Pedestrian Navi gation System and Method FIELD OF THE

I NVENTI ON This invention relates to a pedestrian
woaus@steson syst em and met hod. BACKGROUND OF TP{ET/IL2008/000092

I NVENTI ON Pedestrian tracking and positioning are

required for a wide variety qf navi gati on

appl i cations, such as search’and rescue, mlitary

applications, sports and tourism navigation,

conmerci al | oedestnianNastgasion System andMeahad nore.

Several pedestrian navigation aids are known that use

| ow- cost, |ightweight devices. There are known

hand- hel d aids, as well as body-nmounted aids e.g.

devi ces nmounted on head, shoul der, belt, shoe or foot.

There are known pedestrian navi gation aids that

i ntegrate several sensors and units e.g. lnertia

Measurenment Unit (I MJ, e.g. mcroel ectro-nechani cal

systenl(NENB) including gyr oscopes and

C Q doneter, a magnetoneter, d oba
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accunu ate ue to |ne tial sensor's drifts: even a
smal | inertial neasurenent error contributes to high
position error, which rapidly grows as a high order
pol ynom al function of tinme. Thus, pedestrian
BXOUKGROUNROISTHEINGENTION: | ude a navi gation error

corrector, typically inplenmented as a Kalman filte
updatPedestamipsiing andi pRSIoNIE AR FRAUTEA S % Wicevariety “of navigation

aIchrrecte base I n
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n@ﬁ £86n, Woktin&¥ike [dc@ﬁoﬁ-ﬁ&beﬁéﬁei’\dm andrintanyf more. e Stesralapedestrian
rastructure and sources such

LAN ( Local ea
nmngammpldsm dmopeadshuy | @SOS%@&)W@%% ht degicgh| E‘?ﬁrre are known
! & mehstBdba REE should
%égllﬁl g@ﬁegs %iéﬁn%g% e 1#1%&(13%%19@? devic errrll a GPS si gnaS omEEh
Ueﬁ dosok&sbtor degr aded even occa3| onal ly, or when the
LAN |s unavaj | abl e. The, so-cal |. ro-vel oc

updatldgye g ]éeqe trign 13viga gn S tg?tr Jggeigreftmeveral gnsors and
u?iﬁt@sé‘%ec aHisl msﬁx%glléﬁﬁ Uherive, egr Qﬁﬁroe&’éﬁ@frﬂédhgnibﬂ system

nique, zerovelocity updatés com ng from e.
(MEMBhéndliudihg Wope&sr and edcelerometer®, er paslomedity @Cm@gnetometer

C%‘Pg%}i Iﬁ{O%B“ S @ﬁ%ﬁ%@# ‘E‘?ugéfét&mg% S‘”il a%?cr)%hes:ed wi t h

the |AMY 1880 asolutioRl §pidally sGERTs @ﬂﬁ)ﬁbbﬁfé)rs: atdudotlatad due to inertial
parameters such as
sensor's drifts: even a small inertial measurement error contributes to high position

error, which rapidly grows as a high order polynomial function of time. Thus,
pedestrian navigation aids typically include a navigation error corrector, typically
implemented as a Kalman filter updating component. Inertial measurements are
typically corrected based on local measurements provided by local sensors e.g. the
magnetometer, and/or with exterior indications coming from external infrastructure and
sources such as a LAN (Local Area Network), radar beacon or GPS. However, a
problem arises when such exterior indications or signals are unavailable or not
exploitable, e.g. when a GPS signal is blocked or degraded, even occasionally, or when

the LAN is unavailable.



position, velocity, acceleration, pitch and roll bias,

thereby reducing inertial drift errors. Zero-velocity
waopaangssare typically provided every tine thePCT/IL2008/000092

pedestrian foot (on which the I MJis accomobdat ed)

strikes the ground. The so-call ed "dead reckoni ng" (DR

or PDR - Pedestrian Dead Reck®nhing) nethod is an

aut ononous net hod i ndependent of exterior indications,
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Wi, K Chang, H Chu, "The CGETA Sandal s: A Footpri nt
Location Tracking Systent, LoCA 2005, Minich, Gernmany.
wW@Rs0s®mAtal s provi de a navi gati on system t hat PEnL20482000092
two on-foot nodul es (wooden sandal s) each having two

sensor units installed therep$; For exanple, one
nodule - e.g. left foot sandal - includes two

ultrasonic-infrared receivers and the other nodule - )
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di spl acenment vector. GETA sandal s and respective
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e ad fefk Kt enel indifon s DEop R Rk R and the other
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osi tioning and nayigation device for i r and .
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ndi cation e.g. ) ere Is a further need in
Héweewr tufiog certaimwmagimni tppesdadiidieg dovare shatistepiwalking, occurrence
for wi de. var. et f pedestrian ion types. .There .
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wiprideh selgrang iy bpécadly hinghses adwirdesyon the ppdasfrian. | ow- cl ass

inerti,al units. There i d_i.n I A, e s :
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I
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pedestrian navigation device which can provide a high accuracy level with low-class

inertial units. There is a need in the art for a compact navigation device.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the invention there is provided an on-foot
pedestrian navigation module useful for pedestrian navigation when operated with at
least a control unit and another on-foot pedestrian navigation module, the module

comprising: at least a first sensor unit and a second sensor unit, wherein each sensor



condition associated with relative displacenent of the
nodule with respect to a surface, and a signal
WO e@nssiecst er / recei ver adapted, in response to BEI/IL2008/000092
activation signal comng froma nodule controller, for
generating a propagating sigqal; a nodul e controller
for controlling the operation of the nodule in
response to a control signal coming fromthe control | \
unitiincluding camuridevn senson ailapted foreieasing g YRl WIAHwH @ g 'down

co ni cat.e wit. i t I '
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arrangenment useful for pedestrian navigation, the
othen swxdube; rhspamsad motiep dekibetpgandicatite ofagagditiogpt each up/down

dul d. d navi gat i , i.aatd ar
siratieBe st & AT ScRe 3D by B n B AR B other
SRR An8 SRSsin Yhdtmotidiedfh i eRell fBedsefminitig a nehantirpgosition

an up/ down sensaor _adapted for sensing an 'up'
o thediedpsirianpoh durirgMotiendi ti on associ ated with

rel atAc\égrd%ﬁ% Bl %&H&nc%m S didnBf Jé@fil\éliﬁvé’ﬂtfoﬁ tﬁ&%gﬁ ;dto&iﬁec?a sensor
surface, a a Sigha ransm tter/receiver adapted, In
afresgange ubefubfor peddsttini ranigatignahe sensbngrrdngement eopojrising a first

controller, for generating a_gr.o agati ng si gnal Yol dul
ngyigatien copdils| 3 ofeceht PHI43LR ugﬁpeP i JAVIERUTH gmodwe

gﬁkﬁ‘lfgi Bt 1SS RORRE stRof ufif Ml Y seebfd 8ns6P ThitOwhéreiR 4B sensor

Contror uni t; a comunication unit for enabling said '
uniidntleding aonpidowo seesoniadhptedifor sansingaan upheonsiiinny and a 'down

unit. and ot her dyl e, wherein id control .unjt |
chnsipRaspara il s SHHanhS e SRS Npgtto a surfuce
28,8 CORIn A0S sBni i r8ccividl Adapted CinOfesfors@6lidhi Afivefion signal coming
respective up/down sensors; applying on said data a
frome dehedult neulrqllstefor epraating  DFPPasYElS uaepl; & madyfsospyiroller for

e .ati,ng an .actiyvati i r i .
HBELRE o R R HSRH B o0 &l toSALHP B A TcRhE from the
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case an acoustic transducer. accommdated on the.firs

cbrbenst dhe GordeS 1k @ Ol B106 g WHEBHR i) @adiol (i s adapted. for:
SETHE PR 18 olf G Do SR Bl 0 omtion o
rédpealaedswn atkors) applyingaon agidulstd & predetesuinedrpedestrian motion
model and in response, generating an activating signal for causing a selected acoustic
transducer accommodated on the first or second module to generate an acoustic signal;
and in case an acoustic transducer accommodated on the first module is activated,
receiving from at least the second module data indicative of a receipt of said acoustic
signal by at least two other acoustic transducers, and in case an acoustic transducer

accommodated on the second module is activated, receiving said data from at least the

first module; and repeating said operations (i)-(iii) during a pedestrian motion, thereby



accommodat ed on the second nodul e is activated,
receiving said data fromat |east the first nodul e;
wa@presigpent i ng said operations (i)-(iii) duri NBCHIL2008/000092
pedestrian notion, therebyenabling TOA (Tine of
Arrival) processing which is _useful in determ ning
nmonmentary positions of the ﬁédest rian during notion.
According to an enbodi ment of the invention, the,
epgbéide (T Avi(Fane pbAwival) pracassing ovhighoigaiseiud ihdefenipipg momentary
nodel | of at |east. one .nption type by anal yzing
p?%g?)‘bgc‘{}i%i}%p etﬁﬁag?%@tlgn\/}lg’th respect to the surface
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Vent on ereis provid a pedestrian navigation
coy&ipendiagnprd séspectivesaonsic aansdnepmenieasts efiaibf fsgid points is not
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loegtegrondhe same mofule a8 e AR rodul e and a second

navi gat i %cc?ﬁﬁﬂ% £ yEARBMBRAhER iRt SH ey AR tiesd RProvided a
at least a first sensor unit and a second sensor unit,

pedistrisinnneagdtionesystm goinprising laustinsgr amangsineoivysefth §gr pedestrian

adapted for sensing an 'up' conditdaon _and.a ' '
TERB T Y SRSTCR SR SRt a o e e By s and, g sccond
TR Woliile! &R YETighRorPmbailE 36RprisiRg: & 16dsph Sirst sensor unit and a
transmtter/receiver adapted, in response to an
seaonilsanson g giharein: eashrignyor switdneipdimeancendown sesor pdapted for
enerating a.ps t i ‘siopal : .
LB P SRR AR 30 el o R el el fhcement o

thee SRAGRE with Respattbod seifglealand aisiggall trammnitter/eoeiverohdapted, in
unit; a communication _unit for enabl iﬂlg sai d rmdful eto "
rRSpATIeN|QC Ak ACV TIPS HERRl Aoming o RemOGHE, intigliey, 1gh generating a

i : L ' ithe t@¢he module i
RSP, AL DarAhel BENCEI b heatoptede motle i
réspodectoda tantrol ciigral icomingf framcthe donireinugf; rewpegeiication unit for

A SRR BRI N e SRR BLIIRAE R over

el 3l Pin ShN@ntb P tmni® ?i’sl»'a?da?ﬂ:daﬁﬁ%@&{'iﬁg fesiR Usidi first module and
transducer acconmmpdated on the first or second nodul e

stangenedule datnindicaiiet pta sorghition ofirmspediiveapédayyn sensors; applying

RRUELHE & REIHTIER PRSP PR aoh BRgt Fie i Sipdle fierting an
a@%ﬁqg stiaBfor REhGERE b Yed¥éd Rootgieirpisd@der addothracdutat orcthe first or

signal by at |least two other acoustic transducers,, and
seepndamedale toc seraTate Aty APYEE SF2NEE cHWTIY 48 2B RepRtic transducer

RSO WreeS LV aliRARIY O viAd q‘rdiilgta% 1£4sPMhe second
ag?or{ngg%%&? e %er%%%%ﬁooéﬁl‘ ee;fjs %ng}ér eberat ] n@ sal .
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wherei n the, pedestrian navigation s%lsht em .
transducers, and in case an acoustic transducer accorhmodated on the second module is
activated, receiving said data from at least the first module; and repeating said
operations (i)-(iii) during a pedestrian motion; wherein the pedestrian navigation system
further comprising a navigation processing unit coupled to or integrated with the
control unit, said navigation processing unit being adapted for performing TOA

processing and determining at least momentary positions of the pedestrian during

motion.



further conprising a navigation processing unit
coupled to or integrated with the control unit, said

W@ 2008Q8t6SbN processi ng unit bei ng adapted for PCT/IL2008/000092
perform ng TOA processing and determ ning at |east
nmonentary positions of the pedestrian during
noti on. According to yet anolHRér enbodi nent of the
invention there is provided a pedestrian r]avitgati,on )
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inertial data and wherein said . . id
Measuring Unit (IMU) for providing momentary inertial data and wherein sai

navigation processing unit is further adapted to use said momentary inertial data in
processing a navigation solution relating to the pedestrian's motion.

According to yet another embodiment of the invention there is provided a
pedestrian navigation system comprising a sensor arrangement useful for pedestrian
navigation, the sensor arrangement comprising a first navigation module and a second
navigation module, each navigation module comprising: at least a first sensor unit and a

second sensor unit, wherein each sensor unit including an up/down sensor adapted for



navi gati on processing unit is further adapted to use
said nonentary inertial data in processing a
woa008Qsteson sol ution relating to the pedestri anCHIL2008/000092
notion. According to yet another enbodi ment of the
i nvention there is provided 9 pedestri an navi gation
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oSS RS 0, LSRR Bl ML S BB e o

séEBﬂ&”rﬁoc‘ﬂﬁé qol flefdd iaMCaceliste Gighsll tah@ninobase egpacdusye transducer
up/ down sensors; applying on said data, a redetsrn1g§g
agogestddtein onvhe dhstnedileais cctivateds e pyEg géﬁle Ak {gasty thensecond

actj vating. si.gna} _far. i . ' .
R BRSO AL BB ARG s soustc
trhsdAERE, AldeinaAsASPMDlubtic Shigdater aacinmodated en dlre second module is

acoustic transducer accommodated on_the first dul e .. d
agtevateds itveqiviag vaid edatn Hipmh ranicatt thealist yRedWEC GRY repeating sal
PP PTG Bl RS hBbhe el st s
fiirtheg @6@pAifesas audipationt pracessing enit aoupladrbriar istbgrated with the control
ugﬁ,cqggdgggl?gq%%%fﬁrggegglhgﬁt gi’ngrﬁgg etlg% Ig(gﬂ?eitghgg}%dafaAfﬂrgégssing and
dQl%ﬁflﬂﬂ B51chitdndrhéntaty HoBRiofs BEME PbddsBihn Mirin@hotidig Fiefein said

the pedestrian navigation systemfurther conprises. a
padestripat nayigation cystsinnfyrihet coroplsss sd Inertist Mepseigng (it (IMU) for

w th the control [ sai d navi gat | ' 3 :
e
2851 19 MeNGiBhohRAGEy HeFRINIaG n PpAkessiNs nafigatie solution relating

pedestrian during notion; wherein said pedestrian
todbe qretlesoianty snasiont wod hwherewinpaid skedegian gvigagien system further

Measuring Unit (I oyi.0 N.ady chiReda@! uni
CORPH SN &g\/\ﬁ%elr{é?ln egl\%;% déo(r%%\?%a;&l“gﬂé% rtgggg Sll*e%% Sérl]llat qpssa unit a.nd
nidshbleeterdand eibriial dive cdakectorbeaimptiartyeri cvaptedab atdbegiated with

I RN T TR X P P—
ﬁ%?ﬁ/itﬂgtﬂag&aﬁXﬁtﬁ&ésbﬁﬁk hglit 2 navigation signal indicative of momentary
position, velocity and acceleration of the pedestrian; receiving zero-velocity updates
(ZUPT), GPS data and magnetometer data and in response generating a correction
signal applied to said navigation signal and being indicative of a position correction,
velocity correction and an acceleration correction, thereby constituting a corrected

navigation solution.



conprises an inertial error corrector coupled to at

| east said GPS unit and nagnetoneter, said inertial
W@Re008/08761 r ect or being further coupled to or i PCEY20084$0092

wi th said navigation processing unit, said inertial

error corrector being adapted,for: receiving fromthe

navi gation processing unit a havi gati on Si gnal

i ndi cative of nonentary p03| tion, locity g}

acceligeatrding tofyet r?éloﬁ@élé’gt idﬁlﬁentr(gc ev%nﬂﬁntlon ere is provided a

AR ok, 5 RS gl wor o podein

naoighcd, i the sa&isgn atramgepiene cortyorisiag d ﬁrstvnagmamon ngodpheabnd a second
and heing indicative of a position correctio .
ngEIzaHen gnoeiafe TgSaen BUNESEMEFEBON e AT sgpsor unit and a

sEORIIERYs RS WHakdiR Bach SRSSraEhECRARAMMR] hffBown sensor adapted for

sol ut1on. According to yet another enbodi ment of t
samman 'cup' ¢dnditon) and pr'dari ednditipre associnted rwithurelagiae idisplacement of
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16$pFREd §d Bﬁ atibatic sigayli i rﬁdfﬁcﬂlhﬁ)dafbdccﬂltﬁﬁl@@ nfdr generating a
navi gati on nodul e, each navi gation_nodul e conpri si ng

paepagatieg signdl; asnodde somtralier forenmtellingciba Preeatienof ahﬁ module in
M&%ﬁfeﬁ g%sﬁtr&eﬁg&ﬁ cuﬂhﬁ%h{;ﬁl fdi | gl ggufﬁre/ do UarRGRERlon unit for

or sens con rnd a
en@lbldigt Fsli ms&ﬂé:ltat@dlmwm&até elift baié alilsgt ahe rmmroloﬁmt hed other
nmodul e with respect to, a s te%f]%’ and a

oA vhareiny ek eqnjrol gt dhe Iy @%%Weé‘%rﬁ sgjd fist module and
s@&;ﬂd\/ﬂgﬁlﬂg d%{agﬂlﬂlcaﬁ%rbf‘g cha@d OF‘P&#D&\%QIH/&M §énsmfs° bpplying

generating a propagating S|gna dul e “control

dnosaid: dath raopiedeigrmined ppdsstritanomotidén mmdehvdhineresponse generatlng an
onse to_.a control al comng.fromthe control

ST AD LR A HE P ORDE Be G g ORI IRg PRt & g frst or

s@éﬂﬁﬂuﬁiogﬁieetd’“gtaﬁbr%' #h abousBASH riahearfcpliﬁ lc@te HRIdcoddiid transducer

ot her nodul e; "wherein said co% uni t is_ adapted

acormmpdated \nnnglef firssmmsedule 19 ﬂ@tvatﬁdd ueeeivipg fsase dtdeast the second

cat Lve .of. a
TR o SeREE TR o SCAR® p8RaPly hOBRET g gooustic
tRAS@REFs, and DE4se An HB6etic aRdsduler £SpRRRRlated ¥Retha kéddgd abdule is
activating signal for causing a selected acoustic

achgediuesspiving rido dete eliomnat frast ithes dirgr modulsn Ardoerpedfing said
og)gragg{]§ {:l?—gl‘rﬁgns dx?é%kﬁé&ésﬁlaﬁ'xﬂcg%w V\%@giﬂ Elg%%ﬁ(%t% neaf u%a’uon system

cousti acconmodat’éd on t I'rst
fushacbimpaised a daeipaiivi poctysng wiit dompktl to loe irgegrated with the control

mpdul.e data.indicatjve of a receipnt. of said a stic

Lg‘i‘tg?f"‘d ngy,lggtgoq RIRsEssmgamgihenie %f‘g‘ EtfP’ép?r? @@kpma?ﬁamg and
|

e S hftohy A S O 1R ATRAEL SOl yimerein said

pededtmas havipaidni systermifigties compdsfrseépe atelrtm@ Maatsajrmg Unit (IMU) for

BSOS AL L0 B A0 TS g it i
adapted to use said momentary inertial data in processing a navigation solution relating
to the pedestrian's motion; and wherein said pedestrian navigation system further
comprises an inertial error corrector coupled to at least said GPS unit and
magnetometer, said inertial error corrector being further coupled to or integrated with
said navigation processing unit, said inertial error corrector being adapted for: receiving
from the navigation processing unit a navigation signal indicative of momentary

position, velocity and acceleration of the pedestrian; receiving zero-velocity updates



further conprises a navigation processing unit coupl ed
to or integrated with the control unit, said

W@ 2008Q8t6SbN processi ng unit bei ng adapted for PCT/IL2008/000092
perform ng TOA processing and determ ning at |east
nonmentary positions of the pedestrian during notion;
wher ei n sai d pedestrian navigati on system further
conprises an lnertial Measuring Unit (IMJ) for | )
(%UB%@GB@ datrand Jrsgnetesaisraglaty #nd IBMGSRNSE SeReiglng a correction

I gati [ OC ' Al L : : o :
S0t A5is Rt BT, ) 28 bl 1B CARATLEE it Romection
veRitg aloreati@p latid i amnaceeleadtiongcdreectibe, feddst comstitging a corrected

noti on; and wherein said pedestrian navigation system
npyigaty sobEmE AEs an inertial error corrector coupl ed

i st g B ORRIRBILUBUPT, chidgitdd coupled to said
‘%}%E%F%\I?%%?? or C%ﬁ%ﬁt&gr bei ngﬁgﬂrtﬁ%er coupﬁ ed (c?ogl?e o
eimot egratednavigdiiongirdcassivg gait aod copriod ewlj whengin 3aid HPd checker
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4 e Pl e R, bR o e
aSfiSAhve Jb%iﬁa&g\é?ﬁgfingw BbEctioR @fdnal ®said ah@ghtioh dpshl; and if
accel eration of the pedestrian; receiving .
to dho-altenative yapphisg esPRUFENal epRid sedigaien wigabustksad ZUPT

data and.i P ? A ‘
R BRI BRR A OB PERT el SRRERE BN HORRD g erors

a8l irr@REigtacOaP6T 26d tdrectedala0Ritiyn sduti@ct i on and an

accel eratjon correction, therehy constituting a .

cor r dxacerling{n garsnahedanenitoiohe ByRItgAdhetenis gXpyded 2 navigation
' 1 @) BGoBiafhF 1 least three touch

R e 3ol gfish Mg Hide) SEmpATRE, () AShoBiath & leaet three toue

poime edti hepl uméd amhdoesoarta of seidi pedesthien'sileft SaptdakUEght foot; (b)

c TG Gty SRR oA b ciSpIRCGERFTE i Sa of said touch
Rlid R ir¥ectC Nl BHENG; FBPbYiAToR Aatll GPIdRET i@Brmation and in

signal to said navigation signal; and if to the .
aatdréamvat ith, aapistigtenginad DRAs$tyaml metiors aheded agiidyat ipeadetermined

signal. until .said ZUPT validity condj.ti LS t .
S RSiOpRELIGE SRS 5Bt PIOTASA DY VIAYE Y St g} ppg of seid
t8UdhOscint8N@) icHRERAS iR rAEEH aClitcibt 6Rld pRipagatigdwave at least by

navi gatl on solution. According to an enpodi nent of the

piarty ehtspign tauelr point  fhisovifeeration, nalyheg ohmeseindaival apfprmation,
or d [ ' i i:Si n&: . Ciatir

A PASHE TN PR e SO DB SLsdRE AR Akhng

(PesdRetkoniig) naalasiyipasitiond ef the pedestrandiuring mhotfomot ;

(b) collecting up/down informatjon about a relﬁltive hed

di splARCerRg g‘i’ &c herﬁlPocg%‘F‘&t _t%flucﬁ‘epo’inﬁ?%t‘%’tﬁ ‘?eé’beé@femme

t;aa%alﬁisﬁéﬁfr@&?\}'n géehe\%?ef‘iﬁ SO BF:SPInSmHRAL OB WREFIRLLOBS said touch

I'n accor da a predeterm hed pedestrian
poittilesating dala fasidfoat ardattediengisaiddvave at least at two touch points located

%%gg%ggfﬁgﬁ; %;e;gr?slg\ﬁttﬂ‘&a%% gfg\?%ﬁgr%g%ogéﬁ sggi fBuch points located on a

first foot and receiving said wave at least at one touch point located on a second foot.

According to an embodiment of the invention, the predetermined pedestrian
motion model is based on modeling of at least one motion type by analyzing respective
displacements with respect to the surface of said touch points.

According to another embodiment of the invention there is provided a
navigétion method useful for pedestrian navigation, comprising: (a)associating at least

three touch points with heel area and toes area of said pedestrian's left foot and right



touch points; (d) collecting informati on of receipt of

sai d propagating wave at |east by part of said touch
w@oioang76shi s i nformati on i ncl udi ng Ti me- of - Ar r POHIL2008/000092

information, thereby enabling TOA (Tine of Arrival)

processi ng which i s useful ig determ ning DR

(Dead- Reckoni ng) nonentary p QT tions of the pedestrian

during notion. According to an enbodi ment of the )
footsv@h coBesting e/ davad bfennmition dbpviam 571 Gaplagsargny iof gach of said

schene .is.one of . transm tti [ . . .
tOélgF POPHS, Wi rospsct o a sui e éﬁfgasﬁi‘rog;téﬁ?% EP/fdgﬁfg' iBRfmfion and in
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trenGRsLIORITaSFIVERE EFDEBIGe BeTsERtEs2 PEPAEEH IR Fi :l?ﬁt_ Flgge of said.
r i . . :
R 58 ) DALMY PN Bty AP BEl l  aat
pat dffsaid twuehtpodm, thiténformatitreinelude Piadeof-Ardvel nofirmation; (e)
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thgebyriap 12%38%9@3@&%?%1& prosesig PRIt Hscfdp deterpliioe DR
(]2 REOARE) ?ﬁorﬁéﬁé}ytﬁgﬁﬁnﬁ)%f HSpedtieiah Aufiglg triotadig i(f)eased on

odi ment "of the invention there is provided a .
infanrhajismiregardingtrotd gesefating bod spé dessinti perfonmnggEP Aaprpcessing and

conprising: assocl ati at _le e ' :
S5TB b el RT A SeEel b A RS bRYE o Ay i
ob&atioNthy bk esl; tiihe) a8 ebderlli fdl dgtdaining afrarimtionsolution
about a relative displacenment of each of said touch

rejating to the pefeseigpearotion. a surface; (c) based on said

up/ down _iaf or.nat | a 1.3 0 i 1:h a : ;

ot et Bt o el T MboisRE Db M infirionthere is provided o
nBviggeiremeihod distfub Asrpedsstam nadgitionngorsphiging:, (2) associating at least
generating a propagati ng wave at |east af one qf_.sai d .
three EHCBAIOMES ;lelaﬁeeg Sreeetnd 10g° ARSI B ‘iﬂa}légﬁﬁt Jpotgnd right
f%(%% ﬁnt)moglﬁ?tg%[ WQOMYﬁoﬁhaﬁcﬁa@JoupX ri@tite @]{spﬁt@érﬁeﬁtftif@éch of said

ormation including Tinme-of-Arriva . .
touvhogaimts ivatt) réspgcttther eirfacen@hbased oFO#eid Tipfdover information and in
Arrival) ocessi which i.s useful .in determnin .
2LEBIUCRe TR, n?n@ed%gmirvdﬁggﬁ i%ﬂtéc_’lbfm?#z %)Hegleas ?élagtne rmined
tﬂH&hﬁQioHHédeﬁHi&g GERenkapeferffing RiR6HREIAN WaOgait dédd( afs Bhel of said
generating and said receipt, performng TOA processi ngl
teuedh mhinter (d) wpHeptimg aformatjorpobieceiphal $d PrRPASEHESVRY QR Least by

dyring.motion; . 1 e e i O c At | (a) - .
o T b PR, TRLURETI LIS AR) o ©
BB ERB1iLE TTA (Dinteoft Aeivah desdesding whidik useful in determining DR
Accordi ng to anot her enbodinent of the ipvention th rg
(PsadsReckoing) aneraentart PsHians o dbe pedastijans ﬂglfm&elaeg?rﬁi (& based on

-navi i i SLNO.: . i at.i . .
YR, B i Piafing Bh SERRECA B TIIE 00, pioEBRing and
deegesting amomeheiy IfRO@bsitos of gletpedestrian during motion; (g) based on

momentary inertial data, momentary GPS data, momentary magnetometer data and said

momentary DR position data, determining a navigation solution; and (h) repeating said
operations (a)-(g) as many times as required.

According to another embodiment of the invention there is provided a
navigation method useful for pedestrian navigation, comprising: (a)associating at least
three touch points with heel area and toes area of said pedestrian's left foot and right
foot; (b) collecting up/down information about a relative displacement of each of said

touch points with respect to a surface; (c) based on said up/down information and in



foot; (b) collecting up/down information about a

relative di splacenent of each of said touch points
wowak/ogwspect to a surface; (c) based on sai d PEI/H@MWSE/000092

i nformati on and in accordance with a predeterm ned

pedestrian notion nodel andﬁglgredeterm ned

transm ssion/ recei ving schene, generating a

propagati ng wave at |east at one of said ‘i uch, poi ntdS' .

acenrdansiel sethi ag PiodpisFRIRer opedssiriar c@pen gpodd gnd ‘a predetermined
PSERIR RS Sl S35kl A3 LpUiSR i UORRA Dhe of i
tbudhopoinatsi(@ncoliee)ing heforhatioanafdeteipt F%Id Prapegaing wave at least by
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PRAREG) ARaf 08 BRI b Sy RfBO8 0 rocessing
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menentapeneticbfaa(mymery &P Sriiftp. momantay maggetometpr data and said

or di : : . . . - _
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updyieg AURT,), GRprdasi agd rapnesantératatagfoatcoreatng tshidepavigation
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each of sald touc oints with respect to a surface; )

dpplyilmseid correstionl sigriall garsaidhhavigatianosigaaldl and aif dor haraltemative,

a\glp gléga% ] egigﬁa trtir)n gﬁgdmagégtg(?ﬁ %ii & Iu‘gﬁi]%a?g gﬁgﬁz\%aliﬁﬂg cSndition is met
Aanehad Gpﬁ:p@at?{d%jﬁﬁgﬁsérﬂﬁm‘@@%?ﬁ%s thadSimes asaBguiedd. sai d
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touch points; ecting information of receipt of |
sai d Aeapdigattonyetvienpéhes temhodimersyofythet ingentiom, dhers g provided a

oint,.this jinfarnati ' i I ez Off ri : :
L{())mpél%%fi (%efth?cie?or trﬁél%cglg%/ﬁgeéﬁ%ngl%tﬁg 0-1E dﬁ&?% dn@ glf-r\@sj associated with
Y IMV @i ertidl] @e@SSiimUWR)Y BhproGessiagiolib pedestiédrenavigitiog sBRition, the
( Dead- Reckoni n monent ary. posj tions  of qahe pedestri
THEiRPH GORPEIFIBE; (?iprgwélag SASHAR VARG, YRGB SRy de e based

e i dr r : : .
SRR M Ly, A TR RS Brcion
Yedebeist ¢dreeation raind gattimtlé @orredtpn trdedated roasminemtzaropvelocity updates

nertial..data, . nonent GPS dat a, t .
@j’ b AHDESIETHIRE 0 fOrrecisd: Pﬁﬁ‘%@ﬂ? 5@%%%%@?4 i Y51pcify; yelue and

SQeleBlel JHiflde Qraﬂl@\ﬂgtg %Bfr@&ir%ﬁ’_%aﬁﬁ }égﬁiioﬁ RAluEStd8city value and attitude

zero-vel ocity updates (ZU ’S data and ) )
vahgnbisedenesaid pbsitibo correstionc vélagitys admeation andt atidde correction as

1318% %% glcl g?gde{etﬁ}%{r%ﬁéém 351%&%?09% Bne 1[11%?, %h§ gn 4 \éis%%tpirgcpetermined

ZUPT validity condition is not met, correcting said position value, velocity value and

attitude value based on at least a DR position correction calculated based on
measurements provided by a Dead-Reckoning (DR) unit; (iv) using said corrected
position value, corrected velocity value and corrected attitude value for processing said
pedestrian navigation solution, and (v)repeating operations (i)-(iv) as many times as

required.



predeterm ned ZUPT validity condition is nmet and if to

the affirmative, continuing applying said correction
wa2@naB7660 sai d navigation signal; and if to tP€I/1L2008/000092

alternative, applying a DR signal to said navigation

signal until said ZUPT vali dli ty condition is net

again; and (j) repeating sdi a'oper ations (a)-(i) as

many tinmes as required. According to yet another |

enbddi aventiande wite anrevshediroent oftthe inviestion Sierejesgprgvided a sensor

- conputeriz net hod .f or r.educi [ -
ariap G s i neprn SRR B sBFEh T Mopf Phrprising o frt
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navi gation solution, the nethod conpri sing:
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attitude_val ue -base £6:4ehkifd a4y’ 8dndition and
| east byu@ﬁ}nﬁﬁﬁdﬁﬁ& an(dlllpwm'gl?g%ll%ﬁeér’%ﬁ%gy t |eon1 gor r é)ct inor11,10

vel oci t ya cayvi Goh@ifioan@sadidted wdih miative atismaceosnt 0f dhedrodule
based on zero-velocity _ updates (ZUPT),; (ili ner at.i n

a cor r ecW&h 1pEwSFY oo SUFEACEANd Ay %Bﬁ%“@&ﬁ‘é@%@ﬁ%@d& tésponse
and corrected atti Hﬁ?g R¥mCOMb8EE IcBStridr dfor generating an
positi on?ov% %él%%dg?% |atd;/{£va ue Iz];llnd attitcude val ue

based ona&aistic gigsali i on correction, velocity correction

and attitude correction as |ong.,as a.predeternen :
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pr edet er Fipecke AR ToN@l eV cidifionoheicontol urlgt
correcting said position value, velocity value and . d
at ti t udeavamnemicesiod upi fat cnabling said prRdyirstor Gogpmunicate with sai

correction cal.cul ated base rements provided
by a Deaa{ﬂﬁ@%ﬁlb%?%émgﬁﬁ?a%%?tﬁ%%?@ﬁausi ng said

cor r gobReth RAsEddtN udRlideiaprdrfsiect ed vel ocity val ue and
corrected attitude value for processin

pede6 r i arecaiyingyfiemoiaidBrsymogple aélﬂ(feﬁ%%régl@gﬁq?}@ indicative of a

operations (4.)-(] : i gs:.required.In

accor dancg(n{vél%%é%yh %%%ggi@ﬁ%/ﬁ{)‘k’g?é%she’i nvention there )

i's prvi degplgingess stid datacen gedetetminsé fpellestian moties hedgh and in
navi gati on, the sensor arrangenent, c rising a_fi .

modul e anBPSROREC SHPTHBRAAAENALE ﬁlgﬂag&g{ C%H’?f‘%, a \%‘i{égr%li geoustie
each mdukﬁg&ﬁw A 368 mdihteli CRSthe Firkt 615$ecs 8 BWduléNiot generate an
and a second sensor unit, wherein each sensor unit

i ncl udi ngaesustipéigoalpasknsor adapted for sensing an

"up' condition and a 'down' .condition cl Al .

rel at(li“ge 8t SB¥Ca8R AEAYSS Wgu%a%cf%mvﬁota %é?eésrgtgge? ﬁ}f\% @Odule ®

surface, apGh:AH, 36Uk Grohd @Sk Ges scackpinedylei data indicative of a
response to an activation signal com ng f‘é}ﬁm a nmodul

ul e
cont r ol | ergeetpbof geidaceaustis @i@ﬁl 13)@ afisast %1] acoystic transducers,
modul e co T ?l’ll Ler, J.08 o Gk AY 1L G RREERT &:P TheQecdd¥module

nodul e in
is activated, receiving said data from at least the first module; and

(iv)  repeating said operations (i)-(iii) during a pedestrian motion,

thereby enabling TOA (Time of Arrival) processing which is useful in
determining momentary positions of the pedestrian during motion.

In accordance with an aspect of the invention, there is provided a pedometer
system comprising at least first, second and third sensors adapted for attaching to
respective soles of a user’s footwear such that, in use, the first sensor is located under a
toe portion of a first foot and the second and third sensors are respectively located under

toe and heel portions of a second foot, whereby, when the user is walking, the three



response to a control signal comng fromthe contro

unit; a comunication unit for enabling said nodule to
w@ormssicsat e with said at | east the control unPCT/ared08/000092

ot her nodul e, wherein said control unit is adapted

for: (i) receiving fromsaid first nodul e and second

nmodul e data indicative of a Londition of respective

up/ down sensors; (ii) applying on said data a .
sqmsem girevirte madngieatest whem botht feetnaradelechinghthe grovnd prsh ee foot is
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acou eas er acous _
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firss faptandgthe spepndzand third sensory RSESRERV Y JOptedindet foe and heel
' thg said operations (i)-(iii) during a
Pg@%%%%’?%%éﬁ%ﬁ%ﬁdéh, thereby enabling TOA (Tine of
Ar r i vale)ebyr whes thiengewik iveliking, the thired senpord prastids an ingication when

bp ekt aREBe s How i Serior itk FREaT Beygiun.
is prgyi dg Qtsaorgfdéﬁ’tnfsbé‘&, B ShRMi6R AN6WS dNgridtindt®aHetween a user

first, second and third sensors adapted for attaching i
wiho walkpaut oncevboius, hceavalking is cliasenteniage by pdtgrnatafeet ¢optacting

use, the first sensor is.located . rd.|

ool b SO b ST P OF At e
gﬁﬁﬁgggg&y@ﬁamiocated under toe and heel portions of a
second foot, whereby, when the user is walking, the

t hreesensors provide an indication when both feet are
touchi ng the ground and one foot is substantially flat

on the ground. In accordance with a sim/lar aspect of
BRIER BESCRIETIONOF THERPBAWEIGE net hod for detecting

that _a person is wal king, the nmethod c ri sing; at . .
| eastn fordeztto @@éﬁﬁ’é}‘d&hﬁ TRYFIHgn @B&% S§e gﬂng’p]? éﬂaﬁg? carried out in
pg%:t(t:iﬁg,t egtgint b SEREHS h}beﬁﬁfrﬁ)% 68 dQJcriﬁed‘,?:g}‘fr \lzvﬁy 313 ﬁbﬂ\@i%([jiting example

I n use, t I rst sensor ocat ed under a

ohtye withritfepece fo thefaceanpdnyitg dainghdngdddnd and third
sens %rigs. 1254 are Hfu%lt,rlat\{oer{syof L95aLed Y Bg ria SRS AR,

Figs. 2a-2b are high-level illustrations of a sensor arrangement according to an

embodiment of the invention;

Figs. 3a-3d are further illustrations of a sensor arrangement according to an
embodiment of the invention;

Figs. 4a-4b are geometric representations of a pedestrian motion phase;

Figs. 5a-5e are illustrations of a performance over time of a sensor arrangement
according to an embodiment of the invention;

Fig. 6 is another geometric representation of a pedestrian motion phase;

Fig. 7 is a block diagram of a navigation device according to an embodiment of
the invention;

Fig. 8 is a block diagram of a navigation device according to another

embodiment of the invention; and



portions of a second foot; whereby, when the user is
wal ki ng, the three sensors provide an indication when
whoiok/08met are touching the ground and one f ooPCT/H.2008/000092
substantially flat on the ground. Thus, inits
br oadest aspect, the inventi?n all ows discrimnation
between a user who wal ks andlbne who runs, since
wal king is characterized by alternate feet contacting
the Higudsas repvsseutitions of @ankotkware yHEPTHEM Wb caceordansg with an
one.poi nt .of .each foot contacts the ground at each
cwppdiEnt pfPRINNGERR PTI ON OF THE DRAW NGS I n or der to
understand the invention and to see how it may be
carried out in practice, certain enbodinments will now
be described, by way of non-limting exanple only,
D AT IED BESCRIP PIONORIDAIPIDARY EVBODDMENTS whi ch:
Figs. la-1d are illustrations of a four-phase
pedesi htedidaeki with rofiet asgecysf thizapi2kerdrinvenitigh-theredb provided a
illustrations of a sensor arrangenent accqrdi

to.. .
Sl_é‘ﬁb@@?ﬂﬁ AEHPIONE oPrfPeh Asadeckanias Syem g etpd iR, inter-
_ : . .
A B3I e BORER QU SO SE6F ol it
Is@fiors entfadti ans peflestrigg chas ttwioasensass ioonithp righé foetj gyl one or two

5a-5e are jllustrations of erfor ce .over .ti of
SRR @b edle g i SHRBB DAL MR BREUA AL Breip of one
fHRUGFR fegﬂéct i fhe FhdrSTRORENEt SEATRdidladepRhLERA IBddnsidered and
of a pedestrian nmotion phase; Fig. 7 is a block .
uséchigr gemeating and wiagsrnitiong ¢ exdpsgatinecigndl (Rye-tagonsiic, infra-red, RF or
nbodi nent of .t he invention, Fi. [:5..a Lagr
SRS e B b B MO sensr
1OWarkin® 1643Y @RS la0iansaiiidr/Bceird assdciaidr wisle otiet isemsoed, respectively.
software algorithmin accordance with an egbodi nent of
Tvs infouaatiqroregardienecept pEthorrpragakingysignal by the at least two other

ﬁ%xg%%ﬁ‘%%gi@g) ls'\ﬂ%%ﬁ_% #%ggr{gﬂ%?ig‘%}%%%bﬁ Bgogteéésti@ aspect

resent 1nve
substThuk) &dcbydimg! to ao raibedinment of thaladnticectherds sgproyided m sensor
and nmethod. utiljzing, interalia, a sensor uni

[ a. t t.hat
W s BETHRCY Rae-TEAOB e PoASTHaTS SRUGRIOY; A, fo another
SHHHEREROf the invention, there is provided a dead-reckoning pedestrian navigation

method that employs measurements taken by left and right navigation modules, each
comprising at least two sensor units, together having at least three or four sensors
disposed on different locations on a left or right foot of a pedestrian. Each sensor is
associated with a transmitter/receiver. According to certain embodiments of the
invention, at least one of said at least three or four sensors disposed on different
locations on a left or right foot of a pedestrian, is integrated with or attached to an IMU
(Inertial Measurement Unit).

According to a second aspect of the invention, there is provided a pedestrian
navigation device which includes, inter-alia, two navigation modules each comprising,
inter-alia, at least two sensor units, an Inertial Measuring Unit (IMU) and an error
corrector. According to an embodiment of the invention, information generated based
on input provided by the navigation module/s is used by the error corrector for

correcting navigation information generated based on IMU measurements. According to



| ocations on feet of a pedestrian, e.g. two sensors on
the right foot and one or two sensors on the |eft

w0 owB/087bRE sensors al | ow assessing the rel ati vVRCT/IL2008/000092
di spl acenent of one foot with respect to the other.
The resultant relative displacenent data is considered
and used in generating and- dPansmitti ng a propagating
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0 certal n“enmbodi nents of the inventjon,
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cqrigny podinisafey B vt ST AL8d VY o st Lol fuaghed to or
1ntte%rﬁ@d MY a(abBitib@inodBRs Ur ement Unit). Accor ding to a

ond aspect of the invention, there is gw dedd il th
pedebt theafmlln'a/mgg 4h¢ sanetp & dhaviveRtiom Hilk dl@s scribed mainly Wi

rqlsﬂelfcg {0 311? ase é)?ochlgs\s/icggg%ﬁy PR RS ATH A %E’J;Hebﬁhgl it should be

Sensor units, an'lnertial

uiRAS88d Nat R ihvdntidb))is asdliaited by ahie type o propagaiing vaw A other
to an enbodi nent of the inve on, |nf(ﬁr mat i

typen earabe usadayishl tsnanmpRiiaty i fiations, e STaHATG gyt departing
frrrlg)s’tiﬂa g{;? ol oF tﬂé e eloh RRIRAS e%g’rbuFRﬁ &G iea byl ﬁ[frﬁ&i EigRdll RP signal

ninformat on generated based on
afeaBl R ntagndiesipailng t oan enbodi nment of the

i nvention, navigation nodule/s inputs are used for

i ndi Mﬁé&&&@lty situations. |In accordance

W th og' Redle AfschibBoPbeTeMkini pedit iaad dolitgydémensts of the
provi ded a pedestrian navi gation devi ce whi ch

presedtitestiond esfemhéais nowo made ity Higsohae Wihigh illgsirate a model of

onf oot . | nert.i al asur i i T L9R th epts
fope e phates Ogﬁ p@@%ﬂ”‘c@?ﬁ%&ﬁg’% angyal&@lﬁgfﬁgﬁecgfeer. _ .econc P
PR eRYink Bntith. EdRMidBNindefstdddethhtthe irisieation is not limited by the
navi‘gati on processi n?km
illustrated model, and other walking and running models may be used without departing
from the scope of the invention. According to the model illustrated in Figs. la-1d,
forward short-step walking is divided into four sequential phases. The key phases are
described hereinafter with reference to four points, two on the right foot and two on the
Jeft foot: a left point Ty, and right point Tg - underneath the toes area (sole) of the left
and right feet, respectively; and a left point Hy and a right point Hg - underneath the
heel area. Each phase is characterized by three of those points touching the ground

while the fourth one is lifted off, as illustrated in Figs 1a-1d:



performed by the navigation processor based on | MJ
i nputs. ZUPT inputs are provided to the error

waeorsegteor frome.g. the | MJ, and a resultant PCT/IL2008/000092
correction input is fed to the navigation processor.
Navi gation nodul e/s inputs are used by the navigation
processor for paraIIeI navigégron processing. Wen no
zero-velocity updates are available (this is checked
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the scope of the invention including, but lot limt

ed
by, iRbasaledFig danalthe fRehtspeweiura iel tht grernd and the left 'heel is lfted
ectromagnetic signals. Four-phase notion nodel
fore turning to the description of certain aspects

and eydiedbwe M Fi fld—MG aﬂir 1@& efitanicBy@NYhioh onky twefteﬁcﬂrpr&nts exist:
Is now made to Fig vvhlchllljigtrat

S.
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M P AEES p ARG Tl 1 aiap R Sthe el PR Moy detaled
rh@ddll dbcusedroh ehle yquehtiali dhangd imtiedrebaivel posiiod ol therheel and toes
wal ki ng and runni ng nodel s may be used w t hout
Rﬂ’@ﬁ%rtl ng fromthe scope of the invention. According
to tﬁ%u?@&%%r ated in Figs. la- Id, forward
short™= g IS divided into four sequentia
phasdiig. Zhis ekhgghgihm e]s];usimaaom of arseiyod atrengsnieat 2080 apgaqrding to an
reference to four 0| t wo ont
erodure it PertveptBE: Sirbonpfisdel J00 bt 18BF four sensor

ﬂ%s,hsgin dar reat &t B&c&@%s&hﬁﬁﬂ}( Sadeeat att e hbﬁfatrezﬁﬁhﬂi toes area
ri ght

feet, respectlvely nd aleft point HL and a
of ithhiefpandrightrieet (e shorosales)1 epasdely LA dbrce SEReT gpmidguration is
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According to one embodiment of the invention, each or some of the Sur, Str,

Sur, STr sensors is a pressure switch, i.e. an on-off switch activated whenever the
corresponding toe or heel area is pressed against e.g. the ground. According to another
embodiment of the invention, each or some of the sensors are accelerometers.
According to an embodiment of the invention, each of the sensors Sgr, STL, SHR,
Str, optionally with additional components (which are not shown in Fig. 2a), are add-on
units and are attached to the pedestrian feet (shoes) on demand. According to another
embodiment, the sensors Sur, Str, Str, Str and optionally additional components, are

provided as part of the shoes.



Phase Il (Fig. Ib): Subsequently, the toes of the left

foot touch the ground, and the right heel is lifted

woRdososmsgr ound. Phase 111 (Fig. Ic): After theCT/ICaes/000092
foot was lifted off and sent towards the preferred

wal ki ng direction and while tt}e | eft foot stays on the
ground, the left heel touché§ the ground. Phase |V
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th@ SRIROTS] It QYGFRSITER. and herredhe ipesition é’tf irarledespb At ther@d of each
fp%lé% sensors at substantially the same tine wll

i‘cate the nonentary stride phase. According to one
enbodn”kréepnhncaﬁlet hed deadentlioning pedeliran sovigatioh pﬂoeeﬁiﬂlg which is
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add-on units and are attached to the pedestrian feet

suefhese Thisol idestrated. in Actslraxplfgatory meenerdn Fghdaritbanrd summarized

ors SHL, STL, SHR, STR and optionally
lgggblt%?gi conponents, are
(D

Stride Point Hp, Point T, Point Hg Point Tr
Phase Sensor Sy, | Sensor Sti, | Sensor Syr | Sensor Str
Phase I down up down down
Phase IT down down up down
Phase IIT down down down up
Phase IV up down down down

At each phase, three points touch the surface (these points are denoted
hereinafter as touch points'). Two of the touch points are at the same position as at the
previous phase (e.g. at phase II- points Tr and Hp); One touch point (denoted

hereinafter as 'the new touch point' or 'down-new ') touches the surface at an unknown



provi ded as part of the shoes.According to certain
enbodi nents of the invention illustrated in Fig. 2b
wo bh@s8sles1 STL, SHR, STR share a communi cati on PET/YR068/000092
210, e.g. wre or wireless LAN (Local area Network)
with a navigation processing.ynit (Processor) 220.
Navi gati on processing unit 2%87 eceives the data
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informati on regarding differences in ti.me of arriyal
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the ds@ite iaMRRhI B8m (8. lhownh@. ©Bedslitedsitir Alvasilcd) ranfi ig .substantially
2a) will now be detailed wth reference to Fjgs. _3a-3d

cangtantsuzing watking gnd snegificaldy mhile bpihaintsiepsh the surface.
i 11 ust in Fi - 1o . _ e o
) S AR el S o e BHEREE o i 3
yepaid Gurw) Famdicdtiviehufake paditidrsof the chstrigudbhmists (dsseming z;,7, = 0)
t hree sepsors jndicati " d ! d int -ab
1 iy e faovrn B ey fpide i ol BRleBes g ghg &2 are
d%?e?ﬁﬁ{ed'ﬂaﬁéa SSTOR:RA A1 s SADRY, gh EBSwh ‘TO@@cﬁniglﬁés} afdldherefore

At each phase, three points touch the surface (these
cpoidinaesaixe, Wk noticdivhex dhapoditon af thetthird oyrbi prist re apabition of

f.the.touch.points are at the same position as at the
tﬁ‘? 'OW&%gi?gggqukagf’ﬁs.&;t phase I1- points TR and HL) ;

One t(gych d%pi:rqi3_)(19t’en@§§3e5q)2her ei nafter as 'the new touch
point” " or 'down-néew ') tauches the surface at an

unknownposi’t Fé¥s-Xa. 4 (Ysat) phase 11- point TL); and the

o B o b S P, o

of R &atione 12), ahd@ahé assiiption e s, 7, the zbl Biusd v zgoghtotion on a flat
of the third, new touch point is calcul ag,ed based. on
serfacinBuprdgnt selem She APRTRBrgE Kelution (BHpBphead clynigte the other

otd (i’r'% A RaChfati¥R s co‘ﬁ@ild&léhf"é. .g.otﬁé expected position of P'3 as a left
foot point (e.g. based on an assumption that the left foot is much more likely to be
landing on the ground to the left of the right foot during a regular stride) or the expected
position of P's based on the position of the same point at the previous stride. It should be
understood that the invention is not limited by the manner by which the above-
mentioned appropriate solution between possible solutions of equation (2) is selected.
At the next phases (e.g. phase II illustrated in Fig. 3b), basically the same geometrical
considerations apply. At phases II and IV, when one foot stays on the ground, one

distance parameter is already available (e.g. d2 illustrated in Fig. 4a).
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pOSItIOﬂ osition Of t he same pol n
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the form of a burst. The acoustic transponders associated with right sensors Spr and Str
receive the phase I signal at different times of arrival. As is well known in the field of
TOA processing, the difference in time of arrival (and in phase of arrival) is indicative
of the difference in travel distance of the signal, and can be used for the determination
of the distance of travel.

Thus, in accordance with certain embodiments of the present invention, the
acoustic transponders associated with the module sensors transmit and receive signals
under a predefined transmit-receive scheme. The invention is not limited by the above-
mentioned transmit-receive scheme, and many other schemes are possible within the
scope of the present invention. An additional non-limiting example is having

transponders associated with two 'down' sensors transmitting the acoustic signal
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As can be seen, each motion type has its own walking model and this model can
be characterized by the mutual performance of the sensors. Thus, according to an
embodiment of the invention, the performance of the sensors is monitored over time.
Performance data is gathered and used for assessing which motion model from a
plurality of motion models best fits to the gathered performance data. Identifying a

motion model includes selecting the type of model as well as determining the various
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motion, for example: step counting, e.g. counting of phase pairs I+, I+IV; stride

length determination, e.g. distance between toes sensor of one foot and the heel sensor
of the other foot; heading (direction of motion), e.g. by comparing and assessing
sensors' positions gathered and calculated at a certain phase with those gathered and
calculated at previous strides; and type of motion.

Some non-limiting examples of point locations are: a heel point located
substantially beneath a heel area and a toes point, located substantially beneath a toe
area, constituting a plurality of four points (this is illustrated in Figs. 3a-3d, 4a-4b); a

heel point located substantially beneath a heel area, a toes point located substantially
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modules.

According to an embodiment of the invention, each navigation module 710
comprises, inter-alia, a module controller 712; at least two sensor units 714 (heel
sensor, toes sensor and optionally additional sensors); an acoustic transducer 718;
power unit 720 (e.g. a battery or a local unit coupled to an external power source) and a
communication unit 722. According to certain embodiments of the invention,
communication unit 722 includes an antenna.

The modules 710 are communicatively coupled with each other and with the
common control unit 730. Processing and control unit 730 comprises, inter-alia,
acoustic control unit 732 for activating the generation of acoustic signal by a selected

transducer; a navigation processing unit 734 adapted for receiving information about the
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low-cost) inertial unit compared to prior art solutions, substantially without accuracy
loss.

Integrated Navigation systems and methods

According to certain embodiments of the invention, the second processing unit
is further adapted for receiving navigation inputs from various sources, and providing
navigation solutions based on integration of these inputs. Fig. 8 is an illustration of a

pedestrian navigation device 800 according to an embodiment of the invention, which
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DL} 5 BESH R ST EEHG i ehiameirdcui bigsbpne of the on-foot
modules 810 (it should be understood that more that one IMU may be provided, e.g. at
least one IMU per foot). According to an embodiment of the invention, each on-foot
module comprises three sensor units —heel unit, toes unit and an ankle unit higher than
the heel and toes unit. The IMU is integrated with the ankle unit. Thus, in accordance
with this embodiment of the invention, the position of the IMU may be determined by
determining the position of the ankle sensor unit. This provides additional IMU data
which may be used for updating IMU errors.

Error correction

According to an embodiment of the invention, the operation of the error

corrector 860 is performed e.g. by known error correction techniques. According to
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algorithm, in order to determine whether the IMU/MAG-based input is to be used in the
current integration cycle or rather a Step Count & DR-based input. This will now be
explained in greater detail.

In each integration cycle, a navigation solution P,V,A (Position, Velocity, and
Attitude) is processed at operation 1010. Input for operation 1010 can be provided via
route Ry, representing operations A marked by dashed box, the output of which is
marked P,V,Amsc; or route R, (marked dPos). Output P,V,Amsc is processed and
calibrated based on input coming from inertial sensor IMU, magnetometer MAG and

GPS unit, and ZUPT (zero-velocity updates) input. In case the velocity measured at the



may be a hardware and/ or software conponent integrated
Wth or separated fromthe processing unit 850. As

WO kooassTeated in Fig. 8 in a non-limting mannePCT/IL2008/000092
conmponents 840- 850 are housed by a housing 880 which
can be a backpack, a belt-nﬁggted unit, hand held unit
and nore. According to an entodi nent of the invention
(not shown in Fig. 8), the navigation systemfurther,
cuenpringenceds egual 19 zare (¢ achirimg duitationannditice bpseepfywalking), zero-

coupled.to at | east, the nawi iLon..pr ' '
vEEORY 55405y B apPR (e e Hiinetb o Rl R e BV, Arns
PR By tdPa d¥ebasd @NHg odmingefromverndr esinfanat KEhdivo zero-
in Fig. 8), at least one IMJ 340 is placed in oy -
valosity Xpdues &6 appligsy or ihzagrislasdy WPapLes 1) FHLE0EH £ Ams will not

b%rlgr&ér&?-ﬁ&a %‘P& ingh fis %gnétj He &Iﬂgg%@ be understood that

one may be provi , e.g. at |least one
| MU diusf sebidinghtcthe dinttgpdimeretrofethd adiention ilbfstrated in Fig. 9, dPos

i tion, h on-fooq | e i .
AR SR STt ol SSTRLTEE s BN o
liv’\??ﬂm% Gs l'i‘lﬁfsltraéﬁqn%? URELordihB %0 la%ih&lseﬂlﬁécﬁﬂl'étﬁ% @os values are

S

. e ankle unit. us, in accordance with thi )
peoridell wntheoPDRhenit.ndeenridimg, ta yet posthel embodimené {hwupedestrian

may be determ ned by determ ning th QSi t] of .
i Bt S combYsoE R atoloP Rt RS i velociy.
WdHoG I BRhdRstetueslatl s invBakadH BGot Idited bPiise sobfde®T velocity values.
correction According to an enbodi nent of the

i nverftiusraccotdinmivemambnilinent ofdhe presentdpyandienmt opeptips 1100 a
c %crécg ol ga‘.srge(f ot t? %dg%ﬁ%ﬁ%oﬁ fd QUtP‘ig%l?ﬁ% .BRdiLi6E RY 'rr‘fé'ﬂ.e%ce:cording to

rdirng t oano i ren Invention, t
a0 pdeaéiboditient, e ZUPDvakidly ceadidon rajuées tateetoaslocity updates are

EICREE C e e .
AT @&ﬁcﬁ% céxgcgté dt?%eﬁﬁfl?él\?ru £ELHRNY PR BRRedr N Q6 TBIVaRRs tprocesse:d

generate nmeasur enents. According’to ye
baswlt dree. g M0 dhenmsmiemshistangd veloedy valung gerevatedhby other sensor e.g. DR

mpdul e/ s inputs.are used for. indigcatin er g- vel oci

Ry Hier AEPE ey OntiBobr e LR ABEiE T hd scope of
thSfdsdt$tRAdoRf Oor in addition to | M)based

zerovelocity inputs, thereby yielding better accurac

conpdnedse SUPIPF nop prapstly merioased (his s vbeekedat stepal KB, e.g.), a

ilLlustrated in Fig...8 i i gat ion deyi i .
S S Gl P BB LB O B R, AR BR wnii
akv il Ao the etdedasnptofAdhibatibie sk etioBédriedowia dpagtidn1@i0.

enbodi ment of the invention, navigation processing is
per f dt phaldybe wadeigippd dhpiothe integrated navigation systeni and method

discussed above with reference to Figs. 8 and 9 are not limited to the use of DR data
provided by DR systems and methods also provided by the present invention. Many
other DR systems and methods can be used, with the required alterations and
modifications, in order to correct navigation solutions in accordance with the novel
manner presented herein.

A skilled person in the art will readily recognize that the concepts of the present
invention and mainly the novel analysis of foot strikes on the ground, may be useful for
a wide variety of applications including, but not limited to: other applications using

TOA processing, applications using FOA (Frequency of arrival) processing, direction



processor 850 based on I MJ inputs. ZUPT inputs are

provided to the error corrector 860 frome.g. the
woams@siteson processor 858, based on | MJ neasur POENL2808/000092

or alternatively, fromthe DR processing unit 856,

based on DR neasurenents). A, resultant correction

input is fed to the navigatrg “processor 858.

Navi gati on nmodul e/s 810 jnputs are_ used_by the o

Taingg steposruptiBecaroustic pedopetens.| Rasitingy faliration, velocity calibration,

| NG; -yel ocit dat
oBARERR) B PR BN 1L Z0PT checker s62),

for exanple in a case of IMJ mal function, a DR

navi gation solution is provided as an alternative to
the IMJ solution. Fig. 9 is a representation of a
software al gorithm 1000 in accordance with an

enbodi ment of the invention. In Fig. 9, the concept of
an aspect of the present invention is illustrated as
an i nprovenent (extension) of an exenplary and
non-limting navigation algorithm A certain
integration cycle is illustrated. In accordance with
the enbodi nent of the invention illustrated in Fig. 9,
an additional step 1100 is added to the algorithm in
order to determ ne whether the | MJ MAG based input is
to be used in the current integration cycle or rather
a Step Count & DR-based input. This will now be
explained in greater detail. In each integration
cycle, a navigation solution P,V,A (Position,

Vel ocity, and Attitude) is processed at operation
1010. Input for operation 1010 can be provided via
route Ri, representing operations A marked by dashed
box, the output of which is marked P,V, AIN SC, or
route R2 (marked dPos). Qutput P,V,AINSC is processed
and cal i brated based on input comng frominertia
sensor | MJ, magnetoneter MAG and GPS unit, and ZUPT
(zero-velocity updates) input. In case the velocity
neasured at thecurrent instance is equal to zero (e.g.
during a stationary stance phase of wal ki ng),

zerovel ocity updates are applied (e.g. according to
known t echni ques) and output P,V,Ans is corrected by
dPos, dVel and dAng coming fromerror estimator KF. |f
no zerovel ocity updates are applied or if
zero-velocity updates are erroneous, P,V,Al NS w ||
not be corrected and inertial drifts will not be
extracted. Thus, according to the enbodi nent of the
invention illustrated in Fig. 9, dPos val ues used for
position correction are available frome.g. the
inertial solution (e.g. PV AiNsc, s illustrated in
Fig. 9). According to another enbodi nent, dPos val ues
are



provided by the PDR unit. According to yet another

enbodi nent, the pedestrian navigation unit further
w@ompsses a dedi cated sensor for measuring peRPERII20€81000092
velocity. It should be understood that the invention

is not limted by the source Qf velocity val ues. Thus,
according to an enbodi nent ofz%t’he present invention,

at operation 1100 a check is carried out, to determ ne

if a ZUPT validly condition is nmet. According to

enaukey: enbodi nent, the ZUPT validly condition

requi res that zero-velocity updates are avail abl e at

kvAn Yorfoos @edevtianAeevipationg modulee tisefiilofdrepedesiion! Iﬁiﬁfgﬁtion when
of the invention, ZUPT validly condition requires

Qrerated With Gf 12slad PO dniicd apathse PRyfoRtedesriph a@ég%t@al module,
MJ neasurenents and vel ocity val ues

tggﬁg)gg%ggﬁ‘gﬁm{tgher sensor e.g. DR unit. OQther ZUPT

val i  y cardast iadirst semgdreunits sl msemutsedmlanﬁﬁ, mdrefeiopach sensor

t he scope of t rese i nvention. g case ZUPT is

not propeft PN e eiteh dor rsing &n 'up’ gppdition and

e.g.), a §V¥.’lotv\ﬁh coRitibe aSdRERM and ﬂé%‘v@'cﬁﬁblé‘&ﬁfeﬁ?%f e module
i nput dPosoR coming from SC&DR unit Is available to

t he procewshmrgspstt i Syafap@nalsio& igrah tmasmlwr@@tveatadapted in
operation_ 1010, It sh g be. un]gerst oog t hat @g troller. f
i nt egr at G HAVT %t"}“o?ac ’svf”} P M=hAa PRI d Ot & 08Ty controtier, Tor

above w tgeneﬁl&lggggﬁ@pgggmlfg ggnal8 and 9 are not linmted
to the use of ata_provi ded bg% systens and
net hods a sraOCBH@woagallﬁy fom sopgradbag tthe repegatiosn of Nheymodule in

other DR syst i, A0 ILARNSoRA: BEniARe don it he

required a I ons™ an ons, ‘Irn ordet to
correct namrgmhnmatmohmt farmmblmgasmbmd»dﬁleeto\mtrﬂmdnlitme with said

novel manner presented her i . A skilled person in the
art wll ?Z%FWCP@E@ ﬂ&%ﬁfn%"r@eeoncepts of the
pres ecﬂ@reb)E i’a%mtnt‘ﬂ{%@T'Qcﬁ@ ﬂbﬁoﬁ H@ca ﬁpﬁﬁlco T}S‘f Vi acndOiﬁ‘ggratmg said

foot strikes o round be useful for a
var i engtiaf daippitic amotmmsdatm ccbxmhtg1 fronbwaidnathed mwiltled wherein said

ot her | i cati.ons usin QA cessin applications

si mGPRESR 195 bEBRS S ATA SRR O LR B Sehsc? i receip
di r ecdfisidfproptigating SicBR Ki)%']&dsﬂﬁwo aRYStifs FFedRINRh& Bodule, and
position calibration, velocity calibration,

accelwheaein spidompiion dath énusear fondetgrpiping, omamyBtary posigion of the
on- f&% aqlessfoo{ﬁ\?an%nammﬁ&' on nodul e useful for
|

pede Fran navi en operated with at least a
control wunit and anot her on- foot pedestrian navi gation
nodul e, the nodul e conprisin at |east a first sensor

2Ty OBpfept pedesidppnadgain medyle aggradiog o elaim d owhespin said signal

transmitter/receiver is one from a group consisting of: an acoustic transducer, infrared

transducer, Radio-Frequency transceiver; electro-magnetic wave transceiver.

3. An on-foot pedestrian navigation module according to Claim 1 or 2 further

comprising a battery or a power unit coupled to an external power source.

4. An on-foot pedestrian navigation module according to any of Claims 1 to 3 wherein
said up/down sensor is a pressure switch responsive to a pressure caused by the foot

with respect to the surface.



unit including an up/down sensor adapted for sensing
an 'up' condition and a 'down' condition associ ated
wowaos/oswbat i ve di spl acenent of the nodul e wi t hPCBHREE000092
to a surface, and a signal transmtter/receiver
adapted, in response to an activation signal com ng
froma nodule controller, fo#? generating a propagati ng
signal; a nodul e control l er for controlling the
Somrcat-fo«m pedestriae mawigatien mvdniesgroonsiing o anyowrElaiphs 1 to 4 wherein
comng fromthe control unit ommuni,cati on
SO TP G0 G & G OTB Lo ER iR AORA R o Slpgpication
uﬁ{t_least the control unit and other nodul e, thereby
facilitating collecting notion data at the contro
unit and integrating sai d nDtion data wth notion data

m ng.fro - ] ' ' :
6C§’tna rg]g n(}eﬁ | cai%%&g{l a con ll%gl)r?ré {obf aﬁl?a%h%%?)\s\%s wherein
s§1@|’ﬁfr§)tfseﬁ§tﬁ un@Geldebted subsartially @mﬂi h heel srgnatl thdSoottand wherein

| east two sensor units of said other nodul e, d

spideseeqnd sensay upib s loRatad pubstantigdw beneaths togprep ﬁ? ﬂ}erfgofa

nonentary position of the pedestrian's foot during

notion. 2. An on-foot pedestrian navigation nodul e

7amlocndfoa>g ptdesttiaai navigatibe najdlulesaa:icdrcﬁmgtmaany of Claims 1 to 6 wherein
ransmifter/receiver i.s one froma grou nsisting

cBt LR RO (PR QS TEaso i 08 (o SrOR s

Radi o- Frequency transceiver; el ectro-magnetic wave

transceiver. 3. An pnifooampedestrlan navi gati on
Scrddudre font podagiriag navigatian motiube acgordimg WearlcherﬁéllﬂHE$ hdo 4 wherein

LB HGtE RARRIE L GNP S b BRUEE ot o

dag@pdding to any of Clains 1 to 3 mhereln sai d up/ down
sensor is a pressure swtch responsive to a pressure
caused by the foot with respect to the surface.5. An

Al SRFo R BIER Ll A ARV AL JRAMiSS: AEER OF OQich1 30Y wherein

ComMmint cat Fon unitis
smidfrﬁodlﬂﬂmiﬁtegﬁtdchmﬂualshoeand/ or a wreless
comuni cation unit. 6. An on-foot pedestrian
navigation nodul e according to any of Clains 1 to 5

edn“fo%@?cf{iegt%enea Qt?(ﬁ mHQﬁlE abSoriRE b &fy of Claims 1 to 9 wherein

tantla area of "the Toot, and
saide:oatrnl matrdnstegmted vsl&nsauxi m(odulte is | ocated
substantially beneath a toes area of the foot. 7. An
on-foot pedestrian navigation nodul e according to any

19f A 3ot ptRsRiawh@dv@ddtion module according to any of Claims 1 to 10

wherein said control unit is an add-on device carried by the pedestrian or mounted on a

part of the body.

12. A sensor arrangement useful for pedestrian navigation, the sensor arrangement
comprising a first module and a second module according to any of Claims 1 to 11,
wherein said control unit is adapted for:
- receiving from said first module and second module data indicative of
a condition of respective up/down sensors;
- applying on said data a predetermined pedestrian motion mode] and

in response, generating an activating signal for causing a selected



each of said nodul es conprises three sensor units or

four sensor units. 8. An on-foot pedestrian navigation
wore@alogreaccording to any of Clainms 1 to 7 wherRCTIIR808400092
nodul e i s an add-on device adapted to be nounted onto

t he pedestrian's foot ondena% 9. An on-foot

pedestrian navigation nodul € -according to any of

Clains 1 to 7 wherein said nodule is integrated with a
shoe. 10. AnawmstiobBansguerssaceompodaigd at the Alrsoetusegond module to
according to_an 1 40 wherein said contro

unit is |nteﬁ?gég%m%%%ﬁméa?%n%t%P . 11. An on-foot
pedestrian n@véagetah BoUSHM Ut s@eRe aebdngnbdat@myn e first module is
Clains 1 to 10, mhereln said control unit is an add-o

devi ce car ri &divBipd; 1secipiBgdiam Pfa]ﬁa%rth%‘i?ﬁ%%@loéﬁleélaﬁépﬁwaﬂve of
of the body. a ]Igce SR8 aub@) g.%ﬂﬁﬁ% uaefegét ft%o other acoustic
pedestrian navigation, the senso arrgngenen

conpri si ng atr:ﬂ.nsdad:ermaddl lixe casechneacoestenchnsdubel eccommodated on the
according to an of aims,1 to 11, .wherein said

control  dni 5488, Bﬁé?ds ejivatsh zeseping S GhieEorh o oast the first
nodul e and sgegmd: 4gadul e data indicative of a

condi ti on of respectlve up/ down sensors; @% ying on

said data a npeﬁmg@nMKn@ﬁmpaﬁéé{mmdnnmmap strag ghotamgl

inr opse ner an a tivati .
causi R carBibeqfon Srie A atiAL otk thiohy ity peful in
t he fde[éiinnﬁﬁ &ﬁ@@&ﬁaﬂﬁfdﬁhﬁnﬁ, of B Rldtaradur AEabeidre

signal; and |n case an acoustic transducer

accommdat ed on the first nodule is activated,

3e %eéeﬁ%&ganfaﬁ O &t at:goqﬁ#gtt{J %Iﬁﬁlcﬁlglh%ﬁlu%a?% ?%%lgt]err%i)r}e% Pedestrian

I'VE o a receil al d ‘acous
rh@‘ﬁﬁi mbilel ioblwed oaaﬁmxieﬂmg off kakasiwme msoticANsipe By aadgziag respective
qa ustl C transducer acconmodat ed on iﬁ‘i"F second duI
1plagemepist Buh Fepeftyion s arHAAA #r GRtathiPR 800y ﬁepomts each

gh’é on u{oea 1Bt RP Y tr?ﬂédﬁchg% % RBie f)safd #olnts is not

uri'ng a pedestrian notion, ereby enabling TOA
lodated oni thelshmp nodletsisrie odhecpoints. usef ul i n det ermi n| ng
nonentary positions of the pedestrian during notion.
13. A sensor arrangenent according to Caim12 wherein

192 sphsd %h%ﬁ%@rﬁ&ﬂ ARestasior tcﬂ@laﬁﬁht i Dby "B @hetetn RAACH REst three
nmodel i ng of | east one notion type by anal yzing

medibe pein{seare selected from among a plurality of module points, said plurality of

module points is one from a group consisting of:

- for each module, a heel point located substantially near a heel area
and a toes point, located substantially near a toe area, constituting a
plurality of four points;

- for each module, a heel point located substantially near a heel area, a
toes point located substantially near a toe area, and a third point,
constituting a plurality of six points;

- for each module, a heel point located substantially beneath a heel
area, a toes point located substantially beneath a toe area, a third point
and a fourth point, constituting a plurality of eight points;

- for each module, at least a heel point located substantially near a heel

area, a toes point located substantially near a toe area, and a point



di spl acenents with respect to the surface of at |east
three nodul e points each corresponding to a respective
w@e@assiesl t ransducer, at | east one of said poi PCHIL2808/000092

not | ocated on the sane nodul e as the other points.

14. A sensor arrangenent accqQrding to Claim112 or 13
wherein said at |east three nodul e points are sel ected
fromanong a plurality of nodule %g)ri nts, said

plurality oflomi@dllabmﬁo@ plagedsliped
subst anti al I%Pnﬁtétgl#mgg% gqglpgglxﬁ%nq

ribenhgelgpadntpand the toes point,
gel poi nt | ocated
a toes point,

consi sting of
| ocat ed substantially near a toe area,

COﬂStItUtI ng a

plurality of four points; for each nodule, a hee
o nENs e CatPBEEBER PenEmaIte gy eBFlaamplalo 14r wherein spigkmotion type

lt? E%n? gohp g %{r&ﬂ) S Rhift %to'f ailoWarﬁl i rpg?ng{; ?@m?aﬂg ?1;1(01’%51?}% t%\ée%lhng, long

pol constituting a p

stepr welkaty; radoved seppied; spiasmpplhgcﬁtoqﬂuﬁ whepargt istinliing; running;

beneat h a, hee are a toes _point cat
TR FRERIET P %é@& stairp a@ﬂgfl&aone @%ﬁ%ﬁ Ugpgrdgjumping;

foRUH BteB?l'nQ talon%%r}ﬁh'o%dﬂ@ gma e[gv%lfo? Lah& ch@fer&blgxlﬂbtlon

poi nts; Tor each nodul’e, | east a heel point |ocated
substantlally near a heel area a toes p0|nt | ocat ed

u tially near a nt | ocat ed .
1§b %e SthiAR V‘&%tr‘%@/&%% C?IHBHSHE% 2 SSB?GEI LS dpguding to any

B T1fins EORS1S,HtHE ipBaesaial ﬁhﬁ/@éahbﬁ sOdterdi rtAEH dUnSprisidy aAnawgatlon
sensor arrang jement accor di g to any of Claim12 to

mf@ﬁ%n&u@apwmﬂ oo mtygr@tedgfvlﬁh@efcp@mlangts Baip naVIgaﬂon processmg

AL B ] BEURESBLUPLE, SRR SIORAeifhs o

nsorf@sigpokitighs e @ede's;trmt@pmgm;gjtioﬁat andi ng; running;
turni ng; upstairs wal ki ng; downstairs wal ki ng; one
foot and two feet upward junping; forward stepping
q[ n rOM: X a
B B B ey ) Lo o BBl sBnprisn  user
imesfmnodtde cemgeneativay coupdedity dt deaatithe ahvightinmmrodddsing unit and
ri an, nayi atlon system further

FF@?% ‘gIhQWWBB?W%% %?HE@%E%‘g unit coupled to or
|ntegrated with the control unit, said navigation
processing unit being adapted for performng said TOA
18+ dcpsslebinign anvigaéore systam necaading dadtlamphé or dr/yfurther comprising a
of. t he dur i
BRI ich P SRR L PG Pe PR Biets fiy and wherein

shidrth® @AviS OGN hrdLEFing UHHEK further adapted to use said momentary GPS data

in determining momentary positions of the pedestrian.

19. A pedestrian navigation system according to any of Claims 16 to 18 further
comprising an Inertial Measuring Unit (IMU) for providing momentary inertial data and
wherein said navigation processing unit is further adapted to use said momentary

inertial data in processing a navigation solution relating to the pedestrian's motion.

20. A pedestrian navigation system according to Claim 19 wherein:
the inertial measuring unit is attached to at least one of said sensor units therefore

enabling a continuous reduction of inertial drift errors of said IMU.



i nterface nodul e communi catively coupled to at | east
t he navi gation processing unit and having at |east a
waoelz@plosassunit and a user input unit. 18. A pedeGI/IL2808/000092
navi gati on system according to Claim216 or 17 further
conprising a GPS (d obal Positioning System) unit for
provi di ng nonentary GPS dat a,3zand wherein said the
navi gati on processing unit is further adapted to use
21. duipbdasiriantzavizatdPs destemi acadedieg nioniClginmolferfugther comprising a
sitions of the pedestrian. 19. A pedestrian
magﬁegwatg{.i on system according to any of Clains 16 to 18
further conprising an Inertial Measuring Unit (IMJ)
for providing nonentary inertial data and wherein said, |
22. h@eiepirigroravigasioasysisr agrording t¢ Glaime 21alyaberceprapyisiggan inertial
[y, | al . . Pl.Qc o q . .
oot S TRTELRLY ) AT W DR TgAInfer wid neril o
corré®uri being EbtheAc@adas ta bninteppated atithosaid ystigmicacrotelsing unit, said
) ;{ﬁﬁ) G aim19 wherein: éhe inertial nmeasuring unit is
inertig pHpIRMreEtoT Sping@daRted ¥ of sai d sensor units
t her ef or [ nt. i - ' j :
ari e orroanap Banf FOThAERIS PRRSKE N 4 S8bdEbn signa
syst em adodicsliveg df onGneintarg Opdsitidrhevelodityprandi agpekeration of the
magnetoneter. .22. A pedestrian navi gation system
accor di ngpefei‘c’)s%i m2 1 further conprising an inertial
error. COrggGYiak ZERINISH S hdates (ZBPT), I d4dand Riabn@bfheter data
magnetoneter, said inertial error corrector being o
furt her cadphedsnonseoeenenatig aceteconsigal appliedi tgaridonavigation
processing unit . .said.inertial error corrector .
apted ropilabd Ok B heloph PR G 2By gorection
unit a nadgatdcelesitign @brredtiding thictebe cohstITRMNE abiyrected navigation
position, velocity and accel eration of the pedestrian;
receivi ngsokléko@-vel ocity updates (ZUPT), GPS data and
magnet oneter data and in response generating a
correction signal applied to said navigation signal
23. Anpedestring riantfatiah i syetenf aecopdiag ttb oflatmr2Z ethietsin said zero-velocity
vel oci correctiqQn and an accel eratiqn correcti.on, .
updafeﬁﬁ@%ﬁ BRSO IR S COR BF OUR B PFoLesTedOrgred Bhvigntinn signal.
23. A pedestrian navigation systemaccording to Caim
22 wherein said zero-velocity updates (ZUPT) are
24. Jepaiesitien raaigationrsypieay ronesding go oCless el cderadntserd zero-velocity

oGRS Bl o P ETSL e BRE B

25. A pedestrian navigation system according to any of Claims 22 to 24 further comprising
a ZUPT checker coupled to said error corrector, navigation processing unit and control unit,
wherein said ZUPT checker is adapted for checking if a predetermined ZUPT validity
condition is met and: A
- if to the affirmative, continuing applying said correction signal to said
navigation signal; and
- if to the alternative, applying a DR signal to said navigation signal until
said ZUPT validity condition is met again,
thereby reducing accumulation of inertial drift errors and increasing accuracy of

said corrected navigation solution.



updat es (ZUPT) are generated based on data com ng from

sai d sensor arrangenent. 25. A pedestrian navigation

wayasesicaccording to any of Clainms 22 to 24 f upCTrEr2008/000092

conprising a ZUPT checker coupled to said error

corrector, navigation procesS ng unit and control

unit, wherein said ZUPT checC er i s adapt ed for

checki ng if a predeterm ned ZUPT validity condition is

26. s toedgfirian pavigationesysier reearding to awhof ﬁlulalmg a@ pib yE.ﬁ gvhereln said
t. said n a

no I SRR i AMAR H0Resc e ol Rl € By GPlisting of

position, gelbeioy) asdefpration) pitch, reAy ﬁleidE’aingal i di ty condi tion

is met again, thereby reducing accunul ati on of

inertial drlft errors and increasing accuracy of said

o]’

S A o R A R D

whé essociting ataleag athireentosioh ytoimisn witlc heeeareatandewss asqacof said

not i Qn rameter. fro consi sting of: position,
vel I()(Beflg%aé’gggﬁé?%ﬁ ngqﬁlghgfqogp rol : Lang head!ongI I27
A (b@‘ébﬂ@dtin@%ﬂf@&ﬁ?%féﬁﬁ&t%n Eut Féefé@cﬁfv%'cﬁ 1AW ﬁtof Q@Ach of said

conprising: (‘@) associating at |east three touc
poi ntt@uchptomtﬁ@@ﬂhrasp@attamcsut@e% area of said

f d ht . f. L
eSS 0 Rt bip e B b

eaCh peflessindmbabs ingddl rhe d/\piehet%ﬁﬁﬁé@ttrah&nﬁssﬁ)ﬂfr&%@@ng scheme,
(c) based.on said up/down information and in

ac c 0B8RBS PIPagHIgJEtvsafhicasint paeleStaid denakmoings;
s n .
oo AR S 8Byl AR, R) RREL 1 9 by part ofsaid

of s wtd:htpouﬁlthpsanfthmatléld )nclmlhﬂge’liﬂrriencmgc Artival rEbintatioaf
recel t .of s I gat.i ng at | east by part of
sai d HBERh eB?a)l? H’céo f(ﬁ‘g ?‘Llﬁ’feof’ ‘ﬁ‘ i peqegening which is useful in
Ti meeferiiidg/ alDR DR
(Time gf Arrg?/val) prg%;ﬁgg%n% EM 3}3 %ft%ﬂs Phe pedestrian
deteldmlmmtlm ( Dead- Reckoni ng) nomentary positions of
the pedestrian during notion. 28. A navigation nethod
according to Caim 27 wherein said predeterm ned

287 20SHHVESLION/ fRERY he@rdiah e d18inP N2 whdréidN Al pleAStermined

said wave fromone of said touch point |ocating onh a
trapgmajssion/receiving scheme is one of:

- transmitting said wave from one of said touch point locating on a first
foot and receiving said wave at least at two touch points located at a
second foot; and

- transmitting said wave from two of said touch points located on a first
foot and receiving said wave at least at one touch point located on a

second foot.

29. A navigation method according to Claims 27 or 28 wherein said predetermined
pedestrian motion model is based on modeling of at least one motion type by analyzing

respective displacements with respect to the surface of said touch points.



foot and receiving said wave at | east at two touch
points |located at a second foot; and transmtting said
wo008/08766m t wo of sai d touch points | ocated onPEI/iL2068000092

foot and receiving said wave at | east at one touch

poi nt | ocated on a second foaqt. 29. A navigation

nmet hod according to d ains 2P4r 28 wherein said

predet ermi ned pedestrian notion nodel is based on

odehavigativh methbé astording ooty of Clpives [B7 wna9ywhergin said at least
espect.ive. di spl agenents wth respect..to the. surface .
SSBRER PBIECh SRoRHrASRTomh HPEA LG et h O B PG of

rh@BYoiffs iCbAd ﬂ‘&m?a7%rb§% eéhsiapern said at |east three

touch” points are selected fromanong a plurality of

poi nt-s, sai dfopleaetafoatya deelpmini wppsseniing displaerandnt eagheel area

group consi st | - for .10 [ S

representin gandll S |8 ?%%%%glhep Fe%%ﬂgghégélacgrrr%g?%fn%ﬁg 'Q%eg é%onsumtmg a

poi nt repr esglatdlipgofifoappsiasfrent of a toe area,

constituting a plurality of four_points; for each

foot - r epr es@RtRHY fopts pirewning diplagemert| ofp digehatpaand a toes
toes point r j [ f s -
o0 P o B RERLN | EPARSRIRILc A, LOS, 6% i poin
poi nts; for emstitufingt plureliyedsixt poiggs;di spl acenent of a

heel area angd a toes point representing displ.acenent

of atoe ar eg’,r egch PPty r%f;st?pugg]gmgi]a%@g? Of; il?'ﬂef area and a toes
consti t uti ngy@nPldpr@ehtite QlspRbaREntPSH A1t abQl aC8RM point and a
foot, representing displacenent of a heel area and a

t oes point rieprtbyeiti qogsttuting apbwality obight pajstsar ea,

and a third point erein said.third point i.s t
above a pl ane” FAFH (8% BSPIESS %ﬁ%éifSp ol nta?l%atl}?gi 8%%5&% a toes
poi nt, constpdibt kdi@es@nithd! dMpldc¥meht 5fa pRi Ales, add .a fhird point,

navi gati on net hod according to Clains 29 or, 30 wherein
sai d pr edet ewheracsajsk thissk paiafris nleeaterhabrygel plaeg defingdihy the heel

at | east one I . hsii :

forward st ep%(lmr?lg%%df%?g%rs %5@1?&?{1&&?%% V\gll%%hﬁ% ?ng%%mts'

step wal ki ng; backward steppi ng; sidestepping;

f oot print stepping; standing; .running;. turning; . .

<t anvigaten meﬁ@,d isoFtmIa Cloigp %g_n@r; 3y Saif rodgiprmined
. . J " . . :
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forward stepping; forward short-step walking; long step walking; backward stepping;

sidestepping; footprint stepping; standing; running; turning; upstairs walking;
downstairs walking; one foot and two feet upward jumping; forward stepping along a

narrow path; and elevated and accelerated motion.

32. A navigation method according to any of Claims 27 to 31 wherein said propagating
wave is one of: an acoustic wave, infrared electro-magnetic wave, Radio Frequency

electro-magnetic wave.

33. A navigation method according to any of Claims 27 to 32 wherein said collecting

up/down information includes detecting a pressure caused by the foot with respect to the

surface.

34. A navigation method according to any of Claims 27 to 33 further comprising:



32. A navigation nethod according to any of Cains 27
to 31 wherein said propagating wave is one of: an
waecwassicst wave, infrared el ectro-nagnetic wavePCRHRO@R/000092

Frequency el ectro-nmagnetic wave. 33. A navigation

nmet hod according to any of Cdains 27 to 32 wherein

said collecting up/down inforhation includes detecting

a pressure caused by the foot with respect to the

sufd)aweed 34, informativy aegaodingesakb genaratorgd amdy seid weasiplofperforming

d ai 7. 10 33 further conprising:(e) .hased.on . .
ot or 1R g i HOSEm PR bt GbsRAREa; G2 pedestrian during
r eceigbtioger form ng TOA processing and determ ni ng

nonent ary positions of the pedestrian during notion;

(f 15 rispraging igidsepeaatinne @< is many- (s a8 repipd anfedetemining a
ol at R0 SN AL BIlAdNo B R PROEBLLT 20, ot on

nmet hod according to any of Cains 27 to 34 wherein

said DR npnentary. position is corrected_by cansidering .
%ﬁ%m@tl@@%ﬁ%@ fing, tﬂmg%‘f_{ P_g%mﬁe@?of& ag%&%alf%%ald DR
&&n&%s%ﬂqg g&?ecfémw@&nsfaeﬁﬁg IR arp EPE)

nonment Inertia atd, nonentary GPS data, nomentary
magnet onet er data and said nonentary DR position data,

t.er m.ni.ng a .navi gat.ion L.utign. navi gat.i on

fhe A R PR SO el a1 2 ST GPORHG ng
a navi gat i onbxed dhindinédigly Uaasial &, Gﬂoxﬁ@r[t@rng@PS‘élhiay momentary
updates (ZUPT), GPS data and magnetoneter data for
correcting sapghatemeigat fga sofuskign, momertapy DR position data,
constituting Q t ed. ' - solution. 38. A
navi gati on n%%%%dﬁjrélg%on% }gr%g&tl gﬁglaﬂnm 37 wherein said
zero-velocity updates (ZUPT) are generated based on

reviously processed corrected navigation_sol utjon. L

9 A pavigafiog arstherd arcoring trelsimi 3@ Whereey said(ltegmgise} pavigation
ShldnZeliQadsel ocity updates (ZUPT) are generated based
on said nonentary DR position data. 40. A navigation
nmet hod acwinglrarg-velocanypddteQZATRE), GPStdat:38hdmnegmeitameter data for

correcting sai.d nayjgatjon solution conprises;., -.
checki ng RFTCang cifit diAvieaten 20PHiapa) ARy CuRIEPEn? | corrected

met and: navigation solution.

38. A navigation method according to Claim 37 wherein said zero-velocity updates

(ZUPT) are generated based on previously processed corrected navigation solution.

39. A navigation method according to Claim 37 wherein said zero-velocity updates

(ZUPT) are generated based on said momentary DR position data.

40. A navigation method according to any of Claims 37 to 39 wherein correcting said
navigation solution comprises:
- checking if a predetermined ZUPT validity condition is met and:
- if to the affirmative, continuing applying said correction signal to said
navigation signal; and
- if'to the alternative, applying a DR signal to said navigation signal until
said ZUPT validity condition is met again,



- if to the affirmative, continuing applying said
correction signal to said navigation signal; and - if

W 008087681 t er nati ve, applying a DR signal to sBECTIIL2008/000092
navi gation signal until said ZUPT validity condition
is nmet again,thereby reducin& ccunul ation of inertia
drift errors and increasing accuracy of said corrected
navi gation sol ution. 41. A navigation nmethod according
to aripereby wodusing agqurpgation ofimediah de;eronmandgacieasing accuracy of
sol utd, on. R4 98 ?tfioﬂ &q&!onone noti on paraneter froma
group consi st ng 6t - position, velocity, acceleration,
pitch, roll, and heading. 42. A conputerized nethod
‘épr reduaingygﬁﬁgnula,ion of inertial drift errors, o

s §ogvigetign FCPIANg fohamt olatlarn T torfl Whereln sail navigation

Bt e S T A AP ol e M, bR . positon,
velsicog acpeloatioe, e, @il andigedinal ue based on
measurenents carried out at least by said IMJ, (ii)
provi di ng position correction, velocity correction and
4al A dongRiteeDed SEidNfof ddMind! REuaRAth 8PiERlR dMB! Qfrd Yssociated
updates (ZUPT); (iii) generating a corrected position
vavitk ancBibednertial) stegsiring {aithién pnetessing of tae gedestrian uniyigation
va : r i i d, position value, velocity
Va%O@l%&ﬁ%&e?}%ﬁgggygﬁﬁg based on said position
corr €0t i providieg qwisitonC OslueC ivkloBitpnalat hihd Udtude value based on
correction as long as a predeterm ned ZUPT validity
condi t i ofteREIreRRENtS garEed quiaideasthy spigh Mkt er ni ned ZUPT
val i gidy i g { . sai . .
posi (T huPORfHihE bOGLE Rfieetli vokRh Xkt Aid aiude corrction
based oncatulhtedbhsed obfizepwselbtionumdates€ZUPAY; cal cul at ed
base%é]].gn measur ement s @é{f\/i ded by ]gleDead- Reckoni n
(DR) i EnCFqURE gs PAECLe] PEEIPe e FOErEESnVRIaile value and
cor r ect eghr¥RiRChttithd¥ AaliR BN orREASKE tAd pbitibh Ydfie) Pty value
for processing said pedestrian navigation solutlon and
(v) repeand agitwisevalve based( ¢ sgidvostmnnemmectiomeselasty correction

required, .. The nmethod according,to d ai wherein _ .
sad protdHgAR SaMFTIOR aptiens § BRETPryIngS PhE TRl condition
at ti t udejs\adtUgnd @ dabé §3€ prddeeedined AHES VAR YoRdition is not met,
carried out by at |east a magnetoneter and/ or a GPS

(d obal @aECHRY pAiA Hosiier splpevelacity value and attitude value based on at

least a DR position correction calculated based on measurements provided
by a Dead-Reckoning (DR) unit;

(iv) using said corrected position value, corrected velocity value and corrected
attitude value for processing said pedestrian navigation solution and

(v) repeating operations (i)-(iv) as many times as required.

43. The method according to Claim 42 wherein said providing position value, velocity
value and attitude value is further based on measurements carried out by at least a

magnetometer and/or a GPS (Global Positioning System) unit.

44. The method according to Claim 42 or 43 wherein said operation (iii) comprises:
- generating a first corrected position value, first corrected velocity value and first

corrected attitude value by correcting said position value, velocity value and



44. The nethod according to Caim42 or 43 wherein

said operation (iii) conprises: - generating a first
w@orsmegtestd position value, first corrected vel PCT/A2008/000092

value and first corrected attitude value by correcting

said position value, velocity ,)/al ue andattitude val ue

based on said position correction, velocity correction

and attitude correction; generating a second corrected

posi t#BMds aplve based - herid ppsitien cerrecdioneyelgeitpacareection and attitude

secongeefgected attitude val ue based on at |east said

DR position correction; and generating said corrected

posi tgenerating wesecond cereae yosition tvlueAbdtenddreded 86lRfly value

attitude val ye b lecting between said first .
cor r €€ e i?qrgﬁi‘?% Iaﬁgfl‘?ef i"naglemgéﬁefiee’tleﬂ Vaastospidy DR position
val uecopekidd; ks corrected attitude val ue and said

second corrected position value, second corrected
vel odenratag said snttecied pnsition vakie) emtreatedi welishétywallueeand corrected

2 artgRREE Tl b, PGSR B e BOF BarPont pbwon value, first

Sens @orrattt@NGRIBRR vAGSTRA Sfirsd crrddtd® bt IRAUL Bu8Mhd@said  second
second nodul e according to claim1l1, the pedestrian

navi FaFFeRd Positienvalye: propnd samedted Mgoeitnawlugand sacond corrected
procegsl gyl t coupled to or integrated with said

control unit, 'said navigation processing unit being

adapted for performng a tine of arrival (TOA)

4B" O esgigﬂq and determ ning at |east nonentary

go < B RaLealan e Bisterh FORNisHg Aptanser, amangement useful for

BESka Sl i gatd i.na to i m A5
PPACSRLAATAEN, B8 Skithr bish iR B hOAe LS o fiDynd o second
niqsiuleprasoidingitp nlairent, dhy pedestriananaviigitian asyeteihaiGien c8@bflsing a

igation processin nit is further adapted to use )
nd aé %%%Wgﬁl%i ﬁ'f:g‘éqlie%alpaof A5 @igteds Hifhy sgid control unit, said
nadgitiRt bfiteSAUuhRMbdifd Adbfted 18y Fﬂa&oﬂﬁﬁgsa " oF arrival (TOA)
nmotion. 47. A pedestrian navigation system according
Prosessing A getgraining:: at keasi momentdry meakions g theigedésrian during
ti,ached to at |east one of said sensor units :
therefore enabling a continuous reduction of inertial
drift errors of said | MJ

46. A pedestrian navigation system according to Claim 45 further comprising an Inertial
Measuring Unit (IMU) for providing momentary inertial data and wherein said
navigation processing unit is further adapted to use said momentary inertial data in

processing a navigation solution relating to the pedestrian's motion.

47. A pedestrian navigation system according to Claim 46 wherein:
the inertial measuring unit is attached to at least one of said sensor units therefore

enabling a continuous reduction of inertial drift errors of said IMU.



