Movement tracking system with embedded devices in shoes Field of the invention The present
invention relates to the field of movement tracking, and more 5particularly to that of location-aware
systems in which individuals moving (e.g. walking or running) within an environment are tracked.
Background of the Invention Many location-aware systems (that is, systems for tracking the Iocatic_m of
a 10 mobile user) have been proposed in literature, byt most of them are low accuracy systems with a
resolution on the level of meters. They require at least three fixed stations as the infrastructure for 2D

positioning, and at least feuisfoh. 30 B%Rﬁ{g%gs tEH{f% Por ﬁ@éﬁdﬁeg{. Fgﬁ%ﬁs%% Ei}gformation about the

user, such as the direction in which he or she’is facing which provides clues about the current object of
the user's 15attention. Furthermore, they are partially obtrusive to the user's movement as at least a
tag needs to kg FiRPRaA IQEPEHSE!'S clothes or hung around the user's neck.  An active badge
location system proposed by Roy Want and et al in "The Active Badge Location System" makes use of
IR tags together with[R&eHgshyERkies Iislateie iosdhes firldtioh motrnpehieatidepsendtmoguires

"adequate plasamenianehdansiyof 208 wersgeeARthis HREA a5 AMARGEUIRRY APPIIGAHRRS to the

level of a room, and the accuracy depends on sensor density. The RADAR systém proposed by P.
Bahl and V. N PHERRRBHER # sayHarmsht e iighsd RF-based User Location and Tracking System”
operates by recording and processing RF signal strength information at multiple base stations _

positioned to 25provide overlapping coverage in the area of interest. It requires at least 3 base stations

for triangulatidHSEerp d s Inientingr level.

Many location-aware systems (that is, systems for tracking the location of a

10 mobile user) have been proposed in literature, but most of them are low accuracy

systems with a resolution on the level of meters. They require at least three fixed

stations as the infrastructure for 2D positioning, and at least four for 3D positioning.

They cannot provide orientation information about the user, such as the direction in

which he or she is facing which provides clues about the current object of the user’s

15 attention. Furthermore, they are partially obtrusive to the user’s movement as at least a
tag needs to be clipped to the user’s clothes or hung around the user’s neck.

An active badge location system proposed by Roy Want and et al in “The Active
Badge Location System” makes use of IR tags together with a sensor network to link
the user’s location to the nearest sensor. It requires “adequate placement and density of

20 the sensors” and is used for low accuracy applications to the level of a room, and the
accuracy depends on sensor density.

The RADAR system proposed by 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

25  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

30 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,




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 30 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; this RFID system operates at 310MHz and is only able to provide vicinity information as it
only can detebtsntidihevysirensopakessaiB 1§ v8ad ordnotonigt dbie direoticidcof itieify B tagtiedative to the

RE recelver. .., The GETA Sandals; A Feolprinthocgion, Tacking Systet: e footpyin based
indoor location system proposed by Kenji Okuda and et al, works by measuring an Prackmg the
displacemenfRdbtitag mlbngeatdrtit Bfoetprints with ultrasonic-infraredcombo sensors. The position of a

user is calculated by gming up, i eLriept i ll Preioys disRlaceRIRnt YeciBisr e greatest
disadvantage is the accumulation error inherent from the working prlﬁugle. ough some
re-calibrationbasethid eeml tratapp Hetden0 (eapomdE Dyghkds), tisdeilndad b additiobaninfsastngcture cost.
The AshiNavij : ' in.Ashi AF rintsbased
Ambient Navi B B posiion
of the user, whishdssersestekhb pesidsmpierciabuir ssbomistscbrichmsystenviiesatpinasalires the

deployment qf.vseRsafaliewith JaagiRauste dranlty. SRaiRifieo watds easha epiona

direction are shown by a projector to navigate the user. In "The Smart Floor: A Mechanism for

Natural User irf@rificagonzmdoriaeipanay R dbersh omeaadGilsgory Mekbowen besyrptéed has been
proposgg for(iggnﬁﬁyjﬁgggggplt@lip@ggqegg {Qgﬁjggﬂp&fg%&{gglggst_zo Summary of the Invention

The present invention aims to provide a new and useful positioning system to determine the locations

of one or more individgafelgdlayi systerhpjenesed fsrmbumsekprespreakiantdon Prépodskitatmultiple
Spaced-apartA?%@Eﬁﬂﬁ@ﬁa@@@%ﬁ%mr@&\lﬂ?@ﬁ&“§¥§t€n€9-93 WO B iarsmitien e £mbegsied into a
a

shoe, Optionally, both of a user's shoes include such antennas. .
system. Based on the current position of the user, which is detected by a commercial

ultrasonic location system which again requires the deployment of a sensor array with
I5  adequate density, footprints towards the user’s intentional direction are shown by a
projector to navigate the user.

In “The Smart Floor: A Mechanism for Natural User Identification and
Tracking” by Robert J. Orr and Gregory D. Abowd, a system has been proposed for
identifying people based on their footstep force profiles.

20
Summary of the Invention

The present invention aims to provide 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

25  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.

30  In preferred embodiments, it requires only one single fixed station system, and thus has

gasy setup.




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. 30In preferred embodiments, it requires only one
single fixed station system, and thus has easy setup. 3 Preferably, the antennas and RF
transmitter are embedded into the sole portion of thé corresponding shoe. This provides a total
unobtrusive experience to the user since the user might not be even aware of the device embedded in
the shoes. OptionalBreéefable Sensotcoams bediRiutdedsnitive amiseddddesystenthtosobtieottioground

reaction force (GRF) informatio d transmit it wirelessly from th 0_the fixed station utilizing the
communication BB SR s e e e B R e
analysis of ththaissatsmghtentdatsyen awaptichalfievibe arsskidedsydianshesn. be self-powered. Without

any requirement for gatarins, 1989 SARWELEPALRABNESIPH A B08.UBALS enRINg Mvement
10unobtrusively during walking or running. Brief Description of the Drawings Embodiments of the
invgntiorﬁwill gr@unééede@@ni lfe@ﬁdﬁﬁ@b@fermﬁéﬂamplérqnWiWiih \r‘élfel@ﬁl‘cfef;@rmhfélefdﬁg\&ﬁrﬂ}efigures in
which: 15Fi0.4(@) inaachiamaicllusiiatianelan sab mgﬁgﬁopaﬂg%m.g%tgmi{i@*aﬁ
Singapore patent application 200605527-1. Fig. 1(b) and 1(c) show graphs of example waveforms

received at tvmf@ét;éﬁiﬂnga@rheﬁﬁ@géﬁw%mpaﬁﬂwa@miémwﬁmwgz_?-l; Fig. 1(d) is a
schematic illustratiop, g shencogrdipatgisysies i Singanaie RAlRR20RRlsAteR 20A6RRZL-1:
for batteries, the tag’s power can be harvested from the user’s stepping movement

10 unobtrusively during walking or running.

Brief Description of the Drawings
Embodiments of the invention will now be described for the sake of example only with
reference to the following figures in which:
15 Fig. 1(a) is a schematic illustration of an embodiment of a positioning system in
the Singapore patent application 200605527-1.
Fig. 1(b) and 1(c) show graphs of example waveforms received at two receiving
antennas in Singapore patent application 200605527-1;
Fig. 1(d) is a schematic illustration of the coordinate system in Singapore patent
20  application 200605527-1;
Fig. 2 is a schematic illustration a system which is a first embodiment of the
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.
25 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
30  force sensor is embedded in a shoe.
Fig. 7, which is composed of Figs. 7(a)-7(c), shows graphs of typical GRF
profiles.




Fig. 2 is a schematic illustration a system which is a first embodiment of the 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. 25Fig. 4 shows
another embodiment of the invention in which a LIWB tag with a battery is embedded in a shoe. Fig. 5
shows another embodiment of the invention in whicrda UWE3 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 R4B &agowithoad3pdesiteesensonis efmbfedoecommralsliomecharfrigl Fwitdhidons
composed of Fsigsr.l 7rgae)1'n7<&11nsqgot\’\6§. }%r an?f‘oypic profiles.. 4 Fig. 8_show§ one 'poss.ible structure
of a force controlié mec‘?lanlca]ilsm ch foruse in an embodiment of the invention. Fig. 9 is a block
diagram of the transhigtéricinduitck diagrafigf 1@ iftessrates thecformat of a packet which a transmitter in

an embodiment Sof E«*]%'TU‘? Hsga@s%y D3Mior o Skt WIRUAIRS AN HUeIIgRNL NiREMation service
application employing @n embodiment of the invention.
5  of the invention may transmit.
Fig. 11 illustrates an intelligent information service application employing an
embodiment of the invention.
Fig. 12 shows an application employing an embodiment of the invention in
basket ball court.
10 Fig. 13 shows an intelligent home appliance service system which is an

application of an embodiment of the invention in a home environment.
Detailed Description of the embodiments

15 L Summary of UWB positioning techniques which may be employed in the

present embodiments

A description will now be given of UWB positioning techniques disclosed in
three earlier Singapore patent applications. These positioning techniques have not, to

20 our knowledge, been publicly disclosed in the field of the present 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.

25 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 invention, and its disclosure is incorporated herein by

30 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




Fig. 12 shows an application employing an embodiment of the invention in basket ball court. 10Fig. 13
shows an intelligent home appliance service system which is an application of an embodiment of the
invention in a home environment. Detailed Description of the embodiments 151.Summary of UWB
positioning techniques which may be employed in the present embodiments A description will now
be given of UWB positioning techniques disclosed irbthree earlier Singapore patent applications.
These positioning techniques have not, to 20 our knowledge, been publicly disclosed in the field of the
present inverpizntigenpsstion-awaretbydtems)pesed mdly thosbd tconsitteredashdngtivaddifferent
technical field, |t is.: ' d use jf i lieved that twa of.the lications were not
inthe public Aoma e B N e Bl
"background &bthdlinveatide- tectionthb e d 28t Singhparesesceinbadent mipidicaiben BGow

200504866-3, HYYBLRSIAG BXRLRMRPSEL BN RAOARURE AARERRRARSRRRN PIPA0SRA- USing

this system, tﬁe 21) position of'a mobile “responder” can be estim y a single "requestor”
using rangingfielhdwikzesdreest AreedDOA) estimation. This application had been laid open by the

pricrity date of the pegseRtdny /AR AR AiSEion 6 SRc YIS Rt By SR GlRIenRe.  As
an enhancement of the above application, in SG Patent Application 20060552 /-1 (the disclosure of
which is also $AeHBIratad ¢y e daieE) ing rdie I BopoRitibaifgss S dedaneddity tstprdisosed with
two additional {egiresy arigatalion ¢ap be-aefimaed inaringavi ARiResHion aed Meredxnly
one-way data transmission from the mobile "tag” to the fixed station. The present embodiment
described belbW Bré¢ides ¥ iwverappriaxtie e dieasashsaunsbanpglisraisd 200605527-1, and

10 predetermined distance. The second UWB device 11 has one or more directional
antennas A and B. The system determines the relative position based on the pulses sent
between the antennas, and knowledge of the predetermined distance.

The relative position may be expressed as a triplet (d,o,f8) where:

d is the relative distance, defined as the average range from the omni directional

15  transmitting antennas of the first UWB device to the second UWB device.

a is the relative angle, defined as the average DOA of the omni directional
transmitting antennas of the first UWB device relative to the second UWB device.

B is the relative orientation, defined as the angle of the axis joining the omni
directional transmitting antennas of the first UWB device, relative to the second UWB

20 device.

To determine the position of the first UWB device relative to the second UWB
device from at least two UWB pulses received at the second UWB device from the first
UWB device, a plurality of parameters are extracted from the two UWB pulses by
signal processing. In the preferred embodiment, 6 parameters or features illustrated in

25  Fig. 1(b) and 1(c) are extracted. The extracted features include four amplitudes:

. AT1A (corresponding to the pulse 12 from first transmitting antenna 1 to

first receiving antenna A),
o A2A (corresponding to the pulse 13 from second transmitting antenna 2
to first receiving antenna A),
30 o A1B (corresponding to the pulse 14 from first transmitting antenna 1 to

second receiving antenna B) and




S5fully utilizes these two features. SG Patent Application 200605527-1 proposes a positioning
system in first and second UWB devices determine the position of the first UWB device relative to the
second UWB device or vice versa. Fie. 1(a) illustrates the positioning system. The first UWB device 10
has two or more omni-directional antennas 1 and 2 spaced apart by a 10 predetermined distance. The
second UWB device 11 has one or more directional@ntennas A and B. The system determines the
relative position based on the pulses sent between the antennas, and knowledge of the predetermined
distance. The relative posifidh raytraxpressethaydseiplefidrasipeniderenshigting astatine Histance,

defined as the average range from ;Q nnidiregtiogal 15transmitting antennas of the first UWB
device to the second UWB deei/ice. a%%%g a%ei}\% an%le, defined as the average DOA of the omni

directional tramdrittingnaniéieners e ehddiags UWB device relative to the second UWB device. p is the
relative orientation, defined as lt@e(@l@%‘%l%t@%t%@ﬂ%@ n}guglggs ompi l%ir@lqggng}sgrmggggantennas

of the first UWB device, relative to the second UWB 20device. To determine the position of the first
UWB device relative to thee@spad! UWWB geoise iamsnttisastignre\WBpursel ddséivegisinghe second
UWB device from the first %W%Q%\ﬁiﬁﬁda plurality of parameters are extracted from the two UWB
pulses by signal processing. in the preferred embodiment, 6 parameters or features illustrated in

25Fig. 1(b) and 1(c) are exdfadtbdhs Hemedideteeredagiireen feguadstsuriampliuseytiad by Befresponding
to the pulse 12 from first transifng aniennA Lhe HEbFACEIMING RRERRRML 2 to reach second

receiving antenna B).

10 Based on these parameters and the predetermined distance, the angle @, distance
d and orientation p of the first UWB device relative to the second UWB device is
determined. Fig. 1(d) shows the coordinate system between the transmitting antennas 1
and 2 relative to the receiving antennas A and B which is used to define the relative
position.

15 SG patent application 200602425-1 (the disclosure of which is incorporated by
reference) proposes a method for estimating one or more parameters of a received UWB
signal by inhibiting the effects of multipath interference, to obtain an estimated value or
values for the parameter or parameters. Briefly, the technique operates as follows.
Firstly, the method estimates the parameter(s) for a first signal element in a received

20  signal, then subtracts this signal element from the received signal to obtain a modified
signal. The parameter(s) for a 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

25  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.

30 2. Description of embodiments




A2A (corresponding to the pulse 13 from second transmitting antenna 2 to first receiving antenna A),
30AIB (corresponding to the pulse 14 from first transmitting antenna 1 to second receiving antenna B)
and 6 A2B (corresponding to the pulse 15 from second transmitting antenna 2 to second receiving
antenna B) and two time differences or delays: AA 16 (the delay between the pulses 12. 13 from
first transmitting 5 antenna 1 and second transmitting antenna 2 to reach first receiving antenna A) and
AB 17 (the time difference between the pulses 14, 15 transmitted by first transmitting antenna 1 and
second transmittingfagténita2rtocsethessepootiaageivingvaiie inanBymboBiasend ohtihepeearameters

and the predetermined %ivtance the angle istanc q@? orientation f3 of tnt) first UWB device
relative to themsveecrr;{%)lﬁa'lﬁ s%aﬂgv%een}g%e%gﬁﬁd%%ea @fﬁ%l %hroe\fves“fﬁlg (:S(t)a?o):.)‘Alr0 ina? sa)r/l té’i}r/‘?\{ﬁgtween the
transmitting dn¥éBntagsl ldidehbelddint o the sebedinmantennas AgnrdtBavitiobsigamseshte define the
relative positign, 1536 pataul application 2098024251 the disdosure efwnich s incerpgigled by
reference) proposes a method 10r esﬁmatlng ofie or more parameters of a receive signal by
inhibitingbthe teffeotstef Hiftipatorictedetehled, twiohitaiftnandstinpated: sytueron 0aluBsdosithg parameter

or parameters; Brief hni erates, as follows. Firstly, the meth degﬁmate the
parameter(s) 5?‘2{3%%% %?g%%%é%%?%%er@éﬁ%dg 0 @ﬁgi?the&r]ﬁs 8gl)ﬁ€?§c%ethi515|§%%} Setleéjment from
the received tignaktotitaintize dtfifisddigdabyTthe fraramener¢Edomachamtaé softiurthed sighal

clements areyEn SRS AN ese ieLamRvRe Amnbe odiied Signabfaform &
S

1BEMEIR fema
refined signal. The parameter(s) for the ﬁrst s?gana%e ement are re-estimated to re-de méythé3 first signal

element basdto@tisanesihed é@haThﬁiﬁD&’ %é@i@nﬁt@léﬁﬁemm&\ﬁrfgmﬁecgn@_ai@ aGitemidlitude. The
paramelgr() oy 46 Siangl SISmEH Bayig J,?%hgrg@&%m%@m%_egg&&?@tw}&%dnt&g?gg%g'“e this

signal element. The steps-are repeated to generate a refined estimate of the parameter(s) for the first
signal elemekinTtifepe Ve nRiotiisetes dela ssebivey fonpadonbingvitie aboversiopage system to

store this power. At the fixed UWB receiving station 100, an antenna array 102 made up
of at least two directional antennas 103, 104 collects the UWB signals transmitted by
the mobile UWB tag 101 and passes the signals to the UWB receiver 100 for analysis.

15 A signal processing unit 111 of the UWB receiver 100 analyzes the signals collected by
the antenna array, such as with the method proposed in the SG patent application
number 200605527-1, and determines the distance, angle and orientation of the mobile
UWB tag 101 to the UWB receiver 100. Thus the position and orientation of each shoe
is determined.

20 The arrangement of embedding the transmitting tag into the shoes has the
advantages of total unobtrusiveness, posture awareness as the orientation of each of the
shoes is naturally associated with the user’s posture, and power intelligence as the tag
naturally works only when the user moves. Furthermore, this arrangement also provides
the possibility of harvesting power from the user’s movement and thus a battery is not

25  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 puises, and

30 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.




Fig. 2 illustrates the setup of a system which is an embodiment of the present invention. Its basic
elements include a fixed UWB receiving station 100 and mobile UWB tags 101 embedded in the sole
of one or more respective shoes (one shoe is shown for simplicity). The UWB tag 101 embedded in
each shoe comprises a UWB transmitter 105, a force controlled switch 108 and a power system 109.
Two omnidirectional antennas 106, 107 are installe®at respective ends of the shoe. With each step
the user makes, the GRF received by the force controlled mechanical switch 108 will trigger the UWB
transmitter 105 to transimitraftiadd ofriw/dsiginads tchbeseshounbyrifieniwo antennaari@gink07. The
UuwB transmitt%r 105 and th% {oruciexr.]co ttro}fl(led tswitch 10§ ; 0 are ,powered b{ a btutitgn batttexéy or the
power harvesst’“llntixy éyeé?elrsn%f) WHICHh fransforms Kine |1(‘:OpOV\7:eLrlsc()3 the UsEIInto elec ric’:sltysfs,' an possibly
with a power storbgeisyisie o tthstongrthisqedver. Bxttidre fix€drUWB Gegeivynd statiowd OQytain antenna

array 102 made u o{ at.least twoagh{ﬁé:ttlonal alntennzz})shi,\g%%J 104 colle%ts the U Bs%%ngls transmitted

by the mobile’ ttaog %Rtlpé%%f)f)asses E‘?ﬁ%‘%‘f&%ﬁ%? ﬁ?Se(I:’%i{t/c-f?r NG5 forana yS|Ss,n fﬂ% A signal

processing umitggerofl thes UWB resebrengb0 mvatyzes tresigedlsloolteetqadsyrtheembtetimanayray, such
as with the method.proposed in the SG patent application number 200605527-1 d,determines the
Chatanoe. s e D DB e D RS e e B e mosition
and orientation ofaachushte ipaetenrinedhrizittonmangbrapnnufemibddiag the shasmitting tag into
the shoes has dhedyANiAgEs, af ol URGRITHAIRIRSS, ARSI AVALEREsS Aq dlg orientation of each

of the shoes is naturafy assoclated with the user's posture,; and power Intelligence as the tag naturally
works only when th&igsér showes: Futbhe ambnrslithgstawisingdr¥bt alsanptallddds thehpeossibilty of

harvestitg pas i e aRra MAVAIMELARIMNS AL IRIOLERENNIGH. 1 g shows 2

second embodiment of the invention. In this'embodiment, the function of recording the3 user's GRF
data is realizeehai¢drdeisenistraodbatietiduisieh d B dapexsibijale theizoha Besrgon lprdduces a

digitized profilg, pfithe GRE of iheMserAuEingApe.siem Thasedaiaare hepsaredad agd modulated

on the UWB pulses, and 30 can be fitted into the packet format as shown in Fig. 10 (described below),
At the receivell6iie thadag @abs earryeddeyiaiisrtder sn@epsded for AxeRwarial<is/eThis'GRP data

is useful for uggsidentiicaliofpiraraany anelicaliensndiely Hi-:RERMGHRM SNRRAINMEN Af tife present

invention, a power harvesting subsystem is used to utilize the kinetic power of the user's own

movemént. THREDEER? LantBH S i 4R iehrot escrbye RBerded it tinepts reighRsteAbowd, but

in contrast to thatpiepesal tha.traNg st MMBIPWERS i piessRhay st dsyiet figgered as
soon as enough ﬁower is harvested. In the present embodiment, transmission is always synchronized

with the user SH 56 I 13RRIEH S F ML i dke AL A S LA Oreation are

always measuigd Wwhesbtamishoeristircratast thitki tbecgrount A aggitionad pewhsiet@geasblock may
be provided. Eﬁg 4 shows a urtht% emgf)odirgent with ar,(UWﬂ@ét installed in a shoe. UWB 10
ity Brist

technology is¥nifbbs $EPTRE; Ak itd 10 petiel & fiGhOGt HARBYSS Pseia§that an
integrated batigplaoperatetd iMébiag cniddt e siizaion dbeuemy levaldan thusibeossCuit part can
be easily hidcée [ té}e sole.é %/%) er.copsumption allows the tag to be oper te@b battery for a
long period, 155 bARH R Tt L gLss 61 a8 B BBt b A Bt Biiriy PaRiasred from
the user's GRb.bEhBfi&rdnansmitiers 30ichadteey802yamthagdtotnB800 areadl iembéddrg vitouthe sole of
the shoes. Th%ragnteennt%s 303 used are omni-directional, which can have a planar design with very
small size. For exanﬁ?le,‘ the one shown in the Fig. 4 has a planar design of 30 x 30 x 0.8 mm. Itis
possible to further rétdgce thevsizeftothér xhbod 8mmithwd d¥ Bueh enteddeas aréhtcshesatidched on
the surfage of, Q. PRS- O GAG A INERN96P 2RI YIE NS HEA®S stem 402,
Fig. 6 shows 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
30  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




20 displacement for increased orientation estimation accuracy. In addition, as proposed in SG
Application 2006055274, the RF paths to these two antennas are preferably made to be different via
an asymmetric geometry arrangement or an additional delay circuit for one path. Fig. 5 shows a
further embodiment with a UWB tag embedded in the shoe with 25 a power harvesting subsystem 401
and a power storage subsystem 402. Fig. 6 shows 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 geamietd palispfaberfient etwaten thecalnteimts torbe fixeddamanpnetkowinelFaitthe present
30embodimeg§,&@i%d& tance is vgtg%g}jlefgcgsor.?#qgetgag%ffﬁ{%r}xt.sizes of the shoes. One solution is for

the (quantized) possi e distance values for different shoe sizes to be 9 stored as part of the ID

information _encoded%tﬁ&@mesmigmmmnﬁtﬁdmm@l@sélymimmfimwmmhmglﬁefﬁme-for use in
the calculation, . T VR (NSNS Se00S QU ShartouiSeadn rajs pLpackets wentpe
a profiles.

force-controlled switch is turned on in each step the user makes. Fig. 7shows typ

In Fig. 7(3), thecBR# yb}io_ﬁles Hfabothet@fem@ﬁﬂ@ndﬂ'éxfeﬁaltb'@m%ﬁeh@d_dﬁ@%aﬂmm§shown
(extracted TroghREAMIAIAG BAAGWK @J@&&Q@@&L@r@&wmgahmc%ﬁ(%e%nﬁea%%fﬁh&wed walker

model" by Miyakoshi. d Cheng, G.). The solid (darker) and dotted (lig nes correspond to the

right and left 1‘(36’(1@ﬁ@éﬁm%@%&éﬁﬁbmﬁw&ﬁtm%’lébéMibf@if@éé:a?e@@r@h@&v@eh the steps,
10 thus each gigp coITegRANAS I loWsEdinG RhewIngHhe lairraldrice.ahnd 3LHPRAE IIRG Shgwing the

vertical force, these lines meeting at 0% at the start and end of the step. For'example, a step of the
right foot exteifaBeRioYAl rbber 2agodeet3iBsyeltiaplgantitrctiphdarsssyaiticardobebmsar throgmaks each

about 0.25s wide, apd ths, lateral jorae haniapidifluciiationsmingvalugs are ! a}pngﬁépﬁgeto the

body weight. 15In Fig. 7(b), the GRF profile of vertical component during running is shown (extracted

from "Kinetic EoMeBEUERACEE st ANsHsd RshmIREBERAGGraha st mciw@?b@% thadgter. &pY. in Fig.

7(c), the GRFRrgfile. of vericAliRamRONSALHRO dmnipsuissiawg {Sxiragiad tamn Gaptipution of
non-extensor muscles of the leg to maximal-effort countermovement jumping™ by Akinori Nagano and

et. al.). The s¥ftsHaTERtbr2ORRMEAKE SRR FEAENHE And Widhitghibedateorakisresbhahiarithd “all

muscles” resgagivaivnd hendashrd erronahinedlustratesdhevbiedy weight of the user. From Fig. 7, it
can be estimated that the transmitter _circuit can he turned on for at least about 150 milliseconds in

each step, either dutihd Waikitl, RSnHRG Bratinsthy et iSOTRATGAtGITNE UNVE kSRS to send

out about | mifier-ptdsesoiarsynehitosiaati@itnees of constraining running behavior” by John A.
Mercer and et. al.). In Fig. 7(c), the GRF profile of vertical component during jumping
is shown (extracted from “Contribution of non-extensor muscles of the leg to maximal-
effort countermovement jumping” by Akinori Nagano and et. al.). The solid and dotted

20 curves correspond to two jumping modes: “extensor only” and “all muscles”
respectively. The dashed horizontal line illustrates the body weight of the user. From
Fig. 7, it can be estimated that the transmitter circuit can be turned on for at least about
150 milliseconds in each step, either during walking, running or jumping. This is
enough for the UWB transmitter to send out about 1 million pulses for synchronization,
25 1D detection and amplitude measurement.

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

30  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,




25ID detection and amplitude measurement. The force controlled switch can take a variety or
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 30switch can he design
accordingly, Fig. 8 shows one possible structurEof a force controlled mechanical switch. A portion

701 maintained at a first (e.g. negative) potential includes a contact portion 702. 10 The portion 701 is
flexible, with tbsietiqmd Ghvvilenbthevdihgrasiicfixes shotie woliod aoamMived tldsainatids

compressed ByicqpIeaRl v [ieR Lipruaicsl disriet hanetianiOllirxagaodial. e contact

portion 702 contacts the corresponding contact portion 703 of a second portion 704 of the switch
which is mairi@iten 2 b Bewsn (91y. Bpositie) poténtial02 coptacty i siBerranriinanicotapie
ransmitter ciiguldpgeier dladiGaRRGEER YIRS ARISORRIPRT(ERIKRAR I° ShawRipLsmplici.
though in fact the transmitter circuit feeds the signal it generates to two antennas by a power divider,
for example) Poaiiae) BUEAH the force controlled switch 803. The baseband circuit 804 performs the

10 coding, modulatipi%a@qspﬁsl&mmg&% anthgeneaiase ligoRLsianals: for SXamplgofising edge,
for each and every pulse; the pulse igenerator 805 generates one short duration pulse, about 1 nS,

with the arriva{iBF Bscrnieriged Sigwalyons i iteAng aHaahspirchgiesh garfasb shmEreEHE D UIse fit

into the FCC gpegtraay Maskswith an Raprapsiaiaeamplisigas kLasiydne-Rilsas:ars: tapsipitted into air
through the antennas 15801. The pulses from the transmitter can be arranged in packets. One

example of paelenéhihanistandiireifomigols sHEEB & iskisnbprebantieisyit BPwaes Motitation for
the fixed statiQuiey;laRtainai dhedP sl HAimusanite diflatentiaterraeh dransiitetxkhgwaveform

pulses 903 are used for the fixed station to get the waveform 20 sample for signal processing. The

communicatibiiiB&t5'g64 iHcersBs Bh&Y o st S R e LesRiEtan S0 BEREATEaMIfcah®is, to be
encoded anddiignssnipeddo.tinfixed statiomd ki saersrpemoxay atdnBesameitimadto reduce
the possibility of "collision” of UWB packets in the air, a pseudo- om time-delay can pe included in
each transmiffBP BRI 9%&9@%&?@%@ %i@ﬁ?E?dé,ttﬁ@%ﬁg@n@(ng?ﬂgﬁ? b’é‘apyéit gilgr?é‘ight about
the same as thgpepitdiseginna aniennaiaitpched 16 eackmhaed ihordar deqghthie: mesimam gain.
Since tr% antennpas are working near to the ground, a multi-path problem may exist in some

t

applications. ever, it can be solved, or at least alleviated, by method proposed by SG Patent
Application 20060242 hisamfnanzédd transmitter can be arranged in packets. One example of

packet format is shown in Fig. 10. The acquisition preamble 901 provides information
for the fixed station to “lock in”. The ID data 902 is used to differentiate each
transmitter. The waveform pulses 903 are used for the fixed station to get the waveform

20  sample for signal processing. The communication data 904 includes other information,
such as GRF data in certain applications, to be encoded and transmitted to the fixed
station. If multiple users are moving at the same time, to reduce the possibility of
“collision” of UWB packets in the air, a pseudo-random time-delay can be included in
each transmitter.

25 At the fixed receiving station side, the antenna array may be put at 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

30  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.




30above). 11 Both these two factors are application dependent, but based on experiments, a single
system can easily achieve simultaneous tracking of 5 users or 10 tags, with the assumption that the
pace frequency of thc user is less than 10 Hz. The purpose of the system is not to track the whole
trajectory of the user, which might be very fast and 5 requires high speed updating rate, such as in a
basket ball court application. Instead, the system isihore focused on "snapshots” of the movement
when the user's feet are in contact with the ground and uses this information as an interface for
context awarBapphestiows. fidithr¢hecalmie systedeptindmaalbtimieatodtpnrtapétiintket G Ridgla of a user

can 10 be deiegled Eurthes analysis can igvaal he et s cusrent status sieh,as, pasjjon,facing

direction andszogfﬂrec.aq'ms Information enables maﬁy new context awarggappllcatlons to be
developed. Fosexamplehiochtigaeniietasingy difebtiorsdasddssdhient GétvicBhdanterpativefghening and
animation film_makin etc, Th rvestin ibility of.thi also enables, it to be
embedded in%sgé%ﬁgaﬁ‘g%%é%%a%%%\%gfsehh?ase %v%ﬁf)ﬁ%&%yfgv %ﬁe%%@rﬁ?n‘é%‘ﬁ?%?%& uiring
re-chargfg. requidercheglnnmpbe apthtipplicativh ef one asiso bt eouof apelicatamtidnsisadhtwn in Fig.
L1 as an inteligent inforation servige-ig, largs exhibiiion a5ea: sl A%, ARYREIT Lhe,Ragtioning
system 1000 Eﬁ%term{%n.es t%e tfser's curren pos‘jtiqn an%ntﬁé (ﬁrhegitlltco’n%?é or Slﬁ% ?eg]:eeseg%‘g |c1)ﬁasses it to
an informatiotpatastewitdOhe Brevirdorndatisns dbistenfitrarntR0 provid ey adhete doinfomiationyaach as
navigation ggga%@io%_multimedia information on the artifacts the user is facing, to the user through
other wireless channels, such as a wireless headphone or a mobile phone. Fig. 12 shows another
possible applicationWithritesbpisasispontstieieayt iy fierdnis wish ibb &R bdsker balbeswan 100 in the

NBA. Thg pogiighing.gy fieMFansisii:ehirang Mt Q- shassingialicdwinthe shayemgpyoned UWB

tag and a fixed station 1101 to be €asily installed near the court. The shoes are to be worn by one
player under &#Reiers. D rivrsErgarhbistkéng|Lfe MufonBotiate sablasturah A Ve ghRisElatitarare

recorded thropygh thefaree measansebedded:hinse dald.caminerihe sposiateshwdinmyideo tape to

analyze how to improve the player's performance through targeted BOctraining. With the whole team
wearing suchSeidige 8RS HYR SHIENS FRREIEANR, Bl anddng A isism ForrRatsh bitpYiRames and

improve the traiRipgitorJTaw SYARAIEAso enables it to be embedded into each and every pair of
15 shoes without a risk of a battery running-out or requiring re-charging.

One example of the application of one embodiment of the invention is shown in

Fig. 11 as an intelligent information service in large exhibition area, such as a museum.

The positioning system 1000 determines the user’s current position and the direction he

or she faces and passes it to an information center 1001. The information center then

20 provides related information, such as navigation guidance, or multimedia information

on the artifacts the user is facing, to the user through other wireless channels, such as a

wireless headphone or a mobile phone.

Fig. 12 shows another possible application in professional sports. The working

field is set to be a basket ball court 1100 in the NBA. The positioning system consists of

25  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

30 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.




12 Fig. 13 shows an application of an embodiment of the invention in the home environment. The
application aims to provide a valuable service to the users by coordinating networked home
appliances. Every user in the home wears a pair of shoes, each with the proposed UWB tag and
antennas. The receiving station 1200 is connected to a home server 1201 which can control all the
home appliances 1202 within the borne through a wiged or wireless network infrastructure. The service
is provided to the users based on the context related to their position, the direction they face and
possibly also the GREginfdrshatisrar-epeianmpley Stonepibgdbmenfdhehteatvienderdin thay@as be
designated ag ameans to{ggk; f01;il cca%rtainmsn(gvitc(:)e. '192) \s}%ggplae exan eIe iS to Qr?vi%e video 1&) service
on the nearespdlspr}ay eviICE, ahe CinaVa computer scréen, or a mogﬁgvb%onoe strediy, to’the user
based on his @ohéngpositicvantleh eadireetipiizhecor Shafacesinthothenexample priaafriversal remote
controller thag automatically chan @ﬁﬁ;% interface and functions depending op,this same information.
The same rer%agﬁe%%%%ﬁﬁlgo\%%sﬁég ont éa%,\z}nﬁ tzhnetaé Sggsr'gqéﬁt{ﬁalgh %Ssg%[f}gnar% a%:slr?f;)%eect?g/, whereas
it control§ thet@ir-hdBeconditiddet ivhelbcsheadstinlthik thehooempphersesvElthighthalsbedombol several
appliances a i 0 ide inte. ic mple, in the previous TV
controller exglé?grgﬁtgﬁlé%fée\ﬁ gttéegtj:sté1 t %égéé%%ggg%sﬁ%hg% gg?t%rg%é% éP Bﬁ’d %%%g %%ee "F\ef,s it may
adjust the ligheseheraiheopritivrrelatadiie gemeeiitone theoditetihe tserfadtheadpefeibéd dsnbiance for
watching TV-tﬁQ@KE@ﬁL{QF{)ﬁM&T%F@& mf%ﬁ_iﬂged%ed}‘%@ é‘e‘{eix?%%ﬁa‘?ﬁsx%kb%ﬁ aRove, many
variations are possible within the scope of the'invention as defined by the claims, as’wi 'beclear to a
skilled readedeNEDSEL Ps B 3nSHamts sk dvo\eertnstaiiing sismeresampeisirig providaeideamore
shoes, ggch §a0%.CoM eﬁbsml%s@'&f@@y_%?&@C@Qe@&aﬁt@mmgg&@gg%leg,nm%%arédp%h%ast one RF

tag for generating RE signals for transmission by the antennas;  a fixed RF receiver station
comprising o &inierdissthened antenradennestipronssbsrdisecdiorhnminkrtegsosditiohasf the

shoes relative g the recgivafsiaiior e A SYpteRt arsordinth ia claim fnhereln the pracgssor is

programmed to obtain from the signals received by the directional antennas, the angle, distance and
orientation of &SRSt @8 this fixea RPF@adRRr hagsme remote 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 might also control several
appliances at the same time to provide the integrated service. For example, in the
previous TV controller example, if the server detects the user to be sitting on the sofa
and facing the TV, it may adjust the lights and air-conditioner at the same time to
provide the user with a preferred ambiance for watching TV.

20 Although only a few embodiments of the invention have been described above,
many variations are possible within the scope of the invention as defined by the claims,

as will be clear to a skilled reader.




3. A system according to claim 1 or claim 2 in which in each shoe the RF tag is a 15UWB tag for
generating UWB signals, and the RF receiver station is for receiving UWB signals. 4. The system
according to claim 3 wherein, in each shoe, the UWB tag includes a UWB transmitter;mig&rggnged to
generate an UWB pulse and to pass the UWB pulse to 20each of the omni-directional antennas. 5.
The system according to claim 4 wherein each shod Jurther includes a force sensor which gathers the
GRF (ground reaction force) data and transmits it to the UWB transmitter unit, the transmitter unit
being arrangédaonencode the GRF data within the 25UWB 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. MC SLLP 14 7.The system according to any of claims
4 to 6 whereih. each/shoedurtheirinkindes tepowerimiugsting subsystem which transforms the kinetic

energy or the user's,moyement tg,slectica) %Hgégé’oﬁ%qsiﬁggpéie &Pa?iﬁJe&“E%

al.power to the. UWB tag.
58.A shoe for use in a movement tracking system, t omprising a p urcalclgy%e}rgﬁ)ac%d-apart

omni-diréctioAabetiarirereanas anlbatiense RE Rdytigrige genatimp KRR Sig gadés for thansmission by the
antennas. b?tl’x% gﬁggngg;cording to claim 8 in which the RF tag is a UWB tag for generating 10 UWB

signals
a fixed RF receiver station comprising one or more directional antennas, and a

processor for determining the position of the shoes relative to the receiver station.

10 2. A system according to claim 1 wherein the processor is programmed to obtain
from the signals received by the directional antennas, the angle, distance and orientation

of the shoes relative to the fixed RF receiver station.

3. A system according to claim 1 or claim 2 in which in each shoe the RF tag is a
15 UWB tag for generating UWB signals, and the RF receiver station is for receiving
UWRB signals.

4. The system according to claim 3 wherein, in each shoe, the UWB tag includes a
UWRB transmitter unit arranged to generate an UWB pulse and to pass the UWB pulse to

20 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

25  UWB 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.

30




10. A shoe according to claim 9 wherein the UWB tag includes a UWB transmitter unit arranged to
generate an UWB pulse and to pass the UWB pulse to each of the omni-directional antennas. 15 11.
A shoe according to according to claim 10 which includes a force sensor which gathersthiel. BRF
(around reaction force) data and transmits it to the UWB transmitter unit, the transmitter unit being
arranged to encode the GRF data within the UWB pulge. 2012.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 valug. 13hA shaegnoecording 16 aigiotsRiiasl wisicvhizeihaatichhde siathavves hagyesting
subsystem which transforms the kinetic energy.of the user's movement to electrical 25energy and

i g A BB S i

supplies the efedtnear poebl\’/veerS f5%hd W;ée{%g AGHBEEREof ]fbe%ﬁyegﬂ%irﬂ to 135" which
the antennas anstagareleeatdchireaesgiannt fipmhwoehe electrical power to the UWB tag.

5 8. A shoe for use in a movement tracking system, the shoe comprising a plurality
of spaced-apart omni-directional antennas and at least one RF tag for generating RF

signals for transmission by the antennas.

9. A shoe according to claim 8 in which the RF tag is a UWB tag for generating
10 UWB signals

10. A shoe according to claim 9 wherein the UWB tag includes a UWB transmitter
unit arranged to generate an UWB pulse and to pass the UWB pulse to each of the

omni-directional antennas.

15
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.
20 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

25  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.

30




