g the tag
ﬁﬁhﬁll?Woﬂ[kQﬁfW%eﬁ'[%%s@xr ﬂgbgeﬁunﬁ%o&oﬁﬁé Birdd (%Eh‘leﬁ‘tf also provides
arvestlng power fromthe user's novenent and thus a
thatpossibilitysofisrvestibg pewer freai.the user’s movement and thus a battery is not
required.

Fig. 3 shows a second embodiment of the invention. In this embodiment, the
function of recording the user’s GRF data is realized. A force sensor 200 embedded in
the shoe, possibly in the sole portion, produces a digitized profile of the GRF of the user
during one step. These data are then encoded and modulated on the UWB pulses, and
can be fitted into the packet format as shown in Fig. 10 (described below). At the
receiver side, these data can be demodulated and decoded for further analysis. This GRF

data is useful for user identification in many applications.
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Fig. 3 shows a second enbodi nent of the invention. In

this enbodi nent, the function of recording the user's

GRF data is realized. A force sensor 200 enbedded in

t he shoe, possibly in the sole portion, produces a
digitized profile of the GRF of the user during one

step. These data are then enc8ded and nodul ated on the

UVB pul ses, and 30 can be fitted into the packet

f or main s pstfemed iembidignent oofl dless resprtd inventioy),. a Apowdie harvesting

LRSS B 1B 81eheFA0<DE: HETREY BB i sy
tar bes@hilardonthaf imaiduosd by Rabeyt BpDii adt Gedpdry & Abowd, but in

preferred enbodi nent of the present invention, Fomer .
RS that greeg%ﬂwrwnu%sw oloUNB pulses {mibejpreseps system is not

1y fedOf t&% ugger n%ugﬂ\"l]deé{-eﬁEBrHaneIt@H S Iﬁyﬁlteeg}eé%n eRBodiment,
Si ar to t intr ced by Rober . n
GaryussforDis al\bwsckyndumlzcd with therusst’s steps bypthedompasatrolled switch

?%mﬁ‘ %asgrset 3@8 gg\l\g%tgﬁatg)g aéﬁgu\t&%%p ¢ ese%t wher 1 Shoe is in

b@{t&&%ﬁﬂhe Eﬂ)uha EAR a&ﬁﬁmal Emv@:dsumgu block mg%mp&wlm is
al ways synchroni zed with e user st eps the force

contr Big éoshgwwacffqlﬂh@roemmmsmr\élﬂn néJW@stagu leﬁaléﬁddm a shoe. UWB
0 u n
RhFILEY §i Pt 8L WA PR AP gV B8RSl has been
h’deﬁkd tl*ﬂyaxbmtefglrawd battkry Epejatedl USViB wag a‘)uﬂdJ havieen size on the cm’ level,
nt, wi.th a nstalled in a s 0
flé@ ﬂwa g gireut P%{Trﬁ%UFg\E? sty l@qw gisely- s Eowtp@wewpnsumptwn
ROV tHe QRS WTHE bpdtatell tbyrlﬁﬁe eBP a 16RPPEH SR err@(tam%R: half a year, or

i ntegrated battery opérat 1? UWB tag could have a size

-alowhi tontse pperated byatrm Rotyees qnheelruhary@stted geam theapsdses GRF. The

i lﬁgnln%e%d:idﬁgtér? 86% Gnd QJV?CI} iqﬁgle %‘g’aﬁ%‘éﬁéed‘%g{bst%@&e U the shoes.

e operate for a
Whe amennds 303 absah‘pﬂee)mmaiufecmor}ad:awhlclo can hzivlecn/\planar desnghemth very
0 aIe the power entir.el sted fromthe
S S op¥xamaleNBE B i it BarY Find plapy Bpn 2730 x 30 x 08

it LIE 1§ p3SIbRIE fdther 96RRE @%dsnientbolot)h@o &.8mAf TWoebf such antennas

shoes. * The antennas 303 used are omni -directional,
i te Ibe etirrhed v the sirfase of Meosengs ofieach of she/shogsrial prowide ghe greatest

F I n . DI .
%élag %F fgromgltégﬁ(a 0%5%%?\84? egﬂp%tt}% zﬁ:c%rsagf' bllgg‘l%figloﬁu%{] ﬁr[(e)Posed in
SGdAlppilchﬁen 20069 5527-10the¢ RIFO path tBthsse ﬂMDaxﬂémﬁbl ake preferably made
anten S are to be attached on the surface g,,tmq ..
Ehbesdidierens ¥ ¥ asy RN 8EOmY L TRNSERERTRY gy agditigpal sglay circuit
gh%ﬂgggﬁnent for increased orientation estimtion

accur In addition, as proposed in SG Application
200605@2$sm9ws héumrpatbhéimfmt MhtésanW&)tagrﬂnebndd@ ianrtbe shoe with
gre er.abl

eBiE R rPRnGenfD D1 Sit o BBERE eads SRel P cui
for ORR. Badhdws a further embodiment with the UWB tag embedded in the shoe
with a force sensor 501.

In SG Application 200605527-1, the method requires the geometric
displacement between the antennas to be fixed and pre-known. For the present

embodiment, this distance is variable according to different sizes of the shoes. One

solution is for the (quantized) possible distance values for different shoe sizes to be
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Fig. 5 shows a further enbodinment with a UVB tag

enbedded in the shoe wwth 25 a power harvesting
subsystem 401 and a power storage subsystem 402. Fig.

6 shows a further enbodinment with the UMB tag enbedded

in the shoe with a force sensor 501. In SG

Appl i cati on 200605527-1, the fet hod requires the

geonetric displacenent between the antennas to be
stosedchsapatt qfrthe Kp anflorm@igm erigedgsk msthe packets, end transmeitied wirelessly

{oht'hg Itq'%c? Le%g gﬁlgdiatlo%rﬁpxa sleei‘n ﬁ1 c%llcgllaﬂ? to different sizes

he (quanti zed)

possi The UWB ttﬁngﬂlmsﬁkemﬂs oﬁos"hoetl pulses @iraiad Oﬁpzfckétgﬁvﬁeﬁ the force-
be 9 stored as part of the ID information, encaoded in
eensroblad Rwiteh ISawwefiroah@rﬁapb Stepvthe upesdugkes. Fig. (hdhomsytupical GRF

foFiRdsY 1] q:lgt ‘)"’(taj Re TGHF Y36h1ES of Bt MleCtritkd Uhd fgtb?al%ponems

ransmtt sefids out ort pulses In trains or
paririge tvalkivigeare tshewh dexteactedofinem dEixeniirdng hoinan svalking ebaracteristics

t th . Sh al
bt e e R siast T pifed Stk el B RNSlolf. Soimd Theve 6.
YRE tsbﬁ@'(dﬂﬁ@r)'zﬁfdeﬂéﬂtedcgg- £ MHnSs QHﬁbeﬂankﬂhegrlgl{teand left foot
shown (extracted from am ni ng human wal Ki

ng
respectivelyr Far P@h fop} the vertieal and dﬁrz@l EorRpFaars -4erk betepe dhe steps

I [
T e YT R ye—
tlmmhget}feiv@htcaaﬁxﬂcd efeke flmtmedtmg pe0% at eeystart-and ﬁﬂlCdf the step. For
f oot .the vert d later fqorce re zerq het .
PYmRle.@step ofghe h a@a}g%mf@éé om%o %6@%@ %% Aucieg W |°ﬂélme the

SaAWI "BrdeNas! t@JoeiS@alks fealif absd0. 85y WRRETank ithe latéxQP\N)xGQ has rapid
the vertical force, these Iines neeting at 0% at the

SuctnaticasdThenluss atcred] mreqallzeldctp thaebmiyp&e;ghta step of the

\rNIn?Ethlri PR o 7?[?? ?hndEiRIF ?gttj vertlﬁzﬂ co[mwg)ne SiUrmgaruHm%g is shown

ehaudted fdns “Minddc caﬁlsiqtlehﬁeé af ediriskrafndxrg')ﬁmhﬁfg behpvidr” by John A.
uctuations, The val ues nrrrallzedtothe
M?Wr\% atmai5 ig?’,% 7(_q)gt% f(algl? pr fJH% 1&} &SPmpanegiit during jumping

b Bt R GRIER  COMFb Mot SINkdrSoSRBWIes drAS 162b Ffhimal-
from I netic consequences of constrai ni ng runni n

bfémwwemwyemgtmumpmgi\/@wﬁkmm dagano aad. ¢t al)nTiw gplid and dotted

he rofile of. vertical nponent ,,du in »
Zlgrvgs corresponcsi hg)v\ﬁwee Jymping ewofirom x&) 0L q[1)1 gall muscles

fb@pbca)&él9n$m daghed hesiz@ftalt e illQgtrdtes mBXioﬂwwelglftfdlff the user. From

count ernovenent j unpi ng" by Akinori ano and et.

kig. Y, it spube entimpted hatihe ttr@asrlzléiewrwscaagaert@%@) L) f?foattIWét about
S

AT BUTBCLROS in cok SRR i fioping DA, ANPE & lumpine. This i

eltwgb@ziythwéjvgﬂttraosmmetmsead oufatemt 1 mifjionRulies farasynfigonization,

ﬁiﬁ%tgﬁt ed that %he transmtter circuit can be turned

1051(anfi élg)é)ll 1518 &ﬁasurement

The force controlled switch can take a variety of designs. The main function is
to activate the pulse transmission only when a step is made. By studying the GRF
profiles of different people in different movement modes, such as those illustrated in
Fig. 7, an appropriate threshold value can be selected for the “switching on” and the
switch can be design-accordingly.

Fig. 8 shows one possible structure of a force controlled mechanical switch. A

portion 701 maintained at a first (e.g. negative) potential includes a contact portion 702.
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150 mlliseconds in each step, either during wal king,

running or junping. This is enough for the UNB

transmtter to send out about 1 mllion pulses for

synchroni zation, 25 ID detection and anplitude

measurenent. The force controlled switch can take a

variety of designs. The main Kunction is to activate

the pul se transni ssion only when a step i s nade. By

Theipgriting 70hes ﬂmble,pwﬁlﬂ its sidenfasghowe irethe dpmgh)aﬁmd to the portion
f eny e h

B4, VISl TR T o E, P BT e I b ERifpon, e

f)@floﬁ 1101 "frenked e Itm tl@d’lcorﬂm poltfon 302 sumth@d tieacbrie8ponding contact

desi gn _accordin . 8 shows one, pgssi bl e

BettiaR /07 ef 615608“8 d’PE‘ Hiafshe awitshowhichiit Bainiained.af a second (e.g.

nalntalned at a first (e.g. negative)
é§§$?Pazgﬁﬂc | udes a contact portion 702. 10 The
por t i Big. 904 aitdodkl dizgrbineof the tiansmistes cidast {ogsthethwith itisrconnection

- P SRR a0 (b5 ol ot St lin L the ransmiter

viedulit feads Mk 'sBfhl Rpenéa®s 10 @Wb lafRRnd431byf 4 yRer §i@|deh &or example),
the contact portion 702 contacts the correspondin

bastern 802 ansbiheiforee zowralledswdich $Ra. Blasr basebandgarcuit 891% @erforms the

: g&futl &{Ma‘ﬁ%{l l&'i @1989%%dageﬁ {%Qghe(t?lgg rlrénc?%s’ tf(lzlreexample,

poSi ock di
hﬁlﬁ@&ﬂ‘gét&ﬂr eath @md tevé@gpmlberthw pullse g&emnﬂw igenterates ohe short

he .ant enna_, 801 n one i.s for si |m
%“H&Kﬁ@hp?lﬁe faheyt éﬁ ﬂéenar"f‘f’%‘rot} eﬁ tigeer F‘ 4%16 filtering and

ﬁhﬂﬁﬁ’éanbh &?P@D@trﬁﬁ(eg Qhé V}ﬁxlﬁnhﬁq%stﬂéyF@Cp%ﬁum mask with an
di vider, for exanple), Dbattery 802 and the force

approprisité ewphtuide.clasggathe Thised atretransehitied inte pirghepugh the antennas
rforms the 10 codi ng, nodul ati on and packet form ng,

and generates the trigger signals, for exanple,

ri si n@h«e@gl@es from thectranaméttee wanybepatraged til@agketss @ne example of

tor ener_at e short duratjapn pul se, . X
f%fnﬁtss ﬁm%a i Rig- jﬁ@%ﬁ%&fﬂ%ﬂﬁ%m%g‘?@ﬂ Pﬁﬁ%ﬂ information
ﬁﬁ‘dthE hexeddi §th&dd 79 “dl il Irs }iat2090P0a% tus&P@o N@fERntiate each
the pulse fit into the FCC spectrum mask with an

aypmmn dhewangfpim pulses 93are ysedt fethgflxsd stagipw to get the waveform
L
s lﬁlﬂigg %r Stl%%l kaﬁ)cgs[sﬁ{gn TBQ tc?rH%n claﬁ%rﬂﬁtg %Qﬁncél}dses o%r ml%rmatlon

es fr
arbkstGRF @aex emamheamfhcamkai b¢ enctrled iand Ihupvmitied to the fixed
Fi g. Hg The acqui sition preanble 901 provides
Aty dheyHpl ef‘tﬂmt He PRy abthg sYAC tignes |te FRAycgthe ogsibility of

$d31ekad 2 cﬁq;W'Bs aed ih ?wdzhf fa s@ﬂ&d-%@oﬁqme-delgy pan be hncluded in

transmtter. e wavef orm pul ses 903 are use
édchemngmidter.on to get the waveform 20 sanple for signa
Ip:]? gre f&gﬁ’f‘;ﬂ] recgl(\)/méus atcl:oant Isnge t?\gta%te%gg alrrra]lgl:lnlilgyege %tup &t a height
about the same as the omni-directional antenna attached to each shoe in order to get the
maximum gain. Since the antennas are working near to the ground, a multi-path
problem may exist in some applications. However, it can be solved, or at least
alleviated, by method proposed by SG Patent Application 200602425-1 (summarized
above).

The total number of users that one fixed station can simultaneously track

depends on two factors: the length of the frame structure and the user’s pace frequency.
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such as GRF data in certain applications, to be
encoded and transmtted to the fixed station. If

mul tiple users are m)vi ng at the same tinme, to reduce
the possibility of "collision" of UAB packets in the
air, a pseudo-randomti ne-del ay can be included in
each transmtter. 25 At the fllxed receivi ng station

side, the antenna array may be put at a height about

Bath Ehasfﬁetvas factass greppplicatéan flensadentnbwrrasedaon gypriiments, a single

%%gpn SCQ.R eas Oarcﬁi%('e s?mgﬁflne%)lbs tragﬁm& mglﬁleg 15 lﬂcgg% hS/lth the
Shnas Gre near the ound mal t

pesOmbeon iy tl&Xpe&é freﬂus:my&)fap@ Iusesraﬁ Il@@Shanl-m\H‘steThe plirpose of the

can be solved, or at |least alleviated, hy net

DStz Seotdy t%kF‘Q? ayholeapspiestent plhthe st (ol m_[ght be very fast and
feﬁUH&aﬁlgﬁg ed HPdAMY Ble, smeas G2l Bhs VBQ?EOLE{ ;gﬁ@ﬁéod-nt Rtead, the

one d statton can $imultaneous y tra epends on
systenf a mores focubasl O figytapshoits™t dfethe maonensnt wdientke ase’ stﬂaa are in

45 ST BN e SRS, B ERE 67 B0 v

mgh@onssyst em can easily achi eve simultaneous
tracklng‘of 5 users or 10 tags, wWth the assunption
t hat With thaaboye Bsteandle rrl-time foatpring with dhes GRigata of a user can

.t ' . .
0 RO o BB, el 60355 i,
dmd:tﬁnraaﬂuposmrehi'l"gh; kipdedf igfdmhition erabies muﬂ)h naﬁv tontéxt aware

ket ball court licati | nst ea the m i
RRTistioss 10 g SGHEloRb R oh Srmplolophen A8q Sating difFelionyiseed content

!«}b?@i"ce Sinfe?fchv@rgﬁmh{g arfdOimalionMilh rﬁafk‘?n@ﬁﬁw&@ ?Héj p&wéSharvesting
his information as an interface for context aware

awlhllaatqfdhlé sywtemhalsc enabbesvié t@%temheddﬂdemﬁeaacht andeevery pair of

%l%t%g Wltlhgﬁt ﬁ\gdur I'bnflarbeatt m%kg 08{ orare F\g fayharé

ecte l'ysis®can re
cur r eOne sxanpie of tlmtnp@hcqmmdf ioa@ pmbammegt offihe emtennan srsthown in

osﬁ Thl@ kin lnformatl n ena]g]L many new

E%‘i an, {fte! igent PF’&%{F’i“éﬁ"s‘"‘ieo‘" yeg&yUPHI9afreargich as a museum.
XA PWitfoni AL SRt m(ﬁmﬂetéraﬁhég%éiuieefetchﬁemqﬁﬁﬁgncmfﬁeermrecnon he
service, interactive gam ng and ani mation fil m nmaking

engheclaecs andepastsadt than femiatign qsniesilfP].i he ipformatien center then
§|¥>§/ d%g]rahtég rff%gﬁét?o s{lcht 2 F% %ﬁggd@?ﬂ%cgt gl%?}egl:ﬁymformatlon

Very pair shoes W 5f°'a
o el amgfacts ttheduser e0fating @ the usdh ahrgugly othehwireless\gHaaned, such as a
t he, appli.cati on of one_ enbodi nent of the invention is
YHE }F) dpl?ﬂ“ﬁ or g mobilephons,i o] | i gent i nf or mati on

Servigg i1 shéWwdendikd} fosdibRMip ﬁfl@a@lonslH%pof@stuﬁlaW”The working
The positioning system 1000 determ nes the user's

fieldrieset tpbesa basket katicourtd 189 irethe iINBA hEhe positioning system consists of

one pair of shoes installed with the abovementioned UWB tag and a fixed station 1101
to be easily installed near the court. The shoes are to be worn by one player under
analysis. During a game, the player’s movement, posture and weight balance are
recorded through the force sensor embedded. These data can then be correlated with a
video tape to analyze how to improve the player’s performance through targeted
training. With the whole team wearing such devices, it is possible to further analyze the

real-time team formation during games and improve the training for new strategies.
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or she faces and passes it to an information center
1001. The information center then 20 provides rel ated
i nformati on, such as navigati on gui dance, or
mul timedia information on the artifacts the user is
facing, to the user through other wreless channels,
such as a wreless headphone“%r a nobil e phone. Fig.
12 shows anot her possible application in professiona
spor t Eig. TAeshews lenrappliedtiongefi an embodimenteofathdgkentiopshn [the home
' o dhe positioni st.em.consj,sts
SHharkhE rE abAAER b o s B B AR Grers by
edadinaiy hawerkel\iBmicagphdides Bveredbes inthe G8me Mhrst Dpdieof shoes,
easily installed near the court. The shoes are to be
Vg the rPéORﬂS%i/jHW Bitageand anteanassiThe resgiving;stationy hi00 i gennected
! V . i t g
e TRy S O oA ot appfaes TG Bicin the home
thaoughheewirbé ot winelesaingwovki inffrastruchirdebhet sepdce & @neildyd & the users

ow,to jnpraove the player's.perfornpance through .
B33y op ahe BOmER ¢ ko BT AONHE A Tecirion Micars mey Bessiply also
SRVGRESinfdrinatién. U Séxindld, Qtdniyihd) @he dFahY 78t tiR @ertain way can be
real -time team formation during games and inprove the
designatedcps fagneana ip ‘Ask’afos gemain saryice FA gimplg exaropls isite provide video
| ) : ; ; i the.
BAPEL SRy BRI L % URELL 0, ] e oo
saatana bl the fsgr\bagsd dnchis beharpesitiolynd the dirdétivai heng she faces. Another

net wor ked honme appliances. Every user . in the home .

REIRE 3 pPvesal SRR CoRGRIAT (Rt pHIPREIGS Y sherers Uintesfyce and

ARG RPOREng Jihi§ SGRI MBS RTHRRarhd Plnbts cSRRIIRE Wtks on the

S to a hone server 1201 which can control all the hone

ANplfi thaowser is28ittingi ehiansofth@néh daeing tthe diyg hwleredsr i¢ cootrols the air-
| rel ess. work infrastructure. . .The servi.ce IS

AR B (e oo B oM BT, THE SelE MBS, o cprrplysevera

apptiancepoati the amet tiv@ie do rpeotvidenhéd hetygrhad eseavick. PRt Séxahiple, in the

al sp GRF i nformatign. For exanpl e, stonping _one

B one TR gemtoH et xRy P CEYF gsteggée? yiratiede s8ting on the sofa

ERERRidOtheaPY, itf Mhy GBfutAIHR BEHY heE airRonllitBh& SXRERLRe time to
is to provide video 10 service on the nearest display

preyidedhe wsge witha preferredampbianee foe watohingokVa nobi | e phone

scree t }s _or h Sition_an

the. ar b iy 435 BRa R OF G Bhyedfon BR e Ueed above,

mahy edrdaions ereqiossiblenwithih kier scopeadf e imentioicad dafined dpgesSclaims,
its. jnterface and. functions depending on this sane

?%Wﬂtmﬁﬁﬁﬁﬂ?a?ﬁgeigﬁém}ennte controller works on the

TV if the user is sitting on a sofa and facing the TV,

whereas it controls the air 15 conditioner if he or

she is in the bedroom The server mght also contro

several appliances at the sane tine to provide the

i ntegrated service. For exanple, in the previous TV
controller exanple, if the server detects the user to

be sitting on the sofa
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and facing the TV, it nmay adjust the lights and
air-conditioner at the sane tinme to provide the user
with a preferred anbiance for watching TV. 20 Although
only a few enbodi nents of the invention have been
descri bed above, many variatjons are possible within
the scope of the invention as -defined by the clains,
as W ll be clear to a skilled reader. 13 Cains: 1. A
fAaiasent tracki ng system conprising: one or nore
shoes, each shoe conprising a plurality of
spaced-apart omi- 5 directional antennas and at | east
bne RA mheenient traeking sistengedthprisighal s for transm ssion
by the antennas; a fixed RF receiver statjon
corrpr PG RE B SHPeSrsReh dhotk COMBRSING nPIFHLY of sipaced-apart omni-
i%ﬁél%tefnﬂﬁ S84 S1183sP bR Rchtﬁ% I?&Sgetnb&ﬂnngFt ilgnaii!‘ﬁﬁ%ransmxss:on
atlvetot e receiver stat 10 2. tem
b&cdwraaitemgas;o cl a| m 1 wherein the pr ocessor is
g fi fromthe signals re elvedlaxtthe d
d| rec?l rr?f%ﬁ?{a%a lqnh%m?m&frg Orfy; Ut Mt igHonal antennas, and a
Proc€ssbifor @etern@ihirightBe PoMMRsH 6fth@tHoés rdlativiehe the rs@dvdiistation.
recei ver station. 3. A systemaccording to claim1l or
claim2 in which in each shoe the RF tag is a 15 U\B
ag faqr e o
gt it gnsylggfﬁf 5&“ IB\\f\glﬁﬁr'l g[ﬁkﬁem&méj PH@@S 123 x]shﬁ'sgrla}{}%ed to obtain
fromathelbiggals moeivad by Iﬂl&/ﬂ]&rcaomal ameneaa;cthesahgke dﬂstlaacdﬂﬂ orientation

t i ncl udes a transmiter unit arranged to

e shites el oie e e BB E et e B T se to 20
each of the omi-directional antennas. 5. The system
according to claim4 wherein each shoe further

Bncl udeystgmfascerdingstorpdam Wiar elaing dtineyhich ineeaciRshqegthe Rddtag is a

U%tthg??lfe ?gn%?gtinga?WEﬁg%ngfsag?ﬂlﬁe R'Ft regegvélhﬁat%ABls for Jecelvmg

trans he transm uni t bel ng arrange
UdvBnigoals. t he GRF data within the 25 UWB pul ses. 6.
The system according to claim4 or claim5 wherein
each shoe further includes a force controlled switch

ghi chThelsyaten? BedoRfing fP18i 8 Sferdiliih edhedhob e BB tag includes a
exceeds a threshold value. 30 14
UWRB transmitter unit arranged to generate an UWB pulse and to pass the UWB pulse to

each of the omni-directional antennas.

5. The system according to claim 4 wherein each shoe further includes a force
sensor which gathers the GRF (ground reaction force) data and transmits it to the UWB
transmitter unit, the transmitter unit being arranged to encode the GRF data within the

UWRB pulses.

6. The system according to claim 4 or claim 5 wherein each shoe further includes a
force controlled switch which turns on the transmitter unit when the GRF exceeds a

threshold value.
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7. The system according to any of clains 4 to 6
wherei n each shoe further includes a power harvesting
subsystem whi ch transfornms the kiinetic energy of the
user's novenent to electrical energy and supplies the
el ectrical power to the UAB t% . 5 8. A shoe for use
in a novenent tracking systen% the shoe conprising a
glurality of spaced-apart omi-directional antennas

nd alhe Beptem aererdirs tagnyrdiclams dria i weprein caeh ghealfarthesincludes
e : .. ! ’
o1 AR TR AR Srar o QP RRET LA IO wsers

geneneritito glecttidalldnBrgyi apd alisplikd thefel ediieal power tdithgUWB tag.

claim9 wherein the UWB tag includes a UAB transmtter
unit arranged to generate an UWB pul se and to pass the
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15 11. A shoe according to according to claim1
phepageik-apart pmini-directionalr anigringh and at Heasts onch RFGRE foygenemating RF

. kon force) data and transmts it to the UVB
%lggaﬁékrﬁ?ttﬁaﬁmls ﬁp?yal{%aéltetnpgshsm tter unit being arranged
to encode the GRF data within the UMAB pul se. 20 12. A

shoe according to claim10 or. 11 which includes a )
Por ceActhne petardiagdictaim 8 inwhishithe RE tag is #&/WB tag for generating
tm$§§ hifker unit when the GRF exceeds a threshold

va ueghlg. A shoe according to clains 9 to 12 which

further includes a power harvesting subsystem which

ansforns the kinetic enerqgy. Q user's nov t .
0% ar ASHPE atporais Roal 5 Sein dhe, R Hiafoc iRy iR ransmiter
peivarraigedttb epekMiBtd &g UWA. pulseSHRE102F48 MR NOVBOp A tPach of the
clainse 8 to 13 in which the antennas and tag are

PHBRLdigstippal gntepnas. of t he shoe. 30

11. A shoe according to according to claim 10 which includes a force sensor which
gathers the GRF (ground reaction force) data and transmits it to the UWB transmitter

unit, the transmitter unit being arranged to encode the GRF data within the UWB pulse.

12. A shoe according to claim 10 or 11 which includes a force controlled switch

which turns on the transmitter unit when the GRF exceeds a threshold value.

13. A shoe according to claims 9 to 12 which further includes a power harvesting
subsystem which transforms the kinetic energy of the user’s movement to electrical

energy and supplies the electrical power to the UWB tag.

14. A shoe according to any of claims 8 to 13 in which the antennas and tag are

located in a sole of the shoe.



