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BACKGROUND OF THE INVENTION

[004] Systems that locate, track, and monitor the status of personnel and/or assets generally
utilize or incorporate known technology including, for example, Global Positioning System
(GPS) technology, inertial and non-inertial sensor devices, and signal analysis methods. A

variety of factors, however, can negatively impact the accuracy of such systerns.



outdoors Wth such weakened signals, GPS receivers

have difficulty receiving GPS signals and cal cul ati ng
wa@ewaiatoes posi ti on i nformati on [006] As anot hePCT/US2008/072378

exanpl e, inertial tracking systens typically use

readi ngs from sensors such as gyroscopes and

accel eroneters to estinate the relative path of

personnel and/or assets. Inertial systens, however,

may accumul ate large errors over tinme due to factors
Paga¥eh as drift m sensor offsets, sensitivity, and

Aok BHtS TG PA% ons of the sensors, as well as
o 5 PEASER, b 58 Lo LB B0 oo

outdaer &hc?l@gaﬁmbhcansﬁs, raelqimbreﬁﬁ'érhhﬁtatﬁ@stdxac hvhaemﬁ}ﬂmnglGPs to indoor

d/ l, h
e ety Rt GOS0 e TIE PR e dine aF Sieb S giadpiogt" T indoor
enVifiheas iang irdtlbdet proximiti ef mygtcemple%uﬂcﬁngpmmvenan theaae of sight of

h Kk
G]fszggaﬁlﬁesﬁgx%:}hléﬁas?ub%?ang%%f al%jcurﬁ gnds %%i%@ﬁso?%gggﬁﬁ ttenuateg Asa
resuNEP 4 sl avetypiﬁdlgrlse\tet’abrdeﬁ pf thia @smandeatess ptaesr dnhi@onments than

oufiRR, P el e PSRt o6 SP eotffets 1o Cs sinals nd

ca&l@ﬂ'}:@lacaﬁaky&htﬁmmﬁ‘bm%nthat use signals of the sane

r different re s fromdifferent ref rence
1005 A8 anqr Bt oD R R el urb LY Lt R gpors such a
gyRSERES b cdiortidiére 8 éskinate dhterelativd futh Be@ebolntel hitBdralsietsa Inertial

nunber of referenc V|ces at a.particul ar tracki.ng.
Y TRAEPER T O CEOET S GHRD TRy e ERLP s Pt = O i senso
ofﬂsﬂ@tsammomﬁi RBedsnedent diddtabiots| dfeths sendéore dsOvdlhgs limitations of the

ol SRR T R DR R BB Gy Addtonally, e

siz@ aadrpde xeqvxmﬂmtstﬂaerabus persinnélagtiet kallet edséls HRNSIOESsiARAhe use of

COo e 0 e an accurate detection_ of a
ek SRR g e SR e BB R Gt L g Waile some

mdlahale a6Qsi si@hsfchenmd Rdse u@ieewo@zasmmy nli¢le® L€ in their tracking, the

inacuaeinblldln e to interference fromthe
SR SR ScPBRELET* BROT P CTIRRE SRt HeroRBEu of husen
locfcmx@ﬂ@i (taa st @30 Abrtisktefors whale mdc]@ﬁgrﬁmﬁﬂ%ma\rr At t or ney

S T o B e e R g R b

diffdrer® @sTbref@ ipdintsi tB chhpRe ¢ eécaﬁoﬂatp&rsGQiel elidr Qﬁlsefslﬂi@ be unfea51ble
I nterval 009 The d.ot her, drawbacks exist wt
dug (DTS 1PL LK™ afn S5 oRRICE o g2 P Iﬁ\clkfléf?ﬁatlon (or
scchBe abd \heayt ﬁuﬁhbr&ﬁdé‘ exsgial iﬂgartthﬁ&& aruls, chl eutlidisadimekte multi-path
elates to a m and nethod f ocating, tracking,
e tsrinnl o Y R e TR IRl orat " o
[00&]583% Siet DdtHer e, Svhild theOutt d)@@ﬂia‘gnetlc Heid ensel and adinpasses may
d herein, road and wi t hout

prqv|1 @aqcF\Hﬁt? dFtsct%ép\??ﬁglea mng ang he absence oto magnetic interference, data
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building structure, electric lines, and other local magnetic sources. As such, valid compass



entities (e.g., people, animals, etc.), while "assets"
may refer broadly (and without limtation) to objects
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i mpl ementation, for instance, the INU may conmmuni cate

with the CSM using a Bl uetooth, Z gbee, or other
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bui | di ng data, tracking data, and/or other data as
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tracki ng nmet hods or outdoor tracking nmethods. Sone
nmet hods, however, nay be used for both indoor and
woeiodoores r acki ng. [ 021] According to an aspecPCDUS100&072378
i nvention, indoor tracking nethods nmay be utilized to
take tracking data fromone or nore trackees and
conpute a nore accurate tracking estinmate for each
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tracking personnel and/or assets in buildings, the tracking data input may be matched to known
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it may be useful to utilize GPS data along wth
inertial tracking data. As such, in one

w0 pbezmert ati on, the mappi ng application nmay ePdIEOSI08/072378
out door tracking data by conbining tracking estimates
such as inertial tracks with magnetic and/or conpass
data if and when available, and with GPS, if and when
avai l able. Additionally, it may further enhance an
out door tracking estimate if building outlines are
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fe@dd iduRtchr@dkiofget Oitlied aedtidnOLf ARy Sath.n Nike bahs@mey include
of GPS. [02 s. ot her. o cts, f. at res,
ccftre e BOChbe {Ei RNt e e B Bt ES i gpinoss
[OZGPEIrd&ieaprbsedced@iSWok Riualon flobr plaes e pzfr&’a‘] r fxsbr e dif nERtilding, the
ttached hereto.

and th S ot )
R R T S B LRt DM L o e R
thdrghtdhig taokih©idtNG edisfirg fbddtey] @sicyeh @htimgifeamires thxtarqHoaknown.
d not .restrictive of the scope of.the invention
1073 SRR PR G R SR R TP S R dispts padoors,
it afay epecuRplury Sijisd SIS atachilbfC tvith Einertigl Codclling glat2d &R such, in one
. aspect ,of the inventi.on. PATENT Attorney Docket B No, : .
g RSB 5 SR GP IS P ehgice S HGAe by combining
trackihgl S§tinRdtds ORI fas fihdredl It@bltseﬁuﬂﬁ) lﬂﬁafghétic ezdldXMr tdompasiateiftadd when
trac st.e rd| n. aspect of the
BBt O 3 i S5 i o S Rl fabeg gn outdoor
tra@lfm@esdln&ﬁhﬂ}mlﬁﬁig ailidéarchesithhR@kihgtorteddB@em@hodd such as methods that
n as ect of the invention.

din acc a
pr‘f"@%‘f]“]ﬁ%@m ﬁveﬁg,ppéﬂ?g"&h@%?‘ﬁw illustration of a display
[02372 Mor&“ﬁpl&%ﬁiat&?[ hrdneriBIEGHES fakioR alkgumﬂhm (Pferredite warein fas e “IGX
the, North, .according to a ct 0 i nvent.i on.
AGEIPRE MBE reet Db ra, GPF RRG DT arrORrE PRa i dpriage pat
esthifE. Sifce achidatt diP8glaaut, | fonle hast ;ka&egeﬂe&gywaezdﬂam calm:loors, the
b e L eSS T S PERREL ot

oukidbR @NHAGrs inlthddbbdnad sGPSA pr epl an of a building floor

ap after cess of andmar.
1028 Sty Shugt 5 ST S o SRR il gparent trovgh
thd @8dbled fs€ziptidn bB‘gh&ﬁr_e&Wh‘t&ﬁyn@&raﬁ@ﬂﬁ |dfhtwnhés lattschedliciddg Iais also
to pt;eeErlld%lnsto%E t%atbgclnil qriaep g%orfe}lvo?nogr g ne1a|i] d%gcngtrlon and the following detailed

description are exemplary and not restrictive of the scope of the invention.

(D

BRIEF DESCRIPTION OF THE DRAWINGS

[029] FIG. 1 depicts an exemplary system architecture, according to an aspect of the invention.
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process of marking | andmarks has occurred, according
to an aspect of the invention. [036] FIG 8 is an
wex@apbmsy il lustration of a rectangul ar regi oPCDOS100€072378
fl oor plan marked as four points (P, P2, P3, P4),
according to an aspect of the invention. [037] FIG 9
is an exenplary illustration of steps to inflate a
rectangl e region, according to an aspect of the
invention. [038] FIGS. 10A- 10B are exenplary
paridpustrations of z-accel eration el evator signatures,
AtRERED kR0, 088283 BEPEct of the invention. [039] FIG
10C depicts a graph displaying the result of a
[0 NPLG. &t ib emnexnpthysillastizeod pifrefightler iontfied eitle vathmmments of a tracking
a%ccordi%%rto an_as gﬂ%t of .t he invention. [040] FIGS.
SYS -3 aﬁpgng;gg%ﬁ? V8%t i ons of acquired RSSI
[OPEt FEE.1B3Ss {rodxedplgtyaiiustressn, ofacitsplagioNgh dverhaml exapambgeaff a building,
th@gci, Fventi on. g{%041 tida) G 12 is an exenplary flowchart
acgr @RI 4TSl ERITS Wy vari ous nmappi ng net hods as
[0321dBUE. 4tis acdsemplatryaihinadisonodsf aclish g of art dvarhkadngriateimhgrds a building,

.accardi tg an aspect of the.invention. [042] FIG 13
Vl‘?‘%e% Inetﬂgﬁ%ﬁlaf“ifoﬁ“%&ﬁﬁ%?s?e%fﬁe? B¢&¥8ng operations of
[083]SEMG QY isf anséxemplast Hiaghatiat ©6 adiptrytwheadin adpddihg ohtlihdidas been

i.nvention. .[.043] E 4 is an.exenplary jllustration
e B Sb e iing. AP iTalG o Seathh e R Ml oh
[03 1A PG, 6tis &y ecinplaiyetreeashoiitldittating Opraglaraspaaildng flobieplan after the

i nve %}iﬁﬁ%UPATE tt or ney, Doc 6- 0373130

I 1 arks has ocg hEt O eots%ﬁée v

Proqgs Fimags 45 QBT BFYOPE SRR S EHET Y hg

[0SEINFIG. M it hekeeARcesnshbt itlindtfagigenprepiide’s tuildinbiflobr plafter the
mat chi n .arld dnaﬁ(égui | di neg met Hood may ebteof sed,'3 -

PIYETd Eﬂaﬁﬁ“gt PER AP OT FRE T RVEM T E’it?d%‘j "B 16

[0S PFIE. S & ani dxkmplbdyailhsweti @Xeiplegam@hlabteglodionghe floor plan marked as
partitionjng, ccorrgin to an ect of the invention.

fopgey (BN &2 PRt midn t 1PoSP T TV Bk anpl e of

[03BSEIG.9 iohn seqiplnf illattrafol yOdpalo plbth 2 SegamelRtragiorg According to an
actccng}tlzli.nge to an aspect of the invention. [047] FIG 18

aspegt YN ERPr y depiction of error bounds for a

[03FQFESHE. 10Y-80B e teRerfiplargf Bluetfitionss ©f nedttelerati@O reitvag kignatures,
an .ag,{)ect oft iﬂg N nvent ion. [048] FIG 19A is an

acgqring 0B ARG LS AFEIBE two separate shapes extract ed

[039]0FIG. heC segtrentapl displaing theretuladkicogppaton offlistawe traveled in an
different tr ackee§ accor ing to an aspect of the

elevator, according to an aspect bf the mmvention.

[040] FIGS. 11A-11B are exemplary depictions of acquired RSSI patterns (or signatures),

according to an aspect of the invention.

[041] FIG. 12 is an exemplary flowchart broadly differentiating various mapping methods as

indoor tracking methods or outdoor tracking methods, according to an aspect of the invention.

[042] FIG. 13 is an exemplary flowchart of processing operations of a sensor fusion method,

according to an aspect of the invention.

[043] FIG. 14 is an exemplary illustration of a building floor plan including landmarks and

indoor trajectories, according to an aspect of the invention.
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invention. [049] FIG 19B is an illustrative exanple

of a shape fitting nethod, according to an aspect of
wo b@ojoement i on. [050] FIG 20A is an exenpl ar yPCT/US2008/072378

depi ction of unique magnetic signatures for three

hal | ways in a building, according to an aspect of the

invention. [051] FIG 20B is an illustrative exanple

of results fromone of a sequence of magnetic

si gnature experinments, according to an aspect of the
piyention. [052] FIG 2 1 is an exenplary illustration
At@inePDARINEI0ER 1650 BMAL Ure conpari son, according to an

aspect of the invention. [053] FIG 22 is an exenplary
[0447| BE3.ratid ahexefpRnf floxwhiraidentiifin® hQCRERing gxapddsal diffafent modes

o JEHeRPy APPSO AT Do P bt 5rPrE SoPyTRET of e

inde@tign aspect of the invention. [054] FIG 23 is an
| ustrati.on of va processin

exenpl ary, il r.j Qus .
06 oF -1 HEPiEH AL ES eI PP Pe T TORGE (r afr it spydgect of
thdiataaibor a tracking path into a single path estinate,
accordin 0, an aspect. of the inventjon.. [055] Fl 2
ofi "l 1P et motiorei exeng) & Grufngt ésguﬁ%u?&wcwﬁ path
sedRRehibhQEdordhg {ah BspedtPtihe irve@dhdi ng to an aspect of
[0%72212%&32%%%@%@%6 epé}iggg%olr gg'gilﬁgig{g?ﬁﬁ%ﬁ} relative to a reference
segmdnua_&crolfﬁiﬁgnﬂa ﬁ@gsp'égﬁﬁtﬂ% irﬁaafmd _ ;cod.at ain the samé path while
i nertial_ pat ta has drifted away, according to an
il oEl 9L thens rSr O P POs 1 Mo osg i pRes Prbiied from the
seENRAMRbAIY (BE ghikiHgabat0Bf Bfo Alffetde hdl@ks, PaddidinQec afi dipegt of the
. to. an aspect of the invention. [058] FIG 27 is an
el ary depiction of GPS segments associated with
[0BRACRIG. NOBRLé @ (18eGIENExapRIVf klskape 2Btin @ @Bsdd hér@rding @Mn aspect of
aspect of the invention. [059] FIG 28 is an exenplary
B} HeR on of GPS segments matching up with

[0509" FES PONG fG:xeflhirdyidapictiRa@iemtse thagnéeeiginauas dorvhrel fullways in a
but with no match |nhshape, according to an aspect of

bufcl?lf%& ia?ﬁ?é‘mg 931 21Pe% 0f eS8 | s an exenpl ary

o517 BEL. BB BnarOfilugtrafivs ethnipdd B readROfiéth Nfe tod adfeqaEPE oL magnetic
.of the invention.. . .

signature experiments, according to an aspect of the invention.

[052] FIG. 21 is an exemplary illustration of a magnetic signature comparison, according to an

aspect of the invention.

[053] FIG. 22 is an exemplary illustration of a flowchart of processing operations for a map

building method augmented with shape geometry and parallel solution computation, according to

an aspect of the invention.

[054] FIG. 23 is an exemplary illustration of various processing operations of an algorithm that

fuses inertial and GPS data for a tracking path into a single path estimate, according to an aspect

of the invention.

[055] FIG. 24 is an illustration of an example of bad GPS input with good inertial path input,

according to an aspect of the invention.



[061] FIG 3QA is an exenplary illustration of a
trackee's path through an urban canyon. [062] FIG 30B
waolepborwesat el | ite strengths neasured for variBPUBUS2008/072378

segnents of the trackee's path through the urban
canyon shown in FIG 30A, according to an aspect of
the invention. [063] FIG 3 1 is an exenplary
illustration of an INU path, a GPS path, and a best-
fit line generated for a trackee's path, according to
psafaraspect of the invention. DETAILED DESCRI PTI ON OF

Attbhley DRIMENT: 0§Dk 6[@34do The i nvention described herein is
directed to a system and nethod for |ocating,

[056] aEkG. 19 is anekemplaryilindtQridbmef ‘tehe]”STRY dita @fthgeieqiathedhile inertial
nd/ or assets, both.indoors and outdogors. [065] As a
P@eﬁ%@%ﬁ? 3%3?W?%&£C°5%}P%ﬁéﬂﬁﬁpaﬁ199f§9§&v Carchitecture
(03971 FId.126 Skpikre ap exestipthedseghenthidned ab jheAialhafC UsDkdify ©fan aspect of
ht_he vari ous types of input that nay be provided to the
DHRYPINY software application disclosed herein. In sone
[058]S FRN Q@ $, anteR@nprap @egigion of GABE@mamp kdscadtedwitliveaeh bertial segment
re d to.interchan bly herein as "mapping
B P oS b PRG of BEHHGHEly - An overvi ow of the
Josgarly. 3 iahfl ckénslir @BgittidnyoleBREDbe@theity riatBin@Bypwiilg corresponding
. software applicatjion will then be described,,. foll owed
ing5 Al OGS o SPEH 26 AR PUUSTHREBR Y T B ER & opect of he
inte@@ds. A description of various indoor tracking
t s..and outdoor tracking.nmethqds will also be
08 o iy S OEB P AR Sy e HRaEOTEES (e ATERITf (he
inAhtigr, ney Docket No.: 053216-0373130 [067] FIG 1
pi.ct s an exenplary system.architecture 100
108 Bt AE G SIS S PR b ou R Saen canyon
[0637D Emms Aepion sat€liR s@Enghe fn@eailfralcﬂgf ffo@ioay&tgmms of thd @ackee’s path
11 R | ma e, .provi de or one nor
R oS AR T LGBy e tE s eSSt o b engon
[OEDNFIRIrRds ah elerslidyi ilusudtion eCat INUN path, £GPSIguHyRAL 2 best-fit line
Each fracking system conpri s for exanple, an
gepgralpg éoﬁ? Tagkes i;%%l? Gﬁolﬁ‘?ﬁv to f“bé@fﬁt ,Otetge BRI cati ons
Sensor Modul e (CSM, and/or other sensors or devices
that ma acquire Eh siological data {e.g., heart rate,
DE¥%%@4§£Q@KLQQQ§?JQ§§@$¥%M1a user, environnent al
[064NT TREBLERBn {@cibed hbRIFNE BRdctd @y a afstERSRK eI IIbESStinE, tracking,
ackgr.ound radi at] on, eﬁé%e’ or q%her i nf ormat.i on.
anf/gEBPnitPHES PREHRG P 86 % *SRE P dRGPES A%y b e
[068PT As Berrdl Sdrview h dXeplbiGldsahe arcliee futealillTaMtibg tdvidad, followed
sensors and_signal processing conponents to determn ne
AR Poe RO G MO AL 0T B PP Reheo EcperPFRgotvare
apPliddi SR MisE1643P Metr. ALiS BRhd irdRNdes,ethe fidppiagl sbffwhrbepplsation may be
re%ﬁ‘%l g%&%gkfalngetaﬁ%; I?egﬂg rﬁsg\%l{fgi)iggfsoﬁ%gu I’c]>|r Q‘%taiaglgg Vtvécthltl]olct)gr;/. * An
overview of the features and functionality enabled by the mapping software application will then
be described, followed by a discussion of various mapping techniques and tools. A description

of various indoor tracking methods and outdoor tracking methods will also be provided.

[066] 1. EXEMPLARY SYSTEM ARCHITECTURE
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envi ronnental sensors or devices) to receive sensor

data. In one inplenentation, for instance, the pSfuU
woregooozrentini cate with the CSM usi ng a Bl uet oot PCT/US2008/072378

Zi gbee, or other wireless transceiver obviating the

need for wires. The DSTU and CSM may establish a

W rel ess personal area network (WPAN) on each trackee,

allowing for the addition of other distributed

Wi rel ess sensors on the trackee as needed. FIG 2 is
padfkrexenmplary illustration of a firefighter outfitted

Atrle DR NMYsRClo383165SM [ 069] | n one i npl enentati on,
the CSM nmay include a radio transceiver for

[067P U@ Cakpitrg ah hedlpitng spbit| Rdsbaturt 000N cadingDOEan aspect of the
o b SRS TR e B e e AR BT 1188y e
pré@fddefor cak ok eorp Peisbrd Wolothed pertdnmel) @nd/enydsét® Nodatmonlibed at a
I NU CSM and/or othe omponent s conprising.a given .
PapeRlak R R S CHPHE cBteh U5 AP G (PRSI L&y o lneie
N@@éakielCEUnMGdHW)J),khyCOﬂﬁluﬁlbatfdiﬁf Seldat MexdileSCOPN, aidi@r othd\Wefisors or
source(s)). I.n gne jnplenentation, the I.NU CSM
a2t G B st P SeelBRr R By b el etiklp Gipre) from @ user
endlBMinGR 8] HRymagon (Bl GhdleRthrd, Rintosphesit PEhRr«lBadkg@und Ad@fion, eic.),
erti,al Navigation Unit (INU) [071] According to an

I
T QEREREOTERIhe i nvention, the I NU may use inertia
[063ENTQE INENHayRGDELS & s@bll @bt tha-ABRgRekoe Hyl £lekr,S@AseHySinclude

. ta generate data that can be used to determ.ne . .

inp BB GH TGP IPATERS PALEOA G mERIERBES Gerine (o locaton, moion

and 28 2d S Hf hitIferaMle OBMaNA EdolPHsend snulltdetick &RriedTBY the @8RY and may

beg g],]g’?l%g lo:xﬁs!)rglreq%n?: Congaltigrll " ]&qul 6%e? ) gé’ﬂ&g’b ?c}:c)}txelr oﬁlysiological and

enﬂiﬁ@x{n%&mdﬁl@drb l@xfdéMUeQ Ro pdceivé skasortdatah Hlloﬁél ﬁrhmaﬂdgﬁaltiﬁm rfor instance,
t he peripheral  sensgrs a onput at | ona abilitjes .

i JRUE o BEE ST iy RSN GTEE 1§ BAaPofn Zaghae. of he wircless

tranbdRlve@Biaihg @ﬁ,nem)lfo& mgd eTIRCINUNghINESM @Rl @6thbiRia0vireless personal
sensors . e utilized, i.ch_may includ . .

sy e o S Gl e i 60 ST i pREoR T eten fsiypd wicless

seldddes dd\We Gatket AE hatded. aFico Nt hatieanlpf ildigiib@lof o firdiaaleogutfitted

accel er oret , gyroscopes, and magnetic field sensors
wiff a T%ﬁ%ﬁ%@iration, for exanple, the INU may include

[063] MENBnd ffp@areaniich, RGN kBicRide a @addRanddeil el & camtindnicating the
oscope, and a ME netic. fiel

MVENS . 3-axis ma d .
o HERFSSIYCP RRS STIBHIF POPOR GRGSaY IS TDIEREN £ GaEPYig 9 which
mid sePReasl dmila@ermmoat b reom@iid 0éntdid Betht hactikiligloedtigh o tli®nment.

e | enmented on an I NU by way of a si.gna
T D G E (b ORI COTHEI £5F0 oty PP gch be
pdweRaKinag/idh 61 ¢INBRIVEINEY B @ndrb Batteied @E Other Phvlee soudte(s)). In
ori@%gltggq{%%, tLee ﬁ\%,VCeSI\ZeaH gl‘rot}(?e?tpgys?o?og,licgf)&é}' <')thear (sjen(s)o% ruc{evices may
be integrated into a single device.

[070] Inertial Navigation Unit (INU)

[071] According to an aspect of the invention, the INU may use inertial sensors and magnetic

or electro-magnetic field sensors to generate data that can be used to determine location, motion
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z location coordinates of the personnel or asset being
tracked relative to its environnent. "Location
W@sdoviortoess, " "position estimtes,” and "tracki PQI/US2008/072378
estimates"” may be used interchangeably herein. [074]
Conmuni cati ons and Sensor Mdule (CSM [075] According
to an aspect of the invention, the CSM may performthe
task of data aggregation fromthe various sensors
"on-board" the trackee. The CSM may, for exanpl e,
p£QHPi | e sensor data into a report which may be

AtloFr3yuSddket hedsh-@mput er 120 in a predeterm ned format
either at predeterm ned intervals, on request, or at

andpkfefont dfetrackbe CTHM i@ybabsomplizaddible cantifing @ udttyodf motion
or control) to enable a trackee to.co ni cate
s PERe s Ul Frarrrsger & DRGSR SRR both 10 suppor
fogapdripherpllieROS and eottipuedkisna @fpalﬁljﬂids mg)gnmhm&essﬁtg&tmﬂomy
omuni ated to c ocessin 76 .
R G el R rEROT patind Rrcrer BROr TRy Al Sy whicn
mdyhigclsendifo-BladtacahMdchmichNysehMIVENS) tédheolage dTHedNEL dag ddtiude a
data.to conmputer .120. |In operation, only a relatjvel
coaioreh e Gt Ay TRt G R Bl pots. n one
cohifMrationfobyxatb R, EBESNMNUGnGoARdeer MERS. thivedwis iabgldrdigeter, a one and
reduc

anmou data sent, to ut.er t he )
o R RIS o orgy 6 N Bt e et DN e Dt Configuretons
mgmkemﬂwmh@arange of communi cati on between the CSM and
7 ut er. O to. greater distancesPATENT tor
(073 OB gPemes i or s SpS o Sgerth b, Phffeented on an INU
byfsmy@f ablgﬁaé lbﬁ)ﬁ@SSth madiehiohiré)dy, Thébige dr @mkd i egraﬂnﬁ‘ﬁd padingARSrithms
or reliable co ni ion of data from deep w thin
rutig Qoghe PR OGO Py Dt rerigh S 0P Ao g B » y and
z katiohecobydpfatel RAitth@herssrdbinet hssetehntralell wilativertsiitsyenvironment.
~canpus envirqnpents. an alternative
R L P 23 T A
inﬁﬁym@&munmaﬁier the sensor data is received at
C uter 120. [0 Co ter 0 [079] Conputer 120
[07ﬂgy 8’8%{%%%“5“@%&%1%’[%‘%&,@ conput er progranmmed
[078f t BcaordiBP S PG Bpdct Wwllrte aﬂeﬁtioﬁ,ameoosmsﬁaf petlomr et gl of data
software) that .enabl es | |ous%%eat

e d
SSFGROPR R BF CHES HOGR: | Brrotds oSt Fbed t Y3 apepr example
cofi@fl@éehsdp @htaito b ipost meyMVﬂaﬂ@mﬁw tb |coﬂnphté1’(ﬂ@0&1ﬁ b pmtldtbrmined

ol L 3E LB COTEML er 120 ), COIPLLEE B! 9425380 e
inéNideQQARIO BEMENS(by MBI Ed/enablB @ tradke&ay @ndiuaicag ehwkessn@ esnputer 120,
al (?ali)gsx{l@%ﬁg{) hrgcgre o ”Eagﬁfrﬂés% cgn?r%gl(mdbu\t/tloﬂas) \%hc%g %tatus may Igecorm}{umcated
to computer 120 for processing.

[076] In one implementation, performing signal processing of the sensor data at the INU
obviates the need to stream data to computer 120. In operation, only a relatively small amount of
data may be sent by the INU to the CSM, and by the CSM to computer 120. Reducing the
amount of data sent to computer 120 may reduce the probability of wireless transmission errors,

and extend the range of communication between the CSM and computer 120 to greater distances
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access nenory (RAM, read only nenory (ROV), or other
menory. The nmenory may store conputer-executabl e

WO p@w0ot8 ons to be executed by the processor BST/ME1008/072378
as data which nmay be mani pul ated by the processor. The
storage devices may conprise floppy disks, hard disks,
optical disks, tapes, or other storage devices for
storing conputer-executable instructions and/ or data.
One or nore applications, including mapping software

paRRp! i cation 130, may be |oaded into nenory and run on

AtekeyARALAY: §82:3%58 80 of conputer 120. Mapping
application 130 nay conppse software nodul e(s) which

sud_ﬁaysi, eﬂaﬁbkﬁnﬂlhé] esch@al wiiles Eﬂ aidddﬁtw(ﬁ;: tthi® :rfadrare Yal@N@rovides for reliable
i npl enent the various nethods, (or _ algorithng)
coRIBRRFTISB 8T BT B CRAEn 8 RuIgHar, Papings gubsimetres of
themﬁ'heﬁ%1’6&'&91|dg1|€3§&b%]@2fhdllﬁﬁe£ﬁ%¥cab@u$’ ﬁfvﬁbrﬁll?i(ﬂtst o
[0 7%]2;%%%21%%{?% li%ml&tﬁ%p%ti%p%?@ﬁ&%#&%&ﬁ%qIs\é\{?s;ng%a’orl;x%occur after the
ser@iU ataGateb AR @@pater Lt erface (API) may be provi ded
to, for exanple, enable third-party devel opers to
(078 eGeraregidli ment ary applications, and/or to enable
[0790NEEBhuIEXICD aGRombRB L cehBraDREpRY SR programmed with a mapping
i npl ement ation, conputer 120 may c mw%&aaPoHaM£m :
sofpargy application d pY (g a0 fRTEh DA e eV 2ious leaps gnd functions
of &b ﬁ{vjeﬁ’cfb'_h, RldescEITR B aeRtAMbelops ovi di ng for the
noni tori ng and nmanagenent of, egrsonnel nd assets (and
[08¢Int Ehasabavdne skdldp dhe et Ll g ra sz #computey 1§8Frtaiy CHPpfpse a processor,

ond BF &lokORtePhces M6l FaBBEEEFHriphde N8 orledthpBBitsdy| Bémory, one or more
rise a cel] phone, snartégho e, PDA, PATENT

conpri, .
stoee §FES) ApeketRer RyrpongyBoopgled 51p8 P8R TRsMRGEIOTpEAY Fomprise random

accggﬂ%mg?gmx REoP¥heRBry ROMI 8Llothértohdnibr. NEhd\NRANory may store
escCri pe

above. Conputer 120 al so be ipcorporat ed
COMPHIE-SARIIE RPEIBH 14 ProexeBIRIGHARE Ropsasog a5 welh &5 T jybish may be
madiphlaf@ KiyNlle SYSLRR. The sege dEPiceTRAY @binfrike TPpPWisks, HaD disks,
be connected to a radi&gtransceiver to enabl e

nmay . a
optsigh@iFke SaisyOrRF Stome dRIFRChI FIPHPBFOmRYEET GIHBRC g Al FuGigns and/or
dath €08E ¥emsta bb LAY, RENSIG Mepid toferesedpplidstian 1308 nmPpbbloaded into

their respective tracking systems, and to transmt
MRy PRI OB RN NPEAHR SIS He S YRR o “Pe MeBRifte| PpliHen 130 may

coRP3RsSRwat S0 s\WRHidH HSenbifle the feah@esQME BiAdichaRlY afd Riplement the
According to one inplenentation, data ng% be rec%jved .
varjqus taethgdp e edgoridasidskribed i GRBY DEFn JHTRE; ARolsh 2bare dnapping
ap;}lﬂﬁﬁﬂi&lt ¥30Ghay Rt ¥RFKl RN iRkREMgEablyNEdrdisl b1 Gnaphbiily seXAEP! 6 “mapping
DVA, CDMVA or ot her sle-forniﬂg nesF cpnngﬁiﬁatigg b
techRRlOm k  Br SURC RReMEnRoTs \BpAPHEX PP PR SHersD (paY may be
prdidYitdlefoR eadRNkfdle this@partyndeREbpee 1ol &ebdt9 cdrplin®nfa€f applications,
interface) for, anong other things, providing
ang{prig1§nablg copfertsrRelpaseof posit | on (or tracking) estinates
[089f  BESRANARrSREbRhHeRSRA! SordpuR€ I 2inRPcontiie B Pbrtdbleietzs daptop)
to, estimtes based on | NUY : s o
computer which may serve as a “base station” or “command center” providing for the monitoring

and management of personnel and assets (and information associated therewith) at a particular

location or environment. Computer 120 may also comprise a cell phone, smart phone, PDA,
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or fused sensor data) on maps (or other displays) of

various kinds including those generated based on
w@odovmeetoesl traj ectory data. The GU may furt hepCOHUSO&Y72378

identification and status information of personne

and/ or assets as determ ned by sensors connected to

the CSM including the INU. In this regard, a user of

conmputer 120 (e.g., an incident commander at an

ener gency scene) can nonitor, anong other things, the
pde@gation and status information of personnel and/or

AtRESEbRkd Ratosnav@7agen outfitted with a tracking
system As such, in one exenplary application of the

poElEEv’ B0} drQither devidel &id dr8 R MARId Safu'ﬁitt]ye WoANMUdts@ibed 6bdSe. Computer
k.is crea d that |inks | energenc er, nel .
120 o e Sre OB P (ot P Of TR HG C O brre R RO ecking
syﬁém oy @e lifpledentitcaipoEeT 2. me{yQﬁE:])mA@te@t’cfH fadio trans@éiver to enable
ect of the |nvent|on and as desc

in
« GBS Betoth AT r G SLEE TG DAt PP at By soni and ssot via
thd 08¢k bf @gein &Spebﬁ&elﬁacmﬂ@ PysttghsNay ) @ansSedndiGide of '&loéﬂc@st messages

t he Ihtlrgfor tion éand[or ther sensor datg?
' RAABID o SHAPSEH %8 GTVRH Bt Bi NGNBF Poeel gheorife © one
im@REehtBfng RN kAl K0 Feived bR o ﬂiﬁﬂ;& inetorkf ﬁrcoﬁlpatﬁ’phﬂ), using any of a
osition estim a.trac
95 PF BTorG P clsaas aingn g Sr e ADNGh LB ogh Sy mesh
cmmﬁﬁgﬁﬁuhekw@mh?bmdﬂ§plays) depicting a trackee 's
o SR LRS! SEA ST G e DERLEA o o
intoifhdey ifdn? SﬁAl_klghé Idﬂ%r t&nﬁkulpkcd.’hdi% fotaphical pdnqageéys gcﬁfoms&fohe@d tracking)
i mage 0 ttorn 53216- 03731
eSHETE BEPFAPRGELSF ST (RAE b 80 R 6T R E g P NG, OFS
or el 8ErSbit &at@musﬁﬁ (oﬂbth&f diglayeyr ofl \Qﬁaﬁsl lihds @Eluding those generated
IR PNV MY NG A A
infoASdtioh 3T @'ﬁs‘ohﬁat@dbﬂla&ﬁdsa@se@bmrmm&ady bénBa@y ,com@bmed Q6 the CSM,
cke at tra
e 501 76 PR e et SEomsgly® B iy g g dongpander ot an
enbden@f sdegkﬁ cﬁg&hdirht@ﬂ aﬂﬁ)hg T&S&Ieﬁﬂu@ﬂ&fealb&(ﬂloﬁ Q@hd tshhiﬁls information of
trackee based on ui r or the
PepPLRGk GaUET iy TR ST GG TERRERIIG S OOt Sy (5 et i one
expasibityl Dplicatdd oBdhe snvkftivh, ham Wﬂdg&&tﬁteﬂnﬁﬁuxtiongNetwork is
| at.er ocessin % based revi ousl
e e e T e e e BTV e PR s one

or SRSt Chamaade)s. of a trackee based on previ ously

{06 ﬁgt/&lé{:fg é{rfﬁa&l‘fésﬁ tp d g@fvgngpg oatna g? ﬁfngbﬁb éxglgl]egtfar qaetahlqbe?ow image

prédess@lse endS afificiab ﬂﬁtel'h@eﬁlaé Ibaged Qha@ﬁﬁél Erﬁﬂ Mentsedayd b&relate the INU
. navalles SItI tlnat ma dis h

i (o bBoTRg” OPRalcb B BIoniS TS OB A EI Gk H e fgedton. 1o
on€d empleiB@etionNofd ek abvenhi@l, GbMexample, position estimates of a trackee may be
displayed by overlaying the position estimates on to one or more images (or other displays)
depicting a trackee’s current general location or environment. Examples of images (or other

displays) may include images of a building outline, a building floor plan, an overhead image of
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[086] In one inplenentation, if nmultiple trackees are
bei ng nonitored, the position estimtes (and/or

wo c@gksinef each trackee may be identified by BCT/DSZNN®072378
vi sual indicator (e.g., color, shape, etc.) to
facilitate the process of differentiating one trackee
fromanother. In sone inplenentations, a trackee's
associ ated visual indicator may differ depending on
whet her the trackee is indoors or outdoors. For

pEXanple, a trackee may be depicted on a display as a
ﬁg@&,{e{m gsapfdlobB1ondoors, and a blue square while
outdoors. Qther variations may be inplenented. [087]

ond/Bidrd Y186 FRSr i@ nrkd @ oY dicBi@orafet ugixetp! @mpihd)ofrof plhariscations or
and ot her building data or |ocation data) nmay be
enygeAe AV IPYH UM i ety of sources without |imitation,

[089) al &6 HeNRI3 Bdias f&%&@tﬂplb&drddﬁde&l durrBit poki€ion estimate (d1§p1ayed

MG T NS BT 5 L
di ﬁping Géthd &fhllhqf‘bﬁe%sﬂyn eyfitafRE gEMRfafedTer e trscked #Qad on tracking data
or ot her onputers over a net wor k

scqio8 15 1 SR SV TR G MG ORI Fntet it have

be@PdcAbbtedBRrihdaRF ﬂ@&dsﬁﬁh) bARP oh Bifeﬁlbﬁ%t zho@tﬂuerd&tach&g data for a trackee,
obt ai ned, f or exanp fro Mcros ‘;8’2 Virt

angtigy plﬁw@fSraarheé@gae@vem  taprsoth A 2 BRGSGT BESF O PRISE b pagied racking
da@)f&taedfg@ke{e(} S) maps, or from other sources. [088]
work 160 may jnclude any one or re of, for .
[08%3113}151@@ ingigpsey Wb@r ‘H’e‘ﬁnag%lﬁ‘}/ | PheF &H@‘P%D%f PERIFEEPR FUTTL focation or
entik@heNeh OB KinavalablBN dskios %Etnﬁd’t@&nd\}ﬂievms’ﬂ@yed an WANp(A&VitlR being
Area Networ k aSANéStora g]le Net wor k), a MAN
creelgd siBpBRR Puldingmeshodpdsseites I el net wor k. PATENT

1086} t B BRYimPREKAEHINO if: milbsle hackle/2d 3Qné 238kordd Rhe pos1t10n estimates
i'nformati on, personnel |inf %e@t i on

(e GHES) ORPFEC ey egiB e pies Eontrislanintogf (527 %6ton sape

etPP1S Of)iliARS e |p9<fc@§s”@f|d3ﬂ'ere1@f&dﬂc0fon@t B@dked: nfréxh MadoteA In  some
may be stored locally on conputer

I iR PG Ee 1 BOREa EBBka. Tcator gy AegipRiBg on whethr te

raSkRAHRoHEY! SiRSooRP EfoR bkanplly/ aQﬁﬂ&@Gﬁa@%eM@pﬁ@ﬁﬂdﬂh&lﬁsﬁhﬂ@s a blue
Simlarly, information coI | ect ed f&om one or nor

cirgle ydude W&ogy@p@%mf Sql‘i@é(v H@ﬁtdoors q_t erdqulatlga%wa%l%e unlpB:Paented

082K 2R EnfornMod @ﬁcﬂudL@bY&leQ&ﬁlﬂé GRbr Iﬂﬂis&nd Gt;h& build@ardkta or location
rate, resp iration rate, etec.

daga) gaiay Bﬁmeglfr%‘f Y:f’lnﬁté(toif TR ngé‘u?[n @Hﬁg}paqr&}sg generated as described
hefbdTOR BREpfeni2h @8 S EGnpula ¢ K@ H ey idest aflin®inhedWeb 6ited an in@énet site, or
ot her status, sit uat ional, or oth [ n;@?nq%ﬂ? rr%%r ‘

oty REA LB I5@a IPIEE OY BB OB eSOV of hgfgmputers

ovef a RBvErkaidh APid 26%irdd 163 Oreleh 8 MamunicatidB k) @F oWl @fap information.
storage devices operatively connected to conput erth:!'b;%ooolem

Mpp ogrmptionsay bel obfained deigerareld: ramtMisrRpoftBi dpud &2
E%ﬁ?ﬁéo%‘l‘a Nic Erﬁ&%faﬁmggtehﬁ ((t}f&?m%ﬂse&' fdi %é&eu&@s 9 , a

ding dat abase) may conprise one or nore
[088ht Alstsals 1 §01B@a incldopny ¢ one .o 1gEn ph &or 1g¥ies. the BF%% an intranet, a

P;%@YP&s%ﬁal Ao ét{vglrlk?l a VAN @fﬁéaldﬁiéﬁN%olH?f@W [Wide Area Network), a
escribed as being stored in a database
SAN (Storage Area Network), a MAN (Metropolitan Area Network), or other network.
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may al so be stored locally on conputer 120. [091] The
i nvention, as described herein, may utilize and
wo ndoegerbe di fferent nethodol ogi es and syst em PCT/US2008/072378
conponents to determ ne the |ocation of tracked
personnel and/or assets. Data may be fused
el ectronically, using hardware and software, to
mnimze tracking error fromany single data set or
sensor. The system and net hod of the invention may
pioi-egrate Inertial Navigation, including

AthoRleEDRRENEDEDIC@31s9eCham ' cal systens (MEMS), Q obal
Positioning Systens (GPS) when avail able, and signal

[0837 0085 ShibanaAba] eabideDinfdhairhi (b.prBarhd) @gy, height @eightnhair color, eye

ardwar.e and software to praqces e.g.,.integrate
colb b o Eonh BT b R bR S o siisd locally on
coln@@iat i1 207 ,or M bhO By mdFedldapdbasat(B80a,0MBBS .. paRENNektheaRBagE devices

assets inside conpl ex ryctures. (.or at other
PP GHRSUR I TR o6 St i inatn, PR, rom one or more
tradIB8 € Eitsins ONL0af 110he . VL) 1tk o€ doqamapie INCOMHD, pBysivdogical data (e.g.,

system ar.chi tectur 00 is exenpl ar nl nd should
b Ee TR 44 T O LoD RATH G OHDER (g Tmperatire,
ath@pRirTe PRYsuWOT backdrbund v Adiaoss &y it emotenfsigutl aktiaivsal, or other

, rdingly, . I f th Tent i d t
il EROREHE S B DL PGB et o AP G e (1802

180K |, @ B babth@toraghlae @y eperatiaelglicbingeiad todemputerpi20on of

e M. . ] NU, and, of ot her, conponents of Ssyst 100..
1ohl BB R et o R PEF et PTG e e b ition (e,
buBtHa) ida@bdsONmMND comfHI8/da0 BY Itbe Af ditsbabdsnf 86t 18&db, ... 180n) or other

oL BN L e R e EEORARSNL ot
may QA bk NGreANRaOM FRBLNG 78l RST RESPONDERS' (U. S.

pljication Sepal No. 11/756,412, filed 31, 20Q7),.
(040 The Pl o8 e b e g vl rad ot P Gy e and
sybtbr csmbérfeﬁ’t? Yo dét&&&ll' e thia Wicagpn it aratlce peBomm@hardidriatdeBgData may be
overvi ew exe ry system architecture. 100, the .
B esae i e TP TOHE. GIABTEE By REFHThgom any singl
dagpgel bre@hdod MEEIDstéid iagd Brethbs oF e ikt NS inkpRicehiertial Navigation,

oSUBONSDS St L i, 8 SEBLONRE, 2550 U0HLAS, W

wigth efvb]ihbfeﬁ ahdl I’si%%al%ﬂdseﬁsﬁuig&hidmﬁd)lt @gcﬁﬁhﬂéﬁiﬂpbxﬁ@ated in hardware and
ication 1 via the afore tioned GUJI. Variou .
SO PEL® P &i5-dBRESALEROT B o] S aopR e iy e location
métRy, R0CatRh oVPpdrbdBnd Shdig a8RP sy capplex siaictuesn (d3Doterdocations
illustrated in one or nore of the acconpanyi ng draw ng
OrFPYTERE S mhi ch are exenplary in nature. These views
[08310Thél fordreme fdescaptiatof iR wiiewetmpsehts Borhpridthg system architecture 100

. Addi tionally, us I nput y occur via.any.input. .

is a&mpﬁw SRyt sPetie arick “essing e SRso TR AR GHiRg, Sepriibedhbpein may

wark WithethrioGs sydtele ydadigiithions.0 Mydbi@ingFP UBES of leghdf e yfdianentioned
instrument, a f%anr m a tou%h . . . .

system components may be sed and/or combined in various implementations. Moreover,

additional description of the CSM, INU, and of other components of system 100 may be found in

United States Patent Application Publication No. 2008/0077326 Al to Funk et al., published
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screen i nplenentation, or other device. Wiile user
inputs may be referred to herein as occurring via
woO edobokionsy, " for exanple, such descriptions arBCT/US2008/072378
exenpl ary mnature and should not be viewed as
limting. [094] p . MAPPI NG APPLI CATI ON | NPUTS [ 095]
According to an aspect of the nvention, building data,
tracki ng data, and/or other data may be provided as
i nput to mapping application 130. [096] A BU LD NG
pRATA [097] Information about specific buildings (or
Atgme§§ycﬂngag3§Q6_0@f3gﬁnl zed in a buildng database (or
ot her storage nechanism can be an extrenely val uabl e

Mire0b7, M0DNed hied “MuTRES ANbISYSEM Rl Ipodxrrmwai MORADRING FIRST

RSt (G e HEoR SPOA PG LGSt A PN Hnd Ot Btk herchs

incbdoRatedyTefb@hicel IRMON MY eitheyl ocation estimates in the
tracklng dat a obtalned from one or re trac

[09§4,S YRS @ﬁ@g ARSY; 1m1t1ng ?mz]ljzw o[f/t%fm W|sa§tﬁlgsar§$tgcme 100, the
vafiO\Rr RE@s BEE Gunlior GAERE b aldgpias agmbm@swoongs £0ig8arious other
al ong t he bU|Id|n%Fs opentati o ha

SYHER SPBISPHIIL BPE OF FERec vheHage & AT <ot &k B ERHGRgusers may

ac@Rf 08S GRAIREO LS Hedtutdd eanﬂrﬂuﬁafoﬂalﬁebh Qﬂ@pﬁl@ #HPiaagén 130 via the
floors) hi _addition, buil §V§ be characte pzed,
e,

afqr@rpenélgléqﬁirg \Wox&ovhg}fsr(a%tspra?p or “gﬁalay %& a user may encounter

wHikRSinEA V\ﬁ%ﬁﬁr > HHRHAEY30LRCKBSralNa in 028 AbR-d? &Ye?al&ﬁn}{aﬁ)ﬁﬁé drawing
The kno di

ge of bui | ding data na
fighpre, A A QEFIBROLE Ay t@ﬁ%?r"‘%&hg’uilqwt%ﬁrﬁﬁ“ﬁ R fga Vlng $as limiting
AddneRslty, {lJeﬁﬁlblht Mghy et vﬁ)énf«"ﬁipﬁmeﬂﬁe bdagidrddacid stgnpaat &2t iacluding,
known bui |l di ng features. Sever iources may provj de

bub apt lﬁmtqdﬁﬁ’g%k‘iyb%ﬁp?"i‘"@}‘ﬁ@ MoK ?@e S PSR P figeTof @ touch-

scidbH il dfitatidn) odikbr Ué\%& Wllilféﬁx@erluﬁou@ﬂ@'rb@ BdFérSed to herein as occurring
Information Systens (G S) mapping which inclu

vig) (iR gToF s@m@h FHEG QPRI PReTREE rra@%mdcsggulﬁﬁyt R5griewed
%@hmﬁ@tly used to extract building data. By combining
information that can be observed from aerial imgery,

1024 ST} qy MAPPENG APPLIGATION INEHES yser contribution, a

[0S MRLERARS oV £pdcabAGEe idfenttil belidig dal dadkel he, aidat &kbr data
for use in several a pllcatlons [099] In one

m3yR§IPERSE at iR o lﬁﬁl?ﬁ}gr?@p ligatien 8t i on 130 may enabl e

[o%ens t oguigbme®maghher things, mark and register
bui | di ng .dat a u5|ng vari ous tools$ég the QU
i

[0Rr ﬂaf?@ﬂaa%abﬁéfgﬁpg@ Prigings (9 PR FepHZaE I %Puﬂdugg database
(o $1BG8ioYage OdHAdibm Rk ibahn LIRGES valuatdéiobtli Agish clodiee thirfek,QMdan help
di f f er ent angl es may be used to_record bU|Id|ng
in situational awarenéss for emergency services, for navigation and misSion planning, for
viewing navigation and tracking data, and for improving the location estimates in the tracking
data obtained from one or more tracking systems (110a, 110b, ... 100n). Most buildings are
characterized by common features such as long edges along the building’s orientation, hallways,
and possibly multiple floors (with stairwells, elevators, and escalators being the primary methods
to change floors). In addition, buildings may be characterized, for example, by construction type,

and layout type.
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data, using the aforenentioned GU, to mark features.
The GUI nmay enable a user to, anong other things,

w0 eooeae®ss a new buil ding in the buil di ng dat abe6SEUR3008/072378
mar ki ng (or registering) its information, or "edit" an
exi sting building by changing features, or addi ng new
information. [0102] Building Inmages. [0103] | nmages of
a building froman overhead view nmay be obtai ned and
stored using overhead aerial images. FIG 3, for

anple, depicts a view 300 according to an aspect of

'%éalba%am;mgnm(mhgmeln an overhead aerial imge of a
buil di ng obtained froma source {e.g., Mcrosoft(r)

[0 I Thidknokaddigh of BﬁiDddg&Mtahﬁa}dBéSWeﬁy’cednpla'\hi the hdefuatyrad bodtn outdoor

an ai.d_a variet ers in
and SpprEcH o ResksR g ot e e kB €l gy uiding eatres
Selrd#dl QEgFicbORaE ABvias sdral infadB gempysidente dﬁmon@ﬁmxgéebﬁbuﬂdmcs

in_plannin oof Qgperatiaons, such ventin
in o QS o SR FELO0I0 S (S B Big fghdes building
foRGERS & bl 1eyeaeer&ke reIRgas ymsobé Watelyi ned ud&snadtm:g&(ﬁng)fdata By
TR RS T £ AT G L
us@@PhtEibSiod, &tsmirendR0iatbeR ol buigiihdanmas peatkataf for e in several
i.nvention, wherein an overhead aerial inage of a
PRisriEEng (V|emed fromthe North) obtained froma
[0SPPULC Bnel Bnrementdti6n, OB &APpingr dppNearibil aBo E@ayt dnlable)usersay, dgong other

Vi ewe of a buil four or nore
thiggsy gy ?‘é’ﬁ%/rchfsﬁ\gu‘m%ﬁté\‘}%‘ﬁg Varlohhieg's ﬁ?ﬁ&p i"nf or mat i on,
[0LODE MR¥Rik S ol Righseering Bufliing Dafifebm Akl TRhgedy regar di ng

t he bulldln?§g ATENW At t

rney..Docket. No.: e
Piglsves! e kG (92, S Mot MALBe Piddedcpgpuilding
dafle us&forahemeemd‘naénee mnp{oemadawedunese TheaGUIgna dnbblex iuséri th,gamong
aerilal | nm

i ma agged . . .
otep sy e 1 B medbASe bR BB AR e i
infofhbtibh, b i aCeedag Blilday)by- chix@i&@@&auﬁ&eom&ﬂng Re&w iformation.
footprlnt of a building my be useful in tracking
lvgyépéﬁ@”gﬁﬁ%fﬁdlng to one inplenentation of the

[0103Y BRdde O, a Builaiak idinng Wehbddngsw may bexianpddeand ¥RyednBing overhead

used to correct |ocation estimgtes by ensuri
o B p I (At RS & Pl Sea01e o o @ gt igevention,
whERrSarCRBrhBR AHAItBa e b 8l dngd dbtaSricd Aidhr DRERE Sy S WBIFSsOft® Virtual
where outliers are common, Tand even in inertia

Eapth 3 khavgbes yispleras t Shie GRiogRetio8 ccap i ¥ aerarighsof pgfrs in a variety of
ap?lgCQLcHsonAs %%X %@hat%' éxg'ﬂnplg th%ahﬁ'&ﬁﬁtlcthagﬁl 5&%@0 FRRSRHNMCHcident

e aligned to the building outline.
Cayyepaderaini ;gcﬁmmsyO% epauafiogs: serhge reviag, é"orffllreféﬂhﬁb% esErtighs.
[O‘FMI h‘ndécﬂaﬁn as%ﬁllé %e@ﬂﬂe a@ﬁpmﬁggr& Q6wdro [ncﬁlﬁ&%n@éesd)‘f'afbhﬂdlﬂo from

|nert|a syst ens. 5 depicts a
fowstee ek andi fergnfi Wlfﬂ‘isn‘»gChcﬁﬁ{ ﬁor ﬁ@msmoNﬁ%ks SpetbrEase gnds{;véste EIQ)H depicts

a (ﬁ%l%et{doaérccdrﬁg ‘?o 'ahshs?gct af ﬁ‘él 1n\tféﬂm)n, v@ﬁfégfgi &Qxﬁegd @dHal image of a

invention. In one I nplenentation,
bulldmg (viewed from the North) obtained from a source (e.g., Microsoft® Virtual Earth™)

may be viewed. Viewing images of a building from four or more different views may reveal,

amono other information, the exits of the building, and information regarding the building’s
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the QU tool enables a user to draw a pol ygon to

represent the building outline. The building outline
woreyolz1068 spl ayed using various col ors, patterPGT/US2008/072378

ot her visual indicators. [0108] Aerial |nmagery nay

al so include a Ceoreference for each pixel of a

bui l ding outline, yielding the building outline as a

series of points, or lines, or a polygon that is

georef erenced. The building may then be georeferenced
pWrl 1S outline, or by clicking (or otherw se

At8le£Bdckdn).: 0832000330l NSsi de the buil ding outline, such
as the center, to be its unique georeference. This is

sutt6@ditles. f Glewthattpdoa ieagel iy @Sachiated, fob Exagpleyipy MEerfadiflg with existing
e archin bU|Id|n S .near a Io aI ug&gtlon 0109]

ARG ORYAES oY 5P ml%%stt | g 2 agatabass i| di ng
[ONTsy Bbedmgﬂlej@#eacdmuwgzeaeﬂ mblat(ma@)er y fromdifferent

oot P arS 5T AR e ey PR i bt Bheian G ohccorting to

on8 @inplein}ntRiohn toF theaidentibg na Bl&ldﬁfgdﬁltlinb,em eXaB (U Ghalpybe used to correct

oS g HoL00, el cortespend ng, ol SaLL G0 112

beOgilitd G@lablB d@@fonilfbafbﬁl dybtols wheret suditd Arg @aih@onS ki €ven in inertial

ackees entering qr exiting buildings ve.a high
e HBE ST G et et B e gl B pes have been
obbéﬂléddb Y] aﬁgﬂeﬁ $0 th[a @ﬂlldlﬂo (Biﬂlilﬂedi'[ﬂh@ dH@di‘ﬁ.tlo{l @b} 2k ubkwICh generate floor

00|at W nane r ot her
Dl S ey B Gl R PO 10 A, B B Cuvy Docket
[T} FICQ%&];(&SOB&%%OSW&n afoull@Xg oalind$I0E=s Geen registered on an
anracters a bui l databas for urp S of .

acg éWP%@susﬁlﬁ&/ ta? siﬂ%% PR 23R8 Ohfhe dmigat ZLPGPC piplementation,
th@@@?pltdon gnauregas;setr@o arar d:bbliigfg 1)) gpkeﬁgﬂﬂg& buii;lﬁhﬂg foatline. D’Zl;he building

avigati Q irections. ui | di.n tion t a.

A N R g £ L
[010’873 Aaballndagery naly faﬁﬁllﬁnctlﬁﬂetb[}e@eﬁtefi&nﬁ); @m:% s 03@)bu11dmo outline,
.ng el evati el evat i

ylglihg$ thg b&ﬁé:‘ﬂ‘r gn)épeyasaasseaip%? uits, OF o%s) & P yquégax js gegfeferenced.
The@hildif@hadtheebé g@i’efdzrenc@di eia ab owtlihe, 8r §yecligking {@@lttherwise selecting) a

met er ), 11 m be vej seful for .
PRSI LE B ik PR BB Gt o 15 Gp s Btefipgg s is usefl
foﬁdla&\b@delqﬁéheﬁﬁ)dd ke chephg bRDeasiEnd Raldags feaf 4 gobal ueatval

al t hough ot her representations may be used. Assigning
[05091”366 ngfit¥er to a 3D | ocation enables users (e.g.,

[081Y] MGl et &rRAGRAIdRL ALY Sﬁﬁfsﬁﬁnﬁé{ngss&lﬁphnio@wbﬁ&h different
understand the el evation status of their ersonne

dingetipny - The ggtssmavobe tegsieredginine|20eHt ogh thatrepakles B i click on (or

othRPisd 1M dx@s, Chalh@Nnetdd Mbe, tecihs whilfihe, V&E}ﬁ’eﬁeﬂ eoﬂréapondmz
hei ght of each floor in dlfferent bU|Id|ngs “and t

Geolocation. These exits may then be used, for instance, for matching outdoor-mdoor transitions

in tracking data since trackees entering or exiting buildings have a high probability of doing so

through the conventional building exits.

[0111] Building Name.

[0112] Each building may be associated with a name or other identifier (e.g, comprising any
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differences in the nunber of stairs in-between floors.
Accordingly, to make a fl oor assignnent process nore
wo e@sgiobloes it may be useful to include buil di nBCT/US2008/072378
el evation data (e.g., nunber of floors, basenent data,
el evation of each floor, or other building elevation
data) in the building data that is tagged to (or
associated with) a building. [0115] Nunber of Fl oors.
In one inplenentation of the invention, the nunber of
pb@ors in a building may be determ ned or estinated

AtfoFRyDRRE NOf 05520e03kmasd di ng side views. In conmon
buil ding types, it may be noted as the nunber of rows

nuﬁfbeﬂAmeéQN\Br Atmeglic fcﬁﬁﬁc&cﬂﬁ) @l ewdldingndatabhR 106 purPase 6 Glieries and/or

I f surve en er of bas oor s o
P T FROTHORCFP (R 6 PITY BIeRgo P AP ey 7 dpiyisvigsion
dileftidnile presence of a basement |evel is visible from
rial may be noted. [0117] El evation of
éﬁ"flfhgg%%"”%ﬂo%t‘édge of the elevation of each fl oor
[0mw Cche lchhuleﬁglﬁgwjﬁomélﬁ eiH8odd tradsisy i§) thebilityl 1© ;ﬁﬁcmmnﬂﬂeeg Simleisions (or
) 0|t|one t sof tware often
s e PSR e Eeniteltdoni SRR A Uy ol oAl ded i the

“ ’Tbir Serfiay dbectius @dglbnl fuhitd(elsh) Eecdpistens] &8}, 6t slbe hareevery useful for

en the ground and E zigrmlte start_ of the fir
PP S HF 8 TBHE P PIRT e GRS HGB FEY b3 st Fgaguied a a oo
nugibey althoagh ehertré@esbrthtlodls gy beuked| B6sidathoracfor @fiber B 4 3T location

i 1ding data. [0Q118] | rtin Mar ki n nd Stori
engﬂ?sl ]ﬂﬁef?g(eigf (ﬁngnLgS% C]ISHF%BEVI aé Fﬂ’i‘&?é%ef}ﬁi %ﬂﬁ%m DR#; Wﬁ%ﬂnd the
el@@lﬁdﬁ&&atﬁb@f th&bPedoind) IAB A3 sy, P HREewI IB@tiéRNt THS, hoSvever, can be

abl e, and ciatin ui | di.n Wth Their
iy SUETEIOLBTS 1 RGP LT S GBI O AGUEE 4 RSt DY Eband th
dlﬁféraibesfjmaﬂéjndnﬁﬁeﬁ 60t il -Berveat fRdokd. LA chIBGBY 16, méleid fiboh @&ignment
al s

be assocjated wi.th thej ect ve fl oor
orifet 80 eefiBlpe i hiail e pind TR dabe el Aperpf floors
battaRdt dafa, FIe@a\tﬂg? of &omFlex} orfdﬂlier BuiRiM e viafiiCdéial Gh t(IjiE building data that
onne S pranning m SSions an rescue
lsg"p%e\%é? °6ﬁ§§°°1%fﬁ‘g ‘ﬁ@ﬁ?’%}{l‘ﬁ‘\‘%g other functions that may be
J(3: 5] Biﬁkimbyr mlb@domﬁﬂea @\mem]iéntaﬁdgecsfl th@ﬁﬂeﬁﬂoh,hhthé @@abdl df @loors in a
f.rackin kn e a bui Sshape, .Its
b“flfha%rmaéfq%?n tergines £ e%%w@? f£4m Ppgg €’§g°6‘ﬁdmg 3l views” T common
buifiag 8BEL Itinglk be Sotbds tﬁ)eamus)elobftr@medfms hlhﬁffa@mlé[eaﬁ}bnaf

Kin ta ut i |2| bui | di or fl oor
[ 0%{ g? %&ﬁ_eéu%ggﬁqﬁ%ég Jp Sk?fl?eﬁ:ﬁ?%f? Fs Ay F80c%E e"EClu ed in the
bull@d2 03ta AR Aivelg, if e @fése’ﬁS@@ﬂH baBdmdnhRvdl Mvedible @Om adrial imagery, it

ngIdl g may be associated with its conplete set of
mg|es Ptegl ans, or a subset of available floor plans.

[oBt7p Elengld‘nl dfodaciplfiasts Kag@edte yf thd elevation b eichaflér Ghiay help in the
refer%gce facilitate automated

pr%ﬁﬁp? n5SiEHps eH3H. ft BISHE BHOASS e ﬁiwéssogware often

indLi36l AidrK S, determine distances between points. This may be used to find the approximate

distance between the ground and approximate start of the first floor, and so on, for all of the
floors. The total elevation of the building can also be recorded in the building data.

[0118] Importing, Mavrking, and Storing Building Floor Plan Data When Physical
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[0122] Indoor |ocation based features and | andmarks
that m ght be useful for view ng and tracking may
w0 p@baeies but are not limted to, structural |peTos2kS)72378
gl obal and reference data, utility | andmarks, and
medi a. [0123] Exanples of structural |andmarks may
include, but are not limted to: (1) Exits/Entrances
of the building, possibly on nultiple floors; (2)
Stairwells; (3) Elevators/Escal ators; (4) Hallways;
pdesr Al Roons and entry points to the room (6) Large
AtRARBockek N9.: 063 BpAcCes; (8) Walls and obstructions;
and (9) Connectivity of each of the foregoing with one
PRpvotiehg 01»:@:1@251}4 wE)&alapdrﬂ&tsﬁlfcza@h@hﬂdldwgwmlerwzemar Plaisa
are n ted to: (1 l.0
(0T, g Sy o g e G s e P S oo i P g ey
buiitliafahayRedoeeneented Withahdir fespactpk eBoxqﬂanstm b btiyding database. These
Ian mar ks maL%/?d ncl ude, but re nat
e

ﬂc&ag nspmlbe E‘? prt)‘él ng}eva{lg |t1ia<%]‘<|§7ng| %fC%??OB%i)and/or assets,
plininfng@ nesidnk gd 18dee¢ Sperdipii, aﬂﬂl ;ﬁffsm@ @her fifrdjiorRabit @B bd aided by an

m%c\{ﬁ)av%\z) %&ek?%rag I\V?té?@g%rr(]idtg gr% % @ @?@Fd;gf I XFMA@%VSI S gpse;, its floor
pldmX; &ffngQtﬂaeﬂﬁttrmﬁ%.b ar ﬂﬁyacteﬁﬁtldsl gay bb luﬁedc’itg ?nlmﬁ&e the Atduady bDtracking
csgiiis P B &R har e e o fOT B[ AR A A

[01’2@] ARcARSHL et aanspdch&f ﬂhﬂmﬂﬂtioﬁl’h buﬂﬂd@ (Maydﬁtaésof:ﬁfed with its complete
urce

i] di i he as D
self SRS OF BT RYLSEF HRgalotr e oL BFS B Spps mumber
aniddr gloyal Feddrerme m%ﬂéﬁﬂatﬁtﬁ@xﬁmylsmclkqiplﬂgapphcatlon 130.
3130 s that are well-scaled, or from

[08%512@‘3@’ \Z‘ F’ffgg‘@ﬁ%n "5 dr awi ngs may have a hi gher
[oi =y a{dlo&f 1odaioalﬂasdde§wufe| aﬁ@\&\ﬁliﬁmﬁiﬁt ahdt smglsu«gh ugfyl f6otiewing and

exa router an anera | ocatiops) t ded or
6 B8 AP OB g VO HOUBERS GHote e fofdence data
utiliBMenfiraed, an@Adfai | es may be inported and read to

act _avai | abl For .f] Qo | ans . of. i
[0?%} Eﬁar{]}ﬂ,ﬁgo sWHﬁtlan?gxa&s mag H)((flr‘llg%l gugalje Bcg élmn;cg bodr]) Eé{t%)%trances
of\Whk ﬁdﬂxﬂ&h@ pazki6lyr e@dhdlyplavivolsalyd)e Stagivkiise r(3 mmidiadors/Escalators; (4)
rkin features or .an omat feature d ctign
nilbiges PO RRGLECGrT PIER < Po S0} ALERdES §) GRen Spaces: 6
WalskRad bbshiictione ahdog [Ibh@ﬂt;v1ﬂsmpaicmgftﬁ@fb|ré06ﬂtg ixGih ohShothRy
[08%{ gzg'g;gctesoog;&%alom?l é%g‘/g&%rg Idgtglmtay 3\;&3{3 g%l agg a%fggmted to: (1) Floor Plan
Im’é@ééQ(Qb aFl@dr Péd Bounbay;iat l(ﬁ Ig‘ﬂgr Pla0GlobalrRefitencesnput fil es.
t [ on a adde sed on e jint

1ot S RS e R e o bl ] 67 g e
(2y5@énge1ﬁ:9®hl1@30cfaﬂbnst ﬁﬁbCégltlﬂgushE@]s'ﬁﬂu]lklérEl dd18(3) Routers / Wi-Fi Access
polcijﬁlinsg;nﬁ E&gé v%%%é)sg Fif(%f 4e81ﬁ75, gnd (2) 8anieras%e £, s%gl.lmty can%ras? atures
[0126] Examples of media may include, but are not limited to: (1) Photographs; and (2) Videos.
[0127] Obtaining Building Feature and Landmark Data.
{0128] According to an aspect of the invention, indoor data for buildings may be obtained from

sources such as CAD drawings of buildings, images of building floor plans in any format,
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regi stered in the building database may be stored in a
uni versal format such as, for exanple, XM, or in
w@rtdven2foes mats. The | evel of detail may be cuspPONUgmEds/072378
dependi ng on the intended use of the building
dat abase. For tracking, |andmark data may be
custom zed to the characteristics of tracking data
avai l able frominertial methods, signal-based nethods,
or other nethods, or a fusion of methods. [0132]
gording to an aspect of the invention, structura

P
Att QALBLIRENRD53216895130| ans may be mar ked by a user (via a
@QUJI) as points with an (x, y ) location on the floor

pra@laﬂ@tha@ﬁ‘e v(f&&ll Raley ap SmidaRE sdupes.esent the | andnar k
in anot her nanner . [0133]. Structura

/018312%% ﬂrawe%\maﬁ hayqya gugher pyel Esf i @?flémvengn%@vgr detpily(gush as, for

exdnld, $0 a8 n€ Bk AN BESiohs) 1@ bdatidbd binghdaeY mifuaiy. OA&dldﬁ@rto an aspect
si tuati onal awareness, navjigation and gui dance,

of hg inveRtiqne SAPHeBY) bs igmoneh %nﬁa?aé QEEFRC A vaiabiidat ol%r flgor plans

of desugiain Cinfaﬁqmawmgar@ , GubMN OB sec ( ©hdfY k8- WIRES 8, m&E readily
for ot purposes. |In one i npl enentation, the exits

avaiighle Eéth?fém@éa magking effeareey gr ByPumAGH frer odesgctiomalggyithp gay be
unﬁg@or pl an, or as a polygon spanning the exit area.

nmpst buil ding exits open into hal|ways, |obbies,
IOIéPJ é@%fr%e tOraégﬁl%eftéa% ity REOR, [sBRIRE all’pé‘ﬁ%ﬂ?ﬁrléo gy ggaped 1o create

anci/é(n(%%u‘élh)@ﬂdlﬁcr BSeALbHAFBYand & I‘ésl@tgr dlfhvﬁi‘la%fekdaﬁgas@aﬂted with the building
navi gati on systens PATENT Attorne

fromsvapions mowidilesn @Mtg{gl]ﬂ ({aga) may bg ?%3 | gsed 0[1 @mrp}emded application for

whith@hd MBS d@EKsOE Eﬁﬁ‘g se@dudhyas Bamennel to change
fl oors, and nmarKki stairwell s can heI% reset a
&

(013 ey gie @leemﬁ% @%lfiw&aciaéa fé8-+ Ruldingr feavtes sindi i |description)

reg%@ed«'ﬁdtﬁé Buifllily BRdEER" rﬁayellueeét@’ed Mo LRivEBe f&Hat 8&dh o] BPExample,
one | npl enentatjon, wel l's may be marked (via

Wlh@r atherdamgisi Abe kgl @E@%ﬂﬂ B %ugowﬁlwﬁn@%%ﬁgﬁ gptended use

of thBBuikliRd daBhse. F&THlng, 13438k dFQmaShabusvited to the characteristics of
addi ti onal data may be added to enhance tracking. For

ragkingntaie avalladle omarTiak mijhadh Aignplbaged sngthpde. PPt methods, or a
ﬁmggqqﬁﬁgﬁagstlc that is associated with the dlrectlon

in which turns are taken while traversing t
101321 papidfing to b apred A the weptionrRpgturah FafuFg 82 Qeordfrlarﬁs gpay be marked

by Ralkswegh £ GOOY & pokls Lvidl WS (¥ 3Y Bocalidf o M8 o8t SAbk, WRlab $olyons that

person noves straig %ﬁ or down the stairs in one
repgrsei e L marerEen. armp OAPE- | andi ng, often 180, and

[0IBINSHUVARAI KdhdRBAE DRLiIsdi rection, often opposite to the
revious direction. As such, if a person turns

ﬂ”gﬁb@kﬁﬁgﬂiﬁﬁmﬁﬁlandlng to get to the next set of

[0IBSPELif M EAtRNGO kDb Iy De sPEdQbr HIRioAM Shvabddéss, navigation and
count er - cl ockwi se while goi ng

guidance, and for correcting position estimate When a transition is detected from outdoors to

indoors (or vice-versa), or for other purposes. In one implementation, the exits may be marked

(via the GUI) by a point location on the floor plan, or as a polygon spanning the exit area. Since

most building exits open into hallways, lobbies, or stairs, registering the closest landmark of each

type when present may be used in tracking and navigation systems.
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downstairs. This observation may be used while
mat ching trackees to stairwells. [0139] In one
WO pbez®rt at i on, a stairwell's wi nding nmay be Pef/Us®ds/072378
as cl ockw se, counter clockw se, straight, or usng
anot her definition, depending on the direction in
whi ch turns are nmade while gong upstairs for
convention. Qther definitions may be utilized. [0140]
In addition, for each stairwell, the floor to which it
nects may be registered (via the GUD to ndicate
i} DR NS: obad-036asnect only specific floors and do
not conti nue through every floor in the building. Wen
[0@3@I(4)@jnaveﬁg om plans or froma floor plan nnage, the
of stajrs and the nunber of wrds can al so be

k) é&fnwsﬂ% He o8emaysehBY Perepand to giinge foors %?a%éﬂadgaé'&eklsccan help

rede€8 @hokee't ¥@atidd BtBRatO thd REES sGIrREIs 8d agdaiegzqrdckém&mtvmin to the
count stairs, as well as an angle turned.

[0
copsh Haet ity preympiemniation; Figiralls gy h%\mﬁnka%’laaihﬁGHtié point objects, or

aslaw@gw snodMhedi§vddeedi®Qi stered. [0142] (3) Elevators
calators_ . [0143] In addjtion to stairs,

108180 Fat srisvellig additioppl dogp anexyhe aided o gACY fFagkinies oRipfeexample, a

stdi@vel Baﬁgﬁni k0D EBuctiRd Ehimd:&ishE tHah RMsRMtdalith e BbctioR8n which
| ocation estimate of a trackee to the correct el evat or

tugp agdtalen arhile traxeraing iy Farghe dashsteiptrdls dave jsadiagmt or m between

fiRke VR 11108rateD fdr osE bRk, ﬁé?ébﬁ mdvBs @Resht TPLLABA AL is@s in one
el evators and escal ators be marked (via the GUI)

dirgetiogo makes g jugt fis the dpndipg, aftf;slo %o%ldsCﬁaneﬁgn eppsher dgpcsin, often

opb &Y tPBE PRYious RSN NAGHEL iflalpeRbn &h@\éﬁk@me &anding to get to the
escal ators may al SOPATENT Attorney Docket

negt5sp P8 S@svsﬂ@e WEetpgets th Hethe rpHsh e weun;s?fsv%qcbwe while going

dofvn Q8iEs. m%%aﬁlﬁﬁﬁfﬁ&ﬁed ﬁﬁm&t&mdtﬁcﬁ&lgtots't%ellg he
connectivity to ways and ot her | andnarks can

[0F38)ins pesy wpplemeriatiap g Apirwgll’y Windins, mpo o Sf u)&éc%srcaqchglsaocounter-

cIRRWAS PAGIh©Obr hdes VRPN BéRRion NG bYESor BY dREcti¥R ik @Blich tuns are
si nce the enabl e the connectivity of differ ent parts

magie vile E%%]‘@%talrégoﬁé@}"éll‘qo}} Pther %qﬁg@@nmw Reivsged- sever al

01 89 YEadAoh OfoP Bt h AFaGrwell, tEC T148: €5 wBiSh EtQQHﬁecQ%i;I beAEAYUBEd (via the
several connected haIIvva s. This often results in a

G i dicpte a%wglﬂwgatmﬁm%w trseifje flogrs gpd emeotcgptiue Fuough every

ﬂo%f‘@ttﬁkelfmldﬁnﬂ adlgh t¥aDBble fr&ﬁ plah@& 1ot AR paa ih &AL th®Bumber of stairs
serve both as a | ocation correction

anri ﬁ’ﬁd‘ bR Ohpias: FasvREsode pedeg f the staipkedl dataeTlypdae paybe ypgd to resolve

th&IrdbeASE f%oﬁ%&ﬁ!;eﬁgn Ql@d&r[tﬁﬁi ﬂh&@oﬁxﬁ@t@ﬁ@%%wéﬂl G ahh@fu?neaf €
essenti al l%{ﬁ’f possi bl e general directi ons to
a

(04 feomneptiyi E%m&ﬂbtothhlé”qyéﬁ&t e tapdrgarks pasnalppde regigfered.

[01@}@]513V&0gagdgmajaﬁment ation, hallways may be marked
[0&3]‘3 the GUJ) pol nts _or nodes at the start and end

{nrdditign rqmrs ) afdomang eBIRIAES adier uprd by wafpeumel to change floors,
anll Mo SEhtm B! hlRYeSet TRY 1084t efRfinate of a trackee to the correct elevator or

escalator, and may be used to update a person’s elevation to the correct floor. In one

implementation, elevators and escalators may be marked (via the GUI) as point objects, or as a

polygon spanning the region they occupy. The connectivity of elevators and escalators may also
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mar ked as pol ygons, typically rectangles, that
i ndicate both the I ength and w dth of the hallway.
w@e@e/0210p0] ygon i s registered, the slope of thechabionsg72378
may al so be cal cul ated by cal cul ating the sl ope of the
| ong edge of the rectangle. [0147] (5) Roons. [0148]
The | ocation of each roomin a building may be nmarked
along with entrances into the roomto facilitate
accurate tracking estimates. In addition, associating
Riﬁﬁns with the name of the conpany, group, or person
oftley BSR@ Ko 824379182t | on i ndi cator) using the room can
hel p in navigating through a building. I'n one

bel m:e@rtegae@}?@a th@pss@mm ﬂw d}@ngxﬁrfk:ad ebdhi Rndhgk CUin) ad¥Btion, the
a Cl.ose ygon rep I Ng the area it OCCUDI es on
COP‘FFQ“Y‘FY&BPEIB aﬁf’]andé)éheé 28 1§7 S0 RF F8IS6FEni ngs for entry

(0P Th)HaBuek. as doors, as pol ygons with doors nar ked as
associ at ed points, fﬁ In other manners. Locati.on
€

[OER{ e ﬁf%an asRechat Yoo fgentiogehallways @@sﬁmﬁée%mrth% enable the

coRKRHABNLL dFRFRO PEtLLE builkdind, EHRELINBY: RRod Eilafed. € Keveral large
blltC‘?nnectlwt with hal | ways may al so be marked to match

BESATE FERETSdRs Kpgs Syt aﬁqunfl 6€(¥ﬁ1§11 cqupecipghaltggysy Hiigeften results in a

peRRBR BV aRHy GRRRLySRAGEStrorh @h&Qdond o gm ViR a8itigh, | fof @King and
data is _not available, marking only the |arge roons

naggRfi g R R RS PO e B APRHGTORFE110B 1P AEk; Hhen dd Staight tracks

ard19MdeBlRY,| QNwal §Ok |ht3at31m§r coﬁ‘éét@hgbﬁn{aﬂ@%&aﬁﬂ% 8 ¥ssERRNy only two
bePATENT Attorney Do No.: 053216-0373130 mat ched

PosPl gneiRbdieectinng 19 yialk atéalghéﬁaé@g hsdenetteafye gpenadlyates.

/omy Kﬂ m ﬂnbﬁﬁlemhtﬂfng@anm%aﬂwmm N(vERBEET) (1S ];Q)ints or nodes at the
i ums, warehouse floors, exhibit halls, | obbies,

st 1) e 8 eIl VAR Pty PRGBS A freect oH@“‘ﬁ"‘é’f FReY also be

mdrkedt as ol 64lFy radtDBEs, I iddibhie @bﬂigheslef[@h Encg&/id@h of the hallway.
angl es. 0151] G obal and Reference Data

ails
Ol{c:ef @Qﬂyc?rgll)s regishEeds ﬁqeé]ﬁ)pf ﬁ%@% gallway@qaggjso bg C@Iﬁlgated by calculating the

sk@gpf@gﬁﬁ g&k@pﬁggahmaelnventlon i mages of each fl oor
I n_ a bui dlng may be stored in the bui | di ng dat abase.

/v#ﬁ%§$ﬁ$§ﬁ§for exanpl e, be tagged by floor nunber. Wen

/om;s TRY | RatlTBG adhOooth NE 2 VRN AAE mhal B0 fmatigd Mg AV r@RARs into the
es may be nanuallé pasted t oget her, or saved

ro%né ahfaalthg]teyacpﬁat@ ﬁr@cla%«i eshmates: ypdd Flp@@pso’gqagqng wre 3yith the name of

thd EfrRfa8y C@&lpaﬁxdﬁ&ﬁonn@ﬂ Wiber fdlel&ttﬂcatﬂmmamc&a@? usge theOroom ca help in
det erm ne wh art of the buiiding a floor plan fi

It
nayiggtyig tlrrelj_@&]bug@\yg Hnogs inmnlepenBaG ok @apgm may glgl]l\ecjg\(vm the GUI) asa
cldagd pdfon PaREdsénielg tHaQrdR Qu)ea@rey oRThe 1106 fldnOSY a (IR WRY ofenthgs for

regi stered (via the GU ) t
entry points such as doors, as polygons Wlth doors marked as associated points, or in other
manners. Location of entry points, as well as labels to describe owner, occupant, purpose etc. of
aroom may be registered. Connectivity with hallways may also be marked to match transitions
in and out of rooms.
[0149] (6) Large Rooms and Open Spaces.

[0150] In cases where all room data is not available, marking only the large rooms and open

spaces may be beneficial to tracking and navigation algorithms. Straight long paths may then be
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describe the limts of the floor. If the floor plan is
for the entire building, the boundary nay be used to
wae ombioz®es he tracking | ocation estinates to w POi/NS1008072378
boundary, and to correct errors. If the floor plan is
a partial floor plan, crossing the boundary can
trigger the need to display the adjacent floor plan in
the buil ding database, if available, or to build a
floor plan. [0156] (3) Floor Plan G obal References.
peQL57] According to an aspect of the invention, for

AtRAePDILRPRS.: 0832202037378y Ki ng t he geol ocation of a nurrber
of points (e.g., two points) on the floor plan can

m@EHRN it6] Bal BragE HEhABENER rbéndLldeHBA BRcdshavigrak @ceaéh {2693 186ms and
i ned wt t he

each 0|nt on the floar
OPE RIS 93 wﬁX}n’E?é%lE’F’l ‘ﬁaéeh("Hg @Q{Se?f@“b&hapm ohoresC: )pcraaﬁlelp fpatching
al@righal to ﬁeroﬁg pHtahR Yo nd ek BldhS e b¥ildidghembin Ynd aloYesOf
the ro? 2? may_ be descri bed as a polygon
O£ itebe ﬁdplff "Rt BoREeol ocation is known. [0158]
[0fs8) (Bipaablapind@ta . [0159] For software depicting
aeri al t he hei ght of each fl oor and an

[0ESY meélnagmflﬁéﬂ%mfk&@rmwm BRAZES Fregeluiteon 8t ebpilding may be stored

in ikl bilidR@Siatbish. YhaFOARNS for@RHDIE Y 18 gedMbR RN niiBYer P hen a single
|nterPreted as a new floor, and the height of each of

impgri0pthe GRiEe ABea ngjastivblertas insees Bty BRRelepapisd fgethest or saved

se%éf'zﬁ&l} i 106 Hat@6y/ &hé NSor $laYbal rIﬂ@ieﬁceHErYd/@H Hadufl fi@SOhM BtGised to
| oor nupbers_ for trackln when t he separation between

deferrgig whick pErhofdhe brildpee ﬂs?r Rlangjty @go- j g not

[0L5ANE] ﬁ@nplaEMﬁMwAttor ney Docket No.: 053216-0373130
M%016 Met hods of Extractlnﬁgwhrklng Buij | di n

Dat a.
V1 6270 LEqP e, the fRoBRAAr TS Tlofr Ak e h@g%g?egcdr{%i? the GUD) to

de¥egibt HRNBIARIZ 8E fRYr. Cif the, ﬂo@f‘ﬂal{rﬁ)foﬂﬁé e &ﬁﬁllﬂg}’ the boundary may be
avai l able, In_addition, floor plans avail able as

uspdyig faRtinede ﬁ%\lf@cll?ﬁ?ti‘r‘?s?sglp@ﬁsc‘ioé’s“hi‘fhth? heundarp#dgto gemsgt ergprs. If

thd BT ORRANE a Phdial ﬁom PRI Sosshk QH@ﬁdﬁh&ary et hahe need to d1splay the
features, Sone inmages may have | ow Tesol uti on

adiggent (1oqr Plag 12 YAS DUHHE daiehist i ey S P O ihe 958 Doy dev

/Wﬁﬁy@ﬂEE@ﬁpM§GkQ@h&mﬁa@& facilitate the extraction of
usef Information from avail abl e fl oor plans of

[03p4f @F?Pgd%& A agRechRL e Pyt o G2k iophiliy mRne the geolocation of a

nuMb&URpbiatsNgg ! f@cﬂ@ung oR @&l flob PPl #n cABENIRG: & @v&&r@cé RWetermine the
| andmar ks on fl oor Hlans can enhance trackin

sealeealipm el cachpript bl alape Abis F@n%m%thﬁayunglﬁ%nwesmbe the

xRS JfAHIMRr bR ﬁﬂlglbm Eo-6lahaRe @dtfeﬁﬁﬁx}‘ew eheHobttlaB Ot thd¥loor plan may
sone |nplenentat|ons autonatic feature detection

be P33P 59 ABOLYERRN POBRBHHHPTHRIESE S5AIRYNGS KROIndet ect ed

ﬂﬂiymgmﬂﬁmwmnm@e used in lieu of manual marking.
0162] Accord|n9 to an aspect of the invention,
1

{/F‘E)‘GSOB?NSVI dd:gla g)ae@ﬁlaléﬂaéerw,stgf, @elg]a qfrﬁg@} floor and an est%gte of the

number of floors may be noted. For buildings with windows, each row of windows may be

interpreted as a new floor, and the height of each of these rows above ground may be noted as
the height of that floor above the ground. This may aid in resolving floor numbers for tracking

when the separation between floors (such as number of stairs) is not consistent.
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an image for a particular floor of a building. The
user may then enter (or mark or register) |andmarks by
waging2pesovi ded tools. [0163] Hal | ways. [ 0164]PCT/US2008/072378

According to one inplenentation, hallways may be

marked (via the GUI) by clicking on four points to

forma rectangul ar polygon, or by drawi ng a rectangle.

In the latter case, mapping application 130 nay

conmpute the | ocations of the four points. [0165]

p. LU ved hal lways may be described using a polygon with

AdPBleEDRAd RE.S53286-RH1 | ne or conbi nation of ellipses.
For non-curved hal |l ways, the software may cal cul ate

[0y bvg Mézweopﬁxzﬁ@ﬁ&gmmwmwngqmwuti ng the slope of
The term sl ope

er ed and
[ 06‘%1? YoﬂOOA?REaP%Efgw%g%ﬁre P8 Yk R b, &t Jad fay got be easily
aveill DK Vih S&dife Fleordl@k @v4il@bld 80inte ey 88 Shavh elchR@Rendied InNBe symbols
lmggd t he X-axis horl%ontal axis in screen

& dPFRSER YRS FERorSy qlqvatarsg é’é‘h@ﬂ‘?r feBRRspOPHE ipages (myy, have low
redoligtiont @ P YoBurrad2 As shdpe nfaidﬁlﬁé hﬁiﬁceﬁfoﬁ 1130 gRAdek )ﬂ&aﬂﬂageous tools

returns, an_angle in radjians. This angl e
th%ﬁ’?f@&%tﬁ s xBeiey P%%nggﬁﬂ rEQmHen e availale aer R of 'rwéma quality.
Wgh @e@@rdl t8 n{alﬂﬂﬁwdﬁﬁ |V[é@éilzﬁl§ tﬁEIﬁﬁag@ﬁ%¥1£ )fn’z)ar eveh- Xl landm(e)lrks on
X

nmodul o 180. Also ar ct angent ( ) nodul o

flqog Plagp &7 SahaE° A2kiRg AN her WP, Y deies efquvré mprkiagi my' also be

peHthnMQB fliryMer Qﬂiaﬁﬁe&racﬂﬁg at@ngy. 2 bd¥® inlplentinta@64s QRtahatic feature
from whereas slope refers to its

de@??%%wrhaﬁ @e}l@\mhy mimagimerking plgiAgiyeiaddeataes. sy be used in liew of
md0d 246373130 direction. For rectangles, slope may be
ﬂiﬁ?lned as the slope of one of the rectangle' s |onger

géeseorfina 7P et HEERFRYSR: & BHE MR by piayidcchigenahde users to import
anli8iREE 5 Nt ReticulaP FloSXFMP b@ididdy TaE sk |n{b% thd¥Ceritérafot rr@fkdor register)

end %lnt of the line representing the hallways, and
landmarks by BHingREGViA t8of-cul at ed as the sl ope between the

[0E3pHhlend, end points. Hal | way connect|V|ty nay be
q%nuall%?entered by sel ecting the hallways
[0§64{ g iorpge a?péeww&tleﬁéaa}lwwn@wé ertark@ﬁ % @hecﬁp ) By clicking on

fouFaineto EHnCa kledthrd ] ab Yol Yo NEr Hy'ﬂrﬁﬁﬁQ tb@Rs16lah @et1btRP case, mapping
aI orithnms. [0168 Stajrwells . 0169] According to an

%‘tnthFnaF REMPYHS BRaceens ehths oINS ray be marked (vi a

[ozdsye Clakd hiIVwaSh inl Ya0d0bED lﬁEmQ@'ﬂb‘lﬁon XithBHoRI Mt polyline or
rect ang Ies to represent the re The sl ope for
COBPRFHRAT edirseay FefenopPeat hilktiva efseﬁwerﬁ & 4P 093359§h°t sppe of each

hanw@@aioﬁlpﬁth@tmemple@mﬂbh&wedclaf wi nding direction is
fl oor an image, it can be entered

[04:({&? L‘Fge:[t:eﬁg §%02§ :aagppené@op ﬁéglg\naﬁdis%tquer & alsl pﬁ@ltwe clockwise acute
angle (0-180 degrees) between a line and the X-axis (horizontal axis in screen coordinates). For
a line segment from point pl (x1, yl1), to p2 (x2, y2), the function arctangent (y2-yl, x2-x1)
returns an angle in radians. This angle when converted to degrees lies between -180 and 180.
The slope is then defined as arctangent(y2-yl, x2-x1) modulo 180. Also, arctangent(y2-y1, x2-
| xI) modulo 360 is referred to as heading herein. Therefore, heading between two points, or

along a line, is directional (e.g., from pl to p2), whereas slope refers to its orientation without a
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upstairs for convention. The convention may be chosen
to be winding | ooking up or down, but one direction
wa@ baulogiobe chosen for consistency. [0170] PCT/US2008/072378
Alternatively, stairwells may be marked as a single
point i the stairwell area. Since stairwells often
open into hallways, the stairwell and hallway that are
connected may be sel ected and connected. |If floor
plans of the floor above or below are avail able, the
nectivity can be registered. For exanple, if a

At§n@ Hosek No.Q@B32iddR73{gh fl oor is connected only to the 8t
fl oor and not the 6 floor, registering the

die@pne CIto'r Yictafigled r}ldﬁ@ IRyibe dieﬁﬁéd%sttmﬁlo& eI O tﬁ@:@&@ﬁd@@ longer
domnstalrs fromthe 7 floor using that stairwel
eEﬁnnectlwty of stairwells may be acconpli shed u3|ng

(0864 Aie@bRely 28 hAlhG9s nhBSrepleQhied Ybr ELAYRIBY FicBAthe start and end
Escal ators . [0172] I n one |nplenentat|on el evators

poih of 1he ling apisreatinghe hrllvieuy Radthe dppe maebesaicplated agthaalaprobetween

theS |stﬁh'a%ﬂ én@ Sirdd. M M@ lvlay rc%gﬁe@ﬂi‘l? WY he ABThiNG et @Gk Qlcting the
for escalators if available on the inage.

ha@&ﬁ‘ﬁ éé%tu Lvﬁertsw (faY dEingntbelr dgfersechipn &eiqng of FeY pe geleulated by using

intdB&Eibh BRGiBhAYGithAy, stairwells. 101731 Exits . [0174]
I n one |nplenentat|on exits that are visible on the

[0§48h8firellsn may be marked (via the GUI) as points (or

[0RINBENEEY 10 AN EspeQIIRES inVbrdidén,t Saifrdlib Soerrﬁ&kéit 8iLAhe &UT) by
descri bed above for PATENT Attorney Doc

cliggmponsforrrpats or bt YR rc@nglestp reprageny tfmrg&yorb elhs glgmsifor gpirwells

PR ELRNdtQANS fof tKeeRJllwtays”% infi@de ?&h &%&ﬁoﬁoqmmdmg direction is
In one inplenentation, |a roons may be

0176
z“raée\%ﬂl]l the dlooeiaigage: iispn be P@W%&r s@hﬁtasrwslfl a%thp Jiindipgrivhile going

upQhirstér SHndMMHBE. TEELARANGHES mbP be FIRSLADBY |v@ﬁd1ﬁ§19m§no up or down but
Drawi ng the | argest roons can enhance tracking qualit

OnaéquCflol} Hard &e eloser fercongsterey- t han hal | ways where | ong
[0E0) Rl&hgS BT soikals My Bahkkdad 5 siRQS ?b{ﬁ G thL:fstau’well area. Since

possi bl e, each | arge roomand its entrances may
stafelkcenftep o mﬁéaléw)s thesjtgirwedirapg hallype hag pr&@e@eﬁsas}/mewébe selected

andVBSREHe D YIf ﬁbércﬂfdng of fhe RBLY BN drhRlowbRY BES B0 Qhé)&)ﬁﬁ‘ectwlty can be
space. [01 77] dobal Refergnces . [0178] Accord

n
e TES R EX AL s YD EHRGRE, Tl dcoTteR G o 8150 dhormnd not

theS6tt f8, lfehi@@ﬁn{{h@raomymgg e RS TREQRCEE D¥ersoh Qannot g0 downstairs
exanp cli a nunber of points {e.g., two) on

fropp e fﬁ“él?@r 5$%thataﬁ@rvx@ﬁt &rpgstivineph siejerille i raceunphished using

autodleicttidQicokigi t ude. Ceol ocation information may be
obtalned‘?ronlwlcrosoft(r) Virtual Earth, (tm
0lZpElexaterpyndcaealpforsGeogr aphi ¢ | nf or nati on Syst ens

[0172] In one implementation, elevators and escalators may be marked (via the GUI) in a
manner similar to stairwell regions, while noting direction, up or down, for escalators if available
on the image. Connectivity may be entered similar to the process described above for stairwells.
[0173] Exits.

[0174] In one implementation, exits that are visible on the floor plan may be marked (via the

GUI) as points (or otherwise), and connectivity to hallways registered as described above for
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(AS) maps, or fromother sources. The two points may
be chosen, in one inplenentation, such that they are
wexiamwomoss es of the floor plan and their | ocatPONUSE08/072378

vi sible on the edges of the building outline for easy
clicking. For the reference points on a floor, or for
each floor, the global elevation, or elevation above
ground nmay be registered to assign floor nunbers after
anal yzing tracking data. This elevation may be

ained fromdetailed floor plans or fromsatellite

Pa
AkdTRIBI N 8Of ds¥¥@d. @731 from ot her sources. The boundary
of the floor plan nay be entered by clicking points

stifFells. NEki@ nal Q86 Be Qﬁled/ﬂiaﬁbpllfxgﬂans?@}eaﬁ1ﬁ5| ng Building and
Fl oor Plan Data. [0180] In one inplenentation, once
OhefLazeRooms.ent ered, the floor plans and their

[0 ﬁ?@@@ﬁd M@le@@ht@ﬂ&ﬁ[ﬁr&eroéﬁpﬁﬁﬁ bé Bradnfbd @caﬁlﬁlegby clﬁ:‘ﬁmg%mts of a
or other format wth t ags for each separate

fi
quxzﬁ% %Ry gawins refaeiraior quIaégq%@ayoqslﬁv@raamtgaae fotgestgpgans can cnhance

trdckin® ﬁudl!im@trmd&a%& ar oB&CHan RNGIRMWhel)B HULhesd? stra1 aht walking
hal ys, stairs, and so on. Each | andmark type

be
is pashls. adbBosiplen eqcRdarss gpom @rd jith FRYALERTaNa Be shaskret{visthe GUD.
SiRQAMY, §pe‘3%§&€é lﬁéﬂga thdRedbB! clivIBYSa pot) 28R BraOouk iehdIéHch ke,
and so on. The files may then be tagged to 't he
/vbﬁVﬁﬂﬂﬁ§&$ﬁ§¥ﬁihey bel ong to and inported into the
[0BxE] |A@bd?&nd@6 abapeot ofddi ﬁﬂ/éﬁﬂ@t{ HabapiBbnbearides &ird isr plan

eX|st|n% data over tinme, and existing data na be
magiier gEreirsinatg brnfop PPl plckingt RSO ppigis (6gh Bto) on the floor plan,

and QdnteyiRs @DeirPLebiRT oA JubK RE YatiAe K BhoiliRe.: GONREAST ddRhath may be

[0181] FIG 6 is an exenplary screenshot illustrating

obspingd Migspsof ®pYirtual; Brgthi™t c(bqoglsf”bﬁalﬁrf Cepgrarhiéc pfmetien Systems
(G‘?ifi) IH@E lé;'é @tgll;rla cﬁ‘lEze 5@1\%\%@? hwg)%}ﬂll{srﬁg be%ﬁos%xl? %V elpr% én%%ﬁon, such

have n stairs

thatdlyel @ Wr@rhltlpsezftﬁ@rf@ioeslan anel thmlxi Ingptien isivisible otk t:@ehafvtée building
oulaﬁlg rfox”@ars{i %Hc]&rcg NBor th@ggsfer@ﬂcg poﬁﬂsd of % CHO%I‘ & §BCER %Y)? the global

been marked using fl ags I'n various
elgvaiine pedieatiororbyye gramilcbmgy beaﬁ:emreri g0 pwign Bleorraymihees afist prplyzing

tra@ﬂi{o @Heﬂqﬁﬁ e%fvatﬁ)‘ﬂln@ar e oﬁ@ﬁ?@ﬁom Q@t‘éltle%rﬂ?)%r Flﬁrﬁx&lﬁroﬁlssate te 1§naoery

ot her visual 1ndicators s an exenpl a
sofwpreepision other spytcent Thygbeungars plféh? fbmr alab umaydbmgltmdow clicking

mﬂh@@nﬁﬁ¢§&o&ﬁ§d@&ﬁﬁess of marking | andmarks has
occurred in an afternative manner. As shown, hallways

[ORAY 8totjeg Buitding et fipemPlpoPaes. Nodes 1 and 7 form a
[OI]@lj WG m?l@xqgrftatgn 10,8 9&93129‘911 aner%ﬁ SELALR glaﬁsagrl re%gtlve data

SO on. Represent | ng 'ways as a rectangle may

capge vfefeg} in g éfeuﬂe guian PALuSleher ajless et withisghted sadhrsepdrate data type
enfBRIC AP G 78HD 91‘3§ hg)%SalccgJ Rethe QE)BteﬁlﬁlabexS?a\é%laéacﬁ’tanMﬁk type such as

mat chi ng steps may use conparison of
hallways, stairs, and so on. Each landmark type may be associated with tags for its individual

data such as points describing the hallways, slope of the hallway, and so on. The XML files may
then be tagged to the building that they belong to and imported into the building database.
Additional data may be added to the existing data over time, and existing data may be edited

using mapping application 130 (or other software).
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rectangul ar and/or |inear segnents of tracking data

wi th hal | ways, and conparison of tracking data segnent
wheadiongss Wit h t he orientation of the hall way. P@I/US2008/072378

rectangul ar shape may be used, for exanple, as shown

in FIG 8. [0184] FIG 8 is an exenplary depiction of

two nstances of a rectangul ar shape (rectangle). The

shape may be described by four points (P, P2, P3,

P4). The rectangle |line segnment is the |line segnent
pSQanecting the mdpoints of the shorter sides (i.e.,

AtlollRy bdRENS QGRS 7H1500m P12rnid to P34mid). The slope of
the rectangle is the slope of the | ongest edge of the

[0Y 8T FRN i€ ak Execth lar@scg&ﬁih%?ﬁuitﬁfm%bﬁreﬁlﬁtp of £eliRRG! fféor Al after the
apprOX|nateI% 50 degrees for t bottom rectangl e
B

progetcel At PR PP WEEh af'F \iBSV I halw s chexm P, merked with

re@ﬁﬂcie‘é\/aé(alﬁﬂjévbgeeﬁrrﬁ)éﬂkéae\%tﬁf\&et:tlan%es%é]@(ﬁné Qbip&aeMts have been marked

arison wwth headings int tracking data and/ or

usie ofless 810, oi”rﬁlepeglﬁ%kf‘éées have e beeanppEged lisﬁ’l"eiﬂﬁ% 62@gi &h various

imbRREASRAES vird@s MAWRY Bdehe nRdd Alsk@Wshyf Afmbef %@kdoﬂ)gs shapes,
oints to be tested for containnent in the hallway. In

PaGEIRs: tRBYES GOMSF wpuabidicpersadvanced mat ching t ool s

[0£k2p €1G: e a1 leRip D RYecRMET Bhfratil 4 pﬂeﬁ% 5] bR Ing HoBBplan after the
shapes. These tools nmay represent the hallway usin

PrecRs Orf sepkaRgledmarkschas eephie g rliFBiva FsRer. As shown, hallways have

beAdFhike@Rathl Yoint@t RRHesTBbLENT T8t 8 BaSw iR YiodS &- BP kdtnSant Btersecting
represent shapes, and may use the rectangl e points

hallyqy, agsbso op3  P4), or the end points of the rectangle
[0183]‘?61%@@%%&1(1%&3% -as a E’Qe?aﬂkl@ 120 Ge B@&@' rsdhl 18k uEilﬂg::gEometnc methods

o operation, as needed., The rectangul ar PATENT Af tor ne
in fhs @ashinganethods desahed Brsia G pbihe Beighing sersyrecwEn pomxmsson of

redialchIWaMRi/or Ui %gﬁfe%ts JAMkiste§atwith QR KLY Shd @bmparison of tracking
versatlllty int eonetric nethods used herein

dafe gaguespt ksedingvitthige mwl% plthy blapai Aapitaedar thapemasthetuged, for

ex&gﬂ@@}gQMghnpﬂ3@he data that can be marked accurately,
descri bed above al so be extracted

(0534} Bhdriven %WP%WQ%PWW tTP @S @n%aP ot ieﬁtnli&%ﬂaﬁa@apb egizglp). The

shépfe ntd %emeeaaap@sehmn&pf 10m.ip8, Pt T@mctaﬁak% Qdgnieht is the tine
arti al reprocessed 87]

Se@@m a@{nﬁ%@g% %eldpeﬁts reé\ﬂpegﬁwerﬁlc&ﬁ - avetpe # q eqemel e Ml 2mid to

P3Bdidh.diThg siB lo@?JctaElﬂ@ns 1ARIBLK e [1&Jg8§]ed@sfeth5 R&tangle (e.g., 0
| ocati on of features nmentioned above

degrpegi tPRABP fap, regianeles andegpprogingtely Lkﬁbdmreeaéal ahq h?@mdpﬁgl le). Hence,

by ki‘éﬂres@@ctnglthé‘heﬁﬁ@y 60a r&ORRECHE WhiTwhy R, HELREB&RTWBNa slope for easy
regions may be extracted even if they have not been

COmpARIS S Whﬂﬁﬁfﬂé&f PO gpckmsndse prdjert orsh @f Phee shapes: jApFectangle’s
int6thal LRREABEYSents the hallway area, and allows for tracking points to be tested for

containment in the hallway. In addition, several of the advanced matching tools described herein
may operate on lines for matching shapes. These tools may represent the hallway using the
rectangle line segment defined above. Additionally, other matching tools may use points to
represent shapes, and may use the rectangle points (P1, P2, P3, P4), or the end points of the

rectangle line segment (i.e., P12mid and P34mid) for their operation, as needed. The rectangular
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[0190] For indoor track (or path) matchi ng and
navi gation, detecting the nmtersection of vapous
wo anvdioeroks and est abl i shing connectivity betwerer/UkmENs/072378
may be useful for the algorithns of mapping
application 130 This processng nmay occur at any tine
Connectivity nmay be iecoided both to use data
regardi ng which features are diiectly connected to one
another (oi lead to one another), and to deternmnine
ch features, even if unconnected, aie often visited

iﬁo%efﬂ&@ﬁ«ﬁ%%l&-@;ﬁé]ﬂ] I'n one inplementation, for
ways repiesented as iectangul ai pol ygons, each

shRR fise@fio r&dsa The TallBdys PBele®pd, 8 fiRE ARiEAERE 0P Fersatility in the
intersection |egion If an intei section exists, it may
g@@“ﬁ%ﬁﬁ@@@%@ﬁ“&?”&n nt ersection region of the two

[om E%Nc?m alaglmt,m/daauzmmamg papnected 1f the
s are marked with a start éont and an end pont,

0 RRYNRRPEBE EBRSMaGRRD B FepPESe it dEEpharate, may o be

exBRUMERY ahith ABRANE MRMRY TRERT o dPRHs fnfy &8 qlspcpmthg—l'f)?eprocessmg
i ntersection pont of the two |ines replesentny t

opHal s el eikhls. e hebiildiners paséally ereprosessqdnt er sect i on | i es

[0Y87) Bitra iRl Ddtd ?ﬁ N&YEROh Snd t]‘?&nmhﬁﬁm g‘uny\%ldﬁavﬁzda}ﬁloor Plan
ntei sectron at the p0|nt of ntersection found“[0192]

Lapdmgjifs. i npl enent ati on, connects ity between | andmarks

(098] Dnfd kEBLatibY D€ TeRYs Q@m@g&@%ﬁg mwpﬁ%ﬁmﬂ cerms etc.) are
nt ersecti on regl ons, such as checkin a stalrvve

knpwsr.yig@ inchidines e mat gigad teyrfgmasativitiayd m@rsewmdﬁa@n@snay be extracted
everﬁ@megﬁgze%& ua,@f& ﬁhﬁmugf ﬁ%k@& osest hallway to the

| andmar k may f ound @y di stance of a pont to | ne
[0§58¢ ﬁ?a'f's?cwwwébtmetcawe hapdppdsc) osest hal lway is |ess
[OI@PPOﬁE&BEh&:k%It P S YatPAKAH n[a\@gatmlq Qﬁ%g:tﬁm QR %@&ctmkr)l of various

hreshol d di stance, for exanpl e, eatures na

1a’%§éﬁ‘f¥é epg @stelEiving |CPnrtehfe‘9tYab6équ@tthth y@v &8 usgiug éfﬁnté% wlkggrithms of

metpbﬁg %ﬂ%&tf&ltl ¥0.SHE <§e§sn‘i§,hﬁ£y dcBg Wt Hﬁi)ﬁnge doﬁﬁééﬁ{fl%elgayl H& recorded
ui ck "'successi on. known geonetric problens such

boghgtojup datasesaring wéfchﬁm@*ss arg) ﬂg@eéiﬁ cewepfed (ReBrs apethert(er lead to one

an&heﬂ @H@@%e@ﬁiﬂ@@ﬁcﬂ FeD@Res Ak P RhBhcRA G @Jfﬁ:ﬁ rws?técmnls@crcessmn
functi ons, be perforned by a suite of |owlevel

[0 bkt @Pl‘@m%t?‘il@n orj hgllgays gairescpfed ae tactngulas ngkygons\aqch pair of

redfRQME AP by §QMRAJ B HnRMIsALd ARSsectMGEi@S PR ﬁﬂ&@s@&lon exists, it may be
contai ning points, and other functions may

reuFEhITABANTBRECHOR BRioney &l tye bty and Eired\ailwébfst%mﬁ@?cﬁé If the

hafl 'sfalﬂ@ elaienali ¥ @t bhig: BASLC HE QB Mhey bR MY considered to be
I nflated Regions and Proximty Reégions. [0194]

repreferﬁ@l 307 bineispgreqnf froi@ e hrlpyznsarepaiigo paskpofnt abiieiipigrseptiempoint of

thd tb.@thngﬁ}éplg@ﬂtﬁw' tRAEBWE ACaR Be fdubd. nf@lhe%%m”&ﬁﬁf&se&ﬁn lies within both
|netErobab|I|st|c approaches wi th decision nmaki ng

lmﬁéﬁ%‘é&» wdheehallepygivey amdnisaection pf theeoit pﬁ@teesaatmfpwi es

[01@}’ In E&r uﬁﬁié’lﬂén&%on dednaLdal e bthain ‘?an@ﬁﬁrﬁ@%f BRRERT Spest Ray be
wal king in a hallway even if the path is not along

de&eﬁ@d %a?hevla% for intesesgiinn fesioes: airk as chieckiag cfm sayysHtpelygerpintersects

with any hallway. For landmarks recorded as points, the closest hallway to the landmark may be

found by distance of a point to line formula. If the distance to the closest hallway is less than a
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features, it can be useful to define geonetric
proximty regions to detect path matches to | andmarks
wQ 09B21060r exanple, inflated proximty regi onBCT/UK2008/072378
rectangul ar | andmarks nay be generated by increasing
| ength and/or width by threshol d amounts These
t hreshol d anounts can be fixed threshol ds, threshol ds
based on the error of the input tracking data,
adaptive thresholds at run tinme, or other threshol ds.
pab@CKing ponts and/or segnents that are contained in
Agoﬁﬁybm&me@n@gmggu ty regions of a hallway rectangle
may be tested for a match to the hallway. If a match

thie?noﬁ@&h@tdndé ABEeekaBR]eOthe Tfﬁﬁ@escrﬁdyt Wl dofneRRY. 2Bl dnSip 8y bR Hohshysically
tchlng and map bui |l di ng_net hods descpbed herein

copprgieqy e RIFFERipoTResH Hept ey %"er\’é eeTeR in B B eEoR gV elbknown

gebmEiriipidbidinst ieh AainterRMtich@FtRABY ldRtantdd bleed bGints Adiktenc@ between
exenpl ary depi ctign of processing operations

lineqendcA BRI REieh Wi trsler tpes P Papdfoameddt aswg ef lowgrisheeometric
fullfioddlinl Nbdsat écBMetdl Bbrafyl NVERIh&M W8I0, mdniHull AbhO @Jﬁﬁ%tﬂalygons

) [0197] In a first processing operation, depicted
coptpyinzPopissand othey fRgRTRY beeRerAHRAdD Yy alg i dRvel geogre@v lla@ay often

usibitife Q&AM & 4B @RI NBRE,. f rom a rectangle
Mh%ﬁresentlng a landmark marked on a floor plan (e g

I[Wed%éﬂnfwf’”x’é’t"ém)eg‘ws may al so be obt ai ned fir’om

[0!@?'1‘@@91%@ inle BB EHIBIaf SnaBBH rf@ttﬁ@klﬂé’ deﬁ'@#ﬁat%’dyl ]ﬂ’vé"ﬂaccurames it may
met hods, oi flomlectangu al é%n'ents obt ai ned from

bedisefieincanPianpATENtIAmSRksy Wil deasionpakngmgthod. GBpEa3ight and

pafém m&hhfg%%‘a'bﬂlﬂeﬂﬁ Jﬂ for[eQéLﬁgé dlet@mﬁnegﬁﬁt(hr}ﬁrsgﬁ 0 §e§é’ﬂg be walking
operation, depicted at 920 in FIG 9, the rec

ng|
in ﬁ'é*?uw et Hltpeiis Bricrio8 éheoffalliﬂﬁ% Tgonadekstoleriapes npmatctalya paths to

fedtlr®s, St QREbE MsdillCtoCRIARE QEorRIXC kMR tydicbRAT kP Retedt gmglnatches to
In a third processing operatlon deplcted at 93

landmagksg  t he rectangle is inflated using the follomnng

[OB3Y ﬂ)ﬂ Sample] QﬂQ@d ?1, rEgidn$ TorYectad difal BhARINA ﬁﬂl? be generated by
yrnin - | nfl atlon engt i 2

mqr??ﬁm&t lengihnpngas, Wigthey threﬁlmhi ampla@-]ﬁiéfﬂil@qeﬁ}ml{o@munm gm be fixed

thrbHIR, tﬁreISHBidsa)takeQertgé Bror oMK inpuk Rblidtd QL edgtit ihr@R¥lds at run-
[ 0203 = (xmax - InflationWdth, ymn +

tm}enpr %p@@teé%@h)ﬁac[l@@ogﬂmtw@yg seg@g@glhatpqlre centelgg@ﬁ i, the inflated
pro&itaity regloBLO6] hal@ay recthddld May YA for a match to the hallway. If a match is

found based on or more criteria established in the map matching and map building methods
described herein, the tracking points and/or segments can be corrected to lie within the hallway
rectangle.

[0196] F1G. 9 is an exemplary depiction of processing operations (described below) used to
inflate a rectangle region by an Inflation Size (InflationWidth, InflationLength ).

[0197] In a first processing operation, depicted at 910 in FIG. 9, an original rectangle region is
provided. This rectangle may be obtained from a rectangle representing a landmark marked on a
floor plan (e.g., hallway, stairwell, ezc.). It may also be obtained from rectangular landmarks

generated by map building methods, or from rectangular segments obtained from segmentation
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[0207] P3' = (xmax. ymin); [0208] P4'" = (xmax, ymn);
[0209] (xm n, xmax) are the m ni mum and maxi num of al

wo b@on2wedr di nates in PT - P4'; and [0210] (ynmPar/ugIoesd)72378
are the m ni mum and maxi rum of all the y coordi nates
in Pl ' - P4 . [0211] In a fourth processing
operation, depicted at 940 in FIG 9, the inflated
rectangl e fromoperation 930 is rotated cl ockwi se by
the slope around Pl to obtain the inflated rectangle

plQl the original rectangle depicted at 910. [0212]
éﬁ{z}b@r@tm: obP%s-dz1ey section of the actual |andmark
regions, the intersections of the inflated | andmarks

offMrablEng@f£r m ned to nodel inflated transition or
connection regions. [0213] G aph_of Floor Plan

(0798} &k paendpiorcesgrRpERafion. @%lctfdoaz 29 infig Gy dheesertanglaggay be rotated

ar&ing Qfd $MITBoinR, IEAPIN bY HEQEHL S 1he Rowdter LRBIcfse dik@ay 1 t hm
for indoor navigation, the floor plan |andmarks and

[0{974in 2 %ﬂ@é@ﬁswgtoyerﬁw B@Iqt@p%t@s%m%&‘r dheregienginis inflated using

m{@ﬁ&ahogﬁaﬁ&mhbdes [0216] In one inplenmentation, for
allmays the start and end points may be added as

(02194 84" 5*rpiR e lpflatignWVidin gmat alflatgadienstf poi nts f or

[omj h’iﬂa¥$mﬁﬁpﬁxﬁﬁ%ﬁ\ﬁﬂtlﬁ§m£@%ﬂ%&nﬁng@%y be det erni ned
he n1dp0|nts of the shorter edges. For | andnmarks

/0%‘{:% ﬁ13as Cerpay 7 [p@atioa Wadth, seripy Atfletienlepgil); et er of PATENT
0843} @f4ﬂexnﬁaokﬁhatMWldtQ%%%&fﬁi&faﬁ&k%Qgthﬁe pol ygon may be

added to the graph as rodes, d for ‘point |andmarks
[OERPES exits, the point may dlrectly be added as a
[orsger 4 gnadditdon, the center of the intersection

i ons of Ilmays may be added as graph nodes.

/UFUER%] @ﬁ@bﬁmEﬂges [0218] According to an aspect of
[0307E P TVRBLL Qhinydl | nodes in the same hallway may be

connect ed to one anot her with edges with the edge
0081 §ht= Gmat-H@R)i st ance bet ween the nodes using the

[0509] mﬂhﬁl m{a%cgﬂhe ehisihum 2% maxifidon of alt (h¥ xZ2oorddhates [nG420 1’4’ and

Thi s ornula referred to herein as the distance ,
(0314} Ginis, ymE@ahAr e gampun ng mggmug) of glé@te'y coprdingispindd{ = P4".

[0P9) it S fFRRA plcﬁ&gﬂar%&atm-ﬁh H@pd@?{tﬂ@dO %Fmt freahfiabed rectangle from
connects intersectin al ways Sl nce the intersecti On

OPRERIP 3 ierorisrsckege k%othﬁ Slerssarpd §d tih ol in theeinfaipd rpetgrgle for the
OnEggquﬂgkcgﬁceaaggd bet ween stairwel|l and exit nodes

and their closest hal | ways by adding a node for the
[0F2h Sianlar ‘ﬁdhq—]}ptersectlon of the actual landmark regions, the intersections of the inflated
landmarks may be determined to model inflated transition or connection regions.
[0213] Graph of Floor Plan Landmarks and Connectivity.
[0214] To use existing algorithms in graph theory such as the 4* algorithm for indoor
navigation, the floor plan landmarks and their connectivity may be represented as a graph.
[0215] Graph Nodes.
[0216] In one implementation, for hallways, the start and end points may be added as nodes of

the graph. The start and end points for hallways represented as rectangles may be determined as

the midpoints of the shorter edges. For landmarks such as stairwells and elevators, the center of
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on the hallway line to the node. The distance fromthe

| andmark to the cl osest hal hnark nmay be tested before
wadabogioshe edge, and the edge nay be added i fPehes2008/072378

di stance is less than a threshold. Al unconnected

nodes can be connected to the cl osest connected node

for continuity. [0221] Floor Plan Maze. [0222] In one

i npl enentation of the invention, a naze representing

the floor plan nay be established to perform
hﬁﬁgCtionality simlar to the graph. In floor plans

| BockddRo.l 30284 d301300f all walls is available, a mze
may be used to performnore refined navigation. [0223]

the“ﬁ&l?goﬂ@ﬁa%%@ h@d @ thb 2R does, ElrQingﬂﬂmﬂf %Qﬁﬁﬁxrkg §uc‘H%§ ekilsMthe point

net hods above such as. hal | ways, stairwel
may| Etpatbbsaddpftiassinad, hh%%?lmé?éa HetBEr efith rﬁnt%réﬁiﬁé?fmeﬁrop%@frhaﬂways

m&) RNAddWas UspRFoddyt 0- det ection al gorithns. These

auto detectlon al gorithnms may be devel oped using inmage
1057 Ceqdi Biges echni ques such as hough transforms to
(0268 @Gtor8iRE AN MBNGL (R i86datibd, AR SodM@ hs lanﬁerhaﬁw%/ fﬁQ\f be connected

pl an. CUrrentIy, aut o-det ecti on_al gorithns nay
to d>inf ppetbar tvithedgaew i dheredet Fsishinelihe flistned beweem tb@rmdes using the
foRh@dns, and inconsistency in floor plan synbols. [0225]

B. TRACKI NG DATA [0226] Tracki ng Data Characteristics
[02K9 EQ&Hﬁh;PAjEN@:AUgﬁrney Docket No.: 053216-0373130

0227] As previously noted, mapping appllcatlon 130

Thig demps. fefomier inerein eathe idistanesdforiuih cambeesad fo fidnistosest” or

“n@afresg%)ts & lénﬁi%htks s 91@1%8& h@&gatfcal}%’oﬁ@cﬁ tgr%oﬁh rT]Et)allways since

bel ow, tracking data may be obtainéd from any
they PUSHEHEROdaN#F SPrrerteiiangden imbeih obfthet halkys @‘da@t hodke placed

beBeNRYirddll Q@@Jﬁgﬁ&l@@&d tﬁéﬁ%lm Balma‘}%)nﬁ'aﬂqétarngﬁ{fogﬁe clé)sest point

nmet hods i nclude Inertial Navigati on and

onifes dltray linafethe node. nBlebgtance ﬁremg@ﬂemhmrlytodbﬁ elpgtatrhalimery may be
tesRR He PRSI Me JASE REMS 9&%% SR 8% 1AEGE LRHLAIEE RESthan a threshold.

yroscopes, magnetic fi Sensors, pressure sensors,
Albggoriepted n%iéfn@a g cqngeqied te deslasest prangatedjneds for gonguigy.
[0322] B8dor PEY M- acked without the need for externa
references. Due to errors present in sensor readings,
[0323L Fy pug IpplRestatip Ob fheeinventiph et Mapo reptsinting thnBocgrian may be
estTlsfecte ge&rf@rn%aaom@y §rm£1tto IR afoh N NANa QY Bfand g B BEN4Q8H of all
of time, [0228] Signal -based hods cah 1 ncl ud
wadlp Bl 2y #ilanlg, asmg’qmag be pesehie eriorre moessrefinyd @btigdtiona posi ti on

/Qﬁﬁ}AHﬁLﬁmaBQQVEbﬂmn@§§lnHteS may be obtai ned by using
hods such as triangul ati on, signature matching,

WWH#W&%S ppaglain theamethiida ebay suchars hplhsaye, sefimells, efrvators and so on,
ma‘iqute@tleagd %&Vergﬂ %ﬁbla&%ﬁ@m@%i&%&cﬁ&ﬁpﬁ&ﬁ'ﬂlﬂs Iﬁﬁ‘éé@ auto detection

bounded errors over the’l ong term but are often |ess
algguthigps gpay herdeyvelarcd Hising | up@emrocessmo techniques such as hough transforms to

detect the dominant black lines (walls) in a floor plan. Currently, auto-detection algorithms may

be difficult to use due to the lack of quality floor plans, and inconsistency in floor plan symbols.
10225] B. TRACKING DATA
[0226] Tracking Data Characteristics and Formats
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This is often due to nulti-path and other signa

propagati on i ssues. Signal -based | ocation systens are
w@b@vaztoes i zed by tracking point "outliers,” wWTOSEN®072378

i ndi vi dual points that are significantly offset from

actual location, and are often due to the signa

propagati on characteristics of a trackee's |ocation.

[0229] The position (or |ocation) estimte generated

by mappi ng application 130 after analyzing the

cking data may be inproved via techni ques

P : . :
A?guﬁyﬁm&ﬁazofsﬁﬁa-@bﬂ@rent types of tracking data.
Addi tional information may al so be provided to mappi ng

02 |Als GRdvi By }dfd t 1BappRG 8RRt i Oaﬁ@%’%&?% t%@kﬁ@ Bata (1n addition to
posi tion ( or,Iocatlon estimte 230] According t

othe tREPIFptapts IERE 1y d@fﬁhe% F, STPRiGS 6?%’@ b%law iagkio daia Tabe obtained

frdRRan £ HIABEE oL BouraS GHI/BL YroRl arly’ AGKED B ddtcRing FRGhJARY By way of
utilize simlar processing techni ues irrespective of

baglggoung e mpstprofeiRe Fackieamethedhncide Inereal Newlgntiongnd) aiegal-based
mdtYdE. MAYrtiRe metMB@ b Ndendr@lyS 8nsidered qgfﬂe”ﬁ)ysepﬁﬁta%t &Bérs such as
t hreshol ds, settings, or other netrics for use with
acEOTRELFDI BGORPRIST PREIFES GTeldnBEapATh PIEIR| EBTOMe ind Bther Sgsors to
caRYIBIRPh Lirajctbsy 6 HRENRAS 18] REnARRI REh foP edirhid1 868 REces. Due to
tracki ng data types dependlng on the tracking data
SR HER AR PgEqrcdimph dncrtiahpathsre effRnpubiasf te rkifiidad argmmpre accurate
mmé@ﬁ‘ort i@h:h@]ﬁn B8R 1P pbr R et tinbe defined as Inertial,
nal - based, Fusion, or both separately Addi ti ona
[0%@’? §1°pplé}§§<qdﬁ1§etl§%¢5 éwa’wn@lﬁ/@@g Fignp Lspisen gaferpgyes to obtain a position
estdRAL 1§63Q§)K%3{§Qatwavb& Added bWuglﬂo Pn@ﬁo@sdsYl@H‘Es BfnddBWon, signature

technol ogy. [0231] I n one inplementation, various

magngy ﬂ@@rqf auvRloralGHstipRsd 8T P#ﬁye BiéieTenss enlauivtions. Signaldigpsdrmgethods
k'hﬁ@et Bd&ﬂde@l?@rorslz&rer ﬁ%‘ﬁﬁglt&m Bt fd ofBnNER 22440 the short term.

ods may be i npl enent by mappi ng application 130
Thile 1St ?f@ntdruédkulwgﬁaatbaﬁnﬂ ificE aicad RrpRagation fssues. nSignplghased location
syWORy 8RSchaMEdbiRH tgroﬁ-afcﬁﬁtv'ﬁ%&t elhqds Rk be ihdPhereRingdmat are

i f the tracking ta is signal-based. A flag (or other
signiftgpntiat 6Ff§ettf60m niffushtlecatiopat andasis pPieng dueirtat B¢ vignahepropagation

chémértmgseafmnﬁa%e@%c&% for inertial data, whereas a
r other indicator) to indicate that data may be

104%3%?%%11 (97 lpqauon |§esypate geperrted by wawlwb@@%%Wq #nalyzing
thd Rkih©BSta ey B2 ABYoRE va &lchdiQles Shseddbed fHAB R e @;tp@s off848Hng data.

i f tracking data does not include its type, pi ng
Addfiional ciafargpiopsmayralpo dist weyidedhio Wmenwp@wetm fopfcrease the

accuPddl; oF @€ PositidniQbr 182680Dleqimdid. any two successive
trackin p0|nts have a di stance greater than that

(0331 Srecedine e an penselr et imveptas; mapping agrlisation | 3Pnmay enhance the

acidg 88 trickil3QiafalA tha, Jdrlikelidisi phalsidasediq uéEhh&p&fﬁQe Bethe type
checked over the entire tracking path to count the

of FegiTgraast PSiETere B rIckiae dats SPAIRRBY pIpaia ¥s1ebiPs definp) pprameters,

thre UL, sBRYgsD6r Jﬁ% kde@HcLFR usel \I/ltlﬂﬁé mBppifd it dfinfbping application
detecti on net hods may be i npl enented.

130. For example, custom methods may be applied to different tracking data types depending on
the tracking data characteristics. The tracking data may include data type, which may be broadly

be defined as Inertial, Signal-based, Fusion, or both separately. Additional data tracking types
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[0232] The one or nore tracking systens (e.g., 110a,

110b, ... 110n) (FIG 1) may be configured to coll ect
waryozwer nore of the follow ng types of traRi/Ng2008/072378

data. As previously noted, this data may al so be

obt ai ned from ot her sources. [0233] 2D Tracki ng Dat a.

[0234] According to an aspect of the invention,

t wo- di nensi onal (or 2D) tracking data may be provi ded

as geol ocations (latitude, |ongitude). Alternatively,
paidct racking data may be represented as (x, y )

Mbnﬁfﬁﬂﬁﬁp§‘ﬁﬁgﬂk@@mlnltlal position. In such cases,
the initial position may be provided by manual input

miyoae au&daﬂmttt@ardvémefhWte@ﬁo@Pﬁ si gnal - based i ni ti al
osition, etc. [0235] 3D Tracklng Data. [0236
¥ fH0R% PBIERPHE 0PN VETRHE ST FOHES leﬁéne(ﬂméy megaPg Wnplemented by

dpBh mawim;ohemle&% &, e N nidifizhtB methoder di ib
]né@rgg??bnl | : elevg?lon B]gP/Zte éﬁdéé Jg%?%en%%nmme d
153

mappuIg kqpﬁbcaagq 6{30 thithe H%i‘kgl rtBat oih il dneglal.g jyhereas outlier

cofb®VAic@ddd Mal BE im eméiﬂterdem EHeQﬁclhﬂg 849 RAignldNbds&. ( & -l »(or other
feet, nmeters, etc, as the nunber of stairs counteé

indiparqs) t@rndicat thaydpta if a5purqim it he PhoftHErmapay Ye sgiefer inertial data, whereas a

f1a8 %p&mr%mmaﬁo @dalcuﬂa ik @dth m@y bAinstRUYBteSh Mk EhorPlerm®But 5 bounded
increnent in the "z" direction with reference to an

erTP Pt nESICED B 5o Aot G agee A, T fiHessking Jeedocragt ipgdude its

8epdifs Apdifivh e3ehey alibd "t‘he‘?@ié"&e Hamq&?t foh eb@drs” F le, if
tﬂﬁichgalségPATENT Att%rne et ib 53216- 6%7 O%%mmpe]
any (i sugsessiy yracking peings hage é\%ﬁa@f% eradier thangihptewhipipeen bejtraversed in
théd Shabephiaash, ’ﬂgsuk%bfst@ ItedakOR lﬂcel[yggﬁgl]-babﬁa@th@ Qan be checked over the

i.nformati on ma obt ai ned froma 2-axis nagnetic
enfitie dragkingpadiy o C(ogntghe ngRepakeiph (quiliers’} dn ipertigl pstews. thivipupt may

be Q@Q@ibﬂkg ifindt 0. QBerdnfHdf RtLtMBAhid G BY | hﬁ;ﬁeﬁ&téd' I'ting.
use of a 3-axis magnetic field sensor in

g
M@&h%h%%ﬁ@.%ﬁﬂ% tFaskigg mstsins (¢-Bal 108r D0Pde 1 Hing (15t 18 may |be configured

to bl aARbALE mFdSHIh AR USRS byPEOITRLEE Sy AR/ AMprOYEREGORE Sthis data
can provide a very accurate gl obal 9 ndication of the

n“ﬂ@k@@?PWﬁnWHthP@ﬁ‘PﬁéxdeV|ce is facing in the absence

(053] DPARRYKine Dot er f erence. For a 3-axis nagnetic field
sensor, the el evation angl e may al so be added to the

10334 h ARSOFERER 28 2spegbdhe Paéfnélowém%@ﬁlﬁgal Korf Brterckiny data may be

prd@izd40]s %’Jléb%ﬁ@ﬁ%e?atﬁ@dé hend#e &y, LteRRERIY) YBWracRinbCllata may be
and roll or a device froman initia

TeRgRFRFA 8 (o) InCTRETIA e MyinitiebPAsEPR o St Bisk s2spmyheaitiadepsiion may

beqoﬁvadE@w hahi B (3 liRarRtheARaiiRE a8 GP S Stdnhia8 ll@iﬁsmgﬂo@ ete.
degrees, or as an unréstricted angl e.

(03531 égtTf‘fc(ﬂ”éd)”@fyr o angl e may include both heading

[0338f 95 PEtdrRANraciandini thie0 BRLh R (BBYALE Pest iR g MU MRS achent in the
“z’E glr vne?’nctalaci(ueegtlon (i.e., elevation), may be added to the 2D tracking data. This data may be
represented as an elevation in the “z” direction in global units (e.g., feet, meters, etc.), as the
number of stairs counted with an indication of whether the stair was encountered as an up stair or
a down stair, or as an increment in the “z” direction with reference to an initial elevation. A

combination of these types may be used to indicate elevation change by different mechanisms

35



[ 0241] Fusion Heading Information. [0242] In systens
with both gl obal and relative heading data, the two
worayobeiobtised to obtain a fusion headi ng esti nBCEUSENE072378

provi ded to mappi ng application 130 for further

processing. [0243] Tracking Flags. [0244] According to

an aspect of the invention, several flags may be

defined for events that can be detected by a tracking

device or system (e.g., tracking system HOa of FIG 1)
rovi de mappi ng application 130 with information

I
iﬁ%ﬂ?b&@gmgp@yﬁm@ﬁﬁaess and deci si on- maki ng. Sone of
the flags that nay be defined and included in tracking

sudRhR R leRanfIW e OSH6 bikBehirs[ 0245] (1) Stair Flag. A stair
flag na¥ i ndi cate whether a tracking device or system

ﬂVéﬂéﬂ ﬁ@@¢%&ﬂ”§?ﬁﬁW§. It may also indicate if the

(R3S HAdiAE BirRaiich rhefgadé%f)ﬁ%@d FrBmAN- KRR et i HHOMRWRI L., compass)

~direction, 024§l 2) Stopped Flagé A.sto?ped flag may .

ifjitrig ihélétl?é/elrxﬂgtsﬂ’é? iBg I 1R RIHG R CRe dvicsys g ndhe dse of a 3-axis

mBdnRRPEEd (Ris@-in chhifindtiBf ith hshd ShahBbviab aREQD 1t iffd8mation. such as
criterion (or criteria) for what constitutes "stop

S " S ed’
ACRESFOBEICE FBY BNEZRYCRTD CAYPIYIER & NETY RPAEMS Blgba pstiaten quhfsqlrecuon
in@NSkhtedd/ BB BHRCER (1R abSthOTethen &M etrfi@3e PESR 3-axis magnetic field

determ ned may be included in the tracking dat a. PATENT
sep§op-dherdgyatieieargte may also peadisgtoghermrhine fdegp47] (3)

(0B B\BINe Bedite mnfdiaNat or flags may indicate whether a
tracking device or systemis in an elevator, and nma

. | d my
(024 Cygseonss prat bs Bd &7 obtaimyasy, piteh, gnd rof] gngles fghiydgvice from an initial

orfeh@MEH. Ot HEAYind Rnflel8&brd AY 88 ahdV. tol e MRABKing data as an angle
i npl enentation, the first step for detecting fl oor

regtFieipth BAVERR (b pasl 30clegrontmg” eorpRISEICEd gkl Hey westricted gyro angle
m8) BMAd HotPihlifE MidrRaddACarnkdNyornBA b arfiinGhe n%%ér]og Elms taken.

illustrate z-accel eration el evator signatures (
(03414 fxeigr Eeading Ifai@nddrier at i on sensor data for el evator

(024808 b¥steBRSHith YottCGlobeObhd delativd KeadifS d@ta, ShORRL HEyEbe fused to obtain a
obt ai ned whil e an el evator ascended one fl oor, and

fugipphadige pytinate, preeovaded so maRPieraaPicetiel B04er fyrher gregessing.

[00BY 9BMngURlLS. the el evator begins to come to a stop
retardationf. FIG 10B illustrates a signature

(08t dicredingsn feasasst ef the it ationes e diees Bredsdefped foppgnts that can

bSRRWRA Dyl d frikinRQRKicAbEHsAAWRWALEKIRE SRI! Al URFIGND to provide
novenment until the elevator begins to cone to a stop
mnPERAPRIe TN} 30 itiiniomanan & Speling aveieRts ap@jeciion-making. Some of
thé 88 M@ fhay bOURXBIHR iR 1udBY in@re8ITh N IRTarSndie bciindd
uency, such as approximately 1/1011 the step

fre | [ ; ,
/0?45é29e§1é¥-—]ﬂ92~a®p1t% Aige anavolRdisae svhsther ¢ traqkpzsdvicondesystem is
entO\RteBhESRASE 1Ptnad AbAGKEAD if0BY isefs Qfe 5SS B kRd 3 an upward or

el evator has been detected, the
downward direction.

[0246] (2) Stopped Flag. A stopped flag may indicate whether a tracking device or system has
stopped (e.g., its location has not changed). The criterion (or criteria) for what constitutes
“stopped” may be customized for different tracking applications, and the time since a “stopped”

event has been determined may be included in the tracking data.
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nunber of floors traversed, elevation hei ght change,

and/ or other data may be obtained by integrating the
wae@a/oemeer t he peaks to obtain velocity. The rel/vs8i008072378

may then be multiplied by the tinme in the elevator to

obtai n an approximati on of the distance traveled, in

ei ther the upward or downward direction. This distance

may then b e added to a "z-el evation" distance field

in the tracking data, or reported separately in an

ﬁjﬁyator report. [0251] FIG 1CC depicts a graph

r&pb@*&gg(gngsﬁgﬁgjt of a conputation of distance
traveled in an el evator by determ ning el evator

(08831 99) R1YvafdR @laFé ‘ﬁ’evﬁt%@ﬂ@s%’ay iR daRew IRURY 8 irkcing dvice or system is in
particular, Tusfrates four elevator rides
any ﬂm@r and pgy s, dlrwm@)of frayel fe Hriee-drldgwp) Klevators mezobc detected
byl WONU. OB one FpleRERatloh ORE it %l? ledrid0Retins TRBLE YR lb),(nele'vﬁors may
the elevator. As seen, the velocity (indicated by
comway dstecis thneledtor pifss) njtks BiUost the sane in al | f our

[0641?@‘{5@8 Theadpst ﬁl’ﬂ&@at@tkté%ba&gndn RARL Q@ﬁﬁuﬂé?'(@g & Qtures in z
hod di scussed above is proportional to the nu

acgflerptionspasor gaipder desetor aardionpe FEF P AtBistaiet eeigrasme a‘ﬁ@lned while

anf | QRor §8&AL e Db, InF PR Biek: | bcﬁk taﬁ:@ (Llplwalrd chelmonpgnd movement
added to the data'transmtted to conputer

unfibte elgyrier agips tagoapiola sé@t(reé%dails@ FE@ZQE]lllt(snytewvmﬁne obtained
wHikRR efeh 26k desdeRicdRBE ﬁg&nﬁld s‘h&%zé(ﬁl@gpeaf( hea E(N)%VVQ d am& Qf(])n) and
and/ or posture detected by the person outfitted wt
meyemertintikhhigleatoy beginsde caysioaniop éegrdatien.awl i ng,
r k

[OY@é I?f%%%ﬁ%%%'ﬁ%l%&% fgﬁyﬁaﬁgﬁ @{eéc[a\)glmng a very low frequency, such
as@ppreyepiclyddlOa i st disauaney Bhapbymgalew gase Slter. Th| s

[0?5?7;] @mPBAht %Fhsé}{ég orh @‘aﬁéﬁgu@etvicg nak sﬁ:%eéﬂee?e%atogﬂ% l?lerf‘g tected, the

ps assess the speed of the device Tf

numbgigof Rodrs Hgvaredi elaatipr h@lﬁ%tt changey a%d@rn@hqﬁeiﬁiac@ab be obtained by
mt%é‘rﬁﬁu@rﬂlp #%a BREP MY 9[32@(9 1 butah gngcnfyo The vglgcrllty é}/ @Mulgﬁhed by

trme can be included in the tracking data.
the e Bthedetatpato ohtfin piapproximition §f @e\ﬁis@@ceotravsgsté,tle githes the upward
or'd@WJr@ dirdch6n. tTlﬂQEl@thoQ%a%/QMQJe am¢$ a n?é’le@a%oh Ndi@ance field in the
hal | way. In addition, thé tine and di stance neasured
traghipg gat Ar waRtPd Sersfrtaly g glevatarersrich may be i ncl uded i n
[O‘tl’h? Fﬁ@h@c Iﬂct§ Q%apﬁ E=38 5\ tﬁg regllm 4ra u%ﬁgﬁtgtm%%%g{ang:a&a@eled in an
he tracking unit, this event hay be augnent ed
elwa@hbu riqt?ralslelrrﬁ @e@aﬁ gelecighandyisestraveled Buthe slewaierntiameisiaular, FIG.
1ocnfiaeRes foglnelewkggﬁg’ée (91601 db) nl@3(§ Q04 f@3RBETOT b ﬁoor two-floor,
i nvention, while conp utlgg ocation i nformation,
and joge-Rpeigraseitions eespectivglt iartheralyvainre Ak sedne the mequtraﬂe@cated by the

heﬁ%éﬂ\?&%h@gdﬁmbﬁ 601864 N\ asie 1RNORE Qagésd &ht RisBinGASRiR] in each case
i nput to mapping application 130. This is particularly

usgdlag Bpthod disaugssd abayewi PIRPYYiensk opesumbenaf fagrs agudrsd. Oace the

elév%r daleeh 1pd 198 rte%rhﬁﬁ)n 1@@8111;5&16% in the INU, it may be added to the data
dentification/interpolation of missing data segnents.
transnutted by the CSM to computer 120, and mapping application 130.

[0252] (4) Motion Type Flag. For personnel tracking, the type of motion and/or posture detected

by the person outfitted with the tracking device or system (e.g., crawling, walking, duck-
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In one inplenentation, the segnent data may be
i ncl uded as a segnent nunber for each tracking point.
wQ 0862108 gnal Strength Information. [0257] | NnPGYESMNE072378
that utilize signal strength fromvarious reference
stations and between nultiple tracking devices or
systens in a network, the signal strengths and/or
observations obtained after anal yzi ng these signal
strengths may be included in the tracking data. The
pashgnal strength fromthe reference stations may enable

AHIBBPHJILE RQDLI26AB1:95 130 to perform nore detail ed
pattern and signature natching to determ ne | ocation.

waluanga@l@mﬁg en.) ntap Be Bartw@)hgadtand Bﬁie&l\@ﬁﬂﬁe ltrac?@ﬂel dah, ct%l i£@fmd%bn adds
e te thelr realve3|gna
to §}¥wa ?f%f ﬂ’éﬂ% nﬂ@ifpﬁciaim aéseSf Bosmpd pfBnigi€uch as a
[OTR3TOR I aflEFigE, A ﬁa\gmdl&ﬁm& ThACK irtWing YIS 18418y s@aaﬁnﬁgb&eh @BRL straight
strengt hs abo%/e a threshol d tg@be defi ned and

for gL WY Of (18° e B 7S st By ackingdiary Bg indieatse Hiep if the

traflayg abse esyefembBneddots, WreRacdat ﬁé’rEHnHéHAQselanﬁS)Sﬂetlh Qinha(ll‘%ray In
l.ocat i on) estimate. As an_jllustrative exanp
addifiony, S YhRdSiAnpsmEieRd MRt Reechitch Saalgl?tatfm@agp%tnéwfed n
theC QD Th HeNGesdite |oNWaIhip dbdsorl @Rt Bikin @tfehedckid \(Mf 88ik ePBY may be
use a Wrel ess Personal  Area Network (WPA
AUGRGRR AT I BASpRIE SR 2RIt r acki ng syst ens. In such a
[OMPS@menHﬁBn Vil systems on each trackee may
PATENT Attorney Docket No. 053216 0373130
loﬁééﬁng@%g 19178 2inee e the dRRtiog: W&cewguteﬂg s inforggtieaetracking

devhibeeosé @Rl mt bRAIHE cafculhle® $8jebtblyShrol e REKRE and provide this data as
transm ssions nmay bhe recorded_in the fracki ng dat a.

mﬂub@éga}pp%ﬁﬁplﬁé%’el 3RF Tojsgheartioaiariy fepsis] %aﬁéste[neﬁzw@] 2yresggpes, and
makRAEER irRBSHetdRee 6 (@6l amml 6O R entifh Ja@RhRroNeb:E 8t ﬂn@ﬁﬁ% 429 segments.

friangul ate a trackee's | ocation may be nore use
In %ﬁ%%ﬁ@ntam% Seemepedafagay) hednehrded pgmhsegmeny .nru@loﬁg‘or cuch trackin
poﬁtructures may cause a signal to decay by differing
nount s dependi ng on building material (or other

[o‘fsglcf‘é’i"él)s”ﬁﬁ?ﬂf’ﬁgoﬁ"f‘mﬁ{’ff| cult to get an absolute

[ozrse) Rt §RRERI tRatb@IINE 81kl $lAAE Grod daSdud NBfereild SREHNR - ankl Metween
mﬁ gltl on, RSSI can £ uct uate due to reasons such as

frackiigs fvicet Phmstemstip a 1SRk Hhgetiensl strngls Apdpragspgations

ob@ied btdrtaBi1iAngh MBY sRBall R e afd it Qudsl abiht ka6 Bka. The signal
readings. [0261] One net hod to take advant age_ of

stregigtin Bpmcthe SrEerrs ationh may fadle mappiRg ABplSgne PO foopgrform more

det@ﬂ%ﬁ‘iﬁ@é’m bR SERAREEMAHIRY B dB@ﬂfmﬂé lotdtidg HR@Rhitichl 58 PEMnSE, between

atterns As an exa there nmay be [ ocati ons
tra?l‘ﬁncefféﬁlﬁFﬁ QﬂhS}'ﬁéenW?éar}’éw gFt@‘ﬁgP bygb?l@ﬁaflwlgqa]oﬁelﬁgﬂés when available.

[ozrsef EVeRARGEHRIahumb&Qe. B Otwos 6A MBI Stah £4esiRY sifHab §iAREEs above 2
However, the signal . stren%;hs fromone or nore

thri:sg?lglnéaﬁ((’k@ dﬁgqleﬁlt@d g 1y, (ﬂl?fé ugjpg flags. Adding a time-stamp may also

be of benefit when determining a position (or location) estimate. As an illustrative example, a
system that equips each trackee with a tracking system comprising an INU-CSM pair (and/or
other devices) may use a Wireless Personal Area Network (WPAN) to communicate between the

tracking systems. In such a system, the tracking systems on each trackee may ‘“hear”
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characteristic of a particular area and/or location in
the building. Accordingly, if a set of signa

wa@Ree/gtobs | s observed and recorded when a traPKPES1088/072378
at a given location {e.g., location "A") at a first
time tl, a simlar set of signal strengths may be
observed when the trackee revisits the sane | ocation
(i.e., location A) at a later tinme t2. Wile these
signal strengths may not facilitate location by

plfdr@ngul ation, they may reveal that the trackee is at

Adlo yﬁfﬁg@NJ,Q@@ﬁd@mgr time t2 as he or she was at tine
t 1 . [0262] FIGS. 1IA-I IB are exenplary depictions

tr@EmiEESs A EREMS sYsimsSndRt HERSs. Petitinh kel billes inter-trackee
sessi.on mh;reln a hardware device equipped with a

NS HORTARY e fegedeingtly tpckipgdafae  The trackee's

/olnﬁy AvRE Rl \RFCSIoNA SreAYh DEMr ed to receive
nsnrzflons frgg@a radi o Iocated at a reference

(o84 g Ronge Reom, QsSur S STl Wdicrebre T RSsy trackee’s

loéaﬁl@rmtialj] Be MRfr& LML BURRLM! whad ifRre R3BE of GRRH nE&lJ@/ sttuB@Rs may
assed(#hrough snoot hing al gorithns_to obta

cags[ee?bql@ab@t raYt BYogRferme gnpoup& dppendipg e Ryilding materlal (or other factors)

mikidy B reefitat kOB&, andatRblufedlelatidhsRib YeBiRh errg%cmh@tsﬁnéres%@th In
with a radio) nmay be utilized. [0263] FIG 5e icts

addioRESS] baéltf{uéwre Pucgrereprodtcias gohi Ssiretigre ﬁ@e Tevémwves such as

avéi@ Igg andFIRASEm S} &tﬂn@mneht@a:@tsedlrleykgmeamg@r a person
and down in a building (indoors).

O S s WeReE G5 S oSastls. Grrande drdking et from
ouRRbEREAEe IﬂoE@ﬂna.ﬁh@ﬂz)e RSSI Q?ﬁ sQ@br ﬁ@&hs)\/\ﬂé b€ e)ém%!%r thefd may be
ere

is moving._away fromthe re nce point,

logafipmHih g bf:}B‘ihﬁ% Wbera PIEPH g st drom) the BRCTeToR Bt exlsragouratly

byldkeant&f BERREE tHRQIgAAL strdsutisHRModebr Blof2 refeteBce bdits may be unique or
di st ance paraneter (RSSI_dist) (which is proportlona

cheraotefisEe 8he BArHTeT| arr@éra%/er 560%15%5)0 ¢ PRiing. pecopeigly. if g st of signal

strekeds bRl ACIRAFERrRE whbBEa HhdeKRAt ABNESIBMRY (5504 “A”) at a
reference point until the trackee reaches Turnln

firpsdimpettL. 2, siraitd St RE e SF@glepmarbe phaert sdatcadhe elifersvitit the same

lodafiéh (i@f, %c@fkﬁleApQﬂ Dater the 1br am@me&eés@ BigndlB¥cifhs’ BHChH Gtkilitate
i nsi de the bui i ng usin power transm Ssions

loqagionyby, tripngpl atlflezlezr]m%@aﬁre tf&éeplteﬁés % Hheranp lqsafqne fime 2 as he

me&gggdegmégr a person wal king a path (along a hallway)
a first reference poi nt (or base station)

o3y Fios. plrlécléﬁ AP ACPPISt IBITHOH TRk B Pty (mpgnares) acquired

QuBRE DRSSl IRF @D E Bar@Pdrd HeviRleqh AR withAlrhd&vas &8@Ehed to a trackee. The
placed at the opposite (or second) end of the

AR 1S dRFGYATq i VicR VRS CABlSIrStoTRRETVE (IERRBIESI A EN Bedipdgrated at a

refeRRficetpdiit (f QIRRCetiBR) MdSe rdebt@ i FISARGR tRALRP®ESFoint radio. RSSI
(RSSI dlst) can pbe seen to increase at one reference

regdgieh 12y Hin ba deveheough sponthipg Heprithighio qbtaihg siablg etation of the

RISeaChesnNBipRehthfonk ef plANGLoMefeRrhse pditsl (488 WithUW Adio) may be
around. The opposite trend

utilized.
[0263] FIG. 11A depicts an RSSI pattern recorded at a single reference point (e.g., a base

station) located outdoors for a person walking up and down a hallway in a building (indoors). A
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can then be noted. [0265] Proximty | Quadrant)
Signature hi FIG HB, at any given di stance when the
wrswb/oeioss curve for Refl is |ower than the cupeBUSIING/072378
Ref 2, the trackee is closer to the side (or half) of
the building where the first reference point is
| ocat ed. When the curve for Ref2 is |lower than the
curve for Refl , a trackee is closer to the side (or
hal f) of the building where the second reference point
. ocated. Accordingly, in a search and rescue

Pa
Atmngysb&petﬁprosg]m%l@per ation), a location or search
area nmay be narrowed to the appropriate side (or half)

d1§i’§nc$ Reraleict R .- didPR6%ked B RRSI WM GMRAbAL %m‘é‘my from the
four reference points (or base stations) are

refi§EsaTe PUMelP dhe SHERE FPint REppg Foist degndihen baek fotiadythe reference
pofrPUtAST G8kn i [FRG.ClI0S @t dibtiRe GRAMCRY BRYSItHR) A &NrofdRional to
which a trackee may be | ocated. Quadrant 1 nformation
digge prd inpigragly RESpetigRA IhESRar BRvare incegtus e sagkspgnoves away
ﬁo@rpfhe%ﬁ%c@ﬁﬁﬁta&dtﬂ) %) rackQ2€4ched MurinB&hint 1, and then decrease as the
i npl ementations, a nunber of reference points (or base
trag]fegtrptgﬂlg)to ﬁk*;yae@@nﬁeogqlptr &b Hangnisgiops wRE P gfceived wside the building

umﬂ% %@@&hﬁﬁgh¢§&@ké£nﬁyjoutS|de) of a building to
ore reveal portion of an established grid

/02(666%? 14B Hgpigs preRPIrmstersrocaigpdios 2 persen yalking ginath Kalepg 2 hallway)

twick AL fiTBMfcREcd QAL D RATHN) NFereyd m%&tcnﬁd@f a building, and
053216- 0373130 [0268] Headi ng (direction) nature .

a spepnprefenepse nopd (P drss vonk “Rehé” Elaw@éthbépms@e ieffopd) end of the

bult@hft 1 1ahewe t e RER kel infhvey BltWES e BR F@ér@néé%rﬁ@%c”@stance

(i ndicati that the trackee is noving toward
Parawatef H’essﬁzs%lt) @R S seeRltRBSTORTeR PIReTeferanaT PUits arrdgdecrease at the other,

unfill eliGak RAcHDBhe $MBe fFRGKE Boihi3, HRVHAGu AR uhd R opposite trend
Ref | such, the signature can indicate the

Cw@ﬂ?%%%?%ﬁ@l n which the trackee is proceeding in a

[03%3) MMuﬂy(@Qﬁﬁﬁ)VS1%nﬂ*@thWQ§B| A ahPEivEl GRBhceBlnek @&W@sm dist
ref erence points erefore, in the rlustration,

curg fiogr Refl +Sde\3ftréleﬁnttbe gUiee DREMR, e Rkt is claser tadle sge (m half) of the

buf#&ﬁ%%cvm@epe filaderehdhge {35@615 §Rated %&Cﬁ@ Q9 FNORED id BrvbiP@an the
0269] Location Signature. addi ti onal

CUE &eﬁr & eelge 1spinperde theide fp haktedd ﬂf@r'@ﬂﬂim @heip e sgeppd prderence

poﬂn@fsmkraﬁ:q tAQc@@m@yl @Q%Edr%arﬁ'r%@é Wis@on @ﬁhel operatlon) a location or
stabilization algorithns coupled with signature

seagigy %@tm%yrbem@tr%@éo FRE PR eI RS Sficist <91Hatf> ?fﬁhe @Qém val ues

[056?5}3]39 HefidpRAEN R wiln fRerefditdit Bng lenl;asél- s@{]tgls)-rk% 'oﬂgoned on
Point 3 |ocations are al nost identical

eaqhAf thesfour sides gf o Biilding (Agtsidg) ethpuplesest Wﬁéalﬁ@t’f?’é dhovaspdr Plealr which a
u'a&l&eg Endy MLl fEE S QLRRaRERhnthisSt nfY eERYaluabldl RriRg sgé?&}mé.rﬁ rescue

and '3 are at the exact sane |ocation - the end
““ﬁﬁ@sﬁﬁpﬂﬁﬂymﬁéﬂﬁ@ traversed toward Ref 2. Accordlngly,

[0569] o8t implementations, a number of reference points (or base stations) may be
positioned at a number of predetermined locations (outside) of a building to therefore reveal a
portion of an established grid (comprising 6 regions, 8 regions, efc.) in which a trackee may be

located.
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of reference points {e.g., base stations) placed
around a building (outside), the sane location results
wo poovloziosecor di ng of very simlar RSSI val ues BECT/URE08/072378

respective reference points {e.g., base stations), and
can be used to track personnel and/or assets inside a
bui I ding from outdoors wi thout pre-installing devices

or | eaving "breadcrunbs” (relays). [0270] Accordingly,

in various inplenentations, various types of signa
frength signatures may be noted and utilized for

iﬁ&ﬁgb&ﬂngqﬁgg§@§ﬂ3Jhe reference stations above have
been descri bed as being placed in outdoor |ocations.

[OEmjﬂeh&nx?@ﬂﬁHﬁﬁ) 'S‘on%ﬂé bﬁ ©1esi I'BatﬁieepofrtQ:rn %5 A&V before Turning

per sonnel ghters) to track without any

P‘i’lﬁtslt werahg Ewls@ftu@lqeh &P@&%@cmm&j (infipatimpthat the srackee is moving

toRaRIeRe2)t BES @herl@éﬁ T GHGREEP BB&SRéTPXnCIPe%s é gﬁ@ga’tﬁl@ tfl;iqhe trackee is
fire trucks and/ of other vehicles that drive U

mpyies teprtiraeBefe) Andrbrthqiigneres wp mfateaheodnelcmmg vﬁm;,ch “he trackee
isREERUMLIn: 2 TGy ARPHRRGhe POWREE tthSanngLtela‘Q)%Q'eference points.

i 'ndoor reference poi nts. Additionall for high-rise

Thyrefeye.fin fhedliystration, if Bpfﬁgsslogﬂtedgp thg @pit §Ref} fit mqyyoe}glgtemnned that the

trdR&f iMbrol RdiRk R6Rh EhERLNGE POints on a floor closer to
wher e personnel and/ or assets are being tracked.

. dpefdjeenelsigafusothifanayeanapiaed fgne FES. 11B may
b@ﬁm@m@las ean%cﬁ%pls@amrel RS amghzaﬁbmg&mt %%@gtnecf kx?rf?rsﬁmature

floors 20 and above It may use

degq%@emtbfdé i ddenpyi that shedks Vslé¢Seft€tHeHef§taa@Rﬁ@ of rmamnmg Point 1
anﬁel"u%mg H)lﬁtoj lc%Qr)onE Qfe ehl%B;t Q&enﬁ&m gr?gkbfi tﬁét Ea?\]-eENTa given point are

Att orney Docket No.: 6- 037 0271] Rangi ng
wirsse e defied ogical dioe F%ﬁ&cotsphﬁz&&ﬁl_w SWVes tM% Bgntg;lgpé pnare at the
P
exh& shIROSSn - te ABYr RELASGT UJ:n(alge tg{:v rex:gg:f tﬁw%ﬁ@(g@?aﬁx{g@{(’iﬁﬁ b v\?@r a set

and mapbui I di ng techni ques (
oftrefersaeccraintyi & & baselisebenshplasrdverduad attvélding dokiify, by seraeriocation
redults troRatesafnb Qmé}p%ﬂl{ddpksg%lu'epatttﬁkere &tlvg 'r&greﬁéé 111@ss(e g., base
for exanple, walls. In one inplenentation of
statiqpntridoren Hehised Tmfle<rknmr$0@ﬂel ragy ob essei tiside el bbt}dnwd&pmgoutdoors
wﬁ%ﬁﬁir@%séﬁﬂé BLScek Br lte%ot 1 AG K Hhs® Yréltafs'jm that are
EYOVI ded personnel and/or assets,” and by incl udi ng
02 740& Aa%&l%mglm ip Weriqup HeMpmetaiansa varieas tybes of sigval disengthssignatures may
belidRH tnd @cﬂg@@m B&kﬁmgrgup%éeg | Rt 180ncd s%ozs%lboﬁi@ L Qen described as
i nformation f structions may be obtaine
begngtgsedin qyléd@ﬁlgloeﬁﬂpma%ﬁutb@@ﬁs droeay bleais@rable f@lp@mq;gency personnel
(e§? e rcﬁters? fo Qgcﬂ%thgﬁtv én%%stall’%@rﬁ!/%&lb r’.ﬁslcﬁntge ‘Bélhdu?g aF(Brr}gese cases,

2@,%' ng data can hel P Fesol ve sone ard-to-d
th"ssé APICe Fotsapayhs placed oretba dpt Eickspns{dn @?hequhﬂ%Kbﬁé dfige up to an

méuﬁlen@scl%ﬁé | W@ Y: ﬂ@ceﬁoa%ﬁnd ROL,i18% P! %rsmingf FHY gfh%ach howev 1, may
(S| m | ar to ultrasonic Sensors ace on the sid

exieR@ toripdpok exderence peints gSdditionatlyt s highriise prsothay t@bbwdmgﬁ@rsﬁtrucmres
it ﬁ&fay é"@seﬁﬁ {%th&% rbBdh&aHolibot] ARE cgﬁer Q?@Béry B%ﬂé §1 a{ﬂﬁ%r assets are

uggest that the trackee is in a
bemﬂwkeér thr@%@, 08 mSFETPQTRersoRngt SCPWpc‘alneée meﬁ@nnel A deployed in a

high rise on higher floors (e.g., floors 20 and above), it may be useful to place these reference

points on a selected staging floor (e.g., floor 20) for better connectivity.
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presence of obstructions further away may suggest that
the trackee is in a roomor other simlarly-sized
wGep@em21088 | ack of obstructions in acquired ranpCTySzas/er237s

may suggest that the trackee is in a |large room or

open space (e.g., a gymasium on a warehouse fl oor,
exhibit hall, |obby, etc.). [0274] Error Estimation

and Reliabilities. [0275] Data froma tracking system

may have varying accuracy at different times. The

trackl ng systemmay therefore, in one inplenentation,

Ado;]@yggemgsosﬁgdg;ﬁgoe of the maxi mum possible error of
data to enabl e mappi ng application 130 to better

[02&1]Raﬁﬁn%bﬁm?%ﬁ«f)bsm%ﬁzseffOfS may, for instance, be
repr esen "“reliabilities" such as, for exanple, a

/0%76&1’3’\5:@@ 2 tigpfingiyBtEm s ingpors itanay beigestul ferrbogit the map-matching and map-
buil@igé @éﬂ]ﬂﬁaes '(M&r%& hifl getglp\%l@@}:féra@&%s hihe uﬁm ﬁoxlz Fardhe tracking

t he conpass angle is reported
swt%rlﬁ|la<rate§y%@1@r@strwaszm5nﬁm@n@md@g Beh fag,, foamamalm iighs. In one

n:nﬁﬁfﬁ%htgt%n%f rt}ﬁrm\';éﬁﬂoﬂ: %Pﬁnfo?‘lﬁatﬁ)g%y%%mln@&s bgg (ﬁﬁg Bhging sensors to
estimation data. [0276] Trackee Type.

the taacking svstans |teatrats PEEVIdSH & persaane] grsigor @$>cqs,raaé ke eacmwgalhegbta in the
trapl\em%]&% HAGHrbNdd R oh (REKD Pr&pﬂﬁ'& éf)tphpau@ﬂ] ahl e pr zg essi ng

methods to custom ze nethods to the trackee. ' ‘
[03BERpesing plovpetiod, framy geskuetioPATENTDe Aberhdyr Oooiplet upleg ultrasonic

2
se&@é ljdgrso T%n?b]égsoﬁa& ME\%&@ Aﬁqglpzuﬁg( Iaf?magﬂg’;r?ngb%e&ahao(fan help

assets. e of trackee may be used t
resplye é%mah@ﬁﬂ‘d%@h senagion sushtap der gremelevhether rirvekve intin efhallway or

rod) chErreé ? fonlsggsa% 681;[ YlBeco gftraldh?c%'éﬁs@& n@%eﬂ oﬁrﬂﬁje sm%es oﬁthe trackee,

Char acteri sti cs. In one inp tion
regdinge Atomothe SP%erStCrna‘@ﬂkh ﬁléesd@ft the rtmskebenckﬁ@tnag plosk by obatmetions may

suégsﬁrtﬂdt Fhe t%éﬁée‘%MQHHMa? d R4 il s FERl aFJ gs%f‘o?ﬁ iarrlc}é\:l(}:l&%dlcate the

lowmng illustrative nd nonl i mting I ng
pregeica of orbgictionsofghyr ey ERSsUBaesh thatdle egkpe iisén a room or other

smhﬁh&tsfig@ spalcémgx fabder o@?@ctloﬁg b Q‘{?g{recd I%H&IHG d%ta }_I?Jyl ilgpés? hat the

4t on of Precision (H mber of Sat el
tla@l%@? & injatlarge Fagiedr open e qu @rﬂymmrﬁerm datavarglpagfoof, 2yhibit hall,
lob¥y, e¥.). 2D tracking information relative to a start
0| nt based on headings fromthe gyro. [0282] (3)
[0274bError Fxtanaianpsed Rejtabilities. r s count ed whi | e tracki ng,

0]
B B L oS g i
y

symmaztf@@f%sa in me i ment@tmnsmﬁa@e iiesstimpteaiithd weghum possible error

of its data to enable mapping application 130 to better utilize the data. These errors may, for
instance, be represented as “reliabilities” such as, for example, a compass reliability, with a
number (or other indicator) indicating how accurate the compass is at the time that the compass
angle is reported. For inertial systems, maximum angular drift, and maximum scaling error may
comprise some examples of error estimation data.

[0276] Trackee Type.

[0277] In various implementations, the type of trackee may also be included in the tracking data

to enable processing methods to customize methods to the trackee. As previously noted, trackees
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(e.g., not bound to 360). [0284] (5) Conpass angl e:
The absol ute headi ng predicted by the conpass. [0285]

W@ 8)oooowpass Reliability : A nunber, for exanpP@r/US2008/072378
between 0 and 127 (or w thin another range),
i ndi cating how accurate the conpass is estimated to be
after analyzing nmagnetic field characteristics. [0286]
(7) Fusion angle : A heading estinmate after conbining
conpass_angl e with gyro_angle. [0287] (8) Fusion

P':ﬁ%] iability : A nunber, for exanple, between -64 and

el ek ER 1 2R ReET range) i ndi cating how accurate
the fusion angle is estimated to be after anal yzing

mégodl‘iﬁrrmgﬁ% Yk AAE efsHSlePBr LB aﬁ{eec?% 5ﬂtﬁl§kee [I%Scﬁ]us&?ao establish

nt No: The current segnment nu for thé path
m\ﬁmnéf?rP%V@ﬁ%ﬁ{asg%@ﬁhwwmﬁmwéthe@?@@ﬁ ed by the

[oinﬁv}pea}fm&@matd&%&%r&ae%ﬁal | Flag: A flag

indicating that a trackee is going straight and may be
10374 b pefl ivdgmenfagonof teripyention. ity dgeking datmgay riyi eiaiiqdgfrom an
In&ha’flt Sydtehd SRR dl ®ithh WHY Rebrmbita With (Ao Riihd ’iﬂu@gatw@ (and non-
i ndi catl ng the a trackee I's not noving.
1’“9%@?“ afeBEPEys © Flags indicating if a trackee | S
[OHOP '@[@ Iiaﬁé' By QOmBA&KIati@le, UBKOd .G RALENE ﬁl‘éltl QS Hfo¥izontal
No.: 053216-0373130 in any number of other
le'églt %ifrPéchSanszI@ﬂP) IymEereof saiplliterrasielhicisignal frengths or other data.
[ozmy%mtx ON 20t RRKG e aRen QL RS LeR m/ st‘%d Q)grﬁam?gq from the
with one or nore of the follow ng: 8
g%%dder Fl ag: A flag indicating that a trackee IS using
[mz} @9% i&%ﬁlbel( 8 stﬁksemhe& R tracklnd lifderh O &AL stair,
trackee is using an elevator. [0296] (3)
de‘EFfé"?PéSt%’fDdﬁwanséaéf A distance traveled by a trackee in
05397 & e%ad %%1 [BR%LatitHheading ipsdiRReyy hESLITRE d
! dI]S@P acenen < from éal% [ nelat |nap el evatyl tonsylée,lls ti rrg?gy bk?yu]meStnCte
(egh‘é)t§9‘§ldé‘?ﬁ6o[’b298] (S) Maximumerrors : Maxi mum

om BbEipAE ahHDIHR b Rlute AN SNGMERE bEHE Bmhsd NG sensor
£ js@s?méLns"’_'aTstar?ceutteraveylﬂe}t;ya ttotaﬂlrotug%l on, etc.

1075550 Fomagss sbenba TR g VEY o1oc el ®7((er within another

rarﬁte}h ﬁfd)caﬁﬂ/goﬁrcw §é&&|3teat§e Q%}Lax% &' i aDPio WU M ﬂ{zﬂ%’ magnetic field
running, etc, for personnel. [0300] (7) Signa

chatpgicsiseshs : Long and short range radi o signal .

[o@kf G0k ghdtsh &fggm%@&m@&%yte E8EREERGRS cAths O LRGE WP Blxb Single.

ystem
[0287] (8) Fus1on Rehablhtv A number, for example, between -64 and 63 (or within another

range), indicating how accurate the fusion angle is estimated to be after analyzing compass, gyro
and fusion characteristics.

[0288] (9) SegmentNo: The current segment number for the path which increments when a turn
is detected by the Inertial System.

[0289] (10) HallFlag: A flag indicating that a trackee is going straight and may be in a hallway.

[0290] (11) TumFlag: A flag indicating that a trackee is turning.
[0291] (12) StillFlag: A Flag indicating the a trackee is not moving.
[0292] (13) PostureFlags: Flags indicating if a trackee is crawling, lying on back, or upright, or
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[0301] Inputting Tracking Data into Mapping

Application 130 [0302] As previously noted, nmapping
wappbiozats on 130 may receive tracki ng data (i nPemus1008072378

to other types of data) as input. [0303] In one

i npl enentation, the tracking data may conprise data

acquired in real-tine (e.g., one or nore tracking

poi nts may be provided with eveiy new update) while

personnel and/or assets are outfitted with tracking
pasystems (e.g., HGa, 100b, ...100n) (FIG 1) and are

A“,%hngdggm;%gagqﬁnhﬁ real -time applications where data
is being transmtted to conputer 120, and limted

in BAMRWLEL T ofhr P¥RELabl e, a tracking system may perform
smart buffering if and when it goes out of range of
[0208hf ane imnlementation phige HiypRien. thf fopqeaiag infgrmabemmay hescompined with

-Oné@ﬁgﬁeggh§§mgwm@en t he connecti on between the tracking
em and conputer 120 is re-established, the

/0~t9F]a@P<L@E§1—‘3FA}@%t Arflaginfiopting thatp tragkeg isuse afaddtie smart

0299f 26 EicD8oUEHA B8g inliRAtir@MBIR ifoke QR Yint REciStpEt and end
[ j(?§j%TQ§5% se%ﬁ%ntul[ 1] Fn gﬁnélt%rnatlve

9%@%5@&&@&%&& tPh‘%}St?IrCéé‘RYellf‘& by atrackenip woyricse
(0205 LM Zld%ka}ﬁc@@%-ﬂlaﬁ&iddl%ﬁg@}nénh Bbm TR Yni DL ¥ B¥h gs@i%a%e@ by the system.

_P@In application 130 for post-processing. The
10298 k&g@%—m mymgrosHble Gesling wrrern avd ppeytag €ITarRing sensor

lim@htidnd &ﬁ&c@&a%ﬁﬂ%ﬁ%ﬁﬁé}ﬁ% (1803 180b, ...180n)
or PATENT At torney Docket No.: 053216- 0373130 ot her

[0289)(6x Bestallag May indicaiserosiuroyer el ivbes atstops billyherawling, duck-
wakHIPHhEhg Je?ﬂokmggr%gg] In some inplenmentations,

tracki ng data e information and trackee type data

(0398 Tb s ieb dhenstiso L opa afbet S Heds horab STewtE | Figs, stationary

ref@Encl HalotHeF hﬁ)ﬁi(e‘tﬁlé %hé@&%ng appl i cation 130, thus
custom zi ng nmap appl'ication 130 to the tracking

10344k %vpaﬁaa 4 Wé?kllng é@!‘é’e’étﬂ Mpppinstpplesser é8 i on 130 may al so

0308 KYSABEEEb LD malAh ARBR1EE Al O Sive 9398 dald
DO R ke AT 6585 i hokihnyedion

Omééﬁ@Fﬂﬁﬂﬂﬁﬁsﬁwu%he various types of data {e.g.
[03@%}‘ TnGink %ﬂ%@lt@ﬁg the %Q&id?vgiaﬁ%@y) colhﬂ)ﬁge E%PEH 0d in real-time (e.g.

plication 130 may receive as i nput, an overV|em10f
ong pempis fagiieg PER W@th‘?tﬂl@‘h‘éedd’r’lthmﬁm PR BRSigIc) cvhilf oFrsampel and/or

ass¥k late S\RM¥dACH Y g)fdkﬂa%dsystglgsgﬁ% b’ﬁﬁp'l(ﬁﬁ apl@bﬁ)C@*tIGoﬂ ndCare being

may enable a w de vari et features and functi‘ons.
mopitorefpy In fegi-tig gplications e@@iwéatms baapey transmiftedj ta goapueter 120, and

limitQd bR isTREGible! AEKEES syl ﬂi}p}%ﬂﬁ)ﬁn gﬂﬁx@ bﬁff&HLQF &nd when it
tracking estimates for each trackee. Map

goeg 9Pt af &aner ohronpotenta?. Alcthe wieber of teackspe poveip ysz@cnlg:ae esend when the

corlnE @k bBGedpha oaithoUSia aftl Sipher ‘PfO NBPR A He® AhStricRing system
make corrections to the tracki ng dat a.
may transmit results of the smart buffering such as, for example, only the start and end points of

each segment.
[0304] In an alternative implementation, the tracking data may comprise previously-acquired
data that may be provided to mapping application 130 for post-processing. The tracking data

may be stored locally on computer 120, or in one or more databases (180a, 180b, ...180n) or
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Addi tionally, mapping application 130 may further use
information from buil ding data, when available, to
wendvaozwet he tracking estinmates. [0309] Accor dPEUSIHOK072378

aspect of the invention, and with reference to the
exenplary flowchart of FIG 12, the various mapping

nmet hods enabl ed by mappi ng application 130 may be

broadly differentiated as indoor tracking nethods or

out door tracking nmethods. Some nethods may, however,

be used for both indoor and outdoor tracking. [0310]

‘% m?B &ﬁPHﬁﬁﬁBBéﬁﬁ@n the indoor tracking nethods may

e use to generate tracking estimates for trackees,

ot}ﬂ\é}%ﬁréog qg’v‘i’cre§ (in Qﬁerzt% 'c&ﬂm&ﬁ%m‘?{;vxtﬁ‘ kémﬁlftertl hg. avail abl e

I ndoor tracking data. This may be perforned using
[03@x & s9me ppienaagptionsn E@étne dadyer infosnetoptand Sigekep ftype dets may be
ust«:éi apict ?&arﬂ&éx% %@Aold%n%ﬁlos %?%ﬁfels critBHORY ﬁlaf)ﬁng appllmﬁﬂ 130, thus
'Tmtations nmay osed by the structure
C%@nmzengrﬂgappmg@@@hc‘@tlwg r%do e t@sbee flaty and; the trpcrkve rMap@mg application
130798 s0 bE @&‘s’fdnﬂ&d"fﬁtda%% aﬁﬁ%aﬂl&g' ude, anong others,

sensor fusion nethods, bui | di ng net hods, and nap

ﬂﬁ@ﬂdHrngwhﬂﬂﬂHG%Aquﬁﬁﬂm? KERKEEWr acki ng dat a
] k ~ / t I o T
IRTBIRE SO RO 08800 O UGG 5, i o o
triclyag dpta) thatr la@kmwpelsqanmt Hsmapntped pniFaiseutda evervigw of the features
an'd rﬁg{c{lbr@lof 1:n 11&1%51{ mtv%ﬁ néd) @e éllogi'a@d based tracking
est | mat es) g application 130 may fuse t hePATENT

(0248 Hampipg Emdll%ettonl\hé may) §RbleE-v0d731i8 of feptares prdbiuactivpn gl may, for
xhfe klleeevee&t ﬁlgﬁttecm {Hi% GRbnb @ FRELHAREL é}ldeprwe@ nt accurate

I ndi vi dual mat es process is referred
traglsing eiimates @ eedy trackes (MﬁPPlSé nm@ncatfoaéﬁ@ mamwfmdélnmanalyzmc’ the
C Lo o
D B P e Ll Pl el bR G A0E, BRRRGR @éthg Acping dua
Adritipopllyimappigy apisatsinel 39fmay @eh@mse inﬁ@m@ﬁomﬁmdmﬂ igg data, when
avla lelb}ésiore%énge B uhdiig Ldner ei n tracki ng data may be
fused th conmpass ‘data (if available) and building
[03HY diceqr ﬂlnatpaanl aitsicedf thegnesotiere end widard ferrgeq ‘ortheotaplpry flowchart of
FIE' ﬁ@rtﬁe lVEhO%S trﬂa@gﬁlr R Qnabl-gﬁ %y%%%ﬁgsipﬂgcam lf(?ﬁl%l e broadly
In buil corrections, conpri se
dlfffrrarémeﬁ gis dedogr @Pfésplesm%thngr@e@uftdm backidg mytk@d$ d§omp agthods may,
hof\xf%’?é' ﬂyueed(fer Shih mgsarqn&&mo%%& gegment s and/ or
hapes). The out put sensor fusion nethods may be
[%@ééln ame mopldmeatatipn, ah«mﬁ@pr dracliing methodsy mepir by hepd do generate tracking
esti AR for RO r@ﬂenhhﬂo'o@' fuﬁﬂg é&ﬁe JraR oFBt %mlﬁgle %tomga%kmg data.
as descri bed herein. e vaf | ous processi ng operations
Thie pria i tbe dperforme ersing cgmm%rttacleﬁg Fencepts] dndigrecogespisr sppafic fntracking
pe&%ﬁ"f@:{ gﬁd/&egséclté mﬁ&{rg erk Tﬁ%% 1%&%51#3%% eP ﬁﬁ tsédo&sthg%}{ume of a
acconpl i shed usi ng one or a e
budém))o Heaerding ésary asprstiof the igesntipn, Heilb@t\ﬁeaclan@l melihndsemrvenclude among
otl_lle%) ge‘:ﬁ?@%s"f‘&ﬂ & Bods Hdp'Y e‘aﬂl&ngﬂ%ﬁé ' &ﬁ%namat%ggﬁ,!tﬁogg med

ferent sequen
[0311] When the tracking data comprises tracking estimates, and/or tracking information from

multiple sources or techniques (e.g., inertial tracking estimates and compass data, or inertial

tracking estimates and signal-based tracking estimates), mapping application 130 may fuse the
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i npl enent ati ons, additional operations may be
perfornmed along with sonme or all of the operations
wa@bawr2ions FI G 13. I n yet other inplenentati onBCT/OR®0L072378

nore operations may be perforned sinultaneously.

Accordingly, the operations as illustrated (and

described in greater detail below are exenplary in

nature and, as such, should not be viewed as limting.

[0313] According to an aspect of the invention, nap
|Id| ng net hods may include nethods that can generate

A‘:{O@@% HE8S N N34:98 03hAasdmar ks of a buil di ng using sections
of tracking data, and then use these features to match

da@d"ﬁiltoCQ §15§9 ‘%ra&&ﬁl’eéstlfi% tirScal foe kRS ch@xgtedtﬁir?the MBidual estimates.
ng may incl ude generation and mat chi ng
Tfﬂweﬁqswa?fplﬁdetg hgrginige penserfutione Jentre fsemangthagds gay gl aespunt for

1o£1eﬁlhﬁfﬂtaﬂmhﬁﬁ>§edt{yQﬁeléﬂucﬁ%@a%mnot0 an aspect of the
I nvention, map matchi ng nmet hods may i ncl ude nethods

lofk?thndBvSFrémvgt(@dtmé limyitinek progoiecaf 4 sersondhBommetbed iy plBistrated in FIG.

13t RBeRi thaliRY dath Yoy &% GHIRE Gvith R AL ragtadﬁta@aﬁ%) L AGHIRY data (if
data may be received as inputs, and bujlding features

avaihled Pt icicpding €% ofhsy dreTsuia traglkige peih Hhsrrsoesssingemay result in

bRk loBiE ¥oRdctibiie Wmfcﬁﬂﬁec%n{pﬁgﬁéC%O%{aashaﬂeg R8Nk 16 Whlding erids
the tTaj ector personnél and/or assets in a

wlpaufwaﬁbwge ﬁagn%@mei:thd tegrentnendion shaney ek puguingf sersert fyviesmethods
mé)nbé fed By lrdhinehc B Qsti%ﬁteh 8t bﬁﬁ@ﬁﬂ@d asStnie§ W LSy building and/or map
| evators, etc. Wile tracking per sonne and/ or assets
mqt?h%me@lmiﬁgg\s desprebed rheedial. nd halateEoYspressigy oprsativat dhidgied in the
AdwRhEDNEMEIT. 93t BScritRd il §repidt hdhiD Qer&g Tl{bcéie%é&-?o%d to?&atlons may be
posi ti onPATENT Attorney Docket No.: 053216-0373
acequenlishedysiag ePmee] b of e dysim gospevetstdseeribed iprdstall Abrse enl, in some
1ml[oﬁnk9t§t1cfﬁ§t bﬁgﬁs %ﬁ@x%dn@ 1981 3k rbe}fﬁl%‘lehrﬁc&'ffggng '%:‘éq%ences In other
Inertial Systens, for "exanple, can provid
imglegtepipticne c edddosalr eneatiowe may disk Priprdied aloss peidi ammy op\edr of the

opeR@bds REEH AeIRf 3t 'Irr@ct Jtlﬂ:@ E{)l@lﬁ]ﬂﬁ%ﬂl@ MRe RNEY %ﬁerat%? may be
subj ect to inertial I xors in calculating t

petfpmseétswltawrlﬂxcés@%dwu th arseasioncselustated dandi ch:gmbed in greater

deaarb@ms %\%xermary %qm;eoanarhg WA skl hbe be Hliwed GaHSRRg t hE
cal culated trajectory to drift away fromits true

[0315¢ dcradingieamsansd A ¢Peovention, map by drrdvnay gpslvdg methods that

cag gédeg’l'tenlgatur@@e;nﬁr of Bin BN kh&{ aﬁ)u%h%sﬁ}ﬁl s%ctiolﬂgofq{ arcﬁ'flo géf? aB(pthen use
rift. Unlike outdoors, mnost | di ngs have feWw

ﬂl?‘é &epfuresrie mgfrkraad cerrrgt gfb?raﬁe@wns Bévwkmardetap d4ai Ipfilding snag Hnclude

oeﬁéatnﬁlahmxﬁhmé AMSORAIRRT By walH t&%ﬁbt@ﬁ)ﬁ%ﬁoﬁ“ serds@F fuﬁ@&ﬁethods
hal | way, theré are only two general headi ngs at which

(0316 AReingp FagPbise of avievester. (b opripbiEsn b by, include metbods
thdVRESdM D Be Bakido@aBN KRR Te AQEL B G BhiLhifg, aFJ}%L(Juﬂﬂé/ bm?&{ng data and

reduce scaling errors accunul ated over tine,
tragkipgfiaiamey bargeaived asiinpyte, and bsllgle franges and §ha§m§¢nsﬁf§ may be utilized

to %ﬁb&é’\@{; hc%ura@} &MEd ﬁ%§1de@@§ékﬁ§ Qi aﬁ.rpﬁétuﬁfa? thd Baj EU?&'E/ of personnel
cases e on
and/or assets in a bu11d1n>g/ may be hnuted and characterized by features in the building such as

hallways, stairwells, elevators, efc. While tracking personnel and/or assets in buildings, the

tracking data input may be matched to known features in the building to increase the position
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change floors inside a building. Oher floor changes
may al so be caused by accidental falling through

wo b@osi06hi ch can be sensed and detected in i neCT/U82008/072378
systens. In all regular cases, the change in elevation
may be detected and matched to the correspondi ng
features serving an accurate estimtion of the current
position, and elimnation of currently accumnul ated
positional errors. [0317] Signal-based |ocation
technologles such as GPS, AGPS, W-Fi or RF signa
’t‘fE;j ﬂ&wtﬁgjog% «g&nfﬁognat ure matching, are typically
c y

acteri ze y Tocal inaccuracies rather than by
acg\frg Fandl HéMn@/to ! Qfkov 5&1 Qmﬁg%trny&l'é In%'fh%dmgd &)%% ﬁx}the racking
rials can cause t ocation estimate to
dafar omits actual positi on sonetinmes by a si gnl ficant
g | di t .
(ST ERGE - MeADOOE Bu | G L RBHIRS RS Bllye i au
espefqially @se Sé@lé weaede of tiawski Ingfldaﬁyaemadﬁwm%dmctsum@e to lnertlal drift.
e A o R PR R SRR s i opamcter may lend o
angler duifh| Than daus¢Sgihalcalb@lstefilj Uws@en@ drily abey fremdits gugridcation and
agcurale n
et s R DOE KLt A LB RS, Bl TR Sbibll b0 e o
drigli divdike prridaos, dastduildngs hagmiewecatidns yderegong sttiaight, pathis @re possible,

su%ir ggﬁgg%??ﬁveﬂé §u;§%1do§&§ VS\E% ﬁ%a&]%aﬂévﬁg tﬁeg% %%%nig Yo general
hegrbiges o iwhatibnige Sallweyi ronsmffmed-\t(ﬂ@rm&ylemhk Matdliing: a stralght path
15 R 15 e SO LA gy TR o
driftat her |imited, hovvever the use of building features

[0§1(3] F ﬂr&aﬁ%gh Eﬁs@ M?lw ?engtﬂgf ntdre?%ﬂtcﬂgalgaﬂq% Xasps, hlégoﬁg/ way to

even GOr plans o ing are no aval
chyrige tlleers| ingidet 4 byildofg. Dthet dparghingat meeslsabe castd hy aicidehdlefalling

thxggjhoﬁ&tpéggi’ch & Xe U dbﬁd%gegt%& %gmléﬁla %/s{e[}]?u%mlrjaﬁlgx@gtﬂgr cases, the

at a can |ater be Use or matc
Chmgaemelﬁgat@at may Whidereqtepadguinhtdied fortie h@desyémdingefchmjeq s@ying an
- r oIS »
520 B L LA K0S SRR QL ORERL AU oo
empysacked i n a buil di ng whose fl oor plans are not
PSRy RSN AR A0, 0 48 i i
or sepatiys wethiey, ek tmialiodetaetrized e bicalt inmsumabicd sithesitheg by error

acﬁ%&ﬁ‘g.})ﬁ[:?%a{negﬁsnﬁaﬁné QrﬁlagthF nna)?e%H I‘@B %§usgfthé [o%?tk%gee%ﬁmate to be

(@]

. IS an exerrp tration o
ifiol itspctublpositipr. semtimsb bidd ﬂgniﬁmddrataﬂcs Gsig theblolding features to

m Jhaﬂeﬁﬁge% ac?cﬁratﬁac AWlra & lh\é% ﬁ% ?%%e lgsgra% ﬂg %raaqno data, and

al I'way, " pol ygon 20 represent arge
predist thg eefual path Zken WsdnkOhapriegeldsemt nep anvigeiohs, an d

[0399} ?‘xqglanéléla%poﬂtﬁggde%efﬂ;ir?g #Altial and signal-based systems may be used to make

highly accurate position estimates by mostly following inertial data in the short term, and using
accurate signal-based data to align the global position. The signal-based predictions may also be

used to aualifv or disqualify solutions when multiple map matching or map building solutions
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el evator. The | ong dashed |ine 1460 depicts a straight

path fromthe end of the | argest room (represented by
w@oeioggoned420) to the room on the opposite sideCcDiUS100€072378

hal | way. The di agonal dashed line 1470 |ine indicates

the | ongest path feasible inside the |argest room

(represented by pol ygon 1420), and the dashed |ine

1480 shows a horizontal path running parallel to the

hal | way through nultiple roons. [0321] According to an

aﬁgect of the invention, if the |ocations of the

k.9 n marks are known, they can be used
e progﬁgﬁ{?ggnc and | ogi cal deci si ons about t he

méE&@m%Q@é&&Qﬂm%ﬁdthe trajectory of a trackee. The

'way provides the |ongest straight path feasible in

[0344’! $hogurat agpilaklighdvascusste tfleer planst & dathgrnlamitedl] howejes ghe use of
I Vi fs

buﬁdlﬂg}"thuﬁts téaingll%se q}é%%cdf%? 6}? %&m%zda{a_lsi_rﬁagl% u #&eﬂf%hﬁplans of the
busldleg ﬁ@a@t Wéabém éf%ft alpcative op hwhlgnou mlresmre dotayal ab forehand, they
Ty]’o%%gtectl(f' J&g ti]14§£a\mgtdlaﬁy an@rccem a%s Be J#e!f ?Aryna%l‘]ﬁwtfghne tracking data.

rniture and other obstacles in the roons. Therefore,
This mgp pyildingeaecthaddoetesmaquakeands quit sffdctlmfm pleanrias vdwerein multiple
penbénel %Qﬁ 'aggts meﬁg Sﬁilﬁltlt%eg{ly}eg%tkgd B%r}%ﬁldﬁl? t\xﬁxgge fﬁ)%?@l%hdare not

ot her 'S Co ned wt
aV?lbiMGabT]ee hiéf@ﬂil Qfgth¢ hiddipga tand rihariogativar efofsatareh coet poptairwells and
|6 [ 0
haffSbi TR ol Gerd D o h Lt WP AR ekl gt the location
estiritsest tpgkees. 053216- 0373130 or det ect ed al one, may hel p
f t
[ojzb};rggaq gtﬁelggxé %ltﬁén‘ﬁﬁ;ry g@gg{,tega&flagﬁhtﬂglné f% 139%%}% findhrks and
indopp i etoriFa S s BROWN p%}’@ﬂﬂél@/gmsem&dlaﬂw\&y, S?PJGZEWV\E‘!AIO represents the

largés@\f&rrr? a]lol}k’%nsd?lue@t PQO} gcgvlrésgrﬁcs}fa%gs Egy #8%%@ %‘1‘4@0 re resents an

430 or ygon reov
eleﬁ@@%ug@ 1[511 aSlI!@'Fl linel 1460 dapiets atskraight| oty frph alre efd aftthe Qrggtst room

(re&e%ged% ﬂoﬂ%op WdO? 'ton@? [r(],;oli]r? ot Fh%%lﬁﬁc%n?@% gf q}g &Sfl\@ﬁfv el“k}eth‘?agonal

| oor ouatl oor E ygon
dashed hied 140 dige irglicates & longest apth dseis lbleu issidgcthelargsst room :ﬂl@me@nted by

O ’t’O .
DRI ko 164 K81 RSB B
tm@@ﬁ“ﬁﬁﬂﬁﬁﬂwﬁ$lkely scenarlo exited through a w ndow.

[Ogéqf A@Jo'r&ﬁ‘gsto aE é%f @tgn)ﬂvllf e 10%9&4?5 @Ftlhje E%Yén{égtloned landmarks

t hrough a mnn unpi ng or c¢
arq @é%rthqyoaan be tﬁed @etvéfe p@@abﬂme a:schlogleﬁtdecpmmtabms thetvaie locauon of

thd tpa?ecﬁ)?y mﬁ@r}ra@@él ﬁlerhgflww&w? ymgnoteﬂ%uggﬂ{;ﬂgﬁrféagl?bgézﬁlﬂﬁuldmg

| or l'e 1 ndoors o oor Wt hout e
as Fh‘i’“@l’f’é thengsitiedriing kil 7.0 sorefag eraishbddeinnige beleey iegenfieed within the
wilBE §’go‘ﬁ"'1ﬁfb features in the building, certain

eg ocessing may be perforned on the tracking path
[05 aF Thaugh &g peypy argfleagibier welk escthe Petbhindicatek bielifrg <1460, 1470, 1480),

egga?? l:egpgke@)ﬁhﬁ {o%rnﬁt[u%] 8 to‘t"rfeﬂ)bsmlegl?n Fﬁayro&gmher%?oré I}F a trackee
traverses across this floor plan once, his location may be determined to be at either one end of

the hallway or the other. This combined with any reliable heading information may narrow a

location estimate to a single location with some error. In addition, events following these paths,
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the case of post-processing, or a current set of

tracking points in the case of real-tine tracking.
wEawb/otree ki ng poi nt conprising the tracki ng detBURENYS/072378

have an associated tine-stanp, t, and each tracking

poi nt may include values for sonme or all of the toe

ki ng data di scussed in detail above. [0325] According

to an aspect of the invention, various preprocessing

steps may be sel ected dependi ng on the subsequent set

of nmethods that will be applied to the data such as,

ﬁ%ﬁeyﬁ&%ﬁﬁm%ssﬁ&ﬂ?& ching and/or map buil di ng net hods.

These preprocessing steps may either be performed as

or%‘é@&é@&l@ne%%pﬁaf u&ﬁéd‘f‘a@el?&é%&%the @Hcat%n'yf' ke AABRYS ten Webdlor event is
one or nore map mat ching and/ or map buildi

detasteomsthis Appliding dh%lrrpcgkee ot éﬁhled@bgpmg4 éﬁ)§tanm§ﬁg baversal is

dRRa BN tx‘i@l&% %‘sm v&lﬁ&uﬁ%&%ﬂ@oﬂ Y438 of forfddqWaari or to .
Né@& i ng. Sever al g rocessing steps and options are

Marervar, hedapsg, Fl dlasirase th;:lﬂgor plgn f ﬂ1§|2y fior phthe building, the
trdc RIEDL DA T R 1L IO BR&GT oliRdN O fhe t fof ryg%n %%ly%&? 146D Gormal
estimate or to condition the tracking d
cirsyhgagete it ametitie defeaideritdapys] it eaatheassued Q@] thFrr@ekeqsach pgeviously
be@h! pR&&] psl ﬁ'lreywmh% WS& atd on of tHa sl Mb@‘r]h aqeLB!hﬁ if@&nan , exited
soime of the different nodes in which map matching
thyergh dwinkelv n i amesiohoden nepebehusaducims deagpe haeied rqsm@@w either by
Juf'nl)llngl ot Elgﬁtﬁ[gr c(o@x%da lgcﬁﬁ Jo'uﬁ%q dlet@ctgcf eﬂnte(%[iheq{e;gcﬁﬁt is llﬂgt C]ﬁ’é/\@erson would

ar e exenp ry i1n nature and not be vi ewe
not atk bpyred HEbeNTapgstad rhqéi;@omkemdom on a(legitha 8130
0.&9@ &/ ]ong%ﬁlreﬁnlsﬁglogaggfoﬁoﬂ%c e Ha ;!n% JIBRRLRA with features in the
[1cation 13 may np enent one or nor e out door
bualdla&kwtgmmé?me@ssnwm@ny be pegorghed emnibp drickipgipath (or dreikeery) of a
0 I
Ot Bl cRec (RS SHBMTRL B G cAORDGflich R cGALAL AR pah n
the pese of prsi-praesssies tof araeresst fot ghirerliiogipping ipdhedwsen ofya@dHimegracking.
Ea@ﬁtr é!oﬁrt gor%;ﬂ'@fntg 'tlﬁ:l trat:l&gtp!ﬁtan& _Igeﬁ’atvl? ORL &Sciard 't‘ﬂné}:ko én t, and each
est | mat ECHRI OUES “ARD Too &>
tra[d@ls@gt]mtmaygn@wecyal@?#omtnédﬂ alh%fﬁbﬁ rrgkinp phtp élawsmd irg &ail above.
[0.%3')’ A‘E@d}mﬁlr $& a? a%)léétt& tQJ mmgh NG %)1% ﬁns;prt) %pdc,qgay be selected

utilized To tra | ocation o personne
depepdimg on thsorbseiurdost o ratpdothedodibs amiisd tahpiagsuches, sor example,

mwatgﬁn%%r }ngp gﬂd%tmé%ﬁb% %Es%ﬁﬁ%ﬂ&eénl@ @%? %}Qy LiB€r be performed
tracking data, and align es to va ass

as amgra@sprvmwssmgaqtqpamr elmulienep\lrsér Wit ene ar peorg @fdh«smmaylatchm*’ and/or

mdl bﬂﬁlﬁghﬁetﬁﬁ‘cﬂp%%dﬁlgnaﬁ@' éﬁéasﬂfga{t]égpg Q@ cH Ed Qnding on

tool s ma al so be used or S apes,
buiding Fypp arkmewe Prigrap h@pml@g o%ervenal mmro@s% qteme a@fhmwpﬂmrh described

beffﬁI q‘He Pa%tﬂésag%l%d%nnﬁlror W&Jﬁofma%ﬁ Ghth Bﬁﬁepﬁetﬁﬁy tQ %nl?ﬁ&gﬁﬁtrackmg

known sh Suc or exanple
est@m@gpreto lsenditigayke tfqe]gng d)a\yzefor subpranent methods when apphcable

[0326] FIG. 15 is an exemplary illustration of a flowchart depicting some of the different modes

in which map matching and map building methods may be used. The operations as illustrated
(and described in greater detail below) are exemplary in nature and should not be viewed as

limiting,
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shapes These and ot her enabled features and

functionality are detailed below [0330] A ANALYSIS
WARDIBROSGESSI NG OF BUI LDI NG DATA [ 0331] Accor dPaDUSmOs072378

aspect of the invention, building outlines may be

obt ai ned by net hods such as, for exanple, marking

aerial imgery, or directly fromd S |asers of the

area A building outline may al so be obtai ned by

tracki ng data of personnel and/or assets tra\ ersing

the edge of a building to estimate the outline, or via

ﬁfﬁgg)%cgg?\, &??16 5393?%@] In one inplementation, an outlne

e used to restrict the |ndoor

0%5 ﬁj ?etn%{ol l?a%k (HEW RETFRS. nlrﬁelma?@g% g%h@'ﬁl‘%ﬁtl% r Sgﬁlhﬁlplehxlgzﬁ one or more

prevent out door tories f 0SSi n
outqhttoo trtaﬁ@ngbmpqh@rlsmghenah@ datarmecd itheg 2 Hesakkerig cofdogrer %nwethethods

de@g}q{ed ol m%ac'tg‘re&e '11 l% \XJ3 gg Q%T%g)tog esﬁﬁ%te? %mlﬁgtgalqlq%g Ea{?ttﬁ? fncludes

purposes as we |ne 0
estivelss Womhoultiplg cfur or tlfazlkam m#hgdﬂdp @V indgialy mrokinga¢stimbiee and GPS
%ghg%a_about the type and configuration of the
I ng. Most buil dings have hal lways that are

[%F«‘:’]gﬁed Mo iPANGETEGHNHRVES ANIXTIOOLS t o t he | ongest
[02%%] :%ip&eg%g9§llote@ nfd Egmp B';B;Jhgétgg I%’I&L%méwlnge aasurlt%% %Qﬂ)lﬂrlgqgols that

or insta I's ver
miyabd wdiged thdtack e fyptiqpant abﬂS@melcnnd/peaSpfen @p@uhdnorSt apd higoors. The

; . ) o r i i Ldin .
S s T, W BHR it SELS0UL Al " B
shapes &9 wéyl Dopkse tangles. whed532ilable0BHBEB® 14 dhectopls ety edi gt the shapes to
R DPUPSE] Al REERSOTLAL B bP00, Bt 2%%%%%
parte 0énatlaspe@uer obrtg bfethé nmpatfo natchhthis omomen pathgfnagh paths and/or
il di rabd) w rom overla
R g e T T
shapees ddkierrad othsr enbldedlingliues araltfuwtibmﬁﬂitytdneéaeallled)hgom rai ght
/0?9(}33.\3 ar g ofy Jspsr’gﬁg, %/tsrg‘g(?% Q(HL]B:% ar e orthogonal

h~edges perpen oné anot hence form ng
(03] drerdrdigoradn gppéad of @emamonobm@lmgknutlinds mgs bapksained by methods

SSP3 SR TRkt L) 00Sal, BIORE L, 0P <o
OLaln:glr@yfabp be h@talberl bidiraslying deta 9bpamyrdeat ync@cvrl agsegrigiversinOiteerge of a

bl}?]ﬁfnl,@(l{ggﬁ mogﬁmg%g{éggﬁ]e@(‘et g(ges where each edge adds

a nw gr| angles are relevant to
(0333 b ge irebméntaties,, arf outlueex afrp|tejlding s Hicensed He aditmyg the indoor

RS b PO l1MnfTRP Q4| G HPerH&BrF NOHS: okl QLGN ANARes £
ag% Igla{:I vvgysonﬁay ngg Snkrﬁo\v\m and can B pr%ilv ?er m nedti;‘a(geziczﬁleq o
crossimg iro fheuhiding, wag cirscuiiat leediaglof tembhivehgrel/ fassetss tBuilding outlines
m elugéaqglsotg{r%uﬁ%g&%waf ed along a grid of the building
e.g., parallel or perpendicular to the |long building

[0835g 68y outBud bk hgigling, even without a floor plan, may provide very valuable hints
about the type and configuration of the building. Most buildings have hallways that are aligned
(parallel or perpendicular) to the longest walls (edges) in the building outline. In a rectangular
building for instance, it is very rare to see a hallway that is not parallel or perpendicular to the

outer walls. Thus, in a simple rectangular building, a path that appears to be on a hallway could
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may have hal I ways that do not run along the grid

angl es of the building, though they are usually
wapmblozrehal | ways. These exceptions, however, PERUBE08/072378

taken into account by the map buil di ng net hods

descri bed herein. [0337] In one inplenentation, if an

outline of a building is available fromone or nore

sources such as, for exanple, G S napping or aerial

i magery, the grid angles may be obtained by anal yzi ng

the buil ding outline. The slope and |l ength of each of

Aon?Tﬁgg§§oqu%pgmﬁ ygon (representing the building

e extracted using the distance fornul ae
beacBHec%édQB%e &851@1‘ El%‘% chdle 3o dﬂe’HP ln%FE%'i %%ﬁ edges
are shorter an a prede tern1ne reshol d may be
ﬂ$§Méﬂ@hﬁ%MnEUn@ﬂmnplenentatlon this threshold may
[0% 2L drch(ﬁﬁmé% an eg{ﬁti ﬁh}% I'ﬂrg}égtl;bn?g{éef'fe)g)( gnﬂte&haohgﬁlu&&}ﬂa}b @ompnse a
potipe thet maul b yrhohasalkehby tlchle str@glgtddsesoﬁnﬂ heglkomge ¢ defined as the
an léé %td\k'ﬁgh ﬁg%eﬁwﬁ% Ltpﬁ%'fh%]ed% G& grl%ﬁ ho@gve?iq Q)% % s fe ortl(l:r)szonal with

ding an espective s opes are
edg@m@men@@ﬂg torgye iethen dence dormaewni Wogrm;hgsi o$evedlg<elser buildings

ard Q@aﬁr}ac@er eda BP r o]ﬁ)slﬁ?t @Jhx%o%r %J %eﬁ LntR rcirr]lg %EaBﬁlghd E(f%él ri‘fus t1f-1)tr0duces an

ot e
adgitigeal an@lh@gie fqr ﬁ@ hué«jmg; er msmﬁaryb@‘di fmsles |Qshr bmbd:lugson@@e defined

L 1| , 0 d 90 I th
oy T Realt] QAR B REL BIORGR, O 00 PO @l ong the
[0575B 2116 - 9@ 8186 ridyvanhéo grappinariefhaiq@s, Eoyesmpleatio sackieve heading
COQQ&I@LJ ey 04 afaﬁalﬁg ng{hsagl e ohgm&@ ﬁ%nsafys Haf b g&&%ﬁqnd can be

being on t
detehmnschn@hgmeda ey hylivedyds detnmd @iallwasasnrg] reoSI bulﬂdms gwrd ebnstructed

G095 0283 D P, FEAPL ABRSELL B0 SAGEASEVRLD. i
maydgeshalyapt et deitohrua alvog thearit hugorditheshvdgiesftheugh ey are usually
sn{aﬁémﬂ&?ge ; thlgéél &Ibgépﬂgn ho \ﬂeezgre Iggttdkglp m%)(cc &t%glqlge rﬁ?p building

on1nan gri
meghode deseffited hedint 0 as the primary grid angle. The

[0,@’;r * ﬂﬁg%g&% eglegtg%ln if 'm)éuttﬂg E{Tﬂ)ﬂggo%é aJaHa?ole?ﬁ{)rﬂ oﬁg]gll fore sources

nes t sl ope o e naforl
sugf ag Her graimpli ©dS nﬁ@pmg tve afndl |imedeng thqaamtb@nglch mgy be obtalned by

anﬁ%uﬁ%o ! ng L}qfd%ﬂ&% FI‘RJ @ﬂp{l IQ]?(L 1&9:3 & e%@t?%&" lt%etr IX(H_;QJ Ioﬁ the polygon

al ong
(reprgeiinting ithe b\h@lqgr@ﬂab) mat»’ybeﬁxtlhmd ways thel dsignogripmhulae and slope

for\%ﬁﬂeefm %rﬁee{m tle!}]t?elﬂtab&ﬁ &{0%)51@ té’areg!h.ogeratﬂ l r@?% rg.ﬁmeﬁ] ltlg%gﬁgld may

rea of the~ I'ng construct
beggepeed: Hatonyiimpldmentativs, thid threshglfl enay] @889ipe Bﬂummrmgalthough other
0 I .
AU SOl SER1E 18 o AT ALaL0 s e
lergtha lof/the dongesebygllingietigeoned i nto sections, with each

[0}:3%}: bhgen tlpee ith% @c?g%? Coif a:I eoﬂﬂc‘ﬂﬂlé khng XREF tr@é})ept%lel é’l@%s are determined,
comparisons may be made to identify groups of edges that are approximately parallel or
perpendicular to each other. It may be noted that the grid angle of an edge and/or line may be

described as slope modulo 90, such that lines along slopes 0 and 90 are along the grid described
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orientations or angles. The partitioning my be
achieved by first determning the primary grid of the
whoiokezrees where the primary grid i s defined aBCT/82008/072378

sl ope nodul o 90 which a majority of the outer walls of
the building are aligned to. In one inplenentation,
this nmay be obtained by iterating through each edge of
the buil ding above a threshold | ength, and grouping
these | ong edges by their slope nodulo 90 (or grid

an Ie) A threshold may be used to define which angles

At@[n lgogmﬁg%gﬁgg&glge al ong the same grid. The group
he hi ghest density may be chosen as the primry

bygﬁé ;g'td ahBIe ¢S tEmé.s’fthaE he pln@lm B%&Bdl&hﬁ £ 908 %tHePar@ a88red 10 s being

group can al so0 be considered when one grl has severa

onshpsamegzige Fachiareaisdedion ha seae prigmag viekha nevt e gugdoyif the grid

ank|@ Qgcs@lggﬁ:% mitoiiﬁlaadnmcgnae REeRi i bR %h ghmt}@é ed%@geah have a few
det ecte lines along this grid nma be awned

slagtgd e@&eaﬁwpﬁfg VfithGrner [ortesond slape fortt ewf rha.bn@ ing, a determination
m& ¥ AhDadt et} @Henlg.ul'dﬂl"g%aé an%Lnﬂ%Bt &@&gmlﬁ%ﬁ, RRALPY as the

triangl es (or other shapes)

Prigry gidrrgeled e primpry tgrid ﬁnsle et haﬁfr m? agiy gmb prgle Whish defines the
slc%g ef f 'ﬂa?drﬂ?oplﬂg EJIGQ? ofMhk by | i t]ﬁenfoﬁ&(\@ﬁé e %ﬂﬁdlﬁ’; gxethods it

he recta each ge along the I'ine &
mgythg ngjigfh that perowﬂay pf Hepsing h@h@ly@p@/ ledrlgh@ahlpvat}ns gtigj Ingddition,

thé&r%lﬁ'ﬁbﬂltﬁﬂf/ hé?lf\x'a§b§orfge§{daﬂgie?%th'elntﬁﬂgl{ fe 'ﬁr iaky %ﬂ?ft@gegl\%ay he higher

i nt er nal rectang eS nei ghborin

whep wb%areq ofehe huplding eonsirvctesalongiye edgeibptivielden diergrid angle.

(038} BRBRhe Parskiffe @S @ pl ausibl e slope when the
rectangle 1's wthin aPATENT Attorney Docket No.

(0345 29@rdiney B Boasphit @ Ifes] Wrvenition.anbaldingonst thereémgewa building edge
angﬁfﬁ Bé Pﬂ‘cﬁlgﬁe@ T Qegﬁons-r@ﬁh Pelcﬁlégt:luglll Selﬁé R&S técf]@fth ﬁe&g(gléallway

segmen the path night Tie may NOW b
origgtatighg @lwnglé%tﬁwglmé@omhama:sb@wbmedu biytfest @etem@nmaﬁuetpne@y grid of

thShOABSS, @{e@e b gm%gl%%a lpaeﬁn@@ asoeﬁz %%fé"ﬁbéhﬁo @@@&mh REn AR of the

wher et he se%nent | es.
outer wigldy plathp \pelding Ags| abigefd 1IQU| Ipcﬁnﬁ gmplampwiognrhrrﬁgmazﬁée [gbtained by

1te1a?£no hEkQn & QJBQ%%@ Bf Se @u@dﬂlcl QBOQQ aQMEJhb %M hd Sﬁﬂgmt gl%se long

s conbine to form the di ng out i n€ po

edaqﬁ ay Bgirispaaodule PO tos spd Pf}géﬂ)n A-rfhzyshgbi rp«nd@eggcb@ dgSnenghich angles
aletéa)ﬁsﬂgﬁédng Qe QEﬁ@ [k REHe g’rﬁpvﬁlet@o@ Bé EGhe{;P&nQW xlng}; %gchosen as

into rectangl es and trian or exanp

theyrimggyt gridk Thmwrmafghe Ippgghsof ﬁmﬂ%ﬂs |nbwcb groph eanpalgorhg rcynsg1ered when
oné Qné s &v@%ﬁiﬁ% %d4e§ ﬁl&&‘éﬂh& Bmhg}? gﬁ&) B&sqrﬂz\lz %Jy IQ{g eE%e@ 16

S|nce it IS the orientati on of e nmpjorit

(03484 @rce\ibg primary gud Bgs bepreddigsidddlineg aleng thid g mev s basngwned out
tafftﬁ’la haue %lﬁ cSESO BE e Youlhith gl d}lﬁﬁﬂng afl Qﬁﬂdﬁlb Qnt§ 'an&{ 6 RtARh&%nd/or

. The secondary g repr esen
m@ﬂ’uﬂ%(ﬂréﬁhe@ﬁha@ﬁﬁ Sl atigead Téd@esblm@m @dl@f tV‘ﬁéﬂ fbm werhatisnorpny point

msRﬁrﬂfée&‘ﬂHﬁU |o§t‘im$ RulANLEER eﬁgcgl? %@ §pthe E&gﬁclg@pN%?, Aggﬂ e along

al i gnment net Tity

therP&Flln 6}30 SHe oWy slaporig Fﬂ?hlélbh?éMhﬂﬁh&l vy ingayithieartyjof the rectangles
mté’i@e‘%ﬂngt he cafgd fm&t, internal rectangles neighboring rectangles with slopes other than

their own may inherit their neighbor’s slope as a plausible slope when the rectangle is within a
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and/or points lie in partitions 4, 5, and 6.
Partitions 2 and 3 al so have sone probability of

WO p@b/ogiossy hal | ways al ong the secondary grid JdRET/U82008/072378
proximty to slanted edge 1630, and bei ng nei ghbori ng
partitions to partitions directly connected to sl anted
edge 1630. A high probability of hallways al ong the
primary grid nmay be assuned to exist in all the
partitions in this illustrative case. [0344] Various
alternative building partitioning nethods nmay be

iiﬁﬂgﬁmﬁgggqﬁngpgrggpl of building partitioning is to
et

ermne what 1s 1 nside a building based on the
thidkHold N&aRE ﬁroﬁechebwgle dé fin tﬁﬁ SBHQ e ﬁﬁﬂsﬂﬂ?hﬁ%@ tlgaft a long segment of
I nterpolating slopes wt hin t
thpath imigly licrd rmaémwplreedetqrm@eé b% a\thpcdarfeem rﬂ@m @Pgment intersects, as

th&u; eg}g %th%b&?of@é’o&& Bkt Be wegwmc@kﬂe sQQhé}zIE W' t h' n
th the nearest edge of

[ UWf ﬂqf}ew lm”cllg Ht‘—lst}f?élve Wp@}peqﬁb@ddlng\gmlmr@}gamach X 1610 represents a
bullfRE SUBRL 3binONRd BRYXASNGIYLE & &v&ﬁﬂ {19 bG@dﬁP@%llﬁ@ﬂﬁ%&gﬁ 620. The

to increase reliability of angl es MAt i n rect
bugdingrendinnigolrignarngy kropreessisd ivvies éhfglesth@f das¢riben @bMu tn g>amt10n the

bu‘l&gg e Fecfaﬁ‘ﬂ&r A8 ridnlel BACOGRR, ot AmBE El%n%)e}%a%no%g @I e orientation

ar eas. |gnatures of different a may be
of dhs pyned ¢ walbh wewplariyiskownatol bobagorpdefa b FEF-sléstinde it is the

011@§tat§)nqqm%a§01ﬁ§@ﬁhy&télu%ﬂg a segnent, a series of
netic re st gnal strengths from base

adi n
[0%432F hobigldingtogay agp bagssamebigrhevet a eeondety erididpféned by ke sirgle slanted
edé@gthﬁeh &R ﬁlﬁw tr&fr gﬁ‘[s qtlﬁﬁenti}pm ofoﬁgh%étﬁ e &7 ?’és%oand the

rectangle likely mat ¢
orifgRfrtiqa; m@e@h@qlarm@slm@ﬁ ks tﬁ3é 4 @ap heldd@taedfplr mﬁh aifgnmhlé method

th@%ﬁpﬁlﬂk* ok % lﬁﬁwb}r b&gd Lidh ﬁﬁ%@ﬁﬁdé& o‘ﬁﬁﬁﬁ%‘ Bk ﬁlgﬁtv@hgﬂ‘?heo;eoment

di ng. seri es 0] out OI nt I n f.:
angpr pgintadig,in fP@lftltlé%a‘hpﬁ @nd gayPattiiigge s tand Realyvoleaye sping myob@blhty of

&Mﬁﬁee&nb@_l(é M@iéSthQEecsMagﬂ f Ad_ll_l’rRQ?gﬁé‘- 7n][u AégSP Idrc]egoe 1630, and being

neighneag pafitipnsdo ipw%frnsud@rﬁctlyavomreat@& Fnganestddge W0 kA haaly probablhty
of ?réémgée §1§noath§§r'irh§§’ R4 m@/(bé/ JssuRdans ec‘mét[ﬂa hi@e ﬁzlrﬂgoilg grfetﬁls illustrative

divided 1 nfo segments. Segnmentati o
bm@sed for exanple, to identify long straight stretches

[0349] t/lé‘x‘?on ra@t@xlﬁhﬁkg m&%é%hﬁlgmﬁﬁ%e%dfr%ayb%dm{ép n{eﬁ@lubﬁg‘ goal of

such as hal I ways tiona nments nay
buihding) partipering it t@ ddtcaping Wheatis @aﬁe @eblflldtrxge@sq:dw@ theheutlme of the

buﬁ(hﬁé) eaf QJCHEQyWetﬁola%f l&ﬁé Blat og f{_i‘lk.l‘l 1ldm%n ély be utilized. For

%rrentatlon may be ut| |ze oor
exgitlel dlag crestie ol rYgramet ¢iegrems, mhbyayobm@qed magtpum gll poigtsgvithin the

‘l:milcﬁfx”o‘]r $hitn S84 H@a%s{ a ge SEARE Qﬁlﬁl‘idgosnoutl[lrges %ﬁ% rﬂélglehregt%( | DQditional

points typically occur in acertain o pendi ng on
imply@ensations gray tippdude storing compass readings to 1nc1ease reliability of angles within

rectangles, or merging nearly consecutive edges of the building together in order to increase the
range of claimed areas. Signatures of different input data may be assigned to each rectangle,
allowing parameters such as a compass heading along a segment, a series of magnetic readings,

signal strengths from base stations, ezc. along a segment to determine in which segment the
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trackee, it may be advantageous to group theminto
segnments including consecutive sequences of tracking
w@oeiminsl06§ 0350] Sequential Pol ygonal Segnent at POTUS2008/072378
[0351] In one inplenentation, to match a tracking path
to one or nore hallways of a building, if present, the
tracking path may be divided into groups of tracking
poi nts that may be contained within a rectangle of a
threshol d maxi mum wi dth. This nethod may be referred
to herei n as sequential polygonal segnentation. [0352]
ed to detect that a group of
p0| %nﬁ({suyrtnﬁghogﬁ)é6 (Q%l%z hal | way, to match themto
reSRfd il gl | ways, and/or to create hal lways fromthe
rectangl’es (as in map building nethods). The threshold
[03£5k iShansnpditany orerybubding lutlingmpagjeo wiable heaketehtédnl aldlyesprobability of
m(egulg shap@@fﬁr&%élﬂ'@écﬁlnys (% the Hﬁtﬂﬁg SA ﬂel{eg 6f ?‘}fﬁn{ea&)%t%qinqhgshgf)e of an -
hal'l way wth a tol erance, “or speci
arh 54)11 WEYRIC, @fayauigaﬁtthem@ssabﬂﬂﬁ of Prvadgallvays kndwnlar Thas.
(055 & ancgg TQﬁoQ%ﬁrq][RﬂbEﬁ@ﬂAsf' i,ng the nature of the

trackl n ata type, known. As previously discussed,
(0847 Seraigingltt ?{Smgte@f thy mvéntipg el tiecldeppatil evitichonast deeprise a series of
(x[}'j Egﬁﬁ{s% %él&%ddﬂqn rbed(ﬁylﬂ 1n'tbs§=edmtergs dggﬁe@taﬁ n mav be used, for
ation. The method to achi eve Sequential polygonal
exgepjaip idgntify hongrgiyaige swgicies indbe ehsliandith g’h@h ntalyde gatched to features
suEH’&qraE@aT}gl\IKdéh&%ﬁlP ENuIHAE eMQ mayg dQI:I)tZ %ﬂa?gs that can be fitted

Because ‘I nerti rac ng ata 'S ver accura
intolies shrsriornted byrhelupivkiofithe Aellvwey L@gmle@thtmewémuatlxednn bﬁth indoor

& met hod of grouping
anh%&tﬁ%da{@gcg?gtrﬂ?‘d&@ts %glr%gﬁég y@{p&ﬁg?dgg%] According to an
[0&$p Sequensal Sendngatient i on, one exenpl ary nethod is
r A Yol
[Osﬁt@gl%«g @rgclér% %oq{t@@ppgll? gggélg 6%%1?{1% gﬂl‘éle ge;}gg OH Ghe path of the
trickee)] itimien be %dwal(tageogs ty gfp thgmantp ovgmeTnty @cmdmgctpmgmm sequences of
rdh B3R of a group of points may typically be defined
as e smal |l est orthogonal rectangle (a rectangle
[08Y0] Eequerrial BolykrnabSegyientation. corrpl etely contains the
[0.9.‘9 { B e égl@ﬁkﬁtétfbﬁl t]oxnatuihrbﬁr onp Or &8%?1‘311@&5 of a building, if
top

I ni ng rectangle cor ner
pr@‘ﬁerﬁ\rt}le tragkingr fagfhmayc by disideq mg(oum qﬁ Ypckiggopotinsprfapfnpy be contained

withf %)?é’ctagpi'e r(‘%a tﬁ@@ﬁnd' m%{ﬁ% Ilﬁ%lﬁtﬁmlr sgrﬁéthcﬁio A &%ﬂY‘co herein as

where m nX, an ny aret e mni
SB@@@W&HP@%@@S?NGM%@ngoup of points, and maxX, and

t
[0@}( i(ec?gnrﬁfseg 6%@5%%1{%%%2 'ﬂ%@% lg{'g)r%gn %dt?x?c%ﬁxf’bht EE in J@a(l%ré? U match
thmj,o grscifie thaliwaypeandisy te ateata ballvayy fiobetherirerBB les (ast inanap building

métﬁo%g)k' Y ptﬁyeg}{%)ﬁi 'nﬂm'irﬂl w1§t|h';nt1 Oungfliéng\';%%ég Qbth of hallweﬁs (e.g.,

cal cul atlng the area o and setti
approximately 2.5 meters), the average width of the hallway with a tolerance, or spec1ﬁc to the

hallways of a particular building, if known. The tolerance may be determined using the nature of
the tracking data type, if known. As previously discussed, tracking data types are largely
dependent on the primary method and/or device used to determine location. The method to

achieve sequential polygonal segmentation may be modified depending on the data type.
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it as the current mnOBB, with area, Amn. The points

may then be rotated by a degree, the degree accuracy
waoelewpboedef e. g., 1 degree), clockw se about theP€T/1S1008/072378

point, and the m nBB may be cal cul ated again. If the

area of this mnBB, or Acurr, is snaller than Am n,

then Amn may be set to equal Acurr, and the total

rotation nmay be noted (e.g., at this point 1 degree).

The points may then be rotated about the first point

one degree nore than the rotation in the previous

Ati!o%Q

&Y BckePRo.: Ogﬁ;g dhgisane conparison may be performed.
hi's may performed up to a rotation of 90 degrees.

Beglﬁ@ 194 SRR raafaadsi by 'a&u?a@é@l/é?t e shite tcann'lSB-kmo at sequential
ori ented bounding box nay be defined as the boundin

segypsptafion 1of tipratiad iata) e st hldhlé!aeffeétt"&t Bethesd @%ar@umlné thy Aase Yor further
anfQGNt by - 1 * total _angle_of rotatlon (i.

count er-cl ockwi se by total angl e ofj otatlon) 0355 .
10353] tpeording i amrychedtthroyentipe ong e‘re mehod istdgacriged fengrawing

a BRI AE HERRA @oﬂfdu@@%ﬁ@ﬁqgmm? ReHNE o@ﬂa@lﬁ}ﬁ myﬂglu&mg an x )
accur ac reqU|re5 he points may be rotated abou

2Dalegation %mcil@gnbma@"%@ Bureimnef negits ey hricatede @@ﬁﬂ@d as the

stD{e& Gﬁh(f Eﬁtré&ﬁ Wﬁ %@ta@@o&{en{eh QO Qmegoﬂhﬁt com-gméig taontams the
this method is accurate, it may ‘be sl ow for

posrSPaphtallsdhd ’@lﬁ§ Iv{a@i@s 61und hy defivingerr eqt«msl evithiopldfigamer (mink,

mz;zﬂetoﬁqgﬁt &%k (rHB?cX’ By ﬁ%@ﬁ&\[ﬁeﬁ et (’nfzr?/{’ nfu@k }: Yh@bdtideh right comer
I ne best f for the poi nts. known

(mesu atardh wigie wg nX isnearnk ag ﬁI@s@JHHWmﬁ S aqd% c¢qrﬁieate$ fop éhgtgroup of
pofn’ts aﬂdwm nﬁ&f’gtre @l@ﬁnm%k MR Y cogrﬁ?h%é@fog%:g-&g otfpgmts

formy = given as: [0357] =ynean -

0359k Freie. lmflelessqtfomé? inRBame b fkemma%lrya@@ut@imz the mjnBB for the
traQQY ﬁﬂlﬁéhﬁﬁe@&n@@or{éﬁﬂa{ﬁé calangmg BR3%, of f@salgbuh&ng F@x ancﬁ setting

average of all the x coordi nates of the points. 3
it aptihe stupge mindBRrayitthered efriineBheapeinty 08B Henthe—rofajed by g fdogyee, the
deér@ aglcm)acyl de(sﬁ@l e. 0( ﬁ&ye% alockLJ&Qs%Gngmt M&%Q ﬂé’ldt antinl?e manlB Imay be

mber of OII’]S IStGSUfTTTHtIOI’]
Calﬁlﬁéeé@a\n borE Akihise 688 phécqzsfoumrsﬂler[twwwxﬁeri Amip ey be set

to M{'} 2 anptine Foba@ rotflaheES b@fnot@(ll gt he S faen Qileglg«;)e FThe mgts may
D

365] XY is the summation of products of t

theanlu: r@f%@ﬂoﬁhﬂlhﬁﬁé‘gstomomﬁé/ psi ¢ﬂgsee rp@%@n fhmrstatwn Weth@fpreVlouS
1telka§c$11 ahd fhe SWCOQI ard O Hg?/ Qé’ JHO%JH %hlg gla%pﬁ'fcgllngé f:liw%gsrotatlon of 90

fromthe point to the ine al ong t axi's .
degreas Opge Py dedree poratigh dt eefnni¢tpethefmibiswm friented drppndipggox may be

defRRUNG o %Gﬁﬂdﬁr@t }ﬁ)x\/\@ﬁﬁ] A EndRL NS, f’%ﬁa@edbﬁ%ltuﬁr tHe 'ﬁrstb% bift by -1 *
more vertical |ine { ? sl ope > 45 degrees) rat
totglnangleg of rotation (i.e. counter- ockwise by total_angle of rotation).

[0355] In the foregoing method, the increment of rotation may be increased or decreased
depending on the amount of accuracy required, and the points may be rotated about any point as
long as the bounding box is rotated back by the rotation amount about the same point. Though
this method is highly accurate, it may be slow for some applications.

[0356] In another implementation, the same goal may be achieved by first calculating “a line of

best fir” for the points. A widely known equation using linear regression for the line of best fit in

55



horizontal line (e.g., slope < 45 degrees). This may
be corrected for by first calculating the m nBB for
wo b@poiong s. | f the boundi ng box has w dth > he¢TNs2008/072378

then the best fit line is found as is. If not, the

points are all rotated about the first point by 90
degrees cl ockwi se. The best fit line for these rotated

poi nts may be found using the equation above, and then
the line is rotated counter-clockw se by 90 degrees

about the first point. Once this actual |[ine of best

A?otﬁeybéc S QU321 H%3159 Ni mum ori ented boundi ng box can be
ound By rotating the points by the slope of the line

thgfon{q?si a iy, gl Qekwi.se, calculating the mnBB, and

rota it ack counter-cl ockwi se by the slope of the
[0837he 'ofmél@éstb “¥iean; [ 0367] The nethods to find the
/om? QRBr TRt 186 aPSadd3® thelyQoRBhRL f?tﬁee&%@ Ghl

g gonal segnentation to group oi nt

[0 %%eq@mfﬁ igfhe pvargge of albthan e mstem‘ ﬂtehpatntSt he points in

mgm%gggggey%gr&&mﬁqg ned in a rectangle of wi dth not
nore than a threshol d,” RECTANG EJMAXW DTH. [0368] In

IOWéanEKEXNM)Mh@&edM@N)i hat the path is

[o%zymglq N%ttf?eﬂﬁﬁexc&goﬁl@’s Pol ygonal Path Segnents (PPSs)

Eéﬁem ic toth | rrpl enentati on are rect angul ar
[0%@{; 57 isfecmemytivme! alldepbnt. somdinateol hsafoults; si nce
[0§@II WRY tﬁ@ﬁnﬁﬁaﬁbr{ off tﬁ&géqgﬂés off Brthe%%(@({gpcllfa’tesae[ng of ten

recf‘angu ar and can be suit or conpari son. Each
(03656 &ons ithespmymatiqn; of thegfodueta ekiha ap@Ymp@rdﬁawEmhe points.

/ofaay %@eympgﬁ&?/gﬁ%%bgfrmﬁo %&%%9 ‘?r{%ddutt %a{wﬁﬂ%% p%ﬁm to the

ol nts tart WI Initl 1ZI N

hné rﬁrbmgr the ¥ taxigf TIPP&ultshatthermp@@séhme Qﬂi@sttﬁtaempmesdmng maccurate
widh Sht JlﬁtWaP Fﬁttexcﬁ‘trﬁ}}: ﬁ ﬁoFe%thli]caf Hx?e { : gr _Sl%opg s a@( %ee?)ollaﬁlter than a

e mnOBB for 't I rst poln
hoaw@l diee (ag, sapa OFB. deBwes) cBuih mag e poirerted EOhéyrﬁrﬂGBBulatmc the

milB¥ f@ethg{%lﬁtyl ﬁttlﬁéjl?JuQﬁmg b& 1L 'vﬂﬁ(%ﬁ h@igﬁp E}{]% lﬁgt%éélgg is found as

new pol n a ﬁew curr e curr
is. ol p@tchhi poinis grea agiatREGTAN frshRONbDTHlegrdseclockissn The best fit ine

foll $h8&KbLRAGIARIA mhs LAAded ugﬁo%réﬁ’&n A6 Lo %g ¥ tine is rotated

currPPS i's updated to currOB eurr
copiefestpokgise hie 99 degrecs bqupgheffst pohnd ana@%ks rrvglabamdwof best fit s found,

th@anﬁELPéoHQXedt%ﬁﬁHl&ebde'aﬂ b& gu%@gy %%auﬂo \[Ii\ﬁ\fyoxﬁ}? sbg/\%%ﬁoﬂerb? the line

current tracking poi nt urr
of rsh EBHo¢kaiset %tcuhéw ho mmBB Thd piasing s dakrcountayclprkwise by the slope

Ofgg%ég%g“{tor all the tracking points to generate a
I'1st of PPSs representing the entire tracking path.

(076988 methedsatoofing thethiv@bR arerthaele vied ¢¢ berarinvesquential polygonal
seQﬁéﬂ&Bbﬁ‘% O%ug? u&%rﬁs de uéﬂﬁgl@rlﬁtjo ’seﬁﬂegnﬂosldgrbthhttthec'MﬁL theg& segment

hot ed t hat sonetinmes results 1n
arppgamgf iInaviesiansterné Wpcbh mtanrmth@rh@thtqahqhd RECRSNGLEMAXWIDTH.

[0%8Fﬁ1k6ﬂ%9mﬂaﬂﬁ1eﬁ‘t%cf e sggr%n?sntﬂatstflé%gth 004 a W PIE called Polygonal

Path Segments (PPSs) and specific to this implementation are rectangular segments.
Rectangular segments can be useful since hallway and stair regions, for example, are often

rectangular and can be suitable for comparison. Each PPS comprises a list of tracking points,
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[0370] In one inplenmentation, turns may be nore

ef fectively handl ed by keeping track of a consecutive
w@eevmes1068 tracki ng points that cause the w dtPCDUS100&072378

currOBB to increase a threshold ratio nore than they

cause the length to increase. This event is flagged

for each such tracking point as W DTHINCRE ASI NGJFLAG

If an increase in wdth above the threshold is noted,

and then another point is included in the sanme currOBB

with I'ess than threshold increase in width conpared to

{%ﬁ%o@ketﬁ@%fz ﬁgngﬁy be reset because this notion is

due to wandering back and forth in a hal | way,

andl A bz‘t:z‘fz 1)), Qflth@p&h‘tg nThéE:ﬂ&Hoc{)ﬁlggpst @Wnﬁfﬂéu@% %ﬁaph{ list of PPSS that
Initialized, e made to see

refrepenthie maglng) g@h cud rORRY PPS ggerrEd. vitk the ﬁrst tracking pomt and the

mz;\%ﬁg WJ\@B%'M "gﬁ; n!z;gOﬁ]@ 18 %l@@ th'a'éSch mle Bach rh%w pOént the

series of points ore the [ast point ich trigge

mig QBB \NITHY) F@Q@WSMI@JG PAGS| g dyGES. anduthe PP prant, beweld 2 new

igf e Curr 1 n g
cmr;r@?gg glftg dE P él%@a\ég Wi (lﬂﬁ Ec}%{hh&ﬁlﬁ@%iéﬂ%aﬂﬂ g@b\he o ngéu.?e t tracking
polnhés FpS fog: MuﬁBﬁt@d mieOBRhef erirnfisB s fupdatadiie crig@@Bnifmgt, currPPS is
2d @O R 1istdP IP§S %%rtl'li] tFa ‘glqhg p%ﬁﬁj (%EICJP 9 gltélptﬁ'hh be Imt%ﬁxze!?i ?% new @S with

new curr PPS en set"to I nc e series oO
theyoirentdrachieg pquirt; g ered BN DTt iNCREABDREIIr AG reemopaitt el hismocedure

ma@ode%ntuﬁllg&j %lrtfpﬁad %ﬁé {%d hgrat?% ﬁslt1 of p?ék(%\grege&uﬁoh e entire

new |1 st o poi nt s. |s met ho fectiv
tragifdg path.t he turn poi nt capturing thePATENr At t or ney

O BB B0 LB e RS g v
be poiethat gogdrepait eomdtienss respltsoh tRAPFJolating e poBsgmehetign rather
thaé%?e%ﬁlﬂv tHe Qifehl pFY ﬁd sﬁaZz SR ol Ustrative exanpl e

epictifng the results o sequenti al pol ygonal path
[03§é/g1ne¢neatrnpmenfam itthnggay be arerasiiestivelpharndhesl bynesning drack of a
cor[sgg’l?l % seﬁggb’fet% {)cﬁﬁj@%{ ya%seaﬂé X/gﬁpﬁil th?ﬁﬂi@é‘é f%tlh&&rse a threshold
According to an aspect i nventi on,
ratig| hese fikani they qapsegholepsthde inersagsoiThis svanhisolagesst &n g¢0é§uch tracking
poﬁﬁ‘t Is d?‘lf' L’?@]&P @"ﬁ%&; rI it ﬁ&rggsg %A\mdghha%gveqﬁy thpeghold is noted, and
grou mt o adaptive po ygons. series o
then aeth¢rspolns it infludedpn diwesate dfufaQBé \wéx:heartganethwshdhd alcwmtlh width

corﬁﬁzﬁ&f ﬂo%z}o‘a{] B, o D8 IRALES 6%559 o2 mofod mika Qe {Vgﬁdmg back

ona segneﬁtatlon met ereas a s rles
an f.w‘fhtns a baltwagr ratheptharse e dEdgly time bme(caf rO88tiaingiadizadi & bheck may

becqma%r apl e éee”ﬁ%h 1?4(?)? Pt h:?:\ Cfﬁge rdfo Jsep&ﬁ?'@éﬁ e%?o\éxed the

t he sane. t may, exanpl e ul to gro
WIRSHNMNC REASBV(n Flly o6 sa. ket ﬁrstmg»glést the keries af poinfs tbhfere tblast point

\ ‘ﬁl tln ectl %@Wiﬁ’ﬁgﬂ(l @M&?eﬁLA@ES E‘CEI 5oocq§/Pf rm%pﬁe moglﬁed to
pol ygo n one 1 npl enentati on 'S

rengpye fthe §pnq§s¢fn1g>mthéhaakind«ems@cﬂdethm TMDTM@MWG FLAG, and the

minGSETRD LRt PR ﬁ%@@% oY WQI[(%(fO‘i‘ 'fh% remaining points. This currPPS is added

to the list of PPSs. The new currPPS is then set to include the series of points that triggered

WIDTH INCREASING FLAG and the new point, and currOBB is updated to be the minOBB of

the new list of points. This method effectively breaks the PPS at the turn point, capturing the
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tracking path into polygonal path segnents. A
foll ow ng nmet hod anal yzes consecutive PPSs to
waledoeomone whet her they can be included w thi nPEI/82008/072378

pol ygon. [0374] d obal Pol ygonal Segnentation. [0375]

According to an aspect of the invention, for tracking

data that is not subject to drift, such as

signal - based systens, or potentially for high quality

inertial systens where drift is highly mnimzed, the
[@cking data may be grouped into polygons as in the

A@?ﬂrﬁ&kétﬁh..(ﬁ?zﬁb@%w however a batch of data may be
anal yzed over sone period by analyzing their |ocation

pdfts aRsahdihen (IO fvs PPE HALRARLISE LY be Q:Qﬁitlﬂug@ ®d: gk point to
t he siguence in which the points were taken.

eeperaie theoisbeiRPepie! P SegsaséPPHY-obal  pol ygonal
[03EQTRGL 81 iO0kh flﬁﬁtrattﬁ/@@;gdrﬂge gﬁﬁ@ﬁn% hRL rdsitsNGH seqitali ClolfoBnal path

drift, the path nmay be scanned for straight segnment’s
SegINIFIOPHASCUFING 1O GFRSS! Q5 fher et s | di ng i f t he bui | di ng

/omy Islemn%umttw:ya&mﬂz Sé&nhfilnown. [03 76] G obal
apt1ve Pol ygonal gnentatlon [0377] The sane

Mé@érﬁ*ﬁmﬁ@m&éo 6’é§m€?tbf€d § Brvention. 35| BalerngBioygogiauping the points into
reSRANE Hidl 4 MRest vWigh RS AbaRL ALy gégeaulygdtlnlfa%amg WhBEons. A

errors such as data from signal -based trackin
sehest ploBINts ghat| i dictigrareriepenteri Aga destanslaf widt aa\ﬁgith ggstriction may be

it
regrmes{emgﬁ %d ltﬁ ghfl sgmsit% ﬁérw%g‘?]&@%’é&%dg‘é fng{ho@ tftR@0) soHEGIRBIR better

regysBpitd bna 17@1@@6%@@3@ @ﬁ@éommrebl%\@em ad wigth3 yld Protegigesnigil by the
sam€ 9By, BREAmR ibs MdEN8es E!% d% LQ&Z %to E&?oc{n?ﬁfélt Eugggst th&y are either

varl ous segnentatlon net rocessed
onghalwaysdpr lprg r4¢tangies, ¢3dt VOB fQIleF eqalégﬂns sbgrre mmslemmtauon thls may

beSRAERAL S, ﬁ:rs?u%ﬁgt S r&b@vecs%ﬁﬁeﬁhaﬂ p%%@[?ah Qég%eﬁ aQ@de mQ{ho&) Wbreak the
anot her, ag e para I ndi cat I ng

trackiag Pathéyo ﬁ%iycq*sely I@Fkbwgmstm at foélpwmalnnqrw@al[ms 89r}secuuve PPSs to

deRAh¥gQRaher BRITENe XL NRAKIAAl i oY pGgsks. [0381]

According to an aspect of the |nvent|on a set of
10374 GlabshBolyser¢lcSesmerdgivent s may be updated to include a

[0% 7*5?i Qc@di’mh%]%' a‘ﬁ%ﬁﬁsctt drate 111%’[1&16 mrd&lénﬂa@a tﬁgttlpf?cg g&ﬁéct R drift, such
r oxi ne orthogonal ( z e., their slopes are

as éfﬂaﬁlcbeﬁqéaiyaplys 90 p@@gw]efsfoablah ayality GBER] syisImpgesg drift is highly
min@drRN theEXdcend efltal AG WS LRpENELRK %)oly%(qg 831 inARE Qgcﬂﬂeﬂgﬂ tRthods,

an aspect of the invention, a set of relations
hogPs 2 bredhuefedaim mier de caelyesd arsr sanawprsion dyy %@b{ﬁ@ﬁt‘hﬂfc@ﬁaﬂm as

abbdhett BAEIBN ot BGindéd CI%L %ﬂﬁfgg@nﬂaetin@ sERnck Qn %1&1nthe pomts were

ext ended i ncl usi on chec Ris relation between t

takspghichiicnalipn Fhffcﬁa%?fegleehﬂbwly&?éalsségmw@n é¢retracbr@atdete| thap is not
subjB® tSARR, the path may be scanned for straight segments along the grid angles of the
building if the building outline or hallway angles are known.

[0376] Global Adaptive Polygonal Segmentation.

[0377] The same scanning as described for the global polygonal segmentation can be performed
for data without angular errors such as data from signal-based tracking methods, or inertial

tracking data after angular correction, by scanning the data for straight segments without taking
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hal | way. The above parallel, perpendicular, and
i ncl usi on checks may be valid over the shortterm
woedoglobwss ng segnents in inertial data, but appCT/Usiwhg072378
gl obal Iy for signal-based tracking data. [0384] C.
LOCATI ON COVPUTATI ON USI NG PREVI QUS TRACKI NG ESTI MATE
[ 0385] According to an aspect of the invention, for
bot h i ndoor and outdoor tracking nethods, each tine a
new tracki ng data point, segnment, or shape is
encountered, its current tracking estinmate may be
Hi 8l nYSIsHYs.§3083£st i mat e of the previous point,
seghent, or shape. This operation may be perforned
WG dhat corrections have previously been nade.
r inertial tracking data, all previous corrections
[031%‘9%%@8@(&65?%"{@"&114%@%%?@{ segnent, or shape.
[0&@7%]3 rdAGIC Of FhiriBk e Omatat R %@Hod?fna} B@ b ON&R gﬁ‘vld a set of relations
tracking points may be processed on 2 pol nt - bypoi nt
befeesp ditfegmsegmenss dlgsemenivne withisagrsrin Gireshfiénlope efewe another, they
miyf &%?&Q a@?éxrgﬁel ki RREARR HRY 8y bé‘ale?@ﬂaraﬁl'eﬂ%ﬂwQ{?s when

i'terating throug tracklng poi nts when future tracking
[0 nﬁ’t’é/grwaéb‘%wwhm{lqgé'wl& f4ckh of the current tracking
[0@9 ] nAccm}ﬁo th ﬁtaslhe%t §tet1he ARSMTLNY s&thﬁtlelg@ong %%(v%gﬁ Et%ﬂ:(%nts may be
are check may then be performed to see
UG AL M MO G L IR I
ox&x%ﬂh‘aﬁ‘(‘; £ ﬂ%&éﬁe@&e%ﬁp QIunétef%Lb'O'dQérQ&’ag&gr rections may be

ocat i'on esti mat es "when pos At nost
loﬁ%é’pbfgtmé@emevﬁ)ﬁmdﬁd Bchgipni§deelsdat ed to t hei r PATENT
[0.‘%35’ %c%&ulg%celﬁeagp&pof thé)ést%]'lgn Q%Ztg(;lf?fgatfo% ﬂlta%‘\éﬁo Bﬁﬁl‘dé Llrplrﬁdlcatlon
the corrected poi nt s, her
as rﬁ@w@ﬁh@ thesmenis qah anchide (oaé ﬁ@erof mxtnmited:,rrf:ﬁqgect eean ap@xiendw:ﬂ gnclusion
chiMi $Rs lAhR BéthJﬁtht sre?rﬁé'ltﬁga &1@?& 8388 segllneﬁ)tg Ee located in the same
| mpl enmentati on _t hat roman inertia
hag\y@t dive 2b9ve pasrdil mquyélchlamg,d elugipel shasks way he Vahd over the short-
RO b OirRQb B enRAR brtridH dakd) %ttak)ﬁlcaﬁy LGS fmﬁn.%f%@éar&acmg data.

I ncr emsnt S ioma start pOI n correctirons
[0B4E & - poi HPCATEQN GeMEgFTIaUSmNG BREVIOUS TRACKPNSF BSRIMTHie
[0§<§t ?‘Atccd?m td Y asPéet §J.etﬁne ?dvhlﬂﬁ‘)ﬁ RY b@thtjﬁd%grséntd'd%l ognetr&[l)(mg methods,
dooi -1 ndoor met hod, a correcti on netho
eaqhhéme Femevh frackingi dataopoints Segmeny, 9eshapalis swv@ﬁr@d,cléﬁ wteait @ackmg
g Y r

AEH 00 L ASHF B BHLOS, U RO Y BE 3. T
operrtigny maybs mﬁﬁﬁgedrﬁé@mmgoﬂaatop@mwawawemwmgeen e For inertial
trat:l@ﬁ‘é’@aﬁ'éj L rev10§s Joﬁ@ctﬁ)hpﬂgy @atpf)pe% t&) hH@w f)él e%%ntp&%ﬁépgus

trackin po to the current tiac
(0386 & @@tfmmeét ¢fghepcpatigng rracémtgrmcrks rngy lmrrpcessecl $n a point-by-

poﬁr% bR %FQ &Rl 'ap&gmgiﬁp Heagl Q ew ﬁmmgg»&n}_ﬁeen@&%ékeﬁ in real-

di ff erence "bet ween nmapHead i ng an
tinge 9t R&ERLRBANS Hagughdragking npiats e\ﬂheatﬁl@a@chaqugnmomt@ pregiriown, the

loc.tat}&‘l Qp{hgtc§rr§19 rtraaﬁrféjpd’]ﬁ%}yr ﬁ‘g{(ﬂ)é’]&t Q&Lumn’o tﬁeﬂ %odljg)ﬁje%ﬁgare being

between the tra pol nt's, rawD stance may
mada| Swheskarry thenig p@rﬁmneld tseqrié eorrections can be made.

[0387] In the absence of a complete description of a building, corrections may be made to

S¢€

location estimates when possible. At most other times, new points may be updated to their
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formul ae The headi ng, mapHeadi ng may then be

cal cul ated as the rawHeadi ng + pont Rotation, where the
w@erwBtoet i on is the rotation for the previ ousPCT/a810081072378

pont The current | ocation estimate w thout cop ection

may then be conputed as [0389] X = prev_X +

rawDi st ance * cos(nmapHeadi ng), and [0390] Y = prev_Y +

rawbDi stance * sin(nmapHeadi ng) [0391] The sane

cal cul ation may be achi eved by adding the raw

Jrrenments to the pievious tracking pont to obtain the

Atﬂﬁ;\%ﬁ&ﬁe‘?iﬂ 3»932%0635‘}130 and by rotatng the new tracking
pont aroun e previous tiackng pont by pontRotation

re]b@x?é itibftONE bRl 5&9& %fh%harpe[tﬁﬁlﬁﬁfd tegnﬂaythaﬁ m%é bRilding or

pned on a segment basis and pont-topoint basis, where
matehing thege fonkkel whigh Bigtoriesdrackipodaied nt o PPSs as
[OWS?Yﬂ Mle%&ﬁﬁdnbtﬁg thilds biddh ﬁ‘ofnrmhwtsﬁstténp Mhe nackmg path may be
corrections may be preformed for individual points
upditeryprea pEg-togping besifp 1o fineppbsyseas ihag eppd drdrementreliien Prﬁ‘ylﬁ point,
coREtofPhERED 8 ﬁﬁnt%g 7 lﬁ%b@d' tQ I'All fﬁt@xteaﬂo ] Th@@gl’t %ﬂmt may be set
scal i1 ng Each correctlon applied to any segnent
sitherehy bEfilondasontgoe-indosy refthador rewedtion sactharddos lsv thegeer. In
adalﬁm RFEOMEH 25 stBm IBli dukate é@ﬁﬁg L ogy o ggatﬁ&%ﬁ progress in

made for |ocal fitting to | andmarks ma
a giffercef haading drone it jtwp hegding MdnibevepRS nety mie npcrdamahen meldhe raw

he&ﬂ% bt B8BR] ﬁttﬁe Bﬁje LEEATENT L ALL eol%xs Pg&pgtpohp 16 the current
16- 0373 B are transfor

traglgpg et Wﬁemtora@t@e@stqrwwé ghadofof aﬁaMmomt,ng etimat¢semapdigading,
md %%z}zgoncl‘faﬁ est hﬁle Pg%'ula;hdlﬁ"er%actehggw@fln gy)%ert%moa d;md rawHeading,

ocation point or segnent to be erm rie . .
PoifiRangion. itmv |bﬁ galewatechit eadhanoint f97enll| thepainto nForfeagtandy pasking point,

théoglgtq{lc% Be‘tweeh Qh@@gdkid %mtst I'}’gwbzgﬁzﬁi)e] 195‘){1 )4 chct?lht@? lu@mE AeNlistance
ound by transt or m ng
fox@@lilqeect%snhwdtngi e Hegdinge vzt thee| lgﬁ celpdatshias &fef emtieading +
paWot&Qz%n %ﬂk&ﬁ@gozp%oﬂﬁm iy Hl@ gotgtn)% f&QEJ 1buFQraf218{1g %’]Hgl M urrent
segnent to it,” and all future segnments
IW§HW§SE@NFé@@@éﬁm#§ﬂWU@®Ub§VWWﬁVPWé1@ppl|ed when groups

¥ dieratively. Each
[0g9é§§9ﬁ¥§$§@lx%b«@?§a§m@ @osgﬁ fea tranh

be corrected sformati ons applied
[0394] heprp\ré’v’r @WQI%M®§5mWaPﬂ¢admm uting the new
[ 0399f fhd OhCSiduFRbE nfa? e at‘lﬁev%ﬂ' rbryeardﬁmg’ I?}?eoﬁw &E‘I%fﬁ%]ﬁs ?daﬁle kb@evmus

performed for additional corréctions for the current
tragiyagopoint tQafgaih the new RACKINGIERRORY Mmititiny e Sefv0Rdghe point around the

prfRRO LN bt AL ASREGEOf the invention, analyzing the
error in a tracking path may be used to determ ne

(03§81 dene gmplementatinmy proEissng mehAe PerEsFmBE ol desnni besis and point-to-
pol¥BbA&RI Hgert fh@%&mg ca@at ﬂas BEATTERY %§d ARAPIE ﬁg&g@% Jﬁ Bseribed. In this

features in the o other tr
implegerigios, corectipay may be pre ormed for individual points, a single PPS or group of

PPSs. Each correction made may be represented as a translation, rotation, and a scaling. Each
correction applied to any segment may then be queued onto a list of corrections, and is also
represented as a matrix. Some corrections which are made for local fitting to landmarks may not

be queued on to the correction list. A new PPS may be transformed (both the points and the
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al so be used by shape matching and shape ali gnnment
nmet hods to determ ne different matching criteria for
weawb/ogwesrent and/ or shape rather than usi ng cPOBEUSI08/072378
threshol ds. Additionally, the error bounds may be used
by net hods such as map matching and map building to
accept or reject a possible correction. For exanple,
if a segment is close to a hallway but the correction
to the hallway exceeds the maxi num scaling error
pagguUmul ated in the tracking estimte, the correction

ANy B&uidi /).8B196le37416396] 1 n one inpl enentation,
inertial tracking error estinmates may be obtai ned at

minB® AEPRLRENRYLE @S cFrR@r mHicek BEeutd @Fts# REEALA Hefew location
the analysis is done by a tracking system(e.g

fog the FRM TRpancgiodpileys foy a lesptionesf ARomg Bt srcHeet tmbe detetmiepd without

habhigto QRRIA Be RBatlRSf Eefcﬁﬁ&hnngéi@ftaln 2HBfiof, rtE@FOCJ{BM op§smvle point
exp ressed as an an%u ar error estimte an a scal Ing
i

m@VrbeofPu@skty trpatfRmEpgt Ry ihe bigt af sprresHenmatgcesh Altgrpgivelyf the same effect

méyr}%raglh@*}ed 'B?B[{S(H?ﬂnélﬁﬁe SorbRti 86 Eibert GNP &Rt 'a{-?@alpﬁmfrchs%gments
trackee, For exanpl e, inertial systens that

10845/ ooy saneipriseliop pesshadelogiamay i ARPLIRE 38 FT gropmol segments/shapes are

préeSdiMiteAti Gl €1 kh e Lifayt B c&:3Rd Wy M rﬁh%vmattlg V\éﬁ“l@d to the
magni tude of all the turns, and tine el apsed

Prgvions shapRpARY cppyEe dheisvdlaratiar ettinatsfamibe Clﬂh@f Hesaelichegks can be

peﬁbn&@rf$xaaamt18ﬂaﬁ75‘orﬁ@ﬁdﬁfs $or tleRBrr&t Epe CAN be reset.
Simlarl ¥ |l e estimating scaling errors, if an

[0394éDx i al %y%wgﬁﬁﬁgﬁtANﬁﬂ@§ratlon t echni ques, the error
[0555Y PRI £ 5P5PEY oPRe Kﬁ\tenm ana%&%]tﬁe 033k %Qra@ﬁﬂﬁ Bgth may be

significantly on tinme el apsed as the integration

useee BudRArEng Sowrds on the catretigns that ﬁ@y@@ eprde pdwe vegtchingniraghing path
seg&ld drdlor §Wa%§setm Ldaats M%ﬁéblﬁld&%dﬁ%toﬁ{er thdl dﬁ&e&gﬁé}ﬁ@ It may

on tine elapse may | ess, since notion i's not
alspdhgiustceethapmmpichipg Sftdesgbali’esall"alt@@ﬁ meglipds josdqagsméne different matching

critSRENARAN sQMAUIRRF sihe RHRPfiah 3K8 cons@R N lesHONK. ef{cfdgfoﬁally, the

at a tracking point of interest nay be esti mated
erpplqyagy Maydeastidpapdinde sysbianmap mafcling efdepapruddipy Fqﬂccqwa«)r reject

a Jo8sib1D EorsdcAbid m'er@gmﬂé it a[ QzG}fl'eﬁgs cl@sestg l.aGH& ﬂﬁ'tﬁg con‘@crtlon to the
any tracking point in the track |ng data. The scali ng

halky@opxcepdy ths enagignunheseling erer eccpmpeted snthe frackingsisiraepmli correction
mdyRM;tde&. ref erence point and the distance traversed

since the reference point was registered. [0398] For
[0396] Gseredmplspentationgfnprdial tra(ckemg ipor estirmafes 1Ey bf penedoft thefeapping

layeblhs' £t JrHRGHLING: B Bihefh AN B Qodayer e PRIDE (e odisik
a}@ Sagﬁnjst ance traversedek?et\g/)\ggeln ?eeytvvo tr%\?ﬁ% (e syem 110a

of 58?1 nlpsor maydegbiagied gy msdhods Batrqperajexon thy tram@a@aﬁh%@ror may be
exedsbdR f0aBSlar b3 MR bR 2 FafinLELRN Bﬁﬁaﬁ% SR ﬁgfg@%lored to the

of fset. X + errorPerDi stance * dist; [0400] error.Y =
tyRsr ¢fgpit! Dpehdaessdnim predico fhe Jeqation of Ehert@rilpér i kpoEnc @03 example,

ineitia3 Gystems that only use gyr oscopes to determine heading can accumulate error due to the
rate of turning, the total magnitude of all the turns, and time elapsed. However, if a compass is
used to correctly update the heading at certain time points, the error can be reset. Similarly,

while estimating scaling errors, if an inertial system uses integration techniques, the error may
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[ 0401] where errorPerDi splacenent is the fractiona
error per unit displacenent; and [0402]
we@eooiPwrdi st ance is the fractional error per BOI/US2008/072378
di stance traversed. [0403] For exanple, if the
inertial systemis tested to accunulate 5% error of
the di stance traversed, errorPerD stance woul d be
0.05. The offset can be calculated in a particul ar
orientation such as the heading at the current or
.erence poi nt. The equation may be interpreted as

PAT
Atgmybgkgggoq)sgﬁ@&%]gdﬂ ar bound on the error at the
current point (curr) represented by the rectangle

e? Cn‘?ﬁ’cafi‘t‘iy & 'hfm)élapse%rJSQBe ?ﬁvteg%t%ﬁ a&umu?a'icrs %oyat WelNtime step.

ength * ‘error. X, and error.

H‘PWf‘dFrc&”t @smﬁrﬁalt systemp tha§asgs @sne @mﬁﬁeroflw tdmsnﬁ@te@ p@ﬁ@é clspcdtmay be

ledsSsiKRAMKiontid ﬁotcr%xﬁt@@& uRfaNepl S 4kSH, 'aﬂ@tnseﬁllo;eode érﬁaﬂt Rntdifiber of
error rectangle relative to the pdsition of

stygfekflence poi nt. [0404] For illustration, the angular

[0.?9(’)7% ggc]e BRYs REa SRLAPIER JHShtBTst Fnad Y és%at@@%ﬁ%sp@& to a reference

popyiglitisareleasned peiat may Pethpeigit @eRbeiarickine ieichd poae SRematracking

ol HEhE QERE: Ia%@r ﬁ?e@@éﬁn@'éﬂr%avqﬁg:gtﬁl%@dfafs%rfﬁﬁﬁ&l 3f displacement from
errorPerUnitT *time intérval; [0406] where ﬁ

thongsEpeangs PRt apd thle dlistapge tesersadrsinek the gefeyenca oWt wis lmsigre@t

/om/ ol BLQFEHESF eﬁgemx B %@ant &ted Qetgs %&%59&@&&@ dint from the

he surrmatlon of the ang e ch anges bet ween t he
rCfiS’@PWt Roint] dupdhe digice dpydsed rsticeen the tvReracking lpﬁlaﬁt the error offset,

enq;&fgnggg%mbg;%ﬁﬁg Qe two angl es; andPATENT Attorney
No.: 053216-0373130 [0409] tinme_interval is the

loﬂ%@mﬁf T ereRedipledrsah® ofiet XvomofhedDiserpepsdist 04100 A

097 ErGOCLERL PRl BhenP bRl PSIIBLMD B DegRde | N

the tracking unit taking random wal k and rate’ of angl e
IOWAWQ@C ererBerikiplrasraent s theriEptiquplgrrol gerjugit displa¢ement pust | ve

?%@ergfstaﬁﬁé QfneIRALS &:0F pR uRPHIRIE i@yl ve to a

erence segnent. As shown, segnents are depicted as
10‘64365% Pawphing] B8 incssal rsiiin et i ehowhG Fogmy of dddistance
tra%rgegr CM%ﬁt&B&r wcﬁ@&]@ﬁS @ﬂc%ffset%glgb@&gcuﬁ@d% 2 Qﬂéi%ar orientation
di spl ayed | ack points. In the il 'ustration
*u@céﬁ fh gheéfimga rat Hsatuyrsitsorhygirepee poipe rTfhé ragpafionfpat be interpreted as
pr&z%ﬁoe&tel:tﬁx%u!ap Solig %g WRQLOf at i LS ER ?&H{ (%ull})qgﬁ\ééeﬁlg? b¥ %18 rectangle

ang ular errors. ﬁé E] Accordln an dspect o
FEGaITN

anfrlwéﬁ*t FERX t greor GroRt ol nﬂﬁy? ’berr@séf endlbeighto2* errorY.
ThSG B Shfif iR %6&!1@}1 of%@fereﬁ&r ot A oGim, ﬂh% i AEKiRgs estimated

data is segrren ed into |i nes, the error o one segrren
to {if Wmrhe exopEsctangle relatize tstibratositiany offhe rsfrdnaepainl- by fi ndi ng
I( O-MZF F@rﬁfl&fratmu@xg §nlefar LG ?/%E bRl busiahd sﬁtﬁ'l@r c%ﬁge pgi nt

he | i ne Wlt res ect he start or end pol nt of
[040\413AP@fl'@meorl’ﬁé)eWﬁq%otétﬁqnéiotaﬂ?ﬂgmélertmdwmrPexﬂegne@Devxauon*

de%ma%naaaymtommmnﬁ@ume B¥edhnding the rectangl e
That bounds the error
[0406] where the Angular_error is for one tracking point with respect to a reference point;

[0407] totalDegreesRotated is the summation of the angle changes between the two points;
[0408] degreeDifference is the resultant difference between the two angles; and
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bounds of both points. The sane approach may al so be

used for rectangul ar segnents by using the four points
wo@towloziosect angl e. Al so, the error bounds nay PeT/U820081072378

for each point in the segnment individually, and the

error bounds for each point may be bounded by a single

rectangle to represent the error bounds for the

segnent. The error bounds may al so be represented as

di fferent shapes such as circles and ellipses. [0413]

phrenPATH GRID AND SHAPE DETECTI ON [ 0414] Most bui | di ngs

A@ﬁﬁ BLANKE.: RELNRGQHA! i n shape or conprise multiple
ort%ogona sections. Consequently, hallways providing

[mm%t mehtaylsmettmewfé}&w@ YLty AinNES o diheatapsOf ten run
paral | €l or perpendicular to other hallmays Roons are

[06%41 hMBISi A EUrHE afieylah SIrorealiBate aRY bpmadmiddhd fFrgking apit taking random
watk b8 of el BadiRlidtYR%Sunc The presence of these

features can | ead to tracking paths conprising
[04E Flons 1o An Hligrtiye Ghaskls of ¢enr bands &irgrigemers rglem@ tgpireference

Fﬁaelﬁ As B4Rl degher® ar® Qép%émdSQ)WCﬁgecgaﬁcrlQ@ @rrﬁnﬂ)'ﬁg%ralc shown in gray,

5] For tracking data with errors, it ma

ang oftEor PN foy SeammtIstaptoanddends paixts s fisnlaged h%ublaak @oints. In the

iIRRRGGX S glne BRF ahdiRls RF 6 PERGLGUARE c&qe&lﬂg oy Lba%&mg of the
and identify themas being on the sane grid

SeEBEHUEETING FEUIT #itPraf segnments al so hel ps in

/om? mtctéranhggo sh qgﬁ% %ﬂ;@% i@gﬂttlage &mgagg%ms Ml YeNB¥ended to

segmmmfumé%al d@th Beroemnplp, if enking dpats @Bmerafrddmsﬂiaqge the error of one
se@ﬁé‘n@ Qﬁh 1'résfé’&lft fkhd btBer vaekiln A0 H?Itﬁcﬁﬁﬁléﬁ{e eHSF b%ﬁﬁ%’%ﬁfﬁam point

buil ding a particular shape can fit
an|d é@u e@é poigtaf|slee Ipg rathirergediiy the etart ﬁ’B‘Sﬂd tpeing ﬁﬁjh@ resgvense ling The eror

bolBRIbNEe LD ggggl'éﬁﬁnatth&loﬁ@fo% G}%dﬁﬁqp@re%éw{hggboun?s the error
bO@aﬁabwltles of humans with theé conputation power

peth pogksg Ple W@nplﬁgchtwmsodqﬁegedcfahrds@n@»larrsemqnys by using
thd ?&1@ REARt AR Iéaﬁn@l@t&l% FIAP=Yale M 195}1 bO ol ﬁpéagﬁ%omt in the

mak |2%_segnentat|on an subse uent sh ape detection a
segipent inglyiduglle and the gaprfheppdsrer @ trpgty bR ibpgndedl b1 2 6ipgle rectangle

to 15}955%1&6}]36 EIH&}%H& ﬁaﬁ‘iﬂé%e&ﬁé/nthﬁ% e 304029 R &)uﬁea&kél%&nted as

due to drift. In nost inertial systems, inaccurac
dlﬁ%@tﬁlﬁpéﬁrﬂl?haSeHﬁei‘o@dleﬁl@?eénent al. Additionally, in sone

[0YAPEL | a'P%%ﬁHﬁm@ﬁ%ﬂmE%ﬁ changes above the
WHX|nun1neasur|n%ﬁ@ate of the gyroscopes can cause
K

(04144 ot védigpngge éxliies p8hogmpgl fith happprecomipriesr milzibleythogonsl sections.
Céﬁ@éqﬁghﬂ?%aﬂ@ﬁys%ﬁduﬁé@ohnéchl/ﬁy GiIPHE %Hu&@ cgyﬁsot&t L g)arallel or

3-axi s %yFOSCODGS or til conpensatlon nmet hods ¢

Pe@éﬁ%%%l raeienkpllygys. hRemdisnage éft@?o‘iﬂslt wieeg) helheays.rofiskirengering them
ah?x’fb‘dtto i Ralllvh QA TANBY s 1E OB BEde U éaﬂhgad tggra@ﬁﬁg Pgﬁls éo%pnsmg

he different types of errors, path grid detec
seqhoRh Blglongraemisatsi thas laemelpngthe spre mad (tve reeallbloprerernepdicar to one

an&H@&lty of the
[0415] For tracking data with errors, it may be particularly useful to identify segments that are
approximately parallel or perpendicular to one other, and identify them as being on the same

grid. This method of grouping of segments also helps in identifying shapes that can be matched
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inertial tracking data. [041 7] In one inplenentation,

path grids may be identified by anal yzing the result
wo@Rooa/0gwesrent ati on method that results in a sePCEESWNG/072378

segnents. These segnents nmay conprise a sinple

groupi ng of points, or a nore advanced approxi mation

of the segnent such as a line, rectangle (PPS), or

el li pse. Each segnment nmay be associated with an

orientation (slope) such as the slope of the line, or

rectangle approximating it, or the slope between the

%ocmgoqgg «P&Hﬁ&ﬁ of the segnment. The segnents that
can e groupe Into path grids, due to restrictions

to 'WE‘QIW shrtt&urbui ﬂlqﬁd’lgon ﬁﬁlﬁaﬂ ﬁ/a@tbx‘ﬁaalnh Xhétpg p&g%mtlon skills may help

segnents. Therefore, segfients wth
ang wfs@"gﬁodeeldﬁaxhe@elndbmbwﬂ@rge@ pmﬁul@rrﬁéam%@myfsta §imifagy.11ggical shape
I t [
e R e %zeﬁl?‘ét?ﬁ??ﬁ%%%ﬁ&%ﬁ‘é%?? 8B B sas matching
casaé@mﬁpfshulmp vathdhe comphiation Pavee of p fcprapierc Shapp makphing techniques
ca? b@pﬁregfelmsmq%t oﬁme (ﬁ;ﬁem%d%ml&ms 4L @r‘séo%emon and
be conmput'ed. This difference may be found
sulseeitept Sélapwteémwnaﬁal ! tmwrfatﬁgmgeshmeflﬁwl@rgce f or these
[05‘%&%1 tt'mgﬁé ?atﬁso mail fha%chﬁeaﬁinf f1§5c%91%86§ ﬁuebﬁcj gﬁft Aln most inertial
predeterm ned threshold, the Segnent d 1o
sygteyes, drpcpwspriesgiue do defigan he ingreffeatak rfe:léltmylyb@ mmem@l systems,
angtlllln afe cthg'l%eg %Jv@%eﬂgaﬁﬁ&ﬂ Efﬁgam‘lg NGE of me%[ ?tﬁ)te§ ca%sca e sudden

correction. e difference | SPATENT
hepgang emcssfy@sth%mslg@mabw@m hrhuighr docieat derd fvd dhilt mmn@h due to
S
1acté<§§ S ﬁ@g@mt ok (?Séa&;fe% 812{?1% 'cgg'jge%gatﬁ)ﬁ) r&&ﬁog@% e&ﬁl\g{\}v&é{éedabru{gphéahfng errors
W@tléhetfsaChmg &t g?rliﬂtfd appy e bemsrupright. Be ﬁ@purarfm the idiffefent types of
I
o o PE g ot Y bRl Sty of e
ingrigal fragkinggdata. segment on the grid. [0419] These
hapa d
[MW{ ?llo %g@ ?rre%?lﬁlg@gﬁﬁ)g (t‘%? %%g,kl ng{%p at h gsﬁtggie]sﬁ%o% gsult of a
segmpapstion ghod thajrests m sefigs Oé segmgpie. sl hessysegraensomy midmse a simple
g S o
B B S Ptoyinloy B ahen TR O 1R Chrangle
(PRYgpreshiinse | Bachrdsmiops] r@absh%q@@slawé v aprorikgeionaklopd smheas the slope
of%enﬁ{e OA@aaﬁal@s}%anmng b hgls{]agé b%%v L4, eﬁyk&ﬂa Rhé f o bélnts of the
g es non Ol‘t ogonal sha es e create
segrrast. dhe fseqmetscipas Chﬁabszﬁomfd u[1t94>2t©]gn|ds @mem@ms im@sed by the
buJ&%?&%l%@%ﬁé@ Mﬂ%“l fﬁé@fo@l&d&:%%&h 13&0%]{3&%00& g}%sﬁold may
I ncl udés nmagnétic/ conpass data can greatly
be geprsislarse farrtscdorlvgjs.capabi | i ties. Specifically for
[MIQant dRlimpleRACkhg, &ﬂ&@um@%ﬂﬂé%ﬁﬁ gﬁﬁ?m@} Bf@etéc%ld‘%ty' 1%Fat15£over a
direction in which telnertla raC|ngun|
Semqa rOﬁ elpsarseampits Farptcheegndnathe differerise abthe lope @ﬁthaﬁyrent segment

wifdl BET current grid may be computed. This difference may be found, for example, by

calculating the angle difference for these numbers, modulo 90. If the difference is below a
predetermined threshold, the segment may be added to the current grid, and the difference may

be added to all of the following segments since this counts as a correction. If the difference is
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information, the entire path may be rotated to be
aligned to the true heading. Inertial drift adds to

wao biog/oproebl em wi t h di fferent sections of the dBECEHUS2008/072378
requiring different rotations to be aligned to their
actual headi ngs. [0422] According to an aspect of the
invention, identifying the true heading of a trackee
at any given point may renove nost (if not all) of the
error due to drift. Correcting the heading of an

B&Enertlal pat h usi ng accurate conpass angl es (headi ngs)

At{oﬁeyoﬂ)%keg)ltlo lobs1d@iapds that can be used to reduce the

fects of inertial drift. Large buildings can have
abb¥eHhe Fﬁmé&m&ﬁ HRGPR! IHE st AT fs%%m‘eﬁed tz; BELRLG o grid. In this case
resulting 1n few accurate compass headi ngs to alt gn
the previqupesridagafs whilethaingwlsegment sterts acut £t bilthe dnsoiak erra analysis is
- avERBRAGR BRAALRUSHBY RSB kplhld bl hOAGCIAC osafoletﬂa%ﬁg error
met hods that are dependant on conpass headi ngs bei ng
wiigegped tethg tasteggrpent an’éeﬁtlép In addition to the

[O‘U@F ?E@E %f’tﬁ(ﬁ%ﬁfal Qf, apEORRABS ul L QH%’% mdtéluﬂosanﬁlfﬁ‘t@noamethods to match
chal lenge to identify that t ass angle I's

raglgppab ehapgete th8pertmien shepedi Mykirkrsbarso oty eM@Bﬂned fireated as a
sn@ﬁeqhhﬂgyllﬁmﬁggqgédt Qﬂbthofdp @ucﬁlraélcc%lll %s Ci\ﬂ& %u cEt?é Ha(ll ragn'ec’uons result in

conpass ang| nd gyro angl

segyeqnsoiEE tiplg Shmee theing wﬁ@g@dn@a@@ (ﬁhﬁ’gl éddamha@y,rm taildings with
thr;%‘@l%d athleEj %ﬁsaha@laﬁa@ M efelyss) c'fyagh ?osbe%s‘?egqglos@lape'naat&fﬂ&

absence a reported gyro angle, the hea
(068t Keen WIEWFTIRNS 59 RayCIoyE Daga MSING QIBV@QESD@&V 3130

[o@qf@ﬁaahov edaaoum %*nems %ggaﬁ%oﬁl ask e&kaa%ﬁnetcgg&ﬂgyéﬁame tracking

[0424] To apply ust conpass c
capahg\lngsn@mcgiqa for yrigmial fr@g@gmbmgtad@[a@ngpaa]e f)ﬁtqngpla’m;e to the direction in

windhGHE meﬁgl trE%noeLﬁﬁ SLQ.EE&] bn. Phi$ ﬁ'ﬁ’;ﬁﬁg 'ﬂﬁth ﬁlaﬁille nagseggé/ oib ﬁlg other

conput ed. For €ac point 1n the segment
infermmbiens éheamglle@aﬁhsnaa\ba r¢t@1:bd e, etah@eé tribase leedjihe Inayaltdeﬁ adds to
tb?ﬂﬂob’l@ﬁnzﬂg{}%ﬁg@rg}ﬁ égz'élgxgst%f t%ﬁgit%ta?r (i;.\\ﬂﬁf%nrhéitf%%}t ?}(ﬁgf&?ﬂ lﬁeaﬂgﬁe@go their
actppldepdengst hat the conpass angl es being conpared are al
012@FA%rc¥xﬁh6toSaﬁ%egt' d Je Jhgégmon %e%%@ﬂfmg\ﬂ&&t ]fe%dng bf itrackee at any

tracking points int ere
givgh peiniyaay fezol hapodi(ifmet dhtof mereget {ugrig dritohpreestingithg |he@hng of an

indrt&$ {tﬂl @gnty\éyclu@te cgﬁ ds§ %?Jfés reg% gﬁyé) (fseo e%f ﬁ'% ulu%thoﬁg ﬁ{apgan be used to

turnl i nore ten

n
redyeccthe gfge@ts OTH@ﬂra rift: é@rgﬁ&wﬁ@sy an gwmmwu ofi iagnetic interference,
the?PHHE Qé%hﬁiﬁtr & YevthdcullR &%aé%@dﬁ%\ﬁ@lah ﬁ t’ﬁ’?e ﬁm@%ﬂablhty of

angl es vvere accurate. In cases ere ere ar
contiaets Leetrae eeompras beadinguimay sesuls imie ynaa%acagqf rﬁ@osc imetheds that are

deﬁ:ﬁ@n@ %n”@t}fnﬂag‘ss ‘H!eetdlrfgg o eﬁq%o E}Jc@r%{e HOURASEmE \A}]égrmth? Sad‘?ﬂtl@ff So the

con”pass ang es can y | haccurat e n rragne I C
incopsistane e pE pRERp apssrepstings oy i Ashe cleslongs, to vdeatifythdt threompass angle is

aaﬁgﬁp§§§wgggh§§a FQ%O ccurate, a scan nay be
lager orned to fln a e val ues that are

Pk napleingntation, for tracking data including compass angle and gyro angle data,
checks may be performed by matching the compass angle and gyro angle trends to detect which

compass angles are good. In the absence of a reported gyro angle, the heading between
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equal to one another. This nmay be perforned by
clustering the angles into groups that are within a

wao booestobgl angl e of one anot her. Once grouped, PCTHES2008/072378
average angle of the cluster with the highest density
may be tagged to the segnent as a suggested conpass
value. If two or nore conpass angle clusters have a
simlar densities, the one with the highest may be
chosen, or multiple angles nay be tagged to the

pagdment for subsequent nethods to resolve. If the

M&gﬂ@me&Ngngh%§%hﬁy;he densest cluster is less than a
predet erm ned threshold nunber of points, or two

su@debb?‘te‘%foﬁlt%% ﬁe%ecptb ‘P&)@acé fhe l§§ro aﬁﬁ@l ved, the segnent may

be t agged "unknown™ val ue, speC|fy|n that the
mé%ﬁ‘frﬂasa@plaﬁgbt@f Qf’éﬂli’laif chestks.ba ofle irenlerneneagion, [t s king datgrieay first be
schRhQRH &bk Q3mef, £ 5dBdeA he'é@nq HllaﬂUc,ecJ@ﬁteQeF&%QéH t?égl\mg point in

over nultiple segnent’s or ds wthin a ran
thepisegmeent: HE 2, Wﬁaﬁngkead@%ab@r rthﬁr c«prgpam il nhayoenad) bted by the
dl@é}%g $etwebn fPl@tsgrn%i Hje%dllﬂg-\éﬁd fe %Qrodaﬁglg %I ﬁgt trgcr(]ﬁo Qﬁpm ensures
may be checked over all the poi nts within the”

theaﬁheecpmpéftwglﬁgbwomﬁfﬁég@ af eslingsthe @mehbre@meﬂus compensates for
trafkih € Pbin®Nin tﬂ'sts%lg %EJnYc%{ thttehaetrgcqﬁﬂgaﬁﬁt &8 R edlf?grent ddlI'CCthI’lS

seghents in may be found separateély,
Commra DR asSoraet Ve ins dctor isBdtmadbr ey besLhrseted = tey
tcﬂdC{o lB@le@@:ﬂ:%uﬁt‘éefHe rWatre!f' c&ﬂﬁs ?E? wilild 'ilg'\? aﬂﬁ%)!hngtreiydall be the same if

Conpass angl es may be inheri for the 'segnents t

allipd e comprRyseles PoRFaRER R Ay Fasss wbmthevearer ineRturate <f0mph$§ readmgs
uﬁ@gﬁ@éﬁox%ﬂgs% aqgg§m9§)1"ep ﬁtTENchQlteEtod'oHﬁXss Qgﬁlll(éf’tés e cprmpass angles

216 3130 agree" with the other se ts in
cai bt el ingccugnte Wbemlmnmt'@t@nfwcp Equiserid h@efate» ghentaighe compass
anSIBIEFB bt Ec‘amrallgea Q&M?%e%@xg&%eh %o FB@ al ?[ Vtaﬂgg]th‘éthﬁe approximately

faxi mum headi ng errof possi b
canakyl Eenetheri dALS map be n@fcgmﬁfbbsaﬂngé@o apgies llgtsn drefips ghapgre within
a RGN aﬁ‘lgg of @ﬁ@aﬂotﬂé}t pnels élggpe‘ﬁ hat amg r?g‘Pé gf‘?ﬁer@l&s%r mﬁ the highest

bU|Id|ng grid angles are tected, conpass angl e
depsity narherfazastyo B spemenb e sl agestaderorinas fyalug ol heie ot more compass
angk léﬁfsﬁfssha% 2 SEHR rzieﬁsﬁc@ @h@ %np Withdhd glggésk siﬂa?ng' c%%seﬁ TQ multiple

lustrate this, if a building is aligned
angeﬂﬂlw beptagaed forfe ysment f@rﬁdbsm@n@@ﬁbals fo raivdicedf the pougt of angles in

theS&&E@tnEluQ& npﬁgshthgl{ b Grelid QA8 %t @ oRNGBE: 4 é)%m?se IPRIY Susters are
ter renDV|gg he magnetic declination) are dbtalne

tog ﬂw terry rselv &Wgn%@azz Ibeéqgéwb@llﬂaﬁrol}m&n@vn”mbw Pecifying that
thead%gap%%gn&i@%u%%t bé g3RRGEvVel Yy, and the cluster with
he nHX|nun1denS|ty may be chosen as the correct
/04%51 Enenst impleniepietion @ ssr@gwwbmeve pay he grnligd oy g4nuifiplesegments or
REGILIENS anl© wHBRG M@Tl%wIHSLMIWhEPWUQdﬁN?th grids
P TI TI ONI NG T 0428] Si nce nost s in

haygybeemigtetrdglthe eommres e begihpkedpiedsll ths malp@sm@mhﬁ d ﬁf@r rotating
thd &ﬁ@,agra&@egmﬁé HRUIRNIA. @rtsmédv&g' e Eﬂnﬁg&gﬁn@&%gemﬁts in a

% rid. After detectio
path gnd may e found separately, and the compass esnmates for each segment may be checked

to be consistent with the shape of the path grid. Compass angles may be inherited for the

segments that have “unknown’ compass angles, and overridden if the compass angle does not
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grids/shapes in a tracking path, and assigni ng conpass

angl es when avail able, the tracking path may be
w@orwmetesl to the building grid and partiti onsSP@ITERm™08/072378

appropriate. By iterating through the shapes in the

tracki ng path, each shape nay be checked for the

bui l ding partition or partitions it crosses and/or

lies in. Fromthe angles associated with the buil di ng

partitions using the building partitioning tool, the

probable headi ngs for the shapes may be obtalned The

i&pﬁe&bgke}mgﬁﬂwﬁg} rotated to a probabl e headi ng that
I's Wthin correction bounds by checking a rotation

agliféyvﬁﬁlhtﬁé gthgl rseérﬁ@xtsrm)fﬂerﬂdm rﬁt &Iﬂf ﬁ’lg @Llytat%r uir Efptot;'lgn ﬁfe SQJment to
analysis. This my orned for each sh ape |
the peeriapsragels at gicajdiithiaa tke?ppaxymnﬂg headiag ewerrpeesilon for a

R B8ok B G 1O 0085 o QPRI KPPl i

that| mypst W@an Nth bubie ik aretis ity daected, epspretst angle ¢limeering may be
pekBMEAtth Ahech W &&npa&aélys@rmf émﬁéd?&\!oethé t;lﬁfamoncqqdpﬁuab Oxfo Bustrate
trackee over a erlo of t or coffparin

thisy Hek Prlgingais Hbglt?ﬂ I pﬁ@lﬂpéiasfomdewe%n@ﬂdotﬂle aslgeass angles for a

seBRLR Qxd}%atﬁ SidlRTRad 6 ohdge 1{s%u§ﬁjeﬁ1t50;ﬁeg %o@ﬁmhel rﬁe@ﬁg‘[g' d@cﬂnqgon) are

frac king data may be usef his anal ysis n&

ohgrined cthexmep he peanped emnd icluylered arpahd Ralsy, ?ﬁ andhze70krlfgteds, megpectively,
I i \
o e e R, e e PG o iR or e
Seslr@ékll n#gh giidk a may PATENT Attorney Docket No.:
16- 084k

) PO TR B HRnl AN bRy Parrmonx
/0623?11 Singe gnostshaflyeys| in adudding exgraisned toghanpilding @nds, shapes comprising
101‘109&%1@8}41 o ftd q}%rﬁl@g" tgrbccér%ﬁ)‘ﬁ ftl'le%ﬂﬂ'dﬁﬁg' gﬂd' NEt: 'd?tjectlon of path

tracking data, as scaling erro s start “"to accumu
eridsishanesah erigclitepatnand pralzhinayompays estee ahen evaileblaftheedcking path

b T8 UGS 300 5 Ry UL b 00

shingh invig trerkingipethosatks ehap¢ mayrboehecied cf@l‘rtéfr buildimgtpertition or partitions it
cr&6& ldﬂyl)leﬁeg% bR DYl as'é(l)cqg%l ]E\?Hlfjllﬂg b&1ﬁ1ﬂ033|3?tftﬁﬂst stni;égej building

scal InNg errors bet weén erent trackees
parfioring [opk ehetprebable headingg) fre theshapes may beebkadeed. Bleecdntitejshepe may be

rot%@@ Mroﬁgﬁ}é }diu‘ié' ansd OfIE gorl'egtu%ﬂ?r}o&gﬁhs ﬁ&kﬁ’fb %rr(?tat?cﬂﬁﬁeshold or

line iI's descri bed as a vector origrn or
the ingragup aptateaalcasropisi thi errap andlsis| {This malyrpe méormed for each shape in the

trahlﬂpé Gith nhiafk effJBl'ymtohtﬁe %Hﬁéc\ﬁéﬂ ?odna.ﬁﬁaﬁ_lg 8 'afnf?llr A Flléﬁpgse for inertial

seghents above a certain predeter
‘ﬂ¢bﬁ@¢W1that can be along hal | ways of the building.

fﬁ thes}ﬂaﬁgmcan gﬁﬁ@hﬁ\rﬂ%%m%m GRRgENt IS

al ned e sorte di stance fromthe
[0@0} épwr@ac rceftre psppet of pbq mivention, whlle analyzing a single tracking path of a

trackee over a long period of time, or comparing the tracking paths of multiple personnel and/or
assets, methods to compare the layout of dominant lines in the tracking data may be useful. This
analysis may be directed toward identifying hallways of the building which are usually long and

traversed multiple times by different trackees. These lines extracted from the tracking data may
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[0433] Determning which lines lie in a hallway while
anal yzing a single tracking path or nmultiple tracking
w@aih®2wen be a very chal l engi ng task, especi aPCTUBIE81072378
floor plans of the building are not avail able. Each
trackee may traverse a different path, and even when
the sane hallway is traversed, it may be partially
traversed and traversed at tinmes when different
tracki ng paths have different accunul ated errors.
lﬁk% 34] To | ocate possible hallways and corrections to

b&ﬂ§§oq£yﬁ$@fﬁgme (or different) tracking paths,
th e relative position of the lines nay be conpared to

beGEtRE L R IMRBE NREs. t hey match the rel ative position of
tracking lines in the sane path or tracking lines in
(06 bimete plkaretationsthesetlies mpy bqﬂbéamﬁétae Fhe dengast seamentsiuping line or
reété'h%ul*ap UBHSen@kiof. NGp B AlS i ThehDf thabideKi 'thg, Q§ts@alﬁ érrb?s start to
|'i nes bel ng exam ned, a correction na made
acqusRuAYR PRUs Alonghc papeaRdvaY WYY eIReFdo by pidst t@n@n@another if separated
in &RRL NdaitichQlry, AR RIS 3 alrfy A FRABQAhrol Aetht LBES hiTRY%y By be offset
sorted by di'stance fromthe origin or reference point.
frophens JpaichEe iR ATBRARBE §F0te OVey taesTr dee toHahergnh seglipg errors between
twgaﬁﬁﬁg@gkggmor slope. A list of nunbers may then be
ener at ed calculating the of fset perpendicular to
[0 ﬂ%Tgm@eiézeo ¢ dae Reanient of riofiackecs cphdiiecggmént meay be transformed to
Hdﬁ@l@%ab@ghée Edgﬁ 1inOf dEs%h@Jd' ¥ § vOhdr $RlSthe WJuhmté{\@ fﬁy&lt%ference point
| rst's of relative offsets (e.qg. one from each
to thedigkefn ons implgmensgtion; the analysisveryde diynite¢ roclizte sagmenkreabgiest a certain
prédbteRhihed HORRMD MnbfEhANGEDel AR 162 Z‘; sl §Sthe bhifdind Dnce the Hough
t hePATENT Attornéy Docket No.: 053216-0373130 Secon
repigppEntetREr P eqhding seeiisat ifrplfeingdather can teerssd byisapho freip tesnigin or
refelef@lpidhe of fset that overlaps the nmost |ines. [0435]

Performng this Eﬁgce55|n for each axis that |ong
[0433hPstermaiping yanchg bers rligt msa Jalkeay whileyenehyaing 2 eiaglh trapieng path or

@tﬂ;lé %Lknllgn ey BB o a Q¥RS !:}ﬁﬂer%%nttaskf Qgpethdﬁy %h%l? Cffoblogl'ans of the

Conbi ni ng’ t hese vectors into-a singl e offset in
bu’é‘ihil@f’lﬁalpt ool ek §adkesy mpe travsese wplilfestné pathyyantl jepie wigen the same
hali ik Q6L de@ Nt M@@Bﬁ&@ﬂ@%%&qlaﬁa uL\te&% at%?ewﬁeﬁ QMeRACHacking

vector approxinately intersect. Finding this |ocation
ratnhavp diffrwbipsrraledienms ng vertex clustering or ot her

[0438F *P@ | RIHE BossiblRiHIWER GES HrfBiJTB (Rd BRs bi i sa%lxel (o1ocflff§€ﬁt§trackmg
resulting in overlap, as the greatest overlap may

pathytthq eéatige pesition| o thepogn engy bskerprared to glatsarine paether| twergatch the
1618% /pQﬁtlﬁpﬁ{ t286nd Bnel GAGL OO LM GGLEHnd BEE U BloalRbBkee’s path. If

or data from si gnal based systems using the same
thlil’f‘?él@h p%’uﬁgmg],zq the beyindssof thepamey in fieackingilatasat gy lines being examined,
a cbirbdéigh !&ﬁ& (Y %a@é(@rmlzﬁll?gh@ (fr&rfsﬁ%e) %Q?Jlﬁres toJA@RBotler. To implement

depicted in the color g , a second shape,
this Sﬁta@% the hineg gappetasiad by Fﬁ@cecfmnbthe loFigie oy refassace aeiple dhis may be

perffcgrﬁl% tdne 2GRN 1i:R0 b9f0rfeﬂt§t15nr@1‘:hb;fl9 Apﬂgt*bf%ﬂb may then be
di fferent 'trackees. Dué to previously accunul ate

generated by calculating the offset perpendicular to the slope of each line from its previous line,

creating a list of relative offsets. With two such lists of relative offsets (e.g., one from each

trackee’s list of lines traversed), creating the set of all signed differences from the first list to the
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tracking errors, the vertical line pair "1V2" and
"2VI" are horizontally offset fromone other. In
wa@eaapo2wes the two |ine horizontal |ine pairs PCIWHR2008/072378

and "2H3") and ("IH" and "2H ") are vertically offset
fromone another by a simlar (fuzzy) vertical offset.
The line "2H2" of "Shape 2" does not have a match in
"Shape 1" (the gray shape). Wien these two shapes are
sent to a shape alignnment tool (or processing

orithm), the tool may conpute all of the possible

i3
A%%f?ﬁ&cﬁetﬁm%sgzm%%&f espondi ng overlaps for these
fsets. The conbination of a vertical offset to allgn

secdnh“and ﬁl@ﬁj fmcgi'fg the ﬁ'ﬁge Evhﬁl MEiyztB@%%ld) anfc?‘&'ée th ofidet BBk overlaps the
found'to result in a nmaxi mum
m%%b@#ap (aII three palrs nmentioned above) within

[oflﬁ’y??brl%r@m%oﬂhfseﬁbée%gb% NG afeiaPdRL rlgleéla@zowoﬁ%hémes a set of
for this offset in a nethod (such as, for exanpl e,

nap
vepigrs| efich e apiiipabis termeralioverip cpentler it diteetinn. pﬁcmbnu@g fhgse vectors
info€sih¥® oBARE She AI{WMXOJP%HQ ﬁgy bh @Ecofﬁ@%h@@ oy | tﬁlﬁglgl the location

hori zontal offset aligning
wheme%dlplgardmeq drawe frmp P)ich VERIOr amﬁopmatmtmseetg ndng] tl';us location
méty Behecdmfllished (Sthe vdrkdZ clullefifl ¢ %ﬂr ‘tecBlighet. 4i“h1< btdcessitk Eﬁy also list
"“2H . " Though this offset overlaps nore |iné pairs,
allrpdfpetp eesplnpmeateilap, poflin greatest iseerkp ey e optaida cplh@tlwnmmsmshape
aha&ﬁéhmgc%%s Bgr Beza%g\ﬁé@l to BEdMe doRedtBind FiAKIaNShdRR Wb from signal-
(04 SHAPE MATCHI NG AND SHAPE FI TTI NGPATENT
bamdtswwsmééh@é@mwdeﬂv%mm%?3130 [ 0438] Conpari ng

[0356?915@ W@Apétaﬁsillﬁsgatﬁ\leoé%ﬁmﬁk 3PS fnaun %haﬂ@ne;(&?f%@i'm the color
hparing tracking ﬁ@ hs to one anot her

gr%;"é)nﬁélr R nsgcanl OS@FPGp Ah ddamiced gethe rc;g){cgd)laoﬂcb exfracted from the
se@ﬁ‘c%ah@ﬁ ofthife ﬂckjng)ﬁMf%o Qf )R e FRYs. DL ?cf sfe(fﬁ %%cﬁﬁxulated

geonetric shape natchln problens [ 0439] pro
tragfing @ ¢ h |tl’WgVC§ICP.1rla]§ lplalhg ytaRd {5V Hard bg@p}gntﬁb/yofﬁgt from one other. In
adfi6od, GRE R e gn@ﬁo@zo&glaﬂﬁe ?ﬁg C(hil-ﬂﬁ’ ﬂlﬁogh@m éMae(r“?Hf’hgnd “2H1) are

i np ut sha , the cking path) has certain
verelsca i s e s i ] seted oftwe. Thedise “BHEME “Shape
7”%% 1R BBV ch G@%H%eap* G g%é)nﬁﬁ J | Wgn ﬁk@%o%ﬁ%ﬁp% sent to a

al ways accurate ecause glven [ oor
shm@gmmﬁtogb@ép@g@ang)@ erithrat, H@do%mq’x cempe all of the poss1b1e offsets

andl %%H@ﬁ%hcﬁ% m[egéﬁoﬂn &Q&Scﬁfsgtga% J(;Bt)ﬁlgtll(ﬂlgofry Mlcectf@ff@% align
describ usi ng shages such as 0|nts and |1 nes

“11%” Wi S Umeghdiangonil $etf9|aélﬁn(h\é?é’m@ﬁ\ﬂam%@ﬁqundﬁyresultma

mdAR B pcfv@ﬁfﬁ"{ﬁﬁ @Se |pahi€ %enﬁ@rﬁ:ﬁ a%'vgs w1t915 Rag6k] &)?re&fon bounds.
p0|ntS mar ked as reCtan 'l nes

Perforringy paitcelipntfor this offses ip p ﬁ@%@ééw@w, foR exqmpéﬁa mambsl){cbm@ may be

usd 8o kMBte S0} Elrcm ﬁgﬂﬁﬁle Q\i/o {HaBes! ﬁ%a@@)g |n§ted E}Qfléﬁdthemlréeenonzontal
nHtChlng a track qu% HtO a Oor ro Ten]
aa¥s

offisgiyaliping o YA withe R J@péour pairs of ﬁnes (1) “1V7’pw1th “2V27 (2)
“2V1” with “1V1;” (3) “1H2” with “2H3;" and (4) “1H1” with “2H1.” Though this offset

overlaps more line pairs, it may be ignored if found to be greater than the maximum accumulated
horizontal error in the tracking path.

[0437] 1. SHAPE MATCHING AND SHAPE FITTING
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fitting problem If the |ocation of each hallway (and
each large room) is known and represented using

W@ h@pas1068 he probl em may be described to have PE¢EUSIUp8072378
tracking path (the input pattern) conpletely fit into
the floor plan Inmes (the base pattern). [0442] A nore
probabl e scenario nmay include a partial description of
the floor plan. For exanple, it is possible that the
| ocati ons of nobst of the hallway rectangl es and/or
| mes are known. This condition may |ead to severa

Z“Qdﬁlﬁ&ggﬁl(@ﬁ§§@1ﬁgﬁt may be taken nto consideration.
long tracking lines, also referred to as input

/omg t%ﬁﬁaﬁﬂg%%hn@?a\fhsllg 185k MS | MRS o‘f"@@h%ﬁtéd? BhbaRS tasﬁng paths
not known, therefore nput pattern [ines may no

0 ©BPBPRRRE Jndfor (OF CAPRATIG éIOHaphaWaglmwm €5 gengraisd) F%ﬂ@n@@thﬁb are all
exé&ﬁpl@saﬁewﬂa%ayelgerleileh% as éél)?lleﬁ*lcgﬂéiye IdatchiQ BRobIARY

tracking |lines may be insid %e roons, which are
[0639% Sh%@fObleép?fe@étﬁhlé&ialtﬁdﬂ%Pﬁbé@ #lraye ey berreryesepted @s a shape
maiamg[]ﬁbblaaklh\é@cytﬁe @adshaﬁer@wg e ddokiBe BathPRIN Rraih Ill‘ﬁcc%%ms The
rackee may, t here ore, traverse th
baseapatigin e gndhephest beg) By alsghevei 1mceur@ms finserioor plapshirg not always
ac&ARE dhgechrs ul Jllzelﬁgﬂ&lraﬁzlﬂ g lhh%ebégﬁyoeﬁé?ﬂp(l b3 & gleilhl)(ll] &ith some
that fits partlal y on the %a l way. n each’of th
magpEeecscases, the shape fitting problem may be set up
[04? { 4] &hdse @lpalpe l]ﬁtulﬂn% HB!%ITHB% bgﬁlsstcﬁﬁé?l 1ls g%ﬁapké’lgugh tabﬁouk&?% lines.
tern Ilmes wwth the posSibilities of unmatchab
Mcpsﬁé@turwpnumﬂmrcﬂﬁams@m as rhellwaysk ey bf ppeesentddi asdingih oestangles, or a
ser‘i@t&r})oﬁﬁ'{l rlplnah@d fa9 U&%nkl@s thQﬁ\%/TﬁM r&lyt 1 E}gﬂ‘ox%gtg@lo be the line
053216- 0373130 baSe pattern lines. 443
bewéserbﬂ]a imAdpoings thedyp ewellen pdgehel thevpetmalon, s hape fitting
[OMI} bvq‘ﬁ'lle nlilflﬂﬁ%‘alﬁamax.%t Iﬁﬁﬁgﬁ HoSr ﬂlﬁy thl@?ro%félﬂl rﬁé/ @Mnulaﬁed as a shape

converting both erns into points eac
ﬁwgéolﬂa?tlg?hq l%ﬂcm@ ea@ﬂwllwmwd pachilasgqropm) istlgowend represented
usﬁblsl"i’el s tﬂn:eprméﬁ nl%?tb% Fcl@ﬁrlpé?ll Blhdve ﬁ@%lf)upﬁ‘a%ﬁng%talhqmg 1l1}lu@ Battern)
e mented” into points. This may beé "achi eved
Co%yeﬁhf@ﬁﬁﬁF ﬁkﬁgﬂﬁdpﬁﬁghQEW%ﬁ@ﬁnihe start and end
jopR) At §1on &Qa%lebﬁ%ﬁalﬁaﬁagf ﬁrﬁhldle NeJartidl h&s&nﬁ&ll&l %@Itﬁé Qg % plan. For

i nt erval FTB{ be the desired accur acy o mat chi ng
exapgyte, die i passibkirihat) the drcptionp wé megiapipihe helﬂwayh@cia@s@s indlor s are

M tﬁﬁpcclnllﬂ@§ m§§l fl:a(l l&%e&e@eﬂ Eé‘cﬁmaﬁda% tll&@fﬁgy Qe,attal(éirlﬁlto consideration.
points. Cenerating these points may be useful in %e

Somgdengorackingdimes, jalspirplgred tocas ihie prigratinpamagrhe h@élgvays whose
locﬂﬁ'éﬁs Q?e %@R&%dth&gfo?@ Yhe @r‘l’syhl a@t@ Falcs IQ%S&H P&l&ﬁl&él? ﬁ# ln'llietﬁc hallway

he i nput pattern point be obt ai ned per
hnFSh alsaepigared éqppatearaitern lings. 1ideitioradlt sogatlwrtwckmabaes 111% rbe inside
1ar8RBBS, W@ ar 1§ it legfl?éiltel&l‘?n &8k 9511'@5 1indsN@1dol LeSdrall hraﬁ’\%ys lead

pattern point may offset to a base pattern poi nt
straiglh e i Py # the f@é |0r" @s heftwayed tragkse may.rihasefpiat waverse thedgliway and

pr8ddt lalynd hlBQﬁe %B‘Mln 'tllls Ealsglh]: %éumIQ ad lﬁé B‘l@ b &Ry nse 2 line that
points are hen for afit rnt ase pat

ﬁtw‘c;ﬂllg on the hallway In each of the above cases, the shape fitting problem may be set up

to attempt to fit the input pattern lines into the base pattern lines with the possibilities of

unmatchable lines. An unmatchable line is therefore a line whose match cannot be found in the
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[ 0444] For each test pattern point, the closest base

pattern point may b e selected as the matched point.

wab@odi®sance between the two points nmay be rePCr/USIO&B72378
the correction distance. The matched points and

correction distances for all the test pattern points

may be saved as a possible shape fitting solution. The

smal l er the matched correction distances, the better

the quality of the shape fit. This process nmay be

rqpeated by offsetting the first input pattern point
A?t&ne?ﬁgcjﬂet%t) §sbRs.D358 pattern points and conputing the

cl oSest point anal ysis generating a series of
bRO)4#elanRs, The best sol ution nmay be chosen by a

various criteria (e.g., one of which may conprise
[0d¢itricherding ta Heaspsst olcdbe inpentign. shanp E&He AROW Howeickayletshgnents may
besmﬂe@édo@ awe@m{afb%tﬂ SSns AN set bf pdlY cfh, AHEpGRIA I%;J;tf QRd inpu

distancés in a sol Ution are above a certain’ thresh
pattgen p9EIt Toghtaipaihe prse PP oibpch basefpatiern life may lsedswneewd” into
pdi@s 1als m%%&&gd &0 Hte%%lét&g pglht%tbét%gnsthbl Beehnd O points of the base
predetern1ned t hreshold € shape may be re orteg
paiigm HnestThagniemolatien mieseel pay terthe dfsoghBrurmn of meehiog FIG. 198
déEﬁYs $olkstield efuﬁ{plé BPHE hi&d I)Q{eﬂlsluliegaa'ﬁd Qﬁeeccﬁ@é)o‘?lng Yale pattern
to the base pattern, when there are 1rregul ar
P%‘H%\ﬁ%‘f@ﬂféﬁhﬁs PRIt Ry beaus@s‘ in dma@u of ehaps fittingrsinge ibarinput pattern
hr§§| MG DHeAhfcridd gd ah}npﬁrh &f ﬁn@%@se%@tggqm@sc' 'IQlC t ?)§tte@1§ points may be
l'i neS or £0|nts and base pattern ts are
olganed byersripyning feessany ﬁ@n@a@hoq inibe inppt pqﬁtp@rlms afpmgpapes that are

IRELNE RRhCRRS Rk ViR
o B R R P R DRSS I 0 LS R L PR e poim, resiling
Inchessidgs| oh tIsoppitai PoRLs, phigst PR Lines shayen ipdl@dPR. gk test fagem points
algaeptegﬁétor R&t b Ot PBMisbe found by considering

al'l the base pattern points. For shape fitting
[%44@5 BPieersh igaragerp ireink dlteeclashid bese ooyt Pesignastheaelghied as the matched
pdilt nes dlgtla&erﬁ%mgﬁ (B o4 irkt TR P ¥E Fed3¥ie 8 S Wl &gre&mtdl&&%e The

mat ches for all points in a sngle input pattern |ine
mgiehed paige and cprrtien dirangessiong] e rasrattgrapoigismmadyibyeaved as a possible
sh%dﬁtfﬁé)wnoﬂ THe Qf‘aaﬁ@? Wle rﬁzﬁ&lte@ E&T@Qf?&rp&&aﬁbst l'ﬂ{esoeﬁéﬁﬁe (E{BMty of the
l[imted to the start and end poil nt of 1 ne
Shpmtejé@s élfoc@égmhﬁ repgaiechley offsating i figstjirpuy pmm peanteel egch of the
bas SR g .

a_l_ lgattl 2 pﬁ)?lts aglt:i?garné]@l:hl Eﬂggld;%&gb’cgmtgﬁglys‘?g Inlexjalrﬁfgsa ¢ es{: cﬁgbl&‘g&s The
b%tesgkutlpratnﬁﬁé fichopeaey agragoustipiiania (42 gengyf avhich imayepmprise summing up
thObdReliod @sthifdes Qﬁsc%ocpsﬁ{gt ¢ Ebh!ldoﬂ &sith O Radt @Bﬂ} Ip%yt cﬁ“rtfﬂs correction

ponts and thus the cop esponding test pattern points
digpusesgp e aplpeen asibate oefrigintiveshsldatbe seiyftpnena npolr ascogiplete fit. Ifno
soRAEI hd s UhatRHot BB toh B tancEd Gn e fie SRR AG tHﬁEl‘bebe the shape may
points In the base pattern |1nes are shown as b
begenogted ¢ 1o Hting B, thg paamtemor shape fitting probl ens
[0%3? TRistHEhR Rk wldﬂmtﬂ? %%ﬁlt 2@%”&1&* ar@lsJ:al&lf au?l@t@ellf {oolm: base
the nmput pattern |1 nes base pattern | nes
papemcagdpihics dherrsirp diraghiar sh@aﬁesu@h #sorimepitargso@ld, circles. Irreoular shapes
aroWd EQH@QHeYne%Q Rs & QurRl m{nlesocﬂ pBints0 {Jd%ﬁéb%sé%elkﬂ%ofﬁﬁ%ge obtained

to test the shape match, ignoring line
by segmenting each line, or mterpolatmg between consecutive base pattern points.
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that were not found to be overlapping. In FIG 19B, the
i nput pattern line marked in gray as an unnatchabl e
wo 200/02®68 ound to not fit in the base pattern PCTES2008/072378
[0448] For fitting shapes that nay be rotated from one
anot her (not aligned), the sane nethod may be
performed by first choosing a base pattern |ine foi
one of the input pattern lines. Next, the rotation to
align the Imes may be determined This may result in
pabr possi bl e rotation angles, one acute and one
Augéﬁgﬁgiﬁﬁqugﬁgygmp@ttern may then be rotated to align
he base pattern. Once the input pattern lines have

[00£68 T BleidgRBpkidnubbte th*é %ﬁ)‘é‘esp@etsé Ezft{érd BoRR Sor etaé}?teﬁq)@@é?n point may be
fitting nmethod for aligned apes, describ

foprd byirengidaring Plllrﬁ’d bass peitgry P‘flhfé F@é ghape ﬁ@p@p@bhems Mbm 91]e bapf shape

coRPBsASRAEH: Liaks, thl ?ﬂethﬁé{ &l bo Hmpr&r&@ Be chdubibd G tH@%at@ﬁes for all points
performed after alig nlng% he shapes to the base
p

In geineky RPUUPAECTR PG Are BRAdA s PovRly ”bés@&lP datepaternflne. Additipnally, the

inft REttdr pbiA@ i BRUasdRh B Mniddl B thesResld & pt)n)? of 1B ®Se instead of
eing offset to | nmes in the base pattern.

segaentiae the dine. dlihést i Aiaisatqdrin theanately faenddpsthe @pufets@@mnllmﬁﬁen FIG 19B.

THIRYut HRRmAR e CAERRNAG Mihdih aﬂdhﬁe £AREESPRRILRALGIS Aloray after being
bounds for the | me. Al shapes mhose |1 ne correctlon

offgpteip Archage %ﬁﬁémvun@h i The {pat pattemrpopbLAd Shsftheerstesiandiag tagypatten
poﬁﬁs hRPOBthiR BSnPhENHE %taﬁ@ﬁcp REs po[n%Aféto Lac-lzhﬁl &0 BR&m line. The

fitting tool described above may be used by varlous

coprpspeRdirgn#eicH Hei5ts 41 &R bass PAFENMeAste shaveyes Dlack eets IS 19B.

[0%)’3?316%@3‘37%@ pBR iy B B &R i RO AL AP sééﬁieh&“ 8100ffsets from the
met hods di scl osed herein. For exanple, in one aspect

ingyt peifrEn {ipssdn theohpse patism linge mawdve FamRutpe Ysitsethsrsbinspligrment tool.
Suﬁﬁq%m/ %ach%hﬁotha%yoftd'fﬁgts 3k gned t!':s@ tﬂellﬁ U bl 1 n@lonné lines

% usi ng sensor and dat a usi on net hods shown |n
thaf gverempns fouad o pryeives rrpiteg FreHCs! b Sizeinpt pifteas i marked intgeay as an

un&@dcﬁmeaqlel%uma& flthid tht Bike pdlefn faput pattern lines
be obtained fromthe rectangular segnents, and the

l%‘éz EonBtegthapesithas anardy refaied Fpmi ghe dndthes fmat laligned), the same method

mafy%tpaﬁgﬂfﬂealb%/ hd: LNRYS e a_ggs%}f)a@crrﬁ hh@ﬁﬂ] oﬁce&ttﬁéj %9{ pahgﬁ lines. Next,
best shape fit using the nethod above that accounts

the goyation i rbgiathe dines Py be |dpternipgsk cRhip gnay gegall, in two possible rotation

an818Y, 08E b End" B PBRisTBIGL utq:Qlt ?%Mﬁlta e @B&EQQO align to the base
se nents to the mat ched a match is not

Pa‘i“‘é‘ih rfenee fhednnuhpaiternies kava brqnmélgnq#av thséa%elp@@rn dipes| {he shape fitting
meoayRes Oﬁéatsﬁaéa‘ég B@&ﬁ%'ay&e?&byd& ﬂéﬁbﬁl&dt’c@ﬁncf tﬁ@ U!:s¥ Shapd fit.

t he path grl / shape detection nethods. Each sh ape nma

(0448 An pre asegftientr EvPsficnathanselijtingomehee prsformadyafier aliaing the shapes

to ﬂﬁrﬁaﬁ‘ec%dtt%STﬁgaéﬁop Sodas %Qg ¢d chlf;ulé’tem CEEMre Nh Rhel it pattern with
error bounds if found A second version o

resgech s theoliisa Prige il yio é@??p’lnl tb@ béﬁ‘?a}ﬁéerﬁaf@hfmﬁ‘@cm@l@alt%m the
solﬁr@ﬂ% @Ek?hﬁeelﬁ&}eﬂerf 12! ccprff)'alrég WQﬂch {Rd SHAe?Jon&H@QE oy bot bBRAR for the line.

nmet hod is describ di scl 0sI ng th
All shapes whose line correctlon d1stances are within the error bounds of each line may be

reported as potential matches.

[0450] The shape fitting tool described above may be used by various tracking methods such as
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tracki ng nmethod. [0452] J . CONSTRAI NT SOLVI NG [ 0453]
Construction and Satisfaction of Constraints on
wae@ekres Dat a for Feasibility Checks, CorrectPCNES2008/072378
Solution Quality O assification and Assigning
Rel iabilities [0454] According to an aspect of the
invention, the solution at different steps (or
processi ng operations) of the various nethods
di scl osed herein can be checked for feasibility, and
plng operations required to performcorrections, if

AIERISE e RBYs0%-3@h gy m ned. [0455] In one
i npl enentation, for exanple, a tracking path may be

thél@hp MeEhias all B budifling MRHEAL I Re LPREUE G1r BAL ﬂ%ies P aect of the
lines related to the tracking data. For each sol ution
inyfahr dicetrckias Pathi MpUbe BekauaeeeRens YA Renther bpeligned to the

budlieE kSd B8y REspakd St RGod AethB&L shbhe irsA Bf afd %e@t@n@xﬁar segments
the constraints. Additionally, when violated, th

abpvsr theeholiaas eelertediior hepeifing dhe meuicshian Hiapsmay hmyta@éd from

th€ adcfabadredoAtds, antd biethak@n aRabhiy &R 'H%%Eei%rﬁl NGk rectangular
testlng of tracking sol utions. [ 045 Identifyin

hallgpsis e £y s themy tepted g@rth%?%@aheaﬁt pingrthamethad) abgye that accounts for

unfh RN In&ONEtd falth Ss Wb hEorlad s RIhd Raf @tﬁk&{em menlgatched
when these constraints are violated or unsatisfied

segpenfs) foube mptahod helleavp| 16 aomateh iserptiifred. dsrinedtragem lales may be
alt&ﬂ&taygﬁ Bd YROLbnde QMO iy uécullgof?l%)res‘ﬁfts f %‘% Qﬂd/ﬁlﬁﬂé detection
ext endsPATENT Att or ney “Docket
nehpdsiFgeh thape B hes bweqméalkyumt@heﬁgo @e b@llwan/ﬁeanﬁ gorrecnons may be
acdeP¥@kfl anat@Swiktin WL W6k v6LRLs #6ur@, CONStrai nt t hat
requires the entire path to occur within the bounds of
/0‘{5%Ab9&?qné IVARGLOn AR BtaA® PONTPATI 00 meRy SPIRBFr hate rea chimg / wWhass [yict shapes
ard RsttdMPorPRINGLSE sBhiRRQhape PALL nREHAYs FRAGHA!M1SERMBLREE cutdoor
by the entire length of the building, yet being
“aﬁéﬁﬁ§@%%1y separated by nere seconds (this may, for

[083PIP| €, c NPk ANE SEPRcMaXi mum vel ocity constrai nt
between the two points). After properly fornulating

[045pkCortraction avd Sasisfaction af Forsupinescins! 'ad‘"cﬂ)ﬁsf!lrfa'l Fuasibility Checks,
CoPrRLMRS, samﬁoﬂ @%@ Dashi Fpaﬁz%n uh@heswnmehmﬁz%] Verifying

Val i di t esul ts and Detection of Necessary
10456} pesor “&ﬁn@ %i]n%fp%ﬁt Oﬁéhq igyatipr Alggiolytier ot diffsernt siepsn(or processing

op@8RAS! of0fhe tvABoUsMEREds AisclBed RRLin SHE Be RBecRed Abrt fegshlﬁhly, and the
System Constraint Solver (also referred to as a

operaligRs feauigdtto Bafaymcorgstionsyid peededs mpg pe Yeiormjnede provi ded

[OQB}jInCQﬁEf krBMERGh O ! fo@aetxmﬁ]ﬁét @'tﬁclal%atp%eﬁ Cprbe adeﬁned as a set of
trackee's trackin th as particles, det ect

CORSHRIPE POTEFSRAAF AR hwésateiareééo be trawcpcbtah Fengach selhiiefegenerated

as Minp@ & Rkt ﬁd)rﬁnatog‘in 1R hoBAUHBYS nBly PO Pedilime® A Rt the satisfaction of
strai ght segnents al ong the path; or portions of the

thereptirae) iAddiignally, when Yplagd.dhe sareskiiana yeduireh it 19ptexs the constraints

maly B8 cdd@fifled and quantified to enable comparison and testing of tracking solutions.
[0456] Identifying corrections to be performed may be realized by creating constraints on the
data, and then determining when these constraints are violated or unsatisfied. As an illustrative

example of a required correction, a path on an upper level (or floor) of a building that extends
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may al so extend to any points or geonetric shapes
whose positions or orientations taken together m ght
waledovnei068 | nfl uence the path. Inertial data oPCEHNE2008/072378

ot her data may be the source of these features. Such a

sol ver may then have constraints added between its

particles to represent constraints between these

features, or upon these features to constrain them

based on other matching nmethod results. [0459] It is
sible, for exanple, to take all points along a path

Pa
AtERES REER. Y32 8.3Rk300f Map generation heuristics (or by
any ot her nethods), and set these as the particles in

ouBideahd b6l oPYiRt ﬁﬁ?dﬁ;@@%uﬂﬁﬂe Nt iRy ek - it mﬁldsﬁbl\iﬁ 'a constraint that
coul d, for exanple, add a constraint that enforces

requiygt the gRtige Bsth 19 pccp Wlﬁh‘é%’é bounds picthe Building  Aroghepfailpiere! heuristics
mBONIOR Ao RhY RRAE ANoHIEBERS %hhmgse@aﬂatéalbgﬂ AL eﬁme length of the
boundarjes. It then beconmes possib to détect which
bupding vet e tgmporalky @P%@fﬁ%m@e@fsemés mw @y-rigr cemgle. gelate some
makHGlin VRN Qon@aind Hetdd® RARo t fidts)! h@xf{%wrbp%hy%nm&ﬁlg the

created is valid given that it nmust lie with

copstipingiang thelr 9bews]s. RepsRTAY seliel codfpeedt Fbgsw@efmnﬁg

0430} VLIRS WP LIf mpp@&d}e&uwmidow&m Yf NBeckddfy ¥ bhdand/or
of  mappi ng results, the solver nmay al so rank “mappi ng

Fajlgrey) t s gener at ed by di fferent sets of heuristics, or

[04@')9] ABGrRAN S amgpgadof the GRARIh ah ol S.;Q(l,hvfsr a @Ml%TSI“?NEn-Consnamt
At't or ney Docket No.: 053216- 0373130 assign to each

Solyet (alsp gifereediaps e capstraiat sober \ox sk Sopre bipakaspradesioand configured

to FER Yot BhthRk Bf §tr§crk€e’§asak§lfolp§m ae aﬂﬁ@l%étah@fd @e@ect &1 constraints.
sol ver may then use qree whi ¢h each

Feateyss ol the pth mey %{“fi%fbluéﬁe 19 linied ke, peiatsiglopp dhearathp piraighy sqgments
aloRB tRSfatHTB} Eorﬁf)nsl'}f?vt\hel PiPe1Bvddr e Be i REd B &t@ﬂné@@mligatg‘@s of the path

reqU|red to turn the given mapping result i'nto a
mag 3lsaeriEn tp B PRIt Pgepweiria phapesorhese Rsifions qrowicatatiaas taken together

mighd Regte &NBMRAL tht 9atW| ikl h] SRRy Qﬁ}egcﬁ‘ctl Qfam Iﬂg}dbé AL SR & these

of an optimal solution could be a suitable nmeasure.
feapyrépe nSiches &0y RIS hatieswonyteefnsy pdsdgd betwgen ‘it ppitiglgs i@ represent

coﬁsh@ing%ﬁ‘w&ﬁ tfesS %atu?efs BRRRIN B ed-SSAthES tcﬂ@éﬁs@ﬁn SEdne @Es@&j on other
rommJtlpe r esul tS e ranklng and ratlngS can

magehiegirdipdegsilach. For exanpl e, in one aspect of the

[045DVEBNE bOBiblel BB hpiO o feile a@lnpdnﬁg %MhQQ&Hathl ERGLAd by a set of map
constraint rmay be assigned as the fractional agreenent

generption @eyishey (oF S gh ofet webrdYhendpst theed essthe tpgrticlse in a Particle-

Sydt&R@ORstRRE Sbifvke IT sl RE c AN FLN @aﬁbl@ Iicﬁ‘leﬁgdns{?ﬁﬁt' B8 énfokees that
- absifndl l'ength - constraint Iength)/constraint

somepigthef thesapaiclotrenss ligiting robigor anedlYhserop Femrespiing rpyilding's
bowhdRR T H&h HeRbHA(JTBGMI Llfleekt f1AEh FoitiTPSL; ark %@%l of! {E@ building

rating for all the |ength constraints conbined
andy g% ichavhetisr ermet e pgjnthaithe heuristics have created is valid given t at 1t must lie

within the building,
[0460] Ranking and Comparing Tracking Solutions
[0461] In addition to verifying the validity of mapping results, the solver may also rank mapping

results generated by different sets of heuristics, or by any other method. A constraint solver may
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average of these individual |ength constraint ratings

using the length of the constraints as wei ghts.
weomloznoby, angl e constraint ratings may be asBCOOEZN08/072378

the fractional agreement in the final angle and

constraint angle. The conbined rating may be

represented using a conbination of all the different

constraints assigned to the constraint solver. [0465]

Additionally, results/solutions may be sorted from

ggf\ to |l east useful (or according to other sorting or

| B

Ecké?goctfsézﬁ@ézhﬁ}o and results may be filtered to
show only those results that satisfy the set of

asSigN &t dadt fMudioh @ Vit Bi 3¢ 6 VaRES éﬁc&nﬁ@ﬂﬁ%ﬁﬁv m3kY Snstraints are satisfied
functionality may enable a user to oose t'he correct

orggsatieficdn The eoives maw thep pserthesdotse & whyphueach panstrajpyrigsatisfied to weight

eabHTPRIatiaM1t EYen dnlestiBdte @PAR %@ﬁu&?ﬁ%ﬁ%nt%ﬁm% REYYirddQo wm the
choose the best solution {e.qg., tracking estimte or

gt MEPIng ARG K © SelntiRRt (Ba) setitiien 2WnsPasiping (Pesadpubset thereof) to

wilih wnaeqn&e&mem%h&@mt@qmaﬂalu%oﬁ HRed bopalidby m'mre Given
npl enented in nmethods Such as map mat ching and map

be
thesg FW&@ alsp ghgeyd toay Tralnes. o e dest TF asdt ichamanchrepufs may be selected
iR Sttt RaFY! tshe (BAEE] andGERLHERTH &m@ﬁhd% R&GL pei e,zal}l%le in one

I nventi on, a constralnt solver may be utilized
aspast plote TRHEPEATH ¢herrgdng fos ap éndévidnat kengb rcenama@amawbe aéﬁigned as the
frdAR6R1 HS8intnt TRBRI M 'Ie%étﬁlge%ceﬁftﬁeeﬁarﬁj&és & tHa9ed ARLpLIRBd in the
or nore features on a pat vi ol ate cerialn
cop¥iltrai nts, a constraint solver, in conjunction

IOWZP 'i’{'z?ﬁlTaa\'T AL SO B HHOC L‘&Jstrm 1eng@1?§&é§a19§2n§1130 ot her

may create nap resul ts that either do not
/04/736 Waﬁré a%my the fangtien ‘lbétde'fé’@ﬁé??sﬁl‘fﬁ alue(magimde for aosmber o
(0364 TR YAtﬁ? f&hﬁl GRNRASRIHHsTaihflABmbAEd Ay HeNM1ailRPR BE weighted
results the constraints are well chosen, this my
avprg 9f thes individuplelonsth copstiemh satings meing dhey enghu of the constraints as
Wé?ﬁ'&st gfmlﬁﬁ!y %FI@ RodsBaint 1taﬂl?gs Er%? gk tassgﬂfneé e ﬁgaﬁ)ﬂélrl@'reement in the final
heuri stics One, exenpl ary appl i cation may
angls Fpt PPETFRLANBG: ?h?owabwed Fetisg WY he Frpessantesiokica g qombination of all

thd @ffereXRPRbSintsBs Skl ﬁﬁhé’cfonﬁ%‘iﬂ't‘%ﬁve@' ong a path with
i ncreasin positions Wl% be determ ned to conprise

104651, eﬁ*ﬁé‘ﬁtongh’ goslisfsglutions mpgyedefsprigs] frqsh st tofleaptuseful (or according to

ot lé&‘tﬁt; blC ﬁltéﬁxgtc‘?ltém)/ %n@ hesie LB%} B gi1di0a b nganorﬁQ B”IOQJ lesults that
stairs in a building floor pla di splay, the rest

satifiethe ¢t 10T pRYSTain!E r?e%w ? P%@fr@qamras%fumctmm@y Jy @nqb&.ma user to
chBRY Rk &t LA fAfnfa s Of RisPole MHi0RE qd/[@retulflﬁorﬁml hi€nRakhkble the

such that those points will lie on top of thosé
mappiap rtechnplogie fee phoophiths est salutignp (agy tfagking \epiimasy oF sethefr gacking

esﬂuﬁat&ﬁ Féheh BRI SeaSibRI AR RdvEbelrethmiutddl AndshEndtiBhdlity may be
e mappl ng results contain an error what soever,
implemgaiedin ey dt fish pamntp pecling B mspéuidding of points to
[0466F CBLrORDn 3F @amnmhwﬁss%d RBGuQt her while

t ransf orm ng e path to allow the second set of
104531 Aecording rol @ %?P?ﬂﬁ §f drednyestion, gspesrgint padyes mpay] ket ytitiged: feesorrect

mdpfag r&hitd % e more plausible or more useful mapping results. After detecting that

one or more features on a path violate certain constraints, a constraint solver, in conjunction with
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on stairs as a constraint would enable the constraint

sol ver to generate a conprom se solution in which al
w@oimansioaet ermi ned to be on stairs correctly |PET/DR2008/072378

stairs. [0469] Several of the mapping tools of the

i nvention may anal yze a subset of the points and/or

I'ines such as the | ongest lines of the tracking path,

and determ ne where their |ocation estimtes could be.

The effect of these matches may then be tested, and

PAQllied to all of the other points in the tracking

AfRLRDocRE SN AYsE QS04 1kP t hese, especially when the
l'ocati ons of two or nore separate points affect the

othQ@GRdNAAE ney AR MR Mfts thePRhBEI0SRt VB BteMytpR&cribed constraints,
constraint sol ver. [ 0470] According to an aspect of

ortoREeolpsIie PAsREYIngHe SnRERibA the Grigiasl maRyIng GRBHS. oI the constraints

ar6 Ul @Rds&E thid 18y BhlY ShaCRBSdsbiRblonSRknY 851vinD A 2 BEYr solution than the
receive as input specific points along a mapping

regudtaf the ipgpiRg beiigtistay constrain any features of the

[0988] Dne TRENAAD Shp 1Rl S8} Mﬁﬁprﬁﬁ)ﬁx%lg'l&%ﬁ ) @@Anma%raaago path.
a variety of constraints including, but not |Iimted

For gxanly esciifs € PPipB dlong PR vathopapasgizareionsaigh kesletermined to

comﬁsec@@v%tn@@ dalstadO! Mele PP AE? RIVANLATER th ettHs@e points to lie on

|cat|on of correcting mappi %tresults in real

top p kyq_l]dmgglogr ;flqmrcgqplaérxtaﬁfgs@ efpathjmyst spmpehew transform as well.

o&%ﬁ%@ A Nﬁ%la@aﬁbtagse RENG 210 thel AArel JABUWuch that those oints will lie
configuration of the input data to create its §

ongpR ose YilY fleveveh iseddtest meyfail fderevedhire & 1g¢re than one staircase

tre/ 0108 (it R ﬁf‘dﬁﬁl@ﬁ%pﬁbtr&ﬁﬂseyongglch‘@ten%pwhatsoever transforming the
053216- 0373130 constructing a solution from scratch,

pathhte allewne a5t peisiedie r@i@yg F@R% miay, cariselt the ethprewhilsf transforming the

paﬁﬁ@%tl&@'tﬂ%%@coﬁ@ ek f[)ouﬁ$ tAicHRE StaBt. RAsCRS Fe?&{nuﬁgh%&ﬂe @Ra of lying
an input configuration that Satisfies nost of

ONCSEAS b & FoPEERIRtgVEhemable @heéensalaméwl toTgsaergs lavempreaysetselution in

wHIEH &1 ]JoﬁrlfsedeYenﬂlﬁﬁecpl%rl;e @h @i‘alﬁ‘@allnlectryr 1RRafkQLemt i ons
t hr oughout the path in order to satisfy those

[0469h severl af the ppgping Frolsorf ity ingdntipmpay Arglyze 8 ghlsst of the points and/or

lint QcRbEMe lo-Ebésg 115@3%@%16%'3@&114 ]5'&%’1 b LARL MR v@f%fks&l&ﬁ oeettlog estimates

soverlsnot |eytoe|mnateth results of
copldbei Thy eHfediof Seseanatchpy mpythenbroietiel andrppliadie alapibe ager points in

thd ?r!&{{kin%t dafeS g Qtine lthdi& te@ﬁé@ﬁlly 4ch 8RB Hwh %lr LRl §eparate
and accurate Ln a mpjority of cases and that only

potityrdtectdly lpetion efraoteiiottiven pagliied brthe popstriinssobias e, t he

[0k Wr@cblﬂﬁo CRN&L ra@ﬁve@@ of Qi}é/ %Veht‘?’onanhﬁe Bl%frgﬁlé/ SolNEY ngy comprise a
which to guarantee that it does not ignore the

CuﬁPWF‘hé?rattYG egustraighiplteh et mperepdv dstinpyf speeifis tpomfsralong a mapping

les%lﬁ WihNghdl 182,308 SteMire D6 thepath heRk wﬁ?trdﬂ’c%vaexgnH@ysﬁlow fixed

72] In addition, “in one inplenentation, a cap

POtﬂFfe apflyrbeAtic of censERine riaclvdize. Hat ingp ligwiedtted thoes égccrtﬂ@ﬁd in the

af&érﬁ@ﬂﬁ%néa SaRpRY thHe Joh&ﬁm& bEL waa&ead«‘«%ﬁ%eﬁ ab e application of
sol ver to cone up with its conprom se sol uti on.

COrTPCAAS IHpPiRAEfbte i ledfister ai nts is difficult with errors

[0P11 38 Qteirdt Rxdrle, WAk constraint solver may depend on the input configuration

of the input data to create its final answer. That is, instead of taking a series of constraints and
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data. Therefore, if the constraints overly constrain

the system there may be no perfect solution. Yet a
waodoa2wes still needs to be made in a reasonabPEr/armOs$072378

of time. Since the mapping results may need to be

created in nearly real tine, a cap on the nunber of

iterations is one possible way to ensure that the

constraint solver cones up with a solution, even if it

is not the optimal one. Wth a particle based

constralnt sol ver and a ranking function for

Atﬁﬁ&%d&e%mbs}zﬁkeos?ﬁ%' sfaction level with a set of

constraints, It can al so be ensured that end result of
cohﬁﬁcmgo[ﬁ'oﬂtﬁ‘oﬁl%x\élcﬂg t}{eac'ags%raﬂl@ scll%Wayttﬁ@nn FhQ seh@so constraints

guess, sinply by ensuring at each itefation t e
aspeallups af Bessoat] pRerFect elhtianh @n riamy | cpnfiguratine thyt @@il&ﬁgs most of the
cohdt@@t kP @omgvd%é}ew ab@ad@ | it ts%ﬁ«eﬁﬂﬁ?%e Aford thﬁgl?tt'ooﬂe?fmm small

the result is ensured to be as go as the 1np
ragsfegptiofsgrpaghonifhe pattviarrdeg o setisty ﬁesecc@ﬁ%ltamﬁl tmt ﬂmn\z@rﬂ mapping
reéuﬁs tfﬁﬁattedpafﬂlé ﬁle?nsst}{aﬁtMe@tf\% &leﬂ sélgerqg ﬁntoaaﬁimnate the

nodel i ng, and nost of the i enment ati on etal for a
regyliy of P 2pyng bewistinpalblie eﬁfecfgg fhat &F mgrpes heurigtins aind pther methods
uc&ﬁ@aqef;er\}egl £t 51% &E&at@% \Q’qﬁi}mﬂ? lom-:a%eéqﬁa\ﬁethpte&:@ minor corrections

devel oped. Because ragdol| anination often uses
coplyps iredtirebn i thisi qatsd theatetative eonsiyaintesaiyer ivanteffedtive sypytherwhich to

hrgipckeeﬁ@tm @Jek QS ﬁp |o§g19£1 L9 g @ha fhe L& of éo[i@tramt solving is as
already exist. Finally, since tracking data in It

gopdastor btter thap hennrubgrsisst s of a |ist of points and rmst

tr, equi 0 d I
ST SBTE O ILALEBEOTEAR 6 A L062 r Apms mo o

implpmented $9e05 el cletp R erreon e o tqkalybb@e pmségmfaioé@r toTieme up with its
cofﬁﬁx%ﬁﬁs%%blmmns %r%ﬁfno g@rge ngﬁ”EHMZ gt 0Q} RS e anlf]l% the tracking

pat as part icles ations et ween t pol nt
datgs Theymlorss Hitha @nﬂmﬁye@ﬁrlr henspen theshwem, t{w@ﬂmy bermeperfect solution.

vk @ IS(ngt\MnnsQll Fe&s %ﬁﬂﬂgcﬁrﬂ a Q&Q&aﬂ)lb %Bﬁn@ 9} tifa& aﬁBLeelﬁﬁ glfappmg results

constraints: [0475] Length Constraint .
maganet ok nreated i Headcwalttings, pasn gncthesunbsr bfelt%tltom i3 ogopassible way

to E&HQQththéjéo%Etﬁﬁﬁ SolvkA448] uﬂ: #ﬁ(tﬁq BRHA, egé.ﬁnlﬁ'itrl@h&t the o@:.mal one.

Fi xed Point Constraint can force a particle to rema
Wil a garfiplg dbgsed sonstiainhsol{ep 47d7p radising dimsgoBox dersrsiningithe satisfaction

levAl @9}9 chletn& ﬁgﬁragﬁ)sn%t Jaﬁ“am) bE %gsufréartﬁﬁ eﬂfl Qéslﬁtt 0? It Jogsuamt solving

remain wWithin an axis al |? rectangl e %
rarey ng deyrer Gesnsthe HiPAL guessAsipPolylyoens@ingsat reathnter@@n tha theeresult is no

lomrtﬁajncthg rds@t bE R pli]evmug Iﬁ‘eﬁflﬁ{] Brdi Fift2s YindR0d ¥ o[f %%%ns the

| e Constraint e Constral nt can orc hr ee
resslérSten&qr@%tOtbeasrmﬁpwhamp@i gdupsted angl e.

[0473] One advantage of the constraint solver is that particle systems are common in animation
and modeling, and most of the implementation details for a particle system capable of enforcing
most types of geometric constraints between points have been developed. Because ragdoll
animation often uses physics-constrained particle systems, particle system implementations
capable of running in real time already exist. Finally, since tracking data in its most basic form

consists of a list of points and most constraints required are geometric and local, a particle
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[ 0480] Segnent at Fi xed Sl ope Constraint . A Segnent
at Fi xed Sl ope Constraint can force particles along a
wo 2ovg/ozswesrent to |ie at sone fixed sl ope. [ 048R¢T/US2008/072378
Segnment on Known Corridor Constraint . A Segnment on
Known Corridor Constraint can force particles along a
segnent to lie on a particular hallway [0482] R gid
Body Constraint . A Rigid Body Constraint can force a
group of particles to nove as one. [0483] According to
pfaspect of the invention, mapping application 130

ARy BRRPNE. 032165831900 create (or define), edit, and/or
save a number of constraints via the GU . [0484]

syfas ahoel 'ﬁﬁpl@ﬁéh‘iattiroﬁ b De [R482Ld. A@Keocfogétf&&t E&vé%@%ﬁﬁul&g points

the invention, the Partjcle- System Constraint Solver
alq;ilg);hel pﬁﬁq a8 ﬁgﬂflesr a@g stlaiony petyeen ﬁl&gesp%@tqq@qxramts between the particles.

[045E ThelRlibnag are @RI (noRing emngﬁe)s f Qnstt£s0! Vi ng
each constrglnt geﬂl§(These&%§th ﬁa n%e used when

[0¢73hSenst enstrajpts érlreﬁéta CABERREN SO AR PRTECIffelo e oY T me range
ofaldfdnddeed to be satisfied. Non-linn' ting exanples of

resol ution constraints may include: [0486] Length
0 t ef Fixef Rpigt Constrinor® frriret MG Ry by af a fixed
potifién. two particles equally towards or away from each

ot her to restore the deS|red | engt h. PATENT Attorne
104653 Rewndigg BoxgGanstanty A7Bqunding ey 7 onsfraig Fapdprige @ particle to remain
wita whtakAlaRincResahyer . Th|s resol uti on net hod nay nove
the particle to its fixed position, [0488] Boundi ng
[0458k Pebpoms onstraintnds Splygqn Comshpigt pa0s BFqet ¢ BAFtIAIEt Ro@mARywithin an
ardiRMEpdihgnparticle to the nearest point along the

boundln box [0489] Polygon Constrai nt Resol ver .
M@@aﬁ@% BlsComaipintrge forpe thseer partiles togempia at a fixed

an@@arest poi nt al ong the pol ygon. [0490] Angle
Cbnstralnt Resolver . This resol ution nethod may
: 2 pe Censgaing i tgment tak Fixed éﬁonehféonaﬁgmecan force

paﬁl@l@y&loﬁ 1&%&%&%{ to%%@éoﬁle%x&@sl&&ﬁ ore the desired
an Ie ) P ] eonent at leed Sl ope Constrai nt

048k eqe § reh Reemarhge Koevat eogider Constraint can
fo@@ﬁaﬁwés%nab%b&nehh@m oS8Pk d8ulRhatss to restore the

sl ope of the segnent [ 0492] Segnent on Known Corri dor
m@%m °ldrﬁi0év FesBrint 528 forpee BUP Rhparigesdo move

asédd particles onto the nearest point along the
corridor. [0493] R%gld Body Constraint Resolver . The
/048ﬁlgﬁa°05ﬁé%%/t0caaﬁ§neﬁfa? rthe Wﬁ?‘;ﬂtlﬁ’é BIPP e @geliceiédnnky Ol rasrgengble a user to

create (or define), edit, and/or save a number of constraints via the GUI.
[0484] Resolving Constraints

[0485] According to an aspect of the invention, the Particle-System-Constraint Solver may

implement resolution methods (whether user-defined, default, or otherwise) for resolving each
constraint type. These methods may be used when constraints described above are found to be
violated and need to be satisfied. Non-limiting examples of resolution constraints may include:

[0486] Length Constraint Resolver. This resolution method may move the two particles equally

towards or away from each other to restore the desired length.
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constraints between each point, and angle constraints

bet ween each set of three particles. The rigid body
wa@oensiembht, therefore, may be resol ved by respCwiUsZ08/072378

these I ength and angle constraints. [0494] Severa

nore constraints may be inplenmented depending on the

desired functionality of the Constraint Sol ver.

Addi tionally, the constraint solving nethods nay be

tailored to the characteristic errors found in each

tkﬁﬁe of tracking data. [0495] Solve Orders [0496]

pﬁﬂ&@goh@nﬁﬂnﬁﬁﬂﬁct of the invention, the
Particl e- System Constraint Solver may |nplenEnt

[0¥3377 PRd8 PRk oRGraRt R8Sbver ArHid fe%lutﬁ?ﬁ%ﬁcﬁr%ays FHoVé 'E}Q partxcle to its
order may conprise Tooping through all of
fix¢$peH#@ nts in a pre-deternined order (e.g. |n the

05995 @euﬁ@%m&s@&qq&&om o ST Rn GRARI DS move fhe particle to the
i ndi vi dua epeating this process may often |ead

neéFCVQPlFlﬁal@%ﬂt ?E’Qﬂﬁdmﬁb‘?ﬁever certain orderings of the

(058P BLINBAN SRt RAbTRr t'hlﬁs %%l)MﬁSn hRthb @R HRI Phrticle to the
constraints. In this schenE if two consécutive

neggys pinhipResthapadyeepit ual |y excl usi ve, the second

[0£RP 3L ]@'GHnsthr IR BHIVNRY Bhib Resd OR8Ny foBuPIESEE Yadicles on the
Random zing the order of the list of constraints after

ousigle l9f the @’f}plf thogiighcantial raitisle tofesiersriag deairadtasglamy cure

0492} SR RPLEMxedRBpE RhSARAELHICD. Phis g‘&%lu'tlm SHoR rhlay rotate the
enabl es alTows both random zed and non-random zed

pagigley phrgt thyir eqyfes ohpess suremAT HNTFloae pothmesgmEcket No. :

[0@5}8 ggﬁnqu’gr?’ﬁ&m{ 8484 AR sBEdiRsANA! Tlﬁg(t%mt%XDe%md\{ﬁﬁy%ove all
order may conprise always resol ving the constraint

partiglss ontp Jearyest poipidaneitles corEloyr eat est rating i ncrease,

[0@'3}3' Rig®d §QAWCJn§§é?Illt\l§sc9@é?s'Fl‘feq{gm 1§0d5/ Ia@&stxﬁﬁttlﬂéy ﬂJen?cheJd%@ﬂg length

to ratlng I ncreases. The ratlng | NCrease |an|es
consfraints e yRP caiidiony, Hdseele iserptraigis\hstage icechtses ok these p@ﬁléles The

rigfdial EashLift, AERRD Eﬁy%@te‘sﬁtédecg/ IéSBlVﬁlngsg £REth S dHoleWnstraints.
as Conpared to the previ ous sol uti on. BaS|n ratln S

[064] Boyfralwsiore oReragest met beigmiaeaied depepding an rbgfcﬁewd rﬁwtmnahw of
thd @5199?1&1&1'9%05/@1] VAﬁfdquQalBD@iFe &Hﬁstﬂdtmoﬁ/@oln%b&nmgy b\éqa@tﬁ"ed to the
general |y at | east somewhat better) than
ch«illmsmstle@?ﬁw fpurdinjeaeh. typeod gBgking da@ONFI NI NG THE TRACKI NG
[0PATELWY BN THE BUI LDI NG OUTLI NE [0499] In certain
I nstances, the tracking path of a trackee may extend
[0@@&6@@1@@@ p@,ap@ctogﬁ {he niaventien, Sthcrrgg,rtlble@yﬁgg- straint Solver may

m GﬁHMa%B@ads&‘;mé BfRls. SAafilsh gxegfp[a%r §01V195 o@&ep %ayeéJnﬁﬁﬁe looping
n sone instances, the track I ng pa

nmay b
thrppghstllod e of cormraingdn ¢ pe-dsisniarherder e gi noethe Pisestheppy e @dded),
satfl¥fng ERD XN &uall}.0 RPBGRS KA E#des?%alyr@tteh Nehgt tBed w4118 blution,
poi nt of indoor tracking {e.g., initial I zi ng indoor
ho’tVP“ci’éI@Fﬁ@ﬂ Prdsrags 198 thercongraints mai %gseék? §ojver gnigneyp certain constraints.
In {HN dchéhd 74 (09 cBﬁs@&Jﬁ'v@ Bondbrifts 3 nREAY @G dsiveNink iséond constraint will

headi ng f or Inerti al
always be the one that is preserved. Randomizing the order of the list of constraints after each

loop through the list of constraints may cure this problem. One implementation of the invention

enables allows both randomized and non-randomized solving by this method.
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tracking data. Simlarly, |ocation estinmates appearing

outside a building outline may be found for
wakgnabrbased systens due to outliers. In the POT/ESm081072378

i nstances, before perform ng mapmatchi ng or nap

buil ding, a tracking path may be forced to be

restricted to the building outline. This may b e

achi eved using the particl e-constraint-solver

descri bed above. The tracking points can be given the
P%EﬁStralntS of being within the polygon described by

Bbde Stb.Nd3:94483h4:8, and given rigid body
constralnts As the constraint solver iterates, the

[099}’] YGORd#i8EA] Eie‘ﬁ{pla&)}ns% &%ertnlﬂa@ B Fﬁ‘ge%hi/d% (L8 an %e constramt that
I ding, and the Tigi constraint$ correcCt the
ap@?ﬁaﬁo@ Istd orhe gieafesk rHe p@&rwsww@rp PrAY r95elyve consispints that actually do
lefH Bt ARLE Ejncl%ﬁseg h?he”ﬁh thethal inpuUsh &8 BRI S il §REGibed above

bui | di n F& VI GATI ON [ 0501] Navigati on nag
m@éﬁ@rﬂa‘}“-l%iﬁ OBWPHISHE MRE Spistedis: Wrerieplution 3% cAgpaetitodhe previous
softfi8iM PRGN ﬁﬁﬁls'ogrhotvowﬁme B&lof C&IQM higRtd é&&ﬂ@&hé@%fé@% solver to
in the map matchi ng and nap bui | di ng net hods (an
COBEHEY Wi tah Biion dios BPise éindhgsperplly giolepyt poingehat dmteé than its input
cotfifbdfna buil ding. Navigation may be used, for
exanpl e, to display search and rescue paths to get to
[0498] {Ka ¢ k cEONFRINGTEE I R GRIBEEAFE NFHPEHEFHAING OYTHNE | ay
[0@%’ Iﬂ?‘c&‘l‘am%tetngesotfhe Eg&ngl-ﬂa hddf NGraciled 1rta;y Rekesd '@éyﬁﬂ@é inﬁ]zdmg outline.
etc. In certain instances, for exa
This makbhépeparerumalsted or lesahsealing zser, woxthebé@@rsm edmeegingtences, the
trddh H%agf)e onbidi-hisll, Bchﬁé‘ajlgbu-ﬂd%ot &Elﬁh@ﬁ hgpjﬁg}%e N for example to
- 053216- 0373130 the Toute fromthe | ast matched poin
ingegurptly estypRtgitheatiat puntrad irdopioieasking fe. sraipitishizifg mdaorttcackmg from
thg@;oﬂg 'Ehlmﬁné Q@t) Qﬁxli/eﬁ’\ﬁﬂﬁhﬁ% acﬁfﬂFI e QQY&OQ&? Bhididi ﬂe/a%ih% inertial

bet ween the tWo | ocati ons., known al gorithns suc
tragking gpda. Rimigriyop¢atipmrstmptcp apaarng obiside @ bridding wiitling mayde found for

sign@Wa8ed E}Qé%]dul%’t@'&lﬁlersr oyt %1 fo@bﬂg lﬁét&ggsl tbtam?e B%ﬂn% map-

%etmeen nodes o a atlon can
matehing qx ﬂ]gﬁprbgll@m& 1} U@C thg{néy b]%g}gqefi Bt lpebqqst}(l@ecbto theybuilding outline.

THORRY 6 &hﬁ-@@ wﬁjs'il%%@ PArtiQE - ShstdiPQLIR! @RGibed aRRk. The tracking points
avai’l abl I'n such cases, the start and end points of

cap B g\xelythﬁ eensipigls @$ being Wifbin desieclyses deroens byl wknscudine, and

iV RN Y Consldist A OMaLENraiablveRYeri it B %81%&9{&%&% #Jaeﬂes the
added as nodes and connected to the nodés of some

pogty infihe e Huidding gnd e rigedykody cotseping ecamrest gy shepetplale tracking path
wisdBhdyakd &eﬁﬁQtOQEW%9ﬁ§thW%aQﬁs@g &tk &30 MRBEHInANd

unconnect ed nodes nmay be connected to the cl osest node
[0349] Eonn¥4VIERBOYr aph. Whi | e det er mi ni ng tracki ng

[0SAY N@ﬁ%ﬁ%nfr&ry U'éﬁlﬁalfyrc%ﬁlbh&gchpﬁ%&ss Bp@et%ﬁﬁ%' Bes from ope. location

estimates may al so as nodes connécted to

to BROARAY- 6&@1@?@ nay bmﬁeﬁgn thp a@k impgrhingtapdrmap Suildipg methods (and other

m&RAD) cﬁ§clc§s@&'§1@reﬂ &l %Hﬁ(ﬁ%ﬁt@mwﬁﬁh NObdiR&E! 'maﬂ&ﬁﬁia € used, for
not "nmar ked features in the floor pfan, but tha

EXRFBRID t@e@ppla(yr @g@h ad 1pipug pgbsk @eget to a trackee when used by emergency
personnel, to display paths to exits of the building, to find stairwells, etc. In certain instances, for

example, when a tracking path has for some reason not been matched to hallways of a building,
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[0503] M DETERM NI NG LOCATI ON USI NG SI GNATURE NMAPPI NG
AND MATCHI NG [ 0504] According to an aspect of the
w0 pooefo2ioe, readi ngs from vari ous sensors nmay PET/US2008/072378

included in the tracking data. Sone sensors nay have

the same or simlar readings every tinme a trackee

visits a certain location. Storing and mappi ng these

readi ngs nmay enable a tracking point at a later tine

t2 with nore accunul ated error to be matched to the
tnmckl ng estimate for a previous tracking point at

ﬂ?D&cketNgl(g% -Mhf3dTappi ng over short-term path
istory may yield unique signatures in a building

thé’\‘%&;@ ﬁWthansma&B&ﬁpé%tt A tﬁe fap&buﬁh% r&&effiocation may be found to
reliability ditionall %é he si naturesfrom

deF%@ﬁé‘i‘FdléﬁWaéseth%‘c?P%Id aye Bren ﬁrew@séé gy eerothpnivgo locations. Well known
al%ﬁ seén@massltweeAsmgmwhﬁyﬁ)@ﬁseaférqe@ﬁmﬁeg fk &kga in the

ildi n% [ 0505] Magnetic Signature Mapping [0506]
(03¢ dvarngotte Tading dlgedthmp Prarpe bEf9RNEIde of @gyseh i Mesrgagon can be

chABYicile %@&5%@1@&9 déseny@w@ysa Mﬂla& 0a® &ramﬁbﬂw AMRE plans is not
eacC regl on I n % can a uni que rragnetl C

avgiiaglatlntech qpeg th?éw alﬁdo? ea@mﬁqﬂfélallw@meet@@lwnmi@ added as nodes

anlRGARLIE b3 SN&HH! R8diREnall NN BEWRRitWaY Sords T, BY 'ah(ﬁhrhg nodes and
Recordi ng the magnetic signature for a regi on may

I p
coppseied ¢ thg npdeg efcsorre 91 plbiwterseefinethallways Otpes gfw@new%asatauweﬂs and
eleslhtgﬁ%%f 18 AMBECR doesdGlIqmE ShledeATis A &r&)ﬁﬂecg&qg% closest node

. 3216- 0373130 [0507] FIG 20B is an illustrative
to sRunsef e greph. ¥ hily detgrmiyneoirsking egtingates feinthe tufkinmpatetthe tracking

est%ha&ahuF« %1@9@5&&@%8@9@%%&% %kﬂgpﬁé{%@s faﬁcp@alﬁ'ﬁmy\paclqng
Each | way was found to display the sane val ues

estipates %gﬁaéﬁtlwmft? eqtermifiation wsing lprafipnadhiat g sot arled asdeptuges in the
ﬂo@f lﬁﬁlbﬁﬂhatﬁq%%enﬂlﬂa%ﬁe ag{h@fcééE es were recorded for the
| ways as shown in G 20B A snal |l segnment was
/0%?! M:d r RETERMIMYG LA CATIAN YISENG EGIHERURE YRFPING AP MAECHING
[05ﬁf h@@br@gﬁkona%tas% Eoftfit Brv&Rboh %Jd‘ﬁgs fﬁgfn \Iangu sQﬁs%?s may be included
| ways, and the segnent was correctly identified in
in hegraplypg dase BorRs YeATor wayy have ghersemp priverlraeadines wrery time fpdrackee
mfltg dWehlin h&@@&l sMagpetd &a@mw aamag Glal, IR HQMQI%t at a
for exanple, the nap rratcg% [or map build
1at?rettrhfo@sww@ﬁlemmuhgtd§§m fochstr e‘l‘-l“Ghﬁk’ééﬂQ% estinpte arjagnevious

trat:l@map&ﬁ{ hn@¥e f0rSidiRd InbSdind bR shH-teh %%%st@xarr}ﬁw yield unique
hal T wa it my usemanetlc data to create

gﬁﬁ@ﬁ’éffl & bai dglrgam?lemﬁnbe fichetewitak highyleghe of Nilatikyoadditionally,
thd FdhaPR RN 1?1%@11&&@'6&@&'115@' vk %e?tled RPGARG c6m a{n‘eﬁéngive signature for a

el evation and azinmuth (as well s other d heseé
locatign Pergede e Hailflingn real -t une agai nst known Iocat| on on

[omﬁmgpetfcgfonawb ,Lz;,abl lity ponts Each future
correétion to al 1 way may be tested for
[0506] According to an aspect of the invention, experiments may be performed in various

buildings to show that each region in a building can vield a unique magnetic signature. FIG.
20A, for example, depicts unique magnetic signatures of three hallways in a building. Recording
the magnetic signature for a region may help correct a trackee’s position to this region when a

signature match is detected.
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consi stency in the magnetic signature, and magnetic
data for newy traversed regi ons may be continuously
WO e@oiogi®es Once the signature is known and a f upPCr/@Swas/bir2378
fromany trackee is close to a iegion whose signature
has been nmapped, a conparison may b e nade for a
magneti c signatuie match to verify if the | ocations
may be the sane [0509] An illustrative exanple of this
concept is showmn mFIG2 1 Hallway B has a signature
gmn cieated by two tiackees The signature created b

Tmbﬁ&ﬁgNg%gﬁhﬁﬁinﬁ,|nd|cated on the figure Hallway A
has a signhature created by a sngle trackee Though the

(0505 FIEa!l J08RSan2 i BstFahiOS Exdipld BN ELsPRT Bbh &ne 10 aog]éauence of magnetic
anot her), they may have di stingui shably different
sigpyRprERenciondrsted asiap dita Semodn G nBach dallwaewdsefownice display
théwle g Jfft&mexﬁugnéﬂcrhe@@mnhﬁé ﬁa\m} W trd/BRedP AR WS QNS These
cieate interference mdifferent directions
Slg.nhté@é weiggearEded fpayhs 3 allyvae apslyvade EHF- AEB-andmol seempent was walked

I‘CSQHI&IL di rbgm%'ém?a?th frbe{ﬁd@hj@h fxu rtgsn:dtarggiﬁalﬁ Gfe Hgtgvc%ﬂ&ltéagfor the three
bet ween t hese hal | ways and wants ure out

halkigseraog alhe speent s eqresetbeidendified, Mhb@artfzfrthfe}efgle@y itovasrqcorded (as
sh&ANinGMALS t he magnetic signature of the current
ment and check it agai nst the recorded signature of

067 Niagotic Plesurh aalching s\ abe wehy. it o oplt,thpumen, matblging andor map
buldiRALUES, VoK 0 S

us elgg]rre nt 2110 errrl1 I%P}ﬁmqgﬁl,%gﬁl 1qgg£5§(5ga 5@%{9@5 %itggdgl gll‘gﬁﬁf‘&eg}e first
Hmendyi RS ¢ O hpllyravwia et sserreaspetisrilatad cloePAT EMNEngiictsignpfosg map of

0
thfipﬂm%ur e mat 56%311@11&3&)%&% dé:caeﬁn%%%ﬁg%utlrdtzal %%%Iﬁ;'llg field, elevation and
aziggtnclas well foqher]damhu Tleesmpbm weorAgy ingesktimongdingt dnovat joeation on
thef 195 €3Nt FREKES ot EAM RALBGorr Qﬁ) Y %e%k&f‘af%ﬁ PGJ& tested for
may al so usé ‘tenperature rea s acquired

coqspsg@f(y h)gthg Wg}@q@p {segngture gryismmpth@)ﬁa qf NEWIS, trqy)ersgcbrecnons may be
coxﬁﬁnﬁéﬂs@ Bk AP ©nal tE @19‘?&% id 9o WRRnd f‘qu‘lJ gﬁth Eﬂoﬁl&? rcrackee is close

aut o-dgenerated map nmay be di spl ayed
to g¢Hagied Whp%ehﬂ%mm-g@r ke rreappest, @r cognpaioa rmat be radg écataemagnenc

g}M}@% nfah t@%ﬁf@ﬂ&heﬁ@ﬁp@r{s% ?“fbgtl‘fg sahdle region is like.

his profile 1s expected fo change over tine
[0 ‘é’glpzélé illsteafive axagaplq @féhls ﬁ@ncatmﬁ %hown in Bl RéviHgilwey Bihguambignature
shdviHf QLRI byORoPPRIM es STAL isf R:'éte& Iﬂ?@@ ﬁllgt ST0LI 3 HEEed on the
condi tions, the tenpera ure pl Nng may SO serve as
figwrs. Hablvayihss a§i@htatewr@teﬁrhp P ﬁlngle ﬁé@qqa rTthFﬁhﬁbfr twiodwallwasls yre close
by '(Jhdtﬂ'ﬁ?allglhtg lohe taﬁtftﬁ@r} e GLBTHILD leﬂkﬁkgﬁiy @iffglreﬁtcﬁ tufes because a

tenperature g be” correl at ed € tenpera re
soweeoPti egnglic mésgicnes may bhdifferint dinrgeh hallseg) oSiheiskiae source may

mea@tlﬁtyfé}ammhﬁ%gﬂ%e@mﬁs k& tﬁés@féwé QiR etr Bk m tnwtc%mo and/or

¥ pes such as RSSI signatures fromreference p ints,
map pilding metheds Siafs aifermh trapher Wt rsing betser these &0 hajlwayhand wants to

figh8YouPSvhich hallway the trackee should be corrected to, it can compare the magnetic

PA

signature of the current segment and check it against the recorded signature of both of these
hallways. As seen in the figure, the signature for the unmatched segment matches the dashed

segment 2110 in Hallway A uniquely. In this case the ambiguity in hallway correction can be
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simlar at locations in a building. Signature matching
can al so be used to match features such as stairwells,
waremtweat ors, and different floors. [0513] PCT/US2008/072378

Additionally, signatures fromnultiple different

sensors may be conbined into a conprehensive signature

and used to match | ocations. [0514] N. ELECTRONI C

VWAYPO NT OR FI XED PO NT CORRECTI ONS [ 0515] In one

i mpl ement ati on, the absence of a global correction
meghani sm (such as GPS) indoors may be aided by

M%g@g dREANEQEH8L43HA% usi ng fixed el ectronic waypoints
| di ngs. These waypoints nmay conprise an

res’%ﬂﬁéﬂhélﬁ’mh siBRAl8 B0 performhigh reliability
corrections when installed in a building. [0516] Fixed
(034 derptraetn FrableiMdpchisties at |ocations in a building

03X 1P SNARTEAculBink ' BESI0R LinfoRmatlot fok Udeh tRRAI 13 buiddE, mapping
fl oor number (anobng ot her data) using short-range |ow

ApPFRED FRdRLlsede GhRRRuEatadees soapasd f5me o iraekingsiyppm de.g.» system

1189l F1GaL) 19 @rell%q t%,selaar&h YRAINRIN Y GRF hRE bt /NS oenm?eﬁ%ap may be
transcei vers ei t her contlnuously transn1f their

digpleret (o then@HDnaélfiu Befled fwith pdemmstaire goler Stadigns el indicate what the

ambREAenBEatuff R HTBLJH s BRY. Yo h;eex ecn:@% chaB 3R me especially
simlar device cone into range. % rac<|ng

in g ife-cla dditiem toarroyifjoe el pafpmatlﬁwbquﬁ éqaurd enddr phpngingytemperature

cohdi@Hs Macl %f@ﬁgﬂ HBHRATENT 2R tRRReYs BOCKHiaNOsionature mapping
053216- 0373130 t hese fIX waypoints with a tine-stanp

mechanigepariaRady iy thgahert-teprp te #ﬁé@@nﬁw@@alema@écem etergparaiire yay be

co§a£t@@@1t9%tén£beﬁah§e Pl Rgionsin@RAMESRS. from a set of
fi xed nodes may also be used to deterfne |ocation.

1031855 sylapmahimentgohmigresapp oienesedoier ether signatereNyprs such as RSSI
sigfhtRb SomTRtF&6d ?&H@ ﬁrgégrg]seds& afgliahl Gfhet Qeng&rrﬁa%%k Wt may be

| ocation to tha fi xed nodes, devices Wt
sinfilgy atlogasignsde 2 PIjR® §ianprsrrighingramalyo baked érematch features such as

stafrivBRy; SdPIRER:PLR ALY pdGL ection with other trackees
in the tracki nhg data. Both the fixed point corrections

[043nAAd ety ugewiureo frac mnbinte Adlprepe semporaed beycombined into a

cmﬂﬁmn@@e 5SCAROLRAAKBS nERAISLAIRE S between points in
article constraint system solver. Additionally,

[051¢] Ne| i FHECTRONS Ve @opar sy BKeRiP o1yt CORBEGHANK | ng

(053} T BHleCi%ap]ARHra i it ﬁﬁ&ﬁ@ Sf EfIHal @&Tetc@orpﬁleaﬁmglge(s&ﬂrﬁg GPS)
| ocation a@gear at different |ocations, they nmay

indggrs e b8 Adedb kocative coresten usipsdiced Hectiopis cleapoipts utbuddmgs These

waf(b(gl?@][nagl %Bﬂnﬁr@e|ahta¥d1tu£lﬁﬁl%gahaﬁ{sm L NRCXIRN HRAGK 1%@1%1‘%8 when

According to an aspect of the invention, Indoo
instaflet wiarfyildisg-hods nay be utilized to take

[0516] Fixed waypoint correction nodes at locations in a building programmed to transmit GPS
latitude, longitude, and floor number (among other data) using short-range low power radios (or
other devices) may provide mapping application 130 with fixed point corrections. These
transceivers may either continuously transmit their location information if line powered or
transmit location information only when they ‘hear’ another similar device come into range.

[0517] Tracking devices such as INU-CSM pairs may include proximity information regarding
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tracking data fromone or nore trackees and conpute a
nore accurate tracking estimate for each trackee.
waEz@apkwss of i ndoor tracking nethods enabl ed bRCTHPIH0SI072378

application 130 including, but not limted to, sensor
fusion nethods, map building nethods, and map matchi ng
met hods will now be explored. [0522] A TRANSI TI ON
METHODS [ 0523] I n one inplenentation, indoor tacking
nethods may be re-set each tine a transition is nmade

Qm outdoors to indoors. Hence, sonme or all indoor

A&ﬁ@gﬁ&ﬂgNgagggg§wﬂgy use various transition nethods to
detect that an outdoor-indoor transition has occurred,

th8dR i x88 Ya§idint@with @l timeP@iniY indRE whdbinki @la, TRBAE B8led Rodes are densely
initialize indoor tracking. [0524] Detecting

spesad QB the bRl ine Tr i v o pOmB Gredgndemay eﬂm Ye used to determine
lofigbgct i ng out door -i ndoor tranS|t|ons may be i nportant

si nce tracking al gorithns need to be adjusted for
(09 1 Foyferding éhei @Pomé@@eqnéw ode kHtstey 6REGES can be

[05 PRAGE @RI tb PorRbiilcdbasn Ut bPiRUINb&s NMBvices with inter-device ranging
~infrastructure, electric lines in the walls, and

informion| teay] i¢ledef WheHARP BRI Aptccib] attheothan traplees in the tracking

daRUBofH 18- i@ poinPichirRlibratnt Hde tRGe YR MRAL hnzg;alye Bforced by the
rotated to the | ast known outdoor rotation,

mPRENE Senalegy Be cerrinBuEvsaeitolm hsepaitto cwsrr@@tt f¥sigm solver.
AMdnlalP}ATfEmbﬂ\tnEsoJrQ eéheQQ@ l'f&tthe!\{?aclung §§1%i]a@s 034343 Qackees reported to

npass accuracy can be verified. [0526] In addition
betaé t@w,mpg }ﬂcﬁg)ntaepqahét %gfcpr@t lqch@né,l}bqydgqty hatlybryporrected to the location

ofltcaARSkde WM L1 tO correct the path of a
trackee closest to the exit in a building if building

(00N Y i s BYRRPBARAGKING MEFHIOPSosest exit is within a

(0PI 18 ARt KHIRE R a@;!)écpmm ﬁv&ﬂ%l{ %ﬁfoblotpacgﬁ@ L RM68s may be utilized to take
Correcting only within allowable corréction di'stances

trasking lads frpa oae privaere diekeerand saapue @ Botseceuraie Rekingtestinate for each

traBkde© rEx@]Qpl@s BitkinhShr %CM QLS %HQ@&&%&@G@' apSmam{n 130 including,
poi nts |nclud|n% but not limted to, w ndows or

buf ArtelpRitsd texiepser rnasiesids. dpapcbreldling moiody. reagl i Thagching methods
wid gl haklfore® trackee's indoor path may then be reset

to the nearest exit point to the |ast outdoor tracking
0531 A f oFRANSEIRNEFHGR  ur acy. 10527} Manual Detection

[0553] QSMTehBMn Iﬁd@ﬁsdatchﬁé] ﬁle{hg&zlgly bdre@Bt each time a transition is
I mpl enent ation of the system configured to track

magle g autdegrypleriadsnrse HiMre, seae % alhindoar taelithgigedgdst g use various

trah§tidh meth6RGK BBt SR b8 Rud QR Rndobr tlr:alngtloﬂ-}xasr@)fur&rde% &Y set a start
ot herw se activate) an indoor button (or other

Poph Acripitip! hepdipgigiinitiglize pidogy trackjpga a transni ssion to
[0SR Piebiing FildooPIndboP TRAmbiRER2PPENded to the tracking
data and ti me- stanped for |ater processing) that an
(08231 Sersessfully odsgecting outdoor-indoor tranmsitions may be important since tracking
algorithms may need to be adjusted for indoor tracking. Tests reveal that compasses can be
inaccurate in buildings due to building infrastructure, electric lines in the walls, and magnetic
interference from other objects in the building. For initialization, the gyro path may be rotated to

the last known outdoor rotation, and tracking may be continued based on the gyro direction until
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transition is occurring (or has occurred). This
informati on may be used to obtain the exact (or nearly
WE@2@e021068 ansi ti on point to be used in the fol POWUIRLY8/072378

net hods, as well as for conparison agai nst automated

out door -i ndoor detection algorithnms {e.g., to detect

the effectiveness and/ or accuracy of autonated

al gorithms). [0529] Automatic Detection of

Qut door - I ndoor Transitions [0530] Changes and variance
Lone or nore sensor values during the outdoor-indoor

i&ﬁ@pg&&&ggaﬁﬁ@ymaﬁyquant|f|ed and conbi ned to produce
an accurate outdoor-indoor transition detector

pladsiadduiddy 3dd belv@ligag@ant i nformation in the tracking
data 0531] CQut door -1 ndoor detection signs [0532]
[0%4/ i a1 P EBEGIE 1¢ Bie extogihe putesy-ipdoonisanetionsngh b used to comect

tht pak keLrRUSdidstReh b &l i a b N Bui RHL B i TRMESHIE SR @D closest
out door location to_an_indoor 1ocation. For exanpl e,

itHg “eps hRedcromina alnTable orewsion sisters CoregHBaRYY Yigyn allowable

cokrB&lo8 afRanc&Afbled b&s&hél%@kh abRY 1B e AfRRdd GRlld ¥ntering a building
reduced, the nunber of satellites éédecrease and,

thioy gh treaPYeptionapatrepinkeinelrdin a1t dimiied fa oiiedavy or gnmarked exits.
whéd Bi81didg Uit dhogSatioh s Adddbld QRrackd2e ﬁ@o@batmérpbe reset to the

field observed by magnetic field sensors (of
nepregf kit YIS dhedat Olﬁ%g?r agkipe PPiBHIOF ingicassh ahipey] o ut door s,
(0339 Moo BEAEDH 6f Diki@d H-TH ol FNfGibRY PATENT At tor ney
Docket No.: 053216-0373130 increase. Further, an
(0338 oy mpleseniahion §f tht sysfein camfieaesd iajrack\nerspasp a aerbn quifitied with a

tralcﬁﬁélts%'s@érﬁn (o eﬁlaclml ol G mepﬁl BIE 13Uy 3B Qbr ofREGRI VR vate) an
Strength fron1out oor referenCe points (or_base

m%ftoa{?vf@ﬁésr %béy cRpiteh dnidicate arier Vigie rEsmissiAn & qpEpuist 1¢hor via a tag
apPeHAEP Q) thi NAGIAAKs HAARRA LilneRIRY4 RS 116t %ces%' ﬁ‘dit%%dé%og -indoor

a device conpr|S|ng a short-range radio g
TR catwrareer hseceedexThisinfmptioignay beelfse éh@oéam the exact (or

nc®} Blact) Hafitdh pidt €098 NsdQh dfefolow Bl §1-8RAE R Uetas for ¢omparison
measured by a tracking system may be used to determ ne

ag@kﬁ%taw@m@ws@k@eorﬁa@oas ﬂ@@%@@ a{gﬁ@thméﬂég efrcdetash thetetlgeiiyeness and/or

2k§ﬁ&§%@§n&hﬁmpﬂhﬁﬂm&g. Simlar detection may be used
[e I eaving the building. [0533] Each of the

/vi%?458WHﬁ Q@%@Wﬁé&oﬁﬁﬁﬂ ﬂﬁﬁ”ﬁﬁ?wﬂé conbi ned into an

10534} degtd HEQARadEaRE bPR T WBGH @cﬂhels Burt RABE - IS & Sransitions
when the appropriate sensors are included on a

mayy b Reaptified pnge Ryinedytot rapduce 1gn rasgyata ouidaertigileny transition detector

utlllﬁﬁyﬂll%ﬁelvantﬁﬂ?@rﬁﬁtlé}{lﬁ tR thabiThd &, NUber of entry and
points into and out of a building. These are

lvﬁgféWF@ﬂ“P@bﬁék@ﬁ@mE%WFs of the building. For systens

0332V 2k ERGKIIOAED QWi HRP IRy 38 oteAdRRN Sa trhdk@NSLfHE with a tracking
nmet hods may be used°to p1 npoi nt the | ocation of

SYJieR SwHendforapripwidoon swios taatinfear doptiopn dier axamplg §1etGRSrhorizontal
dilh MO SR BIHOP) AEAORERase OfateYlitE SrrdhGhSBay b drastically reduced, the

number of satellites may decrease and, eventually, GPS may be unavailable, especially in larger
buildings. In addition, the total magnetic field observed by magnetic field sensors (of the

tracking system) may vary from that observed outdoors, and the magnetic field variance may
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detected. These nethods may hel p renove the

accunul ated positional error in case of inertial
wayavee®es and | ocal errors for signal based syBCEDIS2008/072378

[0534] In one inplenentation, if all of the exits of a

bui | ding are known and recorded in the building data,

when an outdoor-to-indoor transition is detected a

trackee nmay be matched to the closest Exit. The

cl osest exit, or closest point Iandmark to a current

Igﬁatlon estlnate may be detern1ned using the dis

A o@xﬁ S&Q&ﬁw@snmﬁ% [0535] dist = X1 - X1) 2 + (y 2 -
2 ; and [0536] where (x2, y2) and (xI', yl) are

1n§1@%et VIQIrtRQI EH §utﬂ&9 T'h k@habd ¥ %aéj('ee?h@? Felad pSﬁl%g location (when
det er mi ned. e trackee's | ocation estinmate may
buildiag mags ﬁ*’ﬁ&éﬂliableb eR%Cﬁlée% gigpal Ssrengife frpp eatdeemreffenphpoints (or base

stéoRS 884y @¥iehse. [@ééSJetéhdSH Lighsl o anv\gh%oﬁﬂldb&qpaggltl&pmay be noted.
outdoor transition is detected, the sane nethod may be

Adfiennally, afdeyige qpRPTISING & lqrtiangerradia fre-+ BEhSE)amEy beritached to the exits
m&rkﬁg K@ﬁer@&bte ‘3@19{ %ifmhlrktrb&?ﬂs%? ﬁ]@osre%ﬁ&spoﬁlt Ine@fur édh)?f 8%k S system

he buil di ng are not  known, pr edet er m ned

mHicasprbio demying thai it Fackeedds erassed ﬁhf« teferpree pairt #ndreMaEERE building.
Siftt 15 REYon J‘%%tusémxzhlle@e@%g;%eggﬂﬁﬂggo al | owabl e exit

correction di stance. the closest exit is within

(0535 Saghy fctbe @F?ﬁOW@d?bﬁqﬁYeésﬂlh@}O@Canh@aicb‘? phipegrintyeap Qradoor/Indoor

defPBEI&: ﬁlhétlohhﬁtlﬁlscoﬁﬁtﬁﬁce? ¥hin hs aP}%Bertet fhfdrd Qje Sncluded on a trackee’s
threshold, it e assuned he trackee iIs

trathﬂ%F}fSWgﬂ tim eeeplar ‘I%/‘H]idlﬂi‘@ eyl greressnre igHerardabdr ehanty anfrixg points
n%ﬁaﬁ@' 8LESTH fiAGink NTRSD T AR BlaS TheAEHO Y he bOidifY SR Systems that
such as, for exanple, energency personnel enterin the

trask P ¥rloprraad grdogrsn Henkisiop tresthoiy may rrdatseds fo pieinirihe Mfltlon of

pefsbRRT afFRISEtsBYurREy SBEn b @onddR8 ﬂ&r@&h@&rsdﬁgﬁm%sn Or Qbb-versa, is

the floor location of the exit used to enter
desgfieq.-dihsep mptbsgpayBrelisENSTRbaNE UMt dRsitiope!] wmmgse of inertial

sy£tQ§£Qﬂd16@a¢emhﬁgsﬁgw%e@aeé%ﬁl% of the invention, sensor
and data fusion nethods produce tracking estinates

[0 fryenenigrtemgptation ifddt of tfw é*ﬁscﬁffaf@ﬂéﬁg ager lepoioinrpgd recorded in the

bull8hY 9Q§ wHaRGn plYtd&JQ-% Ml'd&g trafion ;084 &la. 41 ﬁ%k@@ﬁlh?gec‘mgtrcheﬁ to the
bui T di ng when building data is avail abl e.
cquth gt r Hiej alases eaitpir elasest ppiat Isedyasle toam gt cpztwu qswnate may be

deaﬁﬁlh&plusm lhe QWL A¥R! RiRed Wi th reference back to
éartlcu larly, an exenplary sensor and data

/viuﬁuan net,hogl)’nmeg, conpt iile br eaking a path into

segnment s u3|ng pol ygonal (rectangular) path
(05360 vbere a0 dacii iy ever be Aapojuss wmwlléatwaydwtmﬁ is being
defRBniised to determine error and correction bounds on

t he
[0537] The trackee’s location estimate may then be made to be the same as the location of the

closest exit.
[0538] Similarly, when an indoor to outdoor transition is detected, the same method may be used
to find the closest exit, and to place the trackee outdoors. In instances where all of the exits of

the building are not known, a predetermined threshold may be utilized to limit the maximum
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segnents. Consecutive orthogonal grids or shapes may
then be detected within the error bounds, and
w@oeormwmeetoesl t o be orthogonal . If conpass data iBCT/US2008/072378
avai | abl e, conpass angles may be validated for each
shape, and each shape can be corrected to the conpass
angle. [0542] If the building outline is avail abl e,
the building may be divided into partitions associ ated
wi th expected headings. The outline of the building
iﬁ; then be used to constrain the tracking path within
&y

Brdkel Q). Reb2RUs e pol ygon. This processing
operation may be achieved using the particle

all@x%b‘-}é 53 Rtredidh WRfandH, SI?Hé%ﬁ)gesk sklﬁ%%hl tﬁ@ ?yegeteah&‘ed threshold, the
shapes nmay then be iterated throug ested for

correntign mar be Brefe cithsrrdoseit ekt i nphmtbm éh;sr Phé@h?l@mt mavbeiassyneed that

thd thfek&ws %&bﬁ}%j 3 bﬂﬁln%%z%ggkp%nlehﬁmﬁﬁc’é& L, Ofs ﬁ:re@ééﬁgne@meshold
t he shape is results In a tracking estimate for

may| r%@mcwnaéeﬁévmwh édl feroexemalenemiregingy parmmﬁlumnwthmbuﬂdmo

thre@IRFS Sovanel. Btk Ldbae tﬁjeajbﬁ‘lal AP hdhbel hadBe 5&@&%@@&9&@' RPending
wherein an inertial tracking pat h, a 5ignal - based

onithesfider legptisaphibe Freit used esnicete Peiling. poi nt's, and conpass

(0559 B. AN ERYGR DA A RsordbgrRbvi ded as inputs, the
same steps may be performed to obtain building grid

[0} Psrsbie Shmpsaect R fhe deiehiiose givemtan! ot s aethds may produce

tragéﬁgﬂestﬁiﬁﬁs %9 rf[1§§§ Qﬁ%rﬁgdagd 50 Ccf?frfé‘rﬁ‘lt Ehta@lgncs r@%hs q{’}&" 6c’)ﬂl_lgpplymg
tracking points mma Usi ng the w dt RPA

Smm&k@wﬁéVME@@W@famaﬁumoﬁg @ﬁbgﬁbﬁaeﬁ@ﬂﬂﬂhe rect angul ar

[054@]3% il srSRGNB Rhple LR %e%ﬁio‘r &hS Dhfd ]?tul:s]l%n %ﬁeﬂ{bﬂl Wﬁﬁﬁ)@ﬂbe explained
t racki é%ﬁyOlntS may be detected. The signal based

witgisegcahegk thell e Ra@rqﬁlédy,t@ wonplayperdr sl dagrcfysion method may
coﬂ*lﬁ@s;;) Al Br@Aklr%hQF}ﬁth IH&? m&susﬂ%yi)&%ﬂalb&e&eﬁ%&l@g é]a(&f sébmentation.

e mat ch al | ow ng unmat chabl e Segnentsin’t
Tragljigg rron qnalysis fpgpsenayetherhbe used wulstrming err¢rraad cpagetigh bpyads on the

sediEts b@orﬁ%ﬁ@@&%@ﬂn‘gl‘%ﬁ@ o@kﬁé@'nﬁg tlﬂ&'b@tdgteétgd LB the error bounds,
si gnal based shapé IS naﬁ be performed because the

anq pEtepie o kherfospugl dbeanpaescdataais avaiablhecogipeystanglesrmap e validated

forteh& sﬁh;g:nﬁ'!d epm%e%gﬁﬂ@coﬁ@y[ecp@ tHEROEp gk lecgé l'y accurate
snce it can be subject to outlier p0|nts and/ or

10342 ¥dtailding ovibpe i valeble thebyildingmayde divided dutp partitiensssociated
Wltg%t(ﬁecfe‘d Sk £ HBHRARSIHERY 1€ JNRihS f%lamfeﬁ ackidgo %éﬁstraﬁﬂtu% tracking

tracking system or_an input nto map matching
pathrmvhm therhylding quiling golyEos 4UYs mrocensiirs. auaTRCPE NGy MEFHEDS! using the

paﬂﬁglg éé]stl ﬁﬁtcs%f\gf cﬂg:ugs@d Bru-AARESk. @he gﬂﬁﬁes'nﬁh&@ﬁﬁn‘b@@%ra@ Rarough and

rratc:|n net h OSITH taeadvantageo

testeg 4911 Iamnpq ogregtfong giHinihet egegonhoards de éheﬂwldma €rify pegd on the
parﬂh&ﬁ%rcgged fy%’é 4hg1!>enghl8 ﬁ%ul%elﬁgrtt’ag&% dsHmAe iR the BRAUE data REnfined

hal | ways o di ngs maybe represented as Iines
HJQﬁHWEW%@ééﬁﬁﬁbW@S“mmﬁﬁap hylding dgtar et ches of tracki ng

[05?2} {ﬁtaé ég})ﬁefgl@nt%oﬁgﬁieg%l dah e R, ﬁﬁﬁtaesqgnfapﬁasgﬁattr&ﬁﬁg path that
uses reference points, and c%mpass data and building data, are provided as inputs, the same steps

may be performed to obtain building grid corrected shapes. For each segment in the inertial data,

the comresponding time-correlated signal-based tracking points may be grouped. Using the width
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corrected when matched [ 0546] Proxi mty Based
Correction Methods [0547] hi one inplenentation of the
w0 pooefoeioe, backi ng data nmay be processed by i PEI/aB1008/072378
over points, or iterating over segnents These
i npl enentations may rely on proximty-based correction
nmet hods whi ch navi gate through the floor plan, finding
corrections foi groups of points, and/or segments
based on pioximty to |ocal features. These
| ement ati ons may be used for tracking data

Atg, {)Q&Lgm Zeshihysak@ni ficant rotational errors wheie
gl obal net hods such as shape alignnent and mat chi ng

ofXh€ réc@dﬁdﬁﬁxeﬂleh@ﬁ&gﬁfeﬁte%| MLl & 11 é@@%é@&a&&%ﬁmﬁt@ may be
detectlng s apes. The follow ng correction netho

efsgteokl STEBH berd ShFpe ey ey be Brpetioicarespoqdyg 4agh mertial Shape. The
shi8 q[zgrﬂ!fen@a tERQALHONsHYBS hods a]l&\ﬁéﬁ&}ma‘(&‘ml@ sééhﬁ%ﬁ i3 kAGh&be. If 2

build there may be certain | andmarks where a
Shél??rlf‘ﬂa‘?hﬂlsﬁ%ﬁnﬁ Télﬁarfe&ral PRIPT BAY by parecisd s impehingTeEngsein the signal-

baRit RaN Fni Ay fe¥BRTed RYauRethd @k Ghaps iEMBRt a%curﬁ@ % the short-
checked for_ while anal¥2|ng the tracking data. If

terg, veitheyanp-based @hage mpy 916@%9 At CREEfe pCce Hgan be subjeut to outlier
poif®y ERFRABLhAS hANITRAKS Th rdsie oPte! BhsB8 ancPifa BR®NRALRbds may
may be corrected if a match is found. PATENT At t or ney
compiseet trgking einnaiq fur @3 sKing sYStyEH 0] arsinpy; iitmapampiching and/or map
bulllial | way) Event. [0551] A Straight Path or Hallway
Event nmay be defined as detecting a long straight path
[0344] Che tVARPLAREHIEG METHRRS | ndoor paths, there are

[05dspak&sdiag fPs AsEect Bemb &Hvkmoﬁgmxmgt@mﬁg ﬁlathb@srhgays{ak@h&laﬁtage of
aths are feasibl These include, for exanp

g Of (4 GROF arProvaard Bp R TSpERE, of RS drgieserived i

defallaBdv@Nhe RAKRY OSHII@inds e bE AdpkddBh¥ed B ILAEr ﬂet:taﬁé?est TR longest
correct hal | wvay may reduce and/or elim nate bot

stretales |05Fra¢éﬁqgﬂ>pmfﬁ ip ﬁ@rttaplavc dafesmehis teduldopaaichas émﬁweseéxaﬂmys and

colrbet@Wheh haekig data. This may be acconplished using a
Strai ght Path (Hall wa Correction. This correction

0348 Pespiraign BaspreCorrecéipn Mgthedt h to the matched hal lway to

[ 05@? Hpﬁae%ﬂgl/e&\ﬁnt@ctdnmf ﬂﬁﬁﬁveﬁ’t%' Eéc‘l}ﬁ]@ldaﬁ 'i]fa9 he pl&es@écﬁlﬁl iterating over
aligns (rotates) the path to the matchéd direction on

Poinfe q*iaﬁqr%ag% PYT rEguEs a%?eoﬁmléllﬁm?ﬁt%lat“e g glelsaon dprpRimity-based

cot&@omtieogh tvhRat v iewe nfgmmt @ tﬂo&n pIARYfifiEhot @hleH R £8:0groups of
the building data and to the follow 'ng matching

Poipsy, ResHer seppgnpbased op peoxinih enferrl Axfuers, These implemprjtftons may be
us@RBbPRYRB HatdBNarR g8l G Bk chlt 98P nflAbARHAR global methods such as

i ncorporated into the tracking data from an |nert|a
shaps\Aligiement gnq pakshiag gk, repdreed; s raffiegtive dha ¢k inagrversies edle detecting

shai)%E STiR thil Rbng ddfedibh hn%@odmahnevmmms oh the @665 LBodshat

has been goi ng strai ght W thout
[0548] Landmark Correction Methods.
[0549] While traversing a building, there may be certain landmarks where a certain path and/or
motion type is feasible. These path and motion types may be defined as Events, and checked for
while analyzing the tracking data. If a given Event occurs, it may be matched to the

corresponding landmarks in the building, and the path may be corrected if a match is found.
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a turn for a predeterm ned threshold distance. [0553]
I n anot her inplenentation, the Hallway Event may be
waledenewds by t he mappi ng technol ogy by conput i PQr/U82008/072378
line of best fit" for recent tracking points. The
“//we of best fit" is conmputed as previously discussed
in the sections relating to Sequential Segnentation.
I f the maxi mum devi ati on of any tracking point is |ess
than a threshold, and the length of the line is
ater than a threshold, the Hallway Event may be

P
AddriedBRL& . oEbh B9 b threshol d may be set to a
m ni mum expected | ength of a hallway (e.g., 6 neters),

/oamg Sln%zo%?i’ﬁﬁ Vﬁ&h}&af)) BsenMINJULL WA YJLENGTHI THRESH.
ementation, some or all of the

7l
(085 éx frf@onfﬁ Fihas mﬂyaﬁwn@mwfmwtaé dpsegting @d@ng srgight path in the

t é%?%raiasmpﬁéab pefliSs, RV OMSH3A a8 GBS 86ildidk HB&c such long straight
sections relating to Sequent| al Segnentation, and the

paflg| arenfegsitis chheserigludre f3r Rl AN BTas ToRms, e APRIuPAGes. If the
10RO btY:Gp p% oc&RY N, FIRAYChattRAD 1130 Y &R Khilkay &k rlrgduce and/or

processed. Since, whileé breaking the tracking points

clfopipate PiSanzulaR airifrek i WSt 1 Resifedl SRl @ ang tracking data. This
mbPt debdnifighdd Qsth D 8 shakhvad Waelh 4 ‘@bﬁ&u@ﬁ rms &%agﬁ maly REset the

poi nts are ensured to lie wthi'n the wid
traﬁhung Reth tpfrenarehad halbvayo mesiefcetndigp chmparg men@@? sqgolt also aligns

(rc{tgés5 Eﬂle it & m@trﬁa‘(&llad’ dirdc 8RGO aIRhLRS R@@&Sdnﬂgw 'éﬂxﬁmate angular
a set of tracking points theteste for
£

dr}fS/ Th@StrahghaPﬁbﬁvw Dateeﬁcmmﬁwbéé%bfeﬁé% wlding dajgeapd @ de Following

mﬁaﬁln%étg&gth greater than the
LLWAY LENGTH THRESH. The hal | way event nay

be
(043283 Pye ermdipraiatony Sth gfraighi ERI iy e apay qné@ttethcfrm@smﬂ FLAG

in§ R0 e r@a@l@ﬁkts 84t5 fromUinNin@8aI1SRPRL., It RAL c&@qhyﬁﬁﬁﬂf facking
di'st ance between the trackee and obstructions such

deyif pess 2 ffage 4 LE A A5e high trhenser 1t daisptsitha Athag beeisotnig ﬁ@ﬂglﬁ pvithout

a A8 WELRdRRGinPAhRASH AN diB@hdLWays, and |ong paths in
roons. [0556] Straight Path (Hallway) Corrections.

Mfi%éﬂamrtherowwlqlwtaé%n@latfﬁ%wayoE]‘@et 5% 1St defegpt bpathp mapping

tec@ﬁlolbl@}l ﬂ)}y\@ﬂnpgi{ﬁn*a b 4 rblesgﬁ?r ¢ recéht %E@f JT)JJ?@E iR Woﬁ%ﬂ fit" is
as to her this event can ematc hed to an

coaw@fé 2h gleﬁlavqlm&ycqswdtlh dhef segiisms pelatipg toSegrentialtSepaentatigng If the

mzlx%ﬁﬁ dEQRHn RanPRERISRAGE is Emhdﬂad 1 BYo1 R0 %t [R5 of WY line is
i mpl enment ed ‘usi ng geonetr poi nt's ‘and |ines, by

“?ﬂfﬂl Yo tesheldi they7abrava ver misy amg@ﬁe@fThﬁé@q@éd@leslr%@as} be set to

1ﬁ‘1nfﬂﬁl@n 'é%Eé:c%@fenéna{h' @R, a tllﬂaﬁwlﬁ?l devéay6EYrﬁﬂz§s MMt 5| 99&fRd to as
L FLAG froman inertial trackihg device

t he
%WLWMLW%W%’( t of tracking system HOa in
[0534P1n k- mbl@m%xlﬁbtﬁ)n, some or all of the tracking points may be grouped into Polygonal

Path Segments (PPSs) as previously discussed in the sections relating to Sequential
Segmentation, and the Hallway Event may be triggered whenever a rectangular polygon of
length greater than a threshold is being processed. Since, while breaking the tracking points into
PPSs, the maximum width of a rectangle 1s restricted to the hallway width with error bounds, the

points are ensured to lie within the width of a hallway.
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i npl enentation, the inertial tracking device may al so

i ncl ude a segnent nunber for each tracking point, and
woialobmaedEvent nmay al so be triggered if the di BCEHOS®08/072378

bet ween the tracking point currently being processed

and the first tracking point in the segnent (sane

segnment nunber) is greater than a predeterm ned

threshol d. Additionally, the Hallway Event nay al so be

triggered by the "line of bestfit" analysis described
Que. [0559] If the Hallway Event is triggered,

R RPRs15R0HeH 130 may attenpt to calculate the
correctlon of the current set of points that triggered

[0355? AH@JnLtV‘@Yy E{st%gd SPpré}JréceESIi}% KO ENRYs Nl ?Wﬁéa%lﬂhé‘ IpBlHﬁ may be tested

floor plan of the current | oor usin

foking, inEa i Shedl ¢ viadth desy e the hpByaewidifal adngy langtht a%ater than the

MBERRL Al At 126t T ISIRESAN G bt rham@y A &R ChbPMe OfredtRCerthQRE using
of the hallway restricted to 180 degrees

racking HaACEAt oY idea A dnae fiom AW IPGs Y tonak et top measppredistance
beRRAM IRGrhREe BAL oRALAIRs REING FRICHBtGn RS MalhM@My Event to
may be determ ned fromthe average current direction

dl%lfl%twrbé)ef\*fe&% king gatpoin felsvakand ome Pitky IDVRAMSEvent i s

[oﬂﬁySﬁ&ﬁQMﬁ,Wﬂn}a ddhelddilsAG OF a segment nunber from
inértial trac i ng devi ce. [0560] If a "line of

Mﬁé’éiﬂ fopg "mpsmeRetions opethe frEgHelul g Hakvdye Loyt df riegpered, a

det%ﬁmhﬁﬁ)n%a?%% nfdlle £sht§ Wlhétﬁﬁ'%g-%t C%B%Qﬁﬁﬁﬂed[@ GK @ilstl}l@ hallway in the
053216- 0373130 of best fit. For each hallway,

flopalgR.n teepatehed do mplatee doam artpen wRecHoRhs| hllavay r(?wl‘é?@aﬁ may be

ungﬂeﬁl%gd Q8 géﬁﬁ%h’g%@ 868 MARaAl:), ’tfyoﬁ'obtolaf? nth@éhir}ﬁ’a}ﬂr a EBinBination of
may be achi eved by Plndlng t he angul-ar différence

mathodfeen the current heading, and each traversal

[05#8]’ BCEHAmpRAchBforh Ble! MBNvay NG Iﬁ?a'y'tﬁ‘%re@' yy&ad kO WAL from an
| ower “angul ar di fference chosén as the

mm dRreEngievect (b-en Wil IWebeamffgwférac@pg SEsteh ¢ HanigFlGel). In this

im fn@ﬂia’tﬁﬁ heint ﬁ&tkln%ndclagg ahdyO0Rso H&?ud@od Egc’%leﬁiaﬁmﬁ&? For each
e rot at ed 5y@the Correction Rotati on about the first

trapigngpoiply anth e argt v Besatlbobe igerpk ifythe digiapes Retwrsty thgetracking

poﬁﬁf cﬁ&?énﬁ?sbeﬁﬁ' Iga&glqe& Qn& h& hal lﬁ‘ﬁ@cyn %&]ﬁt go{hE %@trhgllﬂ (same segment
may t hen be cal cul ated as t |Stance of

numb?ré 8 &f@reh thap g prereterted irgshpldn édditigeallys the é’ﬂllwyﬁwewénay also be
mgb%reﬁ@?@di Qe @‘lblesz‘ih’eanB%lme%cnbE@wl This rotation and

, however, correct sone or all of the points
(059 Tt She Hpbvasdurnelss biesurd ohapipganplicainadRe muwy i prculate the

coffBRHEn UEthEButddeset Of dgo%% £k RdAldShd Haﬂ%y@d‘zm ReIMRELRGS hallways
t he hal Iway shoul d be considered for correction or

in thetflooy plap 9 thej qugent dlopr einsette puilding dage. oBechdrall o may befraversed
lﬂﬂ% 19%5 rdl aB& B Relif A€ iﬂ%@cnoﬁ om-l’l\é 'sﬁ)ge QME( hbIOR RS ted to

ounds, the hallway may

ge
8@)@%7@@& WORREST), e P5dp éfmcavaatdlrec@om]élgl @e@wg for the points being

matHhS# H:aJhE fhhieghy/ Iﬁ%@&'té?ﬁu@d ROmeHAL 'a%lraom%ttﬁ Bl Bloch PGf the tracking
track Ing p0|ntS first CorreCte p0|nt I's out

Poigts s thedTadvay ﬁgenhlé |dptg\g§;:l ysingdheygdLL_FLAG or a segment number from the

inertial tracking device.

[0560] If a “line of best fit” method is used, the heading may be obtained as the slope of the line

PA
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within a predeterm ned threshold distance, and the

poi nts are headed towards the hallway, it nmay be
waeongiogiwsed as a potential match. The Correct i POT/Ob1088072378

may be updated to the offset between the first point

and the term nal point of the hallway line closest to

the first point. If the first point is nore than a

threshold out of the hallway |ine, the hallway may be

mar ked with the DO _NOT_CORRECT flag. [0562] Once the

PG rrections to all the hallways are determ ned, the

A 09,}/&@§Jcké;gg I@Hhd- A5t ati on, M NJI OTATI ON, of all the
corrections may be found. The correction within a

ftﬁéﬁteﬁthobg" &kh %IWT}QTH% (I]g B‘eoé‘o‘]:r%\fleﬂ QH tﬁié %@B&@lble traversal

| ess than a threshol

digepigpse fl 3sdegtses %Péftbﬁ%dhqw%ﬁnl‘%y ThJSfmwObqq%QMembmﬁn@%ghe angular

dlffa@nce bbdvesd tﬁ@ curteclEnch LS 864 ERR trh@rs@p({uem% tL@ﬁa@%y lme hallway
anot her |np enment ati1 on, t he pOI nts that tl‘l

e
diyepifop Jiftathe gyerf qogaer HEcIEPRERBUDS ehospetsnige matc%n@ dlrectlon and the

an| 1%1@&&66 n?a 'b@ RoRll afthB ol B AgnsBh. el\ﬂe QYBksYmay then be rotated by
i scussed proximty region nmay be obtained by

thg R %fflpfﬁéottaﬁ@ f}b@%tttb%@l‘lﬂ RNt bEGPRIFING § TeRion Mgt Vigldingjazgw set of
po(ﬂtﬂfhl 10 the WAL A, ThEdALhONOe NS hthe IRTENT AR ta@trhg Qﬁétance of the
Docket No.: 053216- 0373130 564]° Room Event. [ 0565]
firtpohie thadstlemeiteal honisetanag bE\?éﬁi torelythpmoiptsi gg e red
[05 é1 ] trhe rdehiRmkoha gffg%gy fHY8es E&Téchﬁ)‘inetdlj &l Bf #E b@@rts logt of the bounds
traversing or has traversed a roomin the buil

ng.
of theehafiyayn (pentmarehendhe Befearme dhaepmsgied paietk it @et@mw whether the

hamh}p@om@%e E&RHEREfor EHANANG 18 HRE BB ERROESpdikal ozg%ﬁbounds of
sense the approxi mate di stance of obstructlons In

they badlsiay ém@ﬁn ¢l freked Hanowrhawryson e hetleay byungdhahy baélmay may be

ﬂad?efd%gm NOY CORRY: e d fﬁdfc@t@ tlﬁlf ﬁ%a@geeh Iaﬁqﬁa(ﬁﬁga QQM%%Q a%tenhal
the tracking data. [0566] Roons in a building are

matshdforhp frockengarones df the Sgpt gyreatefl) BYige Aut of eumds of the hallway line but
with§fd ﬂ@&"f@lﬁﬁl@d Whdshoi@ dﬂs!a@&%rﬁ (M MQ ark ﬁ&a‘d&l tlo%l%s ¥H3<'1‘1Q11way, it may

that of regular hallways. In addition,
be cagiferee 28 p peigntiab owish. rﬂ&v&oaﬁéflcerJﬁmn@/rhertydwi fetthe offset between

thd i@l aftPQE &nmﬂﬂ%ﬁlt SthE Ma1RRl ﬂh@d@sre?c% ﬁxe@h d E&h{ iGhEMrst point
area or mJtIpe restricted areas the room

is pRfye phanehtigpdigldoput e the drallpet bipdi thg|hyllwqm@avm warked with the

Do NYereRREer 1@, roomresults in a path that goes
throagh an entfy point, covers a certain area in the

[0363h Rpceaihel corFrsiosde all tlas hellwpyieare deteyninedi the lereesticaresction rotation,

Mﬁ\nR@TA FRRY, P QMR B3HOHRL YnayHe fofnd T'E@Wo@&hf)ﬁ/ WR@INS threshold of
d then éxits the covered area. [0567] In addition,

MWnRQ@ﬂTfé’iAhgs dt h Isartcliey s, fiEstcer ookss ar ethBui | t2 al ofgpshold,
MIRTOXHEBYN 518BMIEE Bhy be chosen as the matched hallway. If no hallway

matches the criterion, the correction is not made.

[0563] In another implementation, the points that triggered the HALL FLAG may first be
checked for being in the proximity region of a hallway. As previously discussed, the proximity
region may be obtained by inflating the rectangular region by an Inflation Size (Inflation Width,
Inflation Length).
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in a tracking path that transitions fromthe hall way,

through an entry point into a room traverses the
wo o2kl t hen exits through an entry point. BET/@820081€72378
exit is made into the same or another hallway. In
addi tion, since nost roons are constructed al ong the
hal | ways, the entry point of a roomoften necessitates
aturnto enter the room often causing a genera
heading change between, for exanple, 45 and 135. In

I mpl ement ati on, therefore, the Room Event may be

g,;ﬂﬁgﬁ§§0§n§eghe§ of tracking points (roomtracking
p0|nts where the first roomtracking point follows a
[0364pRBbMEYRRI Nt matched to a certain hallway, and the

| ast roomtracking point i s followed by a tracking
[03f6] I oneeRlfBENERPN: hEoFaferhBRY Walyiseomertit fhedmhng/ datg prggests that

thd BB iOfradelith ! QO tfa@GKddND rR] B fre I 12i1&8L CHHAREH, E@enlg may be
check may be nmade to ensure that the |ength and wi

enppreqdnesingoracking dgfe adicdrhas Fradingelipre one gempreagetOsy tﬁ@tr?é@i sense the
approki8aR0lifshce HSoHRHNRLBAN T kY aBéeﬂ& SRS schlifs, the area of the room
hreshol ds may be 6 neters and 4 neters, respectively.

deeesEBRY YHY Bk therﬁﬂa ehiaroon wiered heal Rbo Hackpedetamay be

[0546) ag&ﬁ@ﬁ mllamg QFd @ﬁlcafy &E’é&eﬁe@ %5 &l ﬂalgg&@ Jﬂleﬁ %Jctaﬁ%%r with a

| ows a chéed to a Y,
(leﬂ%h Weﬂﬁ}@drab‘;/ 1%‘15 Fbpeﬂrﬁapé Frelat ballwqés s bmeidﬁ@m mag; leelm—sx:zwbwoms
hat¥ BEBE HRS etk %Jume dshAGKaJGs. APkt ém? Wb BRMte Iarebibied arca or
series of PPSSPATENT At or ney Docke
muiipboregtrigsd reanbsswlipl the geom may be gnterpd o f@cﬁsd i frcqopngly, tht typical
trab ¥Rl 6!‘@%%“‘3&21&5 inl a%%ata‘a%lggé}{ £Cdnk9 Boint, 95\76% a certam area in the
According to an aspect of the rnvention, if
roqup gt ithsa TeRme & the caENPoiat usedhiol T dhofoeh prqymﬁlémrrty a new entry
poﬂphﬁﬁ thePeGts thedBREAd dr@cations, a method may attenpt to
mat ch t he Room Event and the Roon1track|£g?p0|nts to
[036fkIncadgigienin Peldines B halwaghapest wame piebyilviansgbishallway, resulting
in £ 9&:@5 I:Jaﬂ‘x R4 %aﬁs‘ff@n@ H@lﬂttl?ct Haﬁ@'ay, tt]i} c%lh%ﬁ @H{W ﬁ%n@f%tf) %‘;&dnp r?raverses

met hods may nake corrections base f'or exanpl e
thegpesR; 'ﬁdtﬂyﬂnéﬁ’ds thesugh apeitly pewt CHiendghe cRids mpdegatorths whierny another
halmquc@%dﬂﬁ‘% iRk 6 &vﬁ.{s Qle”&)hﬁﬁ'cﬁg aldHg the mglﬁ\?aﬁl tgp @Atly point of a

| evel, by matching paths over |onger perlods of tine
roogh @ftemh @edepiiaicy ReumeteseinT| the yoost, afsntdapiing & epeelt hegding change
bctWe&h dk e‘knﬁplg Q5P Gt 1%@“ 1l Ik li.[ﬁpl@ﬁlerﬁenﬁn tﬁé&gfengle %Bﬁ Event may be
., two successive corrections nay be feasib
63? aseiey optitcking tPonisderoreiracking jppigise Whdia e dirst ﬁOftlh eackmg point
foli%l/'s | Er&%ﬂéaiyong EndTEHE he 0 S CnaAihe kAnM m\@ (22 ?OOH aséﬁﬂagpomt is

ath with simlar shape is encountered. Buil

follorrap &y mwk'@e et Hiatsbed P&’yth%é%ﬁ‘ﬁ halksgy ofdditgeaty tbm @%zOBB of the

mdﬂrpﬂx RRin®poiRs itulatlangd|BREIBE 68 12 8PLEIEN B (RSlength and width of
ygons such as rectangles Tracki ng shapes nay be

theda@f; gfef@gptqg)}haagpslﬁgctwﬁgreﬁqhgmmed thresholds. As one non-limiting example, the

thresholds may be 6 meters and 4 meters, respectively.

PA

[0568] In one implementation, the Room Event may be triggered by a series of PPSs, wherein
the first PPS follows a PPS matched to a hallway, the last PPS is followed by a PPS matched to

the same hallway, and the minOBB for all the tracking points contained in the series of PPSs
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segnent ati on nethod, and conbining PPSs. [0573] In one

i npl enmentati on, the approach of fitting conbinations
W@R00PRB®68 Nt 0 conbi nati ons of Proximty Regi onBCTrH§2008072378

utilized. This may be used for large buildings with

hal | ways since the hallways provide the building

connectivity. Shape matching may be attenpted for the

entire tracking path, a stretch of the tracking path,

or for a collection of disconnected stretches of the
pRalh. The latter nmay be used particularly when a

AtRIPbRLENGaSSId-BF1en of the building is not avail able.
In one inplenmentation, only PPSs above a predeterm ned

salidfe© b edsthicli@RGl e FRY inkBers@t@6d.€d. For each PPS, a list
f hallw?ys (feasible hallway list) that may contain
109474 °teti¥itput ed. This may be acconplished by
[0SR ectarfihf & wh &@rof tRantafigh it @é 1dch@nRIPSadiSrobRSS atdl@hle with
the | ength of 't Hal | way FrOX|n1ty region, [0574]
rORBERTY PAnle i dBPeoHBE Agretned pKiafieppt & maich dieyRagr Avpe and the
RIBASFuckin©Pais® W BL8 ok GHords t he conpass, the angul ar
roz %lon of the reliable heading to each hallway in
0 e Spars Merhing Methgdsy 1i st may be conputed. This may

(0523 W neliMpleMBntRRS Sthd]a8AARY YbridktidriOhahd@ Aty heRE 8RN Fased on,
bot h traversal headlngs on the hallway. [f the angul ar

foy pmple gemEy eidleg! pot machiag Tlteéh%ménar‘fam Wesjhodp may perform path

megﬂﬁ%t&f PAGENToAL el NBYmBRIEKEattNGover RBSE 16l 68 g.u%@ atnBQHeckmg
predetern1n d threshol d, ROTATI ON_ANGLE, hal | way

th?r%f,sﬂﬁ Bty od mIIDEF GoFTEsHoRR W ithipdhe comeqtionilimiiis Of el tiraking flae (e g two

sutR&#?] cotlestions 1Rk R fehsHle @épaﬁ%%ﬁ bSCAR Gb&EhetH)O Uﬁlq[{@fsﬁaﬁi@sd in the

a conbination of hallways. one of

hal | ways,
bufigag ey be lﬁ%fplre\w%e P CHEH Apeking RelE ik el %hé%‘ftls grcountered.

Bufilding sidpes B8 bRrhihvRYy BEbikE: 6NARBE tHeQlnidMUithdbgidRE Ihdmarks
The hallmay proximty regions nma e united to forn1a

reRtesaRPh A RANEg UL I & rof el s Biaekdng $hapeh ey \R& w8 taine By Ryipgthe PPS

smﬁﬁﬁmﬂaﬂnkmama&ﬁaﬁgmﬁﬁgpﬁg to the hallway selected for
of the follow ng PPS s may be transforned by

oy 7|-Té1nt ‘P%ﬁ%lP]GFlﬁlﬁi‘tioanthP éEMP%Céd’f figins chabgioneet PBN. mtocearpelnanons

of Nﬁdﬂmzt\/‘}f ﬁ@h} mb6e ROiZE. STHA 155}1' bel 364 fo[ ﬁl?g%flfﬁ[l@fﬁgé With llla!ll%ays since
e uni ted hall way he conbi nati on of

th‘ﬂ‘fﬁlw 0\11%6 the E}B@éﬁgtﬁf’@leﬁ%‘tﬂ% qupp Wnct% bgasigmpted for the entire

tra@lﬁﬁmﬂ)z{ﬂliital @BrcR bt MalaN@YSpiRYr RS alc8BEchok of MsdohfecRRSBAGRS of the
Imﬁg reliabl e headi ng data, a PPS na% be rotated to
t

T 15t pa rhe v PariagplaRs difieR gscomaletr datintigpiofitiedndding is not

aviRYle D an L8S tifflerhPatibL ailyOPPIstaboved ProfetérneBRF{BM 1B€:th may be
Sdgﬁa{ected to several starting |locations on the hal

way
$PT Pach & Schhetaiet v (Faaable dpivigy listsbytemay contain the PPS is

codplitt, "Pﬁﬂ?ma‘@"b% ﬁbd&n—?hiﬂ%ﬂ 85 BabichiSRaGhdigk: @{eQeﬂoef?&fecﬁie PPS is less than
[ 0577] D. NAP BU LDI NG DETERM NI NG LOCATION B

thedenath) of ARG (Y PLENIERATT NG

[0574] Next, if reliable heading is available for any of the PPSs from sources such as the
compass, the angular rotation of the reliable heading to each hallway in the feasible hallway list
may be computed. This may result in two possible angular rotations representing both traversal

headings on the hallway. If the angular rotations required to correct to the hallway are greater
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BUI LDI NG MAPS USI NG TRACKI NG DATA, AND MATCHI NG

TRACKI NG DATA TO THE GENERATED BUI LDI NG DATA. [ 0578]
wa@goopnemsousl y noted, matching the path of traPRPES2008072378

features i a building can greatly assist in inproving

the quality and accuracy of the tracking estimates. In

cases where building data is unavail able, building

| andmar ks may first be detected, and then created by

conmbi ning the tracking data of one or nore of the

tE{ﬁﬁckees [0579] Proximty Based Correction and

ehakd Q) o¥RidRAGkIs 0580] According to an aspect of
the invention, tracking path data may be anal yzed

tharf aemaétagn@u HredBld NS xRAT DITONEHNE L, Shall gdmﬁyeaé KE%ed from the
be mat ched-to, and/or generated base
PPﬁr%fiﬁ*SFHI? Rallwey lifit s can be detected, and matched to

[os%y Nemn @orlaand mapm sasctwtotﬂeqnéaldh%@ OB gP cHﬁBﬁmoﬂg)f hallways,
ds, .or new | andmarks may be created if they are

Onﬁ@e‘ ﬂr?afeé%‘éa hallvaxh §or esrebs £Phgs Caosemder test aThie The eand kadway may be

ch8Rf Ror rANGHIBL Kss B HRABWALrb NS RRIns tbBe UMt fEH@a single polygon
tracking data of different trackees traversin

tha{ zepsesenfp, H)ﬁ‘élﬁ%wayf OB first &R é)iaaé(tt]qulgbepqogécrtedw élpf‘shagf)vay selected for it.

AlRM thgfoﬂgﬁmeﬁﬂ'—@%‘%aﬁ%é R5RYM OGRS trdNOformAeR Zekfiir Qﬁf@%@ orrection.
[0%1582 Accord%wgqto an aspect of the invention, floor

6ANSXlofl apdla POyt #fEfr Htjéraﬁﬁymt@eort Fitkin dyej unated pflway polygon, the

coﬁa@hhmy@f 1R0ays 90 BossBRANACE 8% nbO t1 ekt doRBinkli @08 HAIIAEYs may be
such as stairwel|ls, elevators, escalators, exits, etc.

tespele b the absgncgef el heading dglenefBY may bhEdtatssktp snashcbofhobprballway

hefdif¥Y) Addoudt Suctbal alaﬂw té@fe@\f&d@asﬁﬁht XS&EJe tﬁmDps may be corrected to
rep resentatlon of | oor ]ﬁan (0] |ng As

Seseepé tartigilocationy ondhn hatleay prgst ée&em@eﬁ% th&hq%lgvawﬁ@ eral solutions

wilhi Ptk IRbIP Habin Ofre RIR4.Or NMOre trackees. In addition,
some tracking systens may produce sensor data, such as

[0517f Pas orMia? SUTPERE DETERYINRG FEGSTIPY K FIULTRHEQUSLY GENERATING

BUIAIEE NOIABR A€ MBAICR B 38, UNBIMAQCANG TRUEkINEEDATA TO THE
position of obstructions such as wal I's, furniture,

G%F%A“FUQ@@?WE€H€ét|ng and Generating Hal | ways. [0584]

[03 7@{ AS YRk RlustP Wb iedl i EGhin BEO SR Bf J¥cibA Y anbUi ﬂ1q|bﬂg§mo can greatly
| ways often provide cohnectivity between different

asghh i gnmwlwhr: aratigsand geguipay o g taclsps edimatce {1y grsesalieye building

data@Stdak filaBle! B WE Yandm bk &K £ Brst E@dé?e%&@ Sanll Iﬂﬁn RiAedl 'bﬂ gomﬂuﬂno the
most bui | di ngs, 1ong stral ght paths are highly kely

raglgngndats of oma Py ery 8f &F iedeeshe only ot her usual places

[omfpﬁoﬁyn,%ymwcm&ﬁb,bbﬁz d;&emawxﬁieyhdd@r ge rooms, or in
o en spaces. Al so, roons usually contain obstructlons

ﬁﬁ‘g)rﬁhtlg oo asp5Q 94 KieanT o Moplinge pfh dptp aagHite analyzed iterating

over points and/or segments, and features may be matched-to, and/or generated based on
proximity. Events can be detected, and matched to existing landmarks as in the disclosed map
matching methods, or new landmarks may be created if they are not matched to any existing
landmark. The location of each landmark may be refined over time using the tracking data of
different trackees traversing the same landmark.

[0581] Generating Floor Plans of Buildings.

94



paths to be contained in them Hallways are created
when there is a high probability that a tracking path
wo go09/2m@6hal | way. |If future paths confirmthe PCPES1088/672378
| arge room or open space rather than a hallway, it nmay
then be renoved fromthe floor plan. For each group of
poi nts that could possibly be on a hallway, a
deternmination nay be nmade to see if any of the
currently known hal |l ways directly include it, or could
nglude it if extended within predetern ned thr eshol d
Aﬁokd@b&ketki 08016-d3RG30hal | way may be updated to include
new tracki ng points after correction to the
[05@'] |88t ding fro Nt asp@ctngt""tﬂ%alnk&@%n nﬁb’orbﬁa&sr 8ALRMA:r Bhildngs may be
chosen aorientation, [0585] In one inplenmentation, %1
chﬁf@ﬁ@lv@eﬁgbyr)%qﬂfﬂ% Arel) TS g PRALIBIEES I et ES1 g rritn p&brﬁs stairwells,

eI SBOREBRaORPSS), A8 AeashiiPed.aRvRd gé&@ﬂtxﬁé“ﬁalﬁd%i WRooms from
Event may be triggered whenever a reéctang

traging defey iy grevidedp exerliantaerrpieriatam of thesflens |ph”1§ 05 @d@éég@d‘\s such,
bu@iﬁﬁ? fdahBes Gy R Mete BRSO ulihd B9 Hasid\SatEe ddy n@\‘@ﬁ‘&orl]{eés D& addition,

way may be tested for inclusion in any
soRAoVRTkiNg| FYRIEYS . MThiSodeay SBeson clatinlehs 1ee dultsgeopicr @i laser ranging
mdaBMrt Bt Fndsh ?anblﬂ% heRYirdhRed #AgbeuRY tPestiihie %Cﬂog‘uon of obstructions
Inflation Size (I'nflation Wdth, Inflation Length).
sugthys Wallp | fepitEaeicdt h account's for tracking i naccuracies,
[O%WD%}}@MH&H@H};@}”L«DMW?P&C' ng between hallways on a
floor plan, whereas the Inflati onLena%t hPATENT Att or ney
10384 ke evRig! builshies.| GpesR18Benbelsings shallyrys pen pragke mgnnectivity

be%%m d@ﬁfengpalr@ oﬁshlmnlds Sﬁ%‘éﬁ&ﬁéjs agfch&@@pleiuyq@&nag the BBy a trackee
known hal vvays rat h er han a new hal n one

AR L oSHPRGES, 1 SR BRSOV L el be in allvays
sirlcE D GHly bR fsh@l pi¥s WaBk théyhﬁ'e #)&fsibﬁt is Gf) vyl“(o/qgn%e ToosPE: B open

neters,” and the Inflation Leng ters.
SPICE5 810, RRORES usally C@a@}n ob#ifurtinne chajiag Ilt\/\'ﬂ? plqipable for extremely straight

paﬁiﬁtt@ Bmc&ﬁsm&nmn@é{n bRAITBIE afeOcrdedt @nphglb el 2 ﬁ't)batbhﬁy that a
tracking points in _the hallway segnent lie wthin
rapling pateer et htbispyr At fangpeths sanfigp thefarear inwtlpage room or open space
ratﬁ‘&tﬂ%rﬁ' HAﬁ@vh}Q'ﬂ n'xa%r AERAR rethdiRd Rl B0 Bin. b?orr&%t{agotﬁ)sof%omts that
possi b The Correction Rotation for th
cov#ﬁymﬁé& béﬁﬁ&tﬁé@llyg%tah@eteaiﬁ@amalr mgly b§ Sagh iesedf me@ﬁ 'iﬂh éurrently
lmbxﬁl@dﬂaln\ga}@fd&t‘t%f Raldivway segRntncRAd it rfee;mh&h%hﬂlape&@éﬁmned

di rection. Correction Distance for an inertia
thrgsheldelipifss Iﬁét)eféae aallwayempy by pveisd 69 inchde fhermew frpckinig peipts after

coRQkiBY tothe BMGa A llw ne%@lm@f mfa{]&r@rééﬂﬁ ah@tﬂo‘é@yor{ehﬁgon
[0$8é8nent I f nultiple possible hallway matches are

Fepne irplemsendatinh.ithe tasking polats maghe prebreddne RolyenabPrtngggments

(Ph%) ahasehbed! dold)ghe tlﬁrﬁalm&ktﬁ'\zmt%m«ecﬁggerw tvheﬂeb& D f20Engular
Cofrecti on Rotafion, the one with’the Snal

polyger efdenedrereis thm edhngpldde bm@rewsseﬁf Opﬁfeth% ma?eet RS triggers the
Hc@m&ﬁEwn? B S5 maPbe M@é‘a QP&E@Q&:& B%ﬁ@f AL kbd RAi1w@del This may

t he matCheS 1S reat er han a thresh
be ppermplighedARy fi W%Iﬂl@\rhe tplbvayapdtanale herawthrféhoé% niletien $ige faflation
Widthl) %ﬂl@hl%&h) and BBRASWiBth accounts for tracking inaccuracies, and the

minimum allowed spacing between hallways on a floor plan, whereas the InflationLength
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be created. In one exenplary, non-limting

i npl ement ati on, MAX HALLWAY_ ROTATI ON may be defined as
wQostmwegsh ot her val ues may be used. [0587] PCT/US2008/072378

Additionally, in one inplenentation, the tracking

poi nts may be preprocessed and grouped into PPSs. The

hal  way may then be created by inflating the rectangle

of the PPS that triggered the hallway event, to the

typi cal hallway w dth, HALLWAYJW DTH. A typica

hal | way wi dth may, for exanpl e, be defined as 3 neters

rémpﬁmsdtﬁ@to‘gizx« &Qkget), or as any ot her
pre-determned width. This width can | ater be nodified

acgl)ﬁnfs%f"fh‘é‘ tﬂ@@uﬁcﬁdﬂp B§n%11-5ha% Un@RERE fp!)ﬁfoﬁ 3t b@anofsth@ ﬁnown hallways
required to achi eve t has an InflationWdth of the

raipry hr REehBRle Snonerfsempla hnagslinites PR HHREOBB(uskS éata from an
1néT¥M-l LYV BT at Wi mbhd BhE@RLEE %ehnﬂ)aftlog Le@?l?l%a& 5@1 0 meters.

hal Imagfsha e is created, the closest grid

105568 Negts o fachdrilig Hlvene despatior way b?rﬁ‘)?d%‘@ 2 o whether any of the

trad@he rpatdRe ch ‘cHef hlw@dy i dod@IR {wiithih OtH@(jantéthQH\@a rectangle. If an
t hreshol d angl e ditference, MAX ROTAT 2GRI D,

af@lﬁ@ﬂﬁ%\ﬁeﬁﬁmm%@p ifeyadse theohalbey Bey bhem@qdu as di I?Cé%lbllc oatch. The

C@Fb@h‘&n I’QBZ@ZZ(BJJ ftind haRkig ROLMputdd 45h8e %ﬁa@ff&%%@ﬁveen the
angle is wthin thi's correction angle, th

heﬁfém 9@3 haélyfab écglﬂ@f—ﬂt ang ihg| "eaéqhé@ﬁ halfvey divectigh obs (treetins l?fetwwe for

anhﬁ’ér&é@@&’stéﬁ@ﬁ nBRd ad@e distafoet Jrehe! ﬂr§ttra9\11?<ﬁnmf Mt NBYsegment from
Docket™ No.: 053216-0373130 Gid Angles. In one

th@k@){wﬂyal}:n)q SCW_H ﬁfﬁnp}tlﬁ]g Hogagbl@hglhyammﬁqabes are found, the one with the

10&4%%%3%&%%%5%9& RuoRY. bl@ tR&E 1RefhufD1e2RatchdOWED the same

ot her values may be used. [0588] Breaking or Mergin

Copertirafaatioogope Yifth tin emplins @mﬁzm Peigncainiy e qhate@h ?fhtbere are

not]J?)@sllqg ttrﬁﬁ:ﬁ@sd opfﬁL: |C\6!ﬁf¥cti%§ @%ﬂ&rﬁ £dr Q11 e ﬁ&tbl{ég igkdVBY Sy a thr eshold,
the inflation check Y be restricted to Inflation
S

MY LA RO3A FG8, the gl lssseompy e aspignadrie bp acewililiyay, and needs to
be %?e\éﬁﬁ aly, Hydi elxgiqgw@ IhﬁMﬁmﬁﬁgolﬁ{p?ctI&gtah@J hyey ?[AILE Bl YR BTATION may

i ned E wi t h on& another, but not continuous, Simlar
bedgfiner ge 2 Selirugashep alees magde usPier ef ore, i f the same

[05)@}’ LA‘A@]Yloﬁa?’l dﬁlt Bid lgﬂentte{‘u@ﬁ king %a‘aﬁhg p%ﬁl&nﬁﬁysbe preprocessed and
separ at ed ¥gnnre I'ation Length, they nay be

orgeekite gl as Taekdlivay élaﬁ élrerlxhayseateﬂ hy adidiind 6 reeﬁ%@gﬁ the PPS that

tné’orélédkﬁle Yallivhy bhREKEaS. tt}ﬁﬁe\éﬁ 'h§1ﬁm% WREDEAQIN T WIDTH, A typical
traight trajectories with différent headi ngs, this

hah’ﬁw UREYs £ exaimile be éef‘nlad Pyhysichdmmpeimtishsd 0 TepRearers any other

pr LGl aNSiaiNt TR0 Weah (R 1hsad IBQCﬁﬁer 9}alﬁ.{tﬁ}g RAIES gﬂenlg:qulred
hal | ways. [0590] Detecting and neratln%ﬁ?oons

Inflagigy §]ZCA%5?CHﬁOr@thG‘@ thip hméeﬂat@flwtdfwﬁ the, differeasr befvrsarghe width
of GRNPAE IRIBBC heOdaE mey U 7Boem FVEaRkionYigh t1¢ BRQMhe hallway

Event is triggered by & series of trackln%1p0|nts
shape;i @,q%qdnéhefqa e¥esia gerfedo the curent slope of the new hallway may be

determined. If a grid angle is found within a threshold angle difference,
MAX ROTATION ANGLE2GRID, the new hallway may be rotated to the grid direction about
the first tracking point in the hallway segment. If no grid angle is within this correction angle,

the hallway may be left unaltered and the slope of the new hallway may be added to the list of
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hal I way and returning to the same hallway, the Room
Tracking Points may be first rotated cl ockwi se around
wo b@9foewss poi nt by the slope of the hallway thePgT/E8m08/072378

along. The m nBB for the Room Tracking Points may then

be cal cul ated, and then the m nBB may be rotated about
the first point counter-clockw se by the slope of the

hal lway. If the m nBB cal cul ated for the points does

not touch the hallway rectangle, it may be extended to

Rgo so. This can be acconplished by determ ning the

AtRQAe{‘f)ocQJtNJ) nkeieRssiien of the Room Edges per pendicul ar
hal | way ané the hallway edge closer to the

Rﬁ%les[ Qﬁglg]exé\ﬁ?fatry, 1f3n %lﬁ%l% 1ﬁqﬁbém@ﬁatmﬁdmoﬁ0flm oft J@ﬁ@LE2 GRID
rooms detected al ong the same hal [ way, on the sarme
mayj hgalefamediap & 0h dhqugly gther veluagypasofe usete ot her hal | way roons

(0588 BrédhBigtor My She BADSyLUr t her than the one mi nBB
created, the fur?hest edge may be extended to be at

10§89 Ins spe TmplsmaF@onawAle frzithingh e hdgidcisdyhallay Hegmesinto existing
hamsﬁ &Qﬁlﬂwntéﬂ.@aémsﬁ&emstml tb i ARAb ¥ize. | Thid RELBY: e%{ﬁge to the

outline data is available, a determnation may
fagi ghat gevinrab britsdings havecicpyaisd hdbiges Bt arhdinglui withgnd gnother, but not

cotirhuBhe] sinlir W lq{erke%elﬁ‘s hah ipay THEtI‘CfBIQeIfQHJ ?eﬁneelgaglgfayﬁs EAL by
detecfed room “true, it may be assuned
tragkipng path assement W&Wteﬂu by erewiban InflidorBliensdh, nt@eseage l&n@etected as
seﬁa@é@ hﬂ%a@gtlﬁdadﬁﬁgm th@%g Jnhﬁelp uf %ﬁck%gsgga\gf P %TI% oom in straight
At t or ney "Docket 0373130 t he detected room
tramsmeﬁeWéb(tdéf@cr@ahqaémhémsmalyd¢snlg %d)glélpwmliwembmfwrl@d These
coﬁaﬁﬁ(ﬁ{s’ A6 dude R REDRE bxremanﬁln% ﬁw§%m§ hal | way, on
he same side, can al so be exp ande 0593] E . MAP
IOW QWN@eWMﬂB’MWSSHAPE GEOVETRY [0594] In one
[059]?A§£8?c!1f1d£¥0' «anaS{)&lt Qﬁlhg‘uﬁxbémﬁ%fﬁ%@nﬁ?%‘ﬁﬁé ﬁ]ﬁeclfgﬂyusﬁg the Room Event.
augnent e det ecti on arge shapes ma
Whangtbg iRagm gaeni iy Figgemeiby hesergsi o riemeking peihty p)@gmahng fiem a matched
hafl\gfﬂfc é&ldn&uﬂﬂﬁﬁ tPThe MR Mhalik %ﬁ lﬁ%eﬁmon@ 'ﬁje(c% Entg ﬁxgﬁgae H:& q'otated

ding floor plans InertTal tracklng
Clqséwwomﬂr e firrapeint kit Ge olpes of therkallyiae they aa?c@,lgmm The e«dlBB for the

Ro%ﬁlr"ﬂgcﬁcn-g%mftsq{lm'{h% Be%lcglfatemﬂd B bdi 'n%ﬁaﬁ%}ab%ﬁ%taﬁéﬁt the first

probl em by conparing shapes can counter

pogih W@@ﬁbﬁ@“ﬁbﬁb@%loﬂeﬂééﬂ@lhﬁ@w%’c dhide WWBacalcalageérforath@mmts does
noPouth&e hl'éll\lv%) Hzgtalllg?e 1{ §1¥§ 5? @ger(d%d do g(l) S§RY ecra Ec)émghshed by

each tracke€e increasing t correl ati ons n1t
detepmiping fhet roie I Frer prstions ofmhi= gomﬁdgwmems‘émﬂmto aha:lunﬂaf@y and the

ha@ayiddEe TBR: BoMELELED and the corresponding tracking
estimates with tinme and extent of building discovery

[05985D53t, Ftheck may besmade 1y 4ny gthemropipe desctadlangdhe sgme hallway, on the
sahd QUEDEEHE hafwaR! SCEIr G RARERAK 9NSorh Ol ave tﬂgﬁ'lcbuﬁ’ {lég'fﬂl%er than

met hod augmenfed w'th shape geometry and para
thes@sie iR Fhcredserp Eheétuitftmt faemonbyd Gipndestto be 9sthn garepdistence eway from

thedﬁa‘ﬂkv‘i% %g tﬂgqgg%%%zth@qynﬂgﬁ eﬁgé: 0!&@!1&&&1%9 1?%{en§ulﬁl‘ﬂ{§eou%ne data is
available, a determmat):on may be made as to whether the closest edge of the Building is within

the width of a hallway of the outer edge of the detected room. If true, it may be assumed that no

other landmark can fit between the Building edge and this detected room, and the outer edge of
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conmponents described in detail above and, in sone
i npl enment ati ons, v apous operations nmay be perforned
WO poodiot foes ent sequences | n ot her inpl enent ati oPGT/US2008/072378
addi ti onal operations nmay be performed along with sone
or all of the operations shown in FIG 22 In yet other
i npl ement ati ons, one or nore operations may be pei
formed sinmultaneously Accoidngly the operations as
illustrated (and descpbed mgreater detail below) aie
pSXghplary in naruie and, as such, should not be viewed

A@&e}bm&}qmsb%@@nﬁccor dng to an aspect of the
invention, paiallel solutions may be utilized by

thé @R r@&;pinlayeé E9éhdbl © B RIdide ebige. ivhidnl dablkdont B RBKR4,3he other
choi ce between nul ti Ie conpet i g tiacki ng estimates
rogrps Honghe japyghaliway et ﬁﬁnr?@@eqa o povxrandatmpl e, mthe

[05BPEOT  andp Betidrid/Si OViENTRD Refl 84884 droMERRy bui | di ng,
when a shage that is not aligned to the building grid

103%] by epedwglsmentation. Bior iy hgsed meptdisierast heae ]ﬁ}é@t%ﬂlﬂhﬁ}y detection

of M4r8P :emssemtawsaacﬁlqlg lﬂﬁth QRS mag)rb@ atbAeld tb BRpSNRAPEe GREK RSB of other
to the grid angle, and anothei w thout This may be

tragkegy| S Peles amewmﬂdwﬁowanéé%ewl draghipggraethpds may become more
indcOUir&t LB me dBE &) BuARNSEPrdrd. aNS I feuPRof Of S EUIRBS as a geometry
requi red between the two choices [0597] As illustrated
Prohlqop by oomparipgshypcs @l FUBEE Bip hatirarnes magst ackgegsenatiey a larger
arddYf iReui @RS Q'tra@@l‘géapg Na-lsc%tv&@(ﬁ)nﬁyeam%e Mereasing the correlations in
053216- 0373130 data fusion nethod for each trackee.
thershpRes v ek Faeiias pansniitie may Bcgpsedheseirast ddhsmgnemersted and the
coﬁ&bo&@r@hﬁratchﬁ@ k@ighatel QRE Blne NRIdxtent &fbuﬁ@ﬁmg&myn ation of

rid corrected paths for sone or al trackeeS, the
éBIr_G a2 ‘g epdiestretéis cxpaple d auﬂcrwqhéréef PECESFiRg oppfations for a map

bugalﬁaineﬁgd mgﬁ{eh@@wm Lo dohRtre ﬁr{dq{arahatgeﬂﬁo@éon%%oﬁ I IR various
The shape of th é%rld corrected _segnents.

Pl‘%‘:ﬁﬁﬁ)@ Oﬁﬁ?tlcﬁé demi¢ted WIAGLI2 HRORFpACPRINRAPhed tuRiES §@gwm“sof the system

coﬁp&m\éﬁts Qe&h&%ﬁﬁ Qb1 bR ta1liH i @mel ﬂnﬁleﬁ‘lleﬁﬁg)nti Reribw dpgﬂap(gm may be
% [05 FO||OMAé% the alighment of the shapes,
pe t

dslét 1%ffreqt|5ﬁ@§n%fét ‘é]éFrtlﬁlPEV’éPtPt&}?Sav\Ndm%alt pRsfations may be

pel%rﬁﬁa DOUN ASth e D B taﬁsafe@hef eﬁergdaﬁ& rsh&SPah at1OM2l Mn yet other
width. If the wwdth is larger than a maxi num esti mat ed

impfeRpEHatisns, R AT MREROPEBRTIPRE A RSFTORNRSr @ teReqUs e A cifidinply. the
opmon@ Qs qrua?a&&ld(a@d SRt %r@:ﬂérqetaﬁfbeﬁ)@@%% kbffiSry lﬁmsime and, as

the lines |y cg out si de t hal | way can be corrected
SucthoSHOP@rwlrWlw lieligéiier at ed hal | way. Hal | ways boundi ng

[039BF AbdRBS: FB% Qﬁec@ beat %eﬁt% PAAIRI sct@lods Bfay lbk NEBzWIQ SRapping
separ ation wd is | ess an t he maxi num esti nat e

applicaion b0 ‘ah%}tllwgfﬁ#b@oml@ % choieq pgvesnhapitiplyycompeting tracking

estRRRR ﬂ%%ﬁﬁlé‘ﬁlﬁdsté‘p% tHel ﬁ@]%dw'ﬁbpe@ﬂlplénﬁt' REQUSIr@Ad 8APRRbn method
more than a predeterm ned threshol d, the hall way

usgsleingpakpldmgt whenwb shepp flehisenoh aligngg § the duidies ghd 1 Efpgessed the

building grid correction method may propagate two solutions, one with the shape corrected to the
grid angle, and another without. This may be used especially when two choices are close in
rotational, scaling and/or translation corrections required between the two choices.

[0597] As illustrated in FIG. 22, the grid corrected segments may be generated by the sensor and
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al i gned hallways in buildings that are not connect ed.
These hal | ways may be nerged into a single hallway
wob@o/ozose area in between themis traversed iPCT/US2008/072378

successive tine steps. [0601] After a hallway
detection and generation, areas |ying along the
hal | ways nmay be scanned for overl appi ng segnents that
may be bounded in a box with restrictions as discussed
with regard to the proxi mty-based map buil di ng

f.hod. [0602] The particle constraint solver, and the

A’:gg@yslg&mm Fs¥ics@iad by each sol ution may be conpared
to choose the best solution. Alternatively, after each

deBl B0 BkthBE 8 ea8H NELKEPETI! @ Yeshif it RBIHERI HIbort A& seaments for
constraints violated by each solution nmay be check ked
eahrtragker j pl e sol utions are propagated. Sol utions that

[0598PNBLE £ RhdhAdobhbEANSH bREH Sondted PR o 38ndor all trackees, the shape
predeterm ned threshold nmay be renoved fromthe

ahgtamﬂ foshmesele Wikizgfo &P%B“ﬁ@ﬁ?@ﬁ ovglap athpehe ergardpunds obragl line in

bR
PaB NG Do Cet e g el vy on o a (Tackee

sesl?féwéowra threghy qlsm%ﬁlgthﬁ*é%l% thehuidingeridssi ti on

[058} 1HBSGing EHeQ¥ AR oMY shifesd8kR Edtlon Bhks Qﬁte@temﬂﬁ) Wikhin their
f eet, neters or other units above a ground | evel .

errpRRupey ma e ths T thap p@araperinigh- ﬁ%hwew Hrieresrdagra maximum

estBhRMAH 1N L5 hhIREL S hillwdyNStoRERET ENT a@t&l@ﬂhnﬁ% @&%ﬁ&a along the
No.: 053216-0373130 environnents as a floor nunmbe

ceiipienf thesadingsl and thpbagHYiae Cwpidy Hiedgliwa qaache CATIFRS (o digrivithin: the

geRBatODRAWEH aﬂm%gg BEniA@ AhelBre® ikl THe 02 RASO! b6 Je%I dnes whose
it represents a trackee's 3D location in a nor

sepafptign piddh iasethen thesraximymsmaty Pidtnef 4 heilivas t hat al | ow

[Omﬁmts'u%[b }ﬁn@@}gﬁas%&% RERRED &R tnQfwiflintunBls&vEde@8hpSof more than a
and/ or ot her gi cal Tevels joined by | andnarks

Pfqdﬁfé%?dn@f“ffo@r ﬂ@x@#ﬁﬁﬁémaé babiokgn it tWa|seraatte hallwaymtp account for

2li SR8 HaBHBfsSin bhIEnEPMAOR: hECQRRZRITRRe Shik4: a/‘é‘@“ysbe merged into a
el evators, and escalators may al so be use

singlegialkwasHihop ot aredin RERECTHhEM 151tV @y ticentsive time S

JosdpinkEonalilyy adiQ%io E@rﬁﬁé}&}bnpﬁ&ﬁ @ﬁﬁ%eiﬂongoﬁle hzﬂlv@tybﬁlﬁ be scanned
extrenme situations, |adders, freef /or_clinbing

forpeigrlapp s sraments thasmay bt haspded iz X Withsyiietisangediscpebsith regard

toﬁ@ggkﬂﬂbammaéﬁﬁ&ﬂ@maﬁgmggy detect el evati on changes
arallel to the map matching and map buil di ng

[04961 ﬁlaf‘dgamq*ﬁ sonsfam eclves dldethatcreiiaifiyviplatet bycieely spijtion may be

001{1?~I 4r&d todBERE tHeMPst YIS AlthaLtivkly| FELEacBLRY AripiteSHG I?»pélﬁtlon)
ange in the reported nunber of stairs encountered

the, Figiheth dskeoBstiRts Heloteh & RrHGOBHPmAN by sheckalaif gultine %Oll*rélons are

préph YAt | el ght v15ﬁ@c2:relttﬁ1q cbidtrdile bl kK iHAE adRtRtermiN&d threshold
el evation change type (stairs, elevators, etc.) may be

may e Hegd fgm fh?éowl%%@é@n@ W?Péé%?drf@ ﬂ@y@’ftéfﬁpand i ncl uded

[060@] fhe to@ekidang aﬁ@ELﬁA&ﬁMﬁu MElKer YO0 BURYAG ON

hange trlggﬁrs (nunber of
[0604] Detenmnmg e elevation of a trackee inside of a building results in a 3D position

estimate. Elevation may be determined as a measure of feet, meters, or other units above a

ground level. However, it may be more intuitive to view and report elevation estimates in indoor
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stairs, elevation height, etc.) nmay be correlated with
the other tracking data such as an (x, y) estimate to

WO e®oloy®es he el evati on change type. Once the ePEWEBE10081072378
change type is determ ned, the event may be conpared
to features for elevation type, matched in case of map
mat chi ng and map buil ding where a feature exists in
correction distance, and created otherw se. A floor
nunber may be resol ved using the el evation change if

Pa g% sible. The follow ng characteristics of elevation

A&?Wkegypegsﬁpﬁymg@mused to help resolve elevation
changes. [0606] Stairwell Characteristics. [0607]

entirdiBShts @l & ﬂ@&'rﬂuﬁﬁb&gﬁwﬁ @éé@ibfel TIHES dQErm$didd £ W6drnSmber can be more
connecting different floors. In nost buildings that
ch?alkéglﬁ@tthaﬂ|d§ﬁnmp§1§§b80éltt%1bms§4 it gepspsants ﬁéraﬁlfqerfm lggatipasin a more

intOforetbRSIE  AlQRY 81 bulldSbShEMBbY [FBMicRh&QH Qz%%ﬁﬂnste@ of multiple
each floor in the building, or connect only a subset

flogss. prdesy stherrlogicalulerds J@ﬁeds{véulf%ngm@éﬁﬁ v@@vﬁmwor example, stairwells,
ele@Qth% e&l’dtebc\éﬁtofrsl FRL 1%01'1(5?1 r8colhild dnnGhidnS 11O bl ®ffors | Al L:s@ﬁlators may also
{e thin a couple of stairs), especial |y f t he
besl@ﬁﬁiéo b%la Frﬁq}eéhq floqrshpsgesrand fhﬁéleﬁﬂ%e@*dcb@“é'ﬂﬁa|f<Prs€H1§$€Wé’éwr50nnel
or i\&hek %ﬁtré‘nlecé%atﬁﬂéj latdaés %ngaﬁ 22@br él&b‘ﬁ]‘otrﬁ‘ﬁ Jc@&fﬂgf& QlePfBion and/or
different due to the tendency of 1st fldors in nany
flopigheeiengs to have a hi gher ceiling than the other
0805P 9 ﬁBﬁ%ﬁlB@%ﬁ REES el MonUBRE! i afeBlol R hin
! ePng%ngE Ebp 1 NT Att gr nej cDoc (ralt 53’%%‘ " 5&%216 0036751&1% gratehing
an@tgﬂ@p byiksléne rmﬁlepdz niche change inj eéevgm@aft@rbemalf?dtbwé"lrﬁ dpipeing gFents that

mcfg‘eﬁblEv?aan?Ed@ﬁ%E‘ c%b@fn HORPEFH duKBerl drARKS encHMBleleBby the trackee in
artnent honmes often have smal | | andi ngs bet ween

thef tring difta And/schapeceivatvp | sdevatigypireistit fepoapd iy the wagkingt dpta. The
elegﬁtontcﬁal{gg @yl (§t§1}s Elle‘@é?(grs eﬁ@ﬁﬁ%ﬁé@gﬂeﬁ b3nd fladtal B8cidd system

to the next floor, 0 on. Largér buildings
an491 apiidpbinthe @“@%}ze@tat lismerelin oeous 2lesatipnrobaygsirigeers (umber of
stal P8l | didvRtiiSheint chﬁ%} bS dorREkMESH: HARLP 9%0101%”&’:&’(@&10@ Rs an (x, y)

apprOX|naté1 tairs between each floor.” Twent
estely tog@salvleéhe Uvetionsghangpdyngg@nyei thetledomyhengst type is determined, the

evaPRaf ¥l Mp%}eﬁ t(ﬁfe?tul res for RGP typE A4 8RB andse éﬂna?;%atchmo and map
averg% I"oor i ght of apprOX|nater 12-14 ¢

builgep gher spéi:mlerlgtsal? EOTECEQR Gtenen WA AFad énthez‘@ae bﬁ floor sumber

ma;ynﬁeerearadedahﬁné Q{édélagﬁmmh&lbe G Yeagiaet h@hésf(mo%ub@fta%@ﬁm of
| oors into groups The nunber of [andings between t
elep3tiog cBanee tyge man be ¥red todyelp respive l§lesstio ghdngefs conmon

md@g}m@geﬁ@},a,@&gu%@g floors, and basenents and 1st
|'oors. Thi s _makes keeping track of Iandlags usef ul

10@6& Alaseplitwildiges baysrights 28 dirirsrels cemmesting @iffesent floors. In most
bumﬁllléﬁ'tm a&tnB%%hEse%' Qta?mfeilé A the Pfimaty3hdais off cﬁmcﬁrs A stairwell

| andi ng hen ei ther contiuing straight u
may g F?nslectt%si tp lgechrflogt infthedrylding ror enneqt aply &tsulshieof] ﬁ’@i Hg number of

staﬁ@ Getg@émgvou&ngéa&l\fel AR inl J‘blﬁldﬂ%aig'oﬁgn dinfift @feeglt Wftﬁlﬁ@ couple of
headi ng before the Ian hi s maz[a e referred_to
#

stz S Ay RI R SERBCIs U TN e RESker oF Tt agn the 1* Roor and

the 2™ floor is often found to be different due to the tendency of 1% floors in many buildings to

have a higher ceiling than the other floors. In these instances, the number of stairs between the
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wnrd mthe sanme direction fromone floor to another.
For convention W NDI NGS nay be defined as seen gong
wapavarrss Wth this convention, WNDI NGS nmay BPET/US2008/072378

categori zed, for exanple, as (1) none; (2)

cl ockwi se-1 ooki ng up; (3) counter-clockw se-I ooki ng

up; or (4) both O her categopes may be defi ned/ used

[ 0609] "None" may represent straight stairwells that

do not turn at the | andings (e g, as often found in
MEg,bles) [0610] "d ockw se-| ooking up"” inplies that

el QOCQQINQQ)SWQ§_§3§§1I§,§ turns are nmade either on the
stairwell, or at the landings to the right [0611]

1 ﬁsamh@ r7“"Chc§B%KWg§€tef @k tOnudber biMRhikEBetlOaAt oM icb&ecutive floors.
gai ng staits turns are made either on the stau-well,

Sraelleatape ot AREPhgEen setenendlefepdipgieegyeenpledss Wik gs |og sxample,

apRRAIHAAI N sEEERA! © tmrﬂo%f R roilﬁatem@rmlsfms &t @t {oWRd hext floor,
that go strajght up to a |lan g connected to

anglsp Py BHEST PRIGYHES F3GTDER AT Y554 g Ofen hayp L hepirygr mul@ﬁlés plol2 stairs)
behiA@n 1@fiing 28l NG abRoti8rely2d Riairs bMIEH Radt L MSRhtyUBurEBYs, with
be achi eved by wi ndi ng clockwi se or counter-clockw se
anppyPrageRser highsht ASWRTos A Qtie VRN NGPRAIRT R ayragetflopgheight of
a f&umﬁﬂytﬁﬁiﬁﬁbl|e goi ng downstairs, thePATENT
orney Docket No.: 053216-0373130 trackee nust turn
[0%?! SHEVEPhesialse ofer skaractsnzedob it Wisrmetiiase kadings whiclygivide the stairs
b8 b odek s GEdupd Thi %ur%e@‘b@idn@iﬂosqmg tHkeV Bddks @Q)@teﬂ ¥h% same, with
Type [0614] A ta| Event may be detected %
exﬁ"rﬂ“@’@e‘i"%&é’f“&%& %dt F1 flooss; aniebpicrgnts and b floges. Thiaewkesdreeping

trédR bR lanbingPuShitsr deQihink F1dof3CLAMMEEs loﬂeﬂ Reult [a6AkiRY siraight up a
data (e.g., a nunber that increases for every up-staif

flight b lﬁﬁ‘tfé rr@aahmaﬁdarai@@r isBen silher CopERYNEIHTRENS tRithe)stairg to the next

fldoR AN GEnind af e leﬁ]@hﬁ%tan@fvoﬁé &b iR MY if § hOQel, 411!?@rent from the heading
St'airwel I Event c I'h i nstances where onl

befare thgtlpngdineh Ehig mayibs refames oed thenWINRING gt thie ﬁ@lr@falc.l Mot jgigirwells

wind3NEGR dathe &iR¥iRnl B WY f1B& WSBEhES FHCohldndee WINGIRGs may be
may be conbined with other tracking data to determ ne

dCﬁPedt fresceh &Aige UREIrmidth ghis £osteglie IDINGE 183y ) cegpgorized, for
exhﬂﬂle et abdeO ) Qfockhise-lohMEN L) Q? cohﬁtemcm%emmﬁ or (4) both.
/ n hei ght

hat both stair count data and/ or elevatio
O%QFé“ﬁﬁvs€@ﬁ?%ﬁﬂmﬁﬂﬁﬁéuraC|es In this case, when the

(0809 ¥REAL I dSNRERnt flaB8CStaikvlld that 88 Bbt tu@OH Me Bdings (e.g., as often
el evation height) changes, a bounding box nmay be

founslipdBictr om each point where el evation height and/ or

J08LRFC1RIOMEM106 AN G SinpYesMECyHiRARins SRS, ) are made either on the
t hr eshol ds, [0616] Tracking points may be bounded in a

stayvis]LrAs 1 ¢ [aadipedo Bsash ng box until the box reaches a
06Kl k@bhtdRIBRIN-BoRihg BpaiblitNBatal 18 Ablng hip&hid Efis are made either

trigger stops chang |ngt1 Thi s ensures
on the s au'well or at the landings to the left.

[0612] “Both” is a less occurring scenario comprising, for example, stairwells that go straight up
to a landing connected to two different flights of stairs to go further up - one to the left and one
to the right - where traversal up may be achieved by winding clockwise or counter-clockwise.

For the two cases of unique WINDING looking up, it is implied that while going downstairs, the
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that the event is not resolved when the trackee has
stopped on the stairs. Wien the box is larger than a
w0 booestobgl si ze and the trigger stops changi ngPCT/US2088/072378
be assuned that the trackee has exited the el evation
change area (e.g., stairwell or elevator). If the
el evati on change area is smaller than a threshold size
and the change in height is |large enough to be a floor
change, it may be assunmed that the change was in an
phgvator. Also if the trackee's 2D tracking path is

Addfey BRAOGY. 6 2¥¥Is13830€! evati on changes, it may be
assumed the change was in an elevator. [061 7]

traaee%%uwtﬁﬂﬂm@pp&h@m&eﬁé&b tat Re@dditoBo Ghange Event
618% Trackees may use stairwells or elevators (or
Leise

e he {6"%5.%@"@%’6’3{&”6}{5 B¥ea single floor, by

[omy Al SthirfdIDBI & mbK KRSty aa&@@erga@,sdéﬁtearwi@pwm@eﬂ M4 in the
stairs %nd then return to the same floor. The net hod

wegiiBydty 1t 7 4EK COHE 1Y inglideddn A Jeskinmgath & S et Buplsy that ncreases for

evElORBREAI MNP cRRtetdd Carll RMBEskPfdr SRI-RAddWPRail)Na ERBE MAGKERE! of stairs
data. [0619] Accordlng to an aspect of the I nvention,

maY HEEh éﬁé‘?’f@]é Exey clisek de frsiepien ahere pol (ilevasios paighiopreported in the

na@lﬂﬂ@ﬂﬁa ItBe ARANCInAIFhNRMENBELSRE a8 the BHEJHAE may be combined with
ul ations inpose restrictions on t he n1n|nun1he|ght

Otft?f g%cquc&eﬁa to detqstine & thychepgsevas ardper 8eMAl t o know for
(061858 MieNehplehRntati¥061 s REKRATIENay et RERRY (R B8 stdNOeount data,
053216- 0373130 when there is a nultiple floor change.
andiprypievafionolieight dpta @ay wpRTRAIn iRppeUEFidia Pk thissasy Hihes theplevation change
m%@; aE RtaBA6Iht bt Q&atio NEIHOARarRdTB bhidliGe b@kliﬂa? bOSawRld B each
a

ve approxi mately 24 stairs between each oor.
pomst vhetp ﬁl@‘éaﬁ% bﬂahéén%%ﬁmcaw chasaesthy s thmigapegiayeyugshghis.

[061%] Tfaﬂgﬁ%] 961ntts heayf b SdundddoRra ARG SrisREP BMdln%oJox r@iﬁl the box
be nmuch %_er than the average floor height. Mp

reaghss| 4 ceeiRdhressly sisy el eletatioh ehangm L HaPs Ch@igglﬁt Tl@# ensures

thae @mv&@@ ofesbiP3HBNhB MIEOHHRIK R H stoad ob R staftS. WHiH &1& P&k is larger
pe to resolve the floor nunber. Addltlonally

thapgh Pres TN e Al RSt S0B FHBFEE (emgy be apsumed ithe |ﬂtfe‘i‘ﬂ0kee has

exBQAMKBREy oAt dhibe da‘rkfa' 3G, A RRE B NG o) NI HE BlevAon QhBBE area is
situation) the Floor number of certain trackees may

be
smaligs than .aﬁltles pideize gk thaghangsdn beightay large chpuaibiorts dtoopgiege, it may

be labAGKE ARt MRYchRR eSOl iRRA/eRKaeOMRCH Al PRRRS D thh€ng path is not
i nput. [0620] VVndlng of stairwells may al so be used
I

Ch%m@é‘thélF ﬁ‘ieY?é‘O? panggs ghmay prasaimed therchanse P logd. clopgipr.

[ompnpsloﬁnglﬁzm QHaRSH G me&, éﬁ&og;@%@es and wal ks out
t he stairwell area, may bé assuned that nost

loélﬁlogriaclfeﬁ%ﬁgﬁr biecHEEll P @r AY2laie) Yethapgiegton by a single

ﬂoalp B keverl ﬂo&@t alacRRY LRSSV Y P aLWE 8 Terh k@RE SndMht b€ to the
hange_in nunmber of stairs may be used to decide the

Sarﬁ% Aper The mefhod rused wa%racmb% flpereshanges yeayshegselected depending on the

elevation data type in the tracking data.
[0619] According to an aspect of the invention, a floor change may be determined if the
elevation change is above a given threshold. Building regulations impose restrictions on the

minimum height of a floor. A building type can be useful to know for resolving the floor number

102



[0621] Fl oor Change Correction [0622] In one

i npl ement ati on, an el evati on change nay be used to
wa@orwmetoeg he | ocation of the trackee to a | andper/kKS20081072378

map mat chi ng where | ocation of stairwells and

el evators may be known, upon an el evati on change, a

trackee may be offset to the nearest stairwell or

el evat or dependi ng on the el evation change type. In

map-building, if a trackee is within a correction
Pgﬁfgtance of a previously discovered stairwell or

AtRLRYBdcRE No. D5 RN 38550l ON MYy be made, otherw se a new
stairwell or elevator may be generated. If the

wheh @iesd 1si :0Aultifa @Sort dhéndel HKORed, ®or 3x e, fo‘ﬁ@h@ﬁaveﬁ'S' sta1rs in between
i scovered floors between the start flogor and
eaﬂb&?% hsFeRfrERme s BHINSROTER ke e FRPFRENely 24 é‘laﬁ/m?%‘ eagh floor.

BuilaRgS Al¥B a2 BbdpRMakddtdield ROE 3dry WichQellIRER a&%@ﬁhb@ and the second

06 According to an aspect of th
ﬂ‘%o’h{?é}ﬁg @L‘ éﬁ%ﬁw a8V FIGEHEI08 SR Mﬁ?ﬁﬂ%ﬁpp%@é‘ﬁ 430 may map out
thapbEROffe hdidht BBMB WS @dvidl entOunthdd] dndisEIRSbERTIR: t%eote Gesolve the
with jnertial tra%kln dat a, 0625] A. | NERTI AL- GPS

flopy jayeRer Al el if FRaXTme GesdPorkivg 2 0l8big](en bR ncident command
statiOPH@TRNAL 3fnki@Bncy &dide Al bindt s:l@%nf 148 106y k@& drtcBin trackees may
(referred to herein as the "I GXPATENT Attorney Docket
beNgput e 116 5ter3 7 b Apqgormbiined othetyrackise maparogt @d/or corrected
bagea%ﬁttneahp@nd GPS data for a tracking path into a
e path estimate. Since accurate GPS data is, for
I 0@% %ﬂ%@% ofstairwellsmast alto B used & deigmnpeibe dogivmben s thettf?ékee For

exén@fe A 9ehdikehWinas ﬂgUacHg}e)és AddnGAIksQUNS o Pfie SRirML SO Nt may be assumed
gorith al t hough it can cont nue tracklia}out oor s
a

thaérm%haﬂe O %s‘@ﬁé@c Gf° E¥sdgamss Aparyatheoigiel degrees wound

bet&@&:ﬁﬂb&g ©8th AR Gh hithidd 9NsthiRemdydR| BERRIREO the Bumb&&f floors
orlthn1nay i nclude, but aie not limted to, foi

th%k%ﬁﬁFﬁ“ﬁﬁﬁéﬂbtlng a single |ocation estimte obtained

[062Y] FhRr tusigeTopkedonertial and GPS tracking estimates,
enabl i ng functlonlng W t hout a conpass, the detectlon

[0692] By prsrimpls@criptiony s elgyabinr fhaneuas &° 4erd) tp ©9rresh diedasaler of the

traBRY tb Nlaf@hAk. 11 dhapt REYHIAE SvheRBOREhtioR lof 3RERBAdCslevators may be
eI|n1nat|nF GPS dat a t hat Iooks correct but is not
[§

knggm, vgog £ SICHHON SeRgercEechte BRSO Uals! i e RPBHY Sevel f(>roﬂevator

de¥¥A8iRg dnttha6lk@Boh Shgatiphd I§MaEJbG1|IH1ﬂg, if £6808¢E igithik QMBorrection
inertial drift when GPS data becones available after a

dig ROl RTaY RS IKESPTRP 1A H 108 Bt oA pTepiiPIGERY Rsfmade, otherwise a

neflis@ftvaly 8elOMiok Hali8e Sdhktated® IMICRarkiiBn tch&GKERadkSe to a new ﬂoor all
outdoors; followng (carrecting to) sporadic but good

undspeaversd Hoors Refvesibnei toprendi thignay Heoranasehei b swinvells or

ele%tgllgguﬂnemmguueg, and detecting that a trackee's
has transitioned indoors GPS | ocation estimte

@3 81 ey T PaRRA R CRaNEME oD

[0624] According to an aspect of the invention, when tracking personnel and/or assets outdoors,
it may be useful to utilize GPS data along with inertial tracking data.

[0625] A. INERTIAL-GPS FUSION ALGORITHM (IGX ALGORITHM)

[0626] In one implementation, an inertial-GPS fusion algorithm (referred to herein as the “IGX
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of neters in sonme cases The term "good," as used

above, may therefore be used to refer to GPS | ocation
we@gdiwmetoes W thin a predeterm ned di stance acCRCHUS2008072378

g, wthin 3 neters) [0628] Exanples of 1GX Algorithm

tool s enabl ed by mapping application 130 may i ncl ude,

but are not limted to, one or nore of inertial track

segnent ati on using polygons (e g, |lectangles), shape

mat chi ng, corrections to polygons (rectangles), and a
pharticle systembased constiaint solver [0629] FIG 23

Atloﬁﬂemc@xﬁmgﬁm{mﬂﬂouSt rati on of processing operations
of the IGX Al gopthm according to one inplementation

géntﬁfl‘\‘«) B BRE is@Rralh BeMAl bRAUEPHIRGESSh ﬁﬂxcl@f?@ bahiiBS single path
epicted mFI G 23 may be acconplished using sone or

estyppte. oY e (B dé@r%ﬁofﬁ‘eﬁ‘? FoferEpBEdralli ogbt apilabimdoors, the

1GXNHigoditAmSEHRaril TRh &R bkl SRGoor URLHAES alR8EIR T AN SofiBYe tracking
be performed mdifferent sequences I'n ot her

oufq%qsgﬁ@ﬁ?ogq indhrsebseagriitGional operations may be

[08E7 \ekoB dadaénwgs Winted Qﬁl&gﬁlth@trhpl%enuﬁen QP ALAO NI gorithm may
shown m FIG 23 In yet other i Ienentatlons one or
Prefgr

inglyleebus premat firpited torelyr Hsample r&ea?rm asinglf lpaHeibEpimpte obtained by the

fudGE OF el Ynd GRS RPERALLANSsASnabliAd BnERBY CANA: a compass; the
descrlbed in eatei detail belo are exenmplary m

defegiiogi of errghigus &gs dRFRAICRRE T RpSH BYalibeingicgous draysndicate that they are

“gbddMot éd@&ﬁéﬁ_éz%mnﬁﬁﬁﬂ%r@l@’damﬁ& %oké\@orrec%gg 16r @373 188ent sequence
[0630] Inputs to the | GX Algorlt m [0631] Accordin

of 4iF Sadsfreiata wrong freation whan cotackeenis hrf@@qeat@e D1 TeRevigEing rzesncmal

dridSwHeR RIPK, dafa BecdRied BPHi 18hle @ﬁ‘er'a@ﬁfgtdu?aloe %@eﬂu%oaattrdcﬁ&’s position out of a
estimate in neters égr other units) along Wt

displapies) pualdimg putlipe @den e ttwekes Avowtdapes §%1WE’H}€dﬁ?r2¢éHn@$Sporadlc but

gof@tas dbht ém@%htlxﬂﬁm %@lﬂh@@h‘éa&gﬁrﬁlo&@ v@thout 38 @Aa bih€ and detecting
Ceonet r nunber of Sate es,

thasattréweﬁ%eaté |hgﬁq'a4ml§t>rreé mrgipﬁrs ﬁmloaeioﬁﬁftynatemssgy BAg @ to tens

of ileRM iBBorh&E4s! Bhe tbhPIobAY adhilbd abodd) dnagxme@ef@e% eseda@ ffer to GPS
bui I di ng outlines (such as fromd’S layers)

loqatipn gstimgfes VB2 Prefigicrapnsd disnesmesiranyi(es, Withe 3 ).
/oﬁspgiarﬁﬂwpotf HR X ARt Rl easmédn@y%a}@lnot [C,gfckﬂlm Wahdy mclude but

., series of INU data points) dat a sanp ed
arealﬂot itghiéss ORaPTEmOrFiRf sleﬁ*&ytrﬁwﬂfﬁwnanﬁa?n BHRY P paREs (F8. rectangles),

hdphd @8 8cHiIMY AR oR0l HoByBAY BedhgRSS akd atfaHich deeq;agad% traint
) &Elchcls fepgr?ed g%ﬁﬁhe ggne tgne Tﬁe l&PS@IqocatlonsnSlalIl

Sdﬁﬁy be represented as neter offsets froma fixed

[0@‘9] FltG 506 3R] exExhfPary AftudtticNof prodsliRAbhePftioRd of the RBIRIRrithm,
bad GPS i nput 2410 with good inertial path input

acc@gf@qg to [oggmlellpqn@tlo@gf theginygntign e’ﬁarﬂ Va}“-l?}ls PFACERSINE 8P§Tafipng flepicted in
FIG9B08lay PRcOapRh&bdshg ik b8 af 3P eRtbin WhhpSrents described in detail

above and, in some implementations, various operations may be performed in different
sequences. In other implementations, additional operations may be performed along with some
or all of the operations shown in FIG. 23. In yet other implementations, one or more operations
may be performed simultaneously. Accordingly, the operations as illustrated (and described in

greater detail below) are exemplary in nature and, as such, should not be viewed as limiting,
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inertial path data 2520 has drifted away. It may be
observed that the inertial and GPS paths match in

WG h@pm2108t r et ches of GPS data in cases siml arP€DUIN072378
can be terned "good" when the accuracy of GPS | ocation
estimates stabilize to within an average distance
accuracy (e.g., within 3 neters). GPS may be deened
"good" in certain instances even if there are outliers
since the mapping technology is capable of matching

pl§ general shape of paths rather than being dependant

AtRFhe£B6Rec NOsYsh glgaad 30001 Nt . [0635] Initialization [0636]
In one inplenmentation, when the first INU data with

[06F0P Ihsuued B0 g8 aighip@mi nertial path may be offset to
the first GPS 0|nt which is assuned to be good if

M@z‘é%%ﬁme ymaﬁd%%%ﬁ dhe inverfiogd the Ki%t erlgpatlpny gitifizest $einput, for

exhSIE L drdiheRAt 1D mamloheesﬂuﬁat& n@inbtéﬁctoﬁ &hé mg)tmng%a{ dimultaneously
E0|nt or. other point_such as, for exa | ocati on
CcO

fetedrind HErgEreiPniFehiRE datp e Oglionally, (iR Eﬁ%atoaﬁ (cgreretdiie (feometry

(HDCRNODOP! o8 MRIAIRA sﬁlsd@ﬁﬁ@p rsa@ihte( ﬁmﬁl stremtﬁ efnlaghinRk)S }omﬂags angle
conpass. and gyro data are avail abl e, the inertial

th
froppgn Bertipbtrapkig vBY- Ad & ek arrdo*t%}fiiné ﬁ’“@&%ﬂsuqh&s tfﬁ@ & layers)
maAH3haligidf f erence between a first good conpass val ue
and a first gyro value. In the absence of conpass and
[0637f & enst plepsatatings s IEEmMeerithe takss aympitpRmeatial daskdge path (e.g.,
sex@%%'f atu |}ilﬁ’ta poﬁéﬁ%ﬁ%@%ﬁ?ﬁ%@ﬁp@@ fQnewé r€ gﬁﬁMnaQTmﬁir that only some

|l east a few neters in length is available with

of @ps; N date peinfs fgse alzeéﬁtSP%ﬁ%deGPé IQCH@nGﬂscfr Bpenated; 98¢ same time
The @8 dcal &%rnﬁdy%k réD@Jsshte%eag RR: 8ffleRhdnDOBR bext . the

inertial path may be broken into segnents usi ng
106381 T¥oredis PatlhlS@é\@ﬁ@ﬁﬁlmamle(Wé FPRdrpup &&Y \a@sécrqduéwal path

m;lu'ﬂzﬂz@t ail above). FIG 26 depicts an exenplary
erent ation of an inertial path. ({p 639] GPSf or
/043.4 FIG-205 isegsimindary dButitiorsf “geadh ﬁedafq Rl0dpdivesame path while

indr@d1 fp%ﬁlp&&dlﬂg h@z’&ﬁe%m!‘;}t HEMy BE o6dcRAY @kt By mé}ﬁiluﬂu TEPS paths
the GPS data that was coll ected during the sane

matehig shape. FHeetahpeof] Gy datain cgiee sinfilar tor234¢ cadgriemted “F%uﬂhen the

acduPacdGEIGPE Wbati tstid RESstdFRYe REWIHEARY SfLrack QlstaB XX RS0y (E &, within
t he di st ance betvveen two consecutive GPS points is

3 eterar &7StARhPeadeempd IO dint Gereig Ifstengss evaxif ﬂteﬁ%arp Rafliggs gjoce the

B85 40GRoloBPLN cQhblt NE QULE LTS FRYraDShbEUAs rather than being
%R |cato?§b}gdcﬁ£§s HDOP, nunber%rasataélllﬁgassrgngr an being

deﬁa@@tppﬁﬁﬁuﬂ‘ﬁ%@% may be used to determine if a GPS
[0633) Dhirib¥ade 1 gnored. [0642] Fol | owing outlier

(00 Rh Pppesimlsmniation when the frst IR Gace wih Q98 i eporiea. the inertial path
may be offset to the first GPS point (which is assumed to be good if GPS quality indicators are
good). Alternatively, the inertial path may be initialized to a manual start point or other point
such as, for example, a location of an emergency vehicle (e.g., truck) at an emergency scene for
emergency personnel (e.g., firefighters). If compass and gyro data are available, the inertial path

may be rotated by an initial rotation equal to the angle difference between a first good compass

value and a first gyro value. Inthe absence of compass and gyro data, the paths cannot be fused
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described in detail above) may be cal culated for the
remai ning GPS points. This may result in a sequence o
wo 20m@2t068l segnments and a sequence of correspPOIUSZY08/072378

GPS segnents. These segnents nay conprise pol ygonal

path segnments in that they include a group of points,

and the mnOBB of the points. [0643] FIG 27 is an

exenpl ary depi ction of GPS Segnments associated with

each Inertial Segnment fromFI G 26. [0644] Choosing

ching GPS/Inertial Segnments Pairs [0645] In one

i&yg}gaggkguggm60¢gﬁdst may be generated of the | onger
GPS/ I NS segnent pairs where GPS and INS match in

bdf& atsBgmeRb 6f &th@sﬁ?@mﬁa@fsng 1dn8thGh @2Bati0 with@o6PBPESHd the fused
headgﬁg g0646 an initial step, in one
estipple SBHEER 1fitedonl y GPS/ INS pairs may be sel ect ed

[06KR RPN R ARSY Matches (in length) the
corres$ond|n GPS segnents. The INS segnents mnust be

[06}8é Nezr therngatial pptesy e-pyzﬁgsp}to SESEReRtP PHRS Podygonal Path Segmentation
(Wil Hak BERESHBE Blbelal aBé\leé FIte 2BRHiA Bh Wk i X r%g&mentatlon of an

inertial segments are confined to.” The WD HRE
ingifiy PB®- r el axed for |onger segments to a percent of the
[0kﬁ99§ﬁ$]9:flntehz%1§&%ﬁﬁt (e.g., 20%. ConSI dering only
his | ével of PATENT Att orney Docket
loé‘% Y60 eridls e FRENH 496 CSPR S seﬁﬁbyntwwbﬁ@tww by Bgtuding the
Gi)@@ﬁa?thatw ColleBte§ Bt ot PO ﬂmerwerbﬁ i ﬁleﬁﬁﬁ@aﬁ ﬂ?th@%@gment

s ment heading is close to the conpass headi ng.
In pRditiepouilgs ey kenemedr Fay e@@pﬂe@nﬁ\ﬂ@ddwm quﬁ\éeen two

cohées&twe@psgﬁﬁlas @%&aﬁp&m geRehee Wcl%&s(e gat:)@ tH@MleﬁilalscﬁstQ{%e both of

consi dere here is no npass dat a,

0]
the, Quitifrh ghaane we@e&qdr owdwayrsw&ae%gé)pé’d ngrgbeg rsetelthtesmé satellites

st@maﬁasy HRAER B8R GONEPS BB bR REBRAd/ rel i able, for
exanp by considering the vari'ance of the co

/0%%8 PIH@}VW%?‘%]L% rerpRyaly § PBOIMEEREIR e b hending Boxs nB) (vihird as been

dem&i ﬁltaieml@esbeb R&Y bOadiduPiedGbr thh RrGRFRAGES 9&5@ THe{ Bay result in a
[0648] GPS data can sonetinmes be m sleading in the

sequeatFaR BT tid GraneFiigad 2 wrupncaPScoTERBa (FStseaments These sepments
m&f doaBtisd FBohd1Sath rs%éngqmuapme%eﬁm BGuP Bg%ﬁs,fgd the minOBB

satellites chosen for the fix as showd in
offagreintul arly, as depicted, two GPS segments match up

0628 FREEDY N8 lex ity tdeSibfionC O GOS Biths) agqega&a a}ith each Inertial
segnents_in |ength and width, but do not match in

Segmap&on11§64%] Shape Matching [0650] According to an
(085 €hbosHg MbXenih D CPBYhERal S2BRARs PRICHI Ng may be used to
det er mi n€ ‘whi ch” GPS segnents are really accurate.

[0645] In one implementation, a list may be generated of the longer GPS/INS segment pairs
where GPS and INS match in length, and the GPS heading is close to the compass heading.
[0646] As an initial step, in one implementation, only GPS/INS pairs may be selected where the
INS segment matches (in length) the corresponding GPS segments. The INS segments must be
greater than a LENGTH_THRESH, and within a WIDTH_THRESH which is half the maximum
width the inertial segments are confined to. The WIDTH_THRESH may be relaxed for longer

segments to a percent of the length of the segment (e.g., 20%). Considering only this level of
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[0651] Thus far, a list of GPS/INS segnent pair have
been created. These are the |onger segnents that match
waipoofoehioss dual |y in size and/ or conpass headi npCT/E82008/072378
segnent may then be checked for a two-segnent shape
mat ch by conparing the previous and current inertia
segnents to the previous and current GPS segnents, and
simlarly a two segnent shape match is checked with
the current and follow ng segnent. If either of the
evious or follow ng segnents match in the

Aﬁ,wglﬁggﬁenbﬁgﬁggghﬁatchlng check, the current segnent
nay be chosen for correction. The inertial shape may

%n@&%b@t@ @ﬂﬂmﬁﬁ&@ﬁed as the shape match is
checked Two- segnent sha&g mat chi ng may be

(064 ¢k Naﬁn@e@nﬁwaﬁm gey b%mﬁéfrth?tﬁlge Ghroseemen &Fa%ﬁélﬁfe to the compass

heé?i af n§O B2 -GHIPING! RgmédPait &lafNbe $HARG] AIRYLE BistUSEHedP segment,
er to a group_ of segnments {e.g., the two segnents

°°Q5Hi9§@ﬁssl q%tatr??é( a#%%é?ﬁ epneidersas Htherpis norggohequipar &t §PS thpading and

lochi¥? BAIPERLStddbstcbBedt| TS cotbiRRSdald DB bd @hnfiSAQINE)be 3b&/rcliable,
referred to as LI, L2, and the two segnents in the

forcepmpler Whrepadesmg theafapnce @f fbs CQEPFF hewg(vesw theppigo heading over

the%@@ﬁé%t MR BdYn MR ReshalBY oUBEcdpsssiagetanal e |ine Of
seg ment for its operations. The rectangle i

/064§I QP% éEFé SaysrcEpich bs Mysleagigy iphe gbadoped byddingse wﬂihr@’S location

estRRETRR g (IRAEE &% tmaqomlgrp@ép@ﬁﬁ%goén Eh@%a@h@éstcﬁssew&etﬁe fix as
ar eP

of a rectangle. e lines of
shoxgny i FAEy2 %aolgamul% as dgpigted. 6o §#’§1539m?r§5f ’@Ptﬁlé 4P Pétrqa@FYeW@il with
heﬁ%oﬁésg&umg lhérﬂa@ bezmehis e ath mdmhlmetM% db BSRREH ¥ @Aaxe

lineL first corrected (e.g., rotated and

/mVﬂbW§Paﬂ@§%"wb the center of lineM. linelL2 may be
(0636 M&bﬁﬁn ab B e& 3 Be rv@RtRh OdhaR thAfhingHhE &%E@toaﬁgln%ne which

to ali ineL2 to |ineM2 nay be conputed, and t
GPE segman @ﬁﬁ?ﬂbﬁmﬂgﬂﬁade to lineL2. After

fost sk OBt @R AiRENGI REARE §aRThat N8 ENGe Q. NtrfesLfare the Tonger
i'neL2 to the corresponc |ng end points of |ineM may

seggents dhag meigh ap individaliie i sivie R/ o copmess fheadingh Badytagraat may then be

chddRIAGHr ABY6- s*aem&@ SRt Bdch ¥y 9&&1 hﬂ% ik B&v%@&ﬁ%ﬁn&ﬂ €nertial segments
of TineLl, and linelL2) are

I ndi vidual_ Tengths (Iengt
to e Pﬁkuaalﬁeme%ﬁ FESH Soﬁndt Sm;ﬂql BifgtR sesmanh ghapmialch is checked
with RRRGrrbhABS folibiv /A8 MomeaN B dith SHIFRe pr AR SESARFinE %O‘ﬂ{eht@ hhatch in

Wi thin an ANGE THRESH, and the distances of the end
the Sppriegmenbihaptmaiehips Aigcls bpnurentae @neng BIRH o gspfor comrection. The
meﬁﬁR@E;gU mdy FRERkIAEd $lA8othen gstthe Qj‘apé ht8MR ch RRCENTJ THRESH

%o and ANGLE_THRESH of %rees are used in one

/06§ w&nﬁ@f Bepegattitng mﬁvmeif@ﬁne Wt hﬁ@@ﬁowmdmdual segment

coﬁﬁ’hﬁ@&ﬁ Ol &sin, Wﬁé’tegﬁ “slHEISeL’ S de ula (SREN td gr Eﬁpcé)f?sgeménks (é‘? the two
L2 can match M [\ respectlvgﬁé @ln single h

SCSHIFRE L@éoseww&wmﬂ)m@ceﬁw Pveingd &V QFETRsnis \m)the first shape

(in&t&4 @E@[ﬂe) &@@@@He@% QbLl tth earﬁletﬁéjm s'égl{lélt@ 19%&%@61@%@% are referred
appr oxi rrate_l){l e rees resul ti ng irn no shape mat ch.
to as M1, M2 (GPS). The shape matchmg method may use the rectangle line of each segment for

its operations. The rectangle line, as discussed previously, may be defined as the line segment

connecting the midpoints of the shorter edges of a rectangle. The lines of L1, L2, M1, M2 are
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[0653] Correction to Chosen GPS Segnents [0654] In one
i npl ement ati on, the chosen segnent pairs (inertia
waegawmoeeand GPS segnent) nmay then be used to PET/is2008/072378
corrections. The inertial segnent of a chosen segnent
pair may be translated, rotated, and scaled to fit in
the GPS segnent. This does not fix points to one
anot her, but ensures that the inertial segnment goes
through the region (fits) of good GPS points. FIG 29
pirSc@n exenplary illustration of a fused path after
AtfoRle¥ Bfekek Q58RI ALed by the |ighter-colored squares),
GPS (depicted by the darker col ored squares), and

refdir&C @ hérbidi &Wn%ﬁlolmiQ6ﬁmlR%§ﬂ anbMQ redpeétiveB! hﬂlﬁpﬁay be first
Usi ng Particle Solve corrections ma

Co AT G S CBhETTIE) o rroich &t Firdb Ktehe B e &S‘lﬁ‘ﬁe‘}/ by the

sathB @8R feHREANt ThdhdukeLSngleBds dlien NBAMV RAiRY2USb e aomputed and the
rticle systenlgiﬁed constraint solver (such as th
1

traagfgfaafla%a Thade Afienpepsiorpigion, e Jigignge gbihg pd Pognts of lineL2
to BHeQUirébpshdwigteRd bhigts beBRMt hacki Agulped. l’r,he Wkdidor de@l@ther the shapes

gnent s wherever correctlons t o, GPS have been
m%%@n%y&rsmmauwﬁ LY FeHRIPRE % ﬁfé?ltth%lwd%ﬂglﬁlelﬁ%%hwe@%f P%ﬂeﬂ and
1indlL B2 G@hin LPRECMET AMHEZE) oA CAIBY (HANLe BRHY lines (lmeMl and
violated by the corrections. The constraints are

linghdy esrseegid Seretion Wihis @ weYiLE_TEREYH: #d tt%lsmqeﬁpéﬂwa% points

foR IR SO EeghRMATIENIga ) RQHMGFEMWH}@SH of the length of lineM2.
053216-0373130_one anot her, _provi ding a distanc

PERGESTy AHRESHaRG 4% 4RG1 eNEHRsHHRESH ofhed pi&&te%laée used in one

imSRIn¥Rktidnlbf @RCRventi 6, AlthddBh SthbeAREDIds OnaSaHeivSifiYed. As seen m FIG 28,
constraints that are violated resulting in a ﬁﬁt t hat

Lir endehbicas maffd Ml uandsHAgespiittvAiutn #ingle dimgtopsckii Hoggyer when

colnP&ed JusthBeeuitnt &fo b&enchGhadk IRREE NMeMBALP TORES Reeded is
fused GPS/INS path. [0658] B. USING BU LDI NG DATA TO
apNRNMeRE VderBrsoRauliingiB o shepe Ak ances wherein an

0653} BoREctioR td ORIRGE GPS 8BHkdnksON has not been detected (a
trackee is known to b e outdoors), the |IGX Algorlthm

1065 o e IRIePPAEO ol AhcachoNH SRETRPAPHE (RS Segrsat pdy GPS scgment)

mdy npernqaeelsém p@xw&rﬁp&he&tfoas: Kih8 cheRt éeﬂﬁ&ﬁ oHLRRRK SogmbQTpair may be
, a track estlmaema assuned to not

trae%g rofeategy F“Pddﬁcﬁl@d E?ufttlnil the G&ﬁdeme@t aT%aﬁqeaP%gﬁxpv@wsgta qne another,

buViBiePMht (B RBrtiBILeh R Sods DB S ALY ©6iSn BHOIbF3SodH S Fomts FIG. 29
dat abases for the area are avallaBIe the list o

is B PYFENEY iLestion £ dafvrrdypatheatifn epFestionso demitied AY tthf?ehgél@f-colored

sq@dires) GIPPQ@pEctddby tiited abifeAEHdrBbs 84189, antl Bisehehity918.0
restoring the inertial shape, the particle solver (or

m@?ﬁ@f”‘f’r@‘lgﬂﬁﬂj’“vaﬁgs’ﬁ?6‘(/‘(‘6%6“’%4h the constraint to

(06565 heS EGREIYNS ndE nefy ihRQUE BikhReLiRE 1Y U EsedSRAKRNY path These
this constralnt | ast may enhance the tracking estim

digseptigpibigy Pagb W@PV%U%&% aPaEtle SYCTh Besed FpnsEping 5(91’%5%(5“]“ as that
desTHRQN %1, deBNChbe ). DHEPdridle sdhk KEFIOLIRES with the fused tracking path, with

fixed segments wherever corrections to GPS have been made, and constraints from the inertial
segments (relative distance, relative angles) which may have been violated by the corrections.

The constraints are made between consecutive segments using the two points that are closer to
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that have been nade due to GPS data cl ose to buil dings
bei ng erroneous (e g., passing through buil di ngs)
wo\daweweal |y, the nmethod may associ ate GPS quBdLT/U$2008/072378
with | ocations of the outdoor nmap. Areas close to
bui | di ngs where GPS data is found to be erroneous may
be marked so as not to be used in the fusion nethod
[0660] C. USI NG DETAI LED SI GNAL STRENGTH DATA FROM
SATELLI TES [ 0661] Analyzing Satellite Signal Strengths
pe2§62] In addition to analyzing the GPS and I NU paths

AddSilefBocRRRPI 314-86418y ques, signal strengths from
i ndi vidual satellites may be analyzed and mapped to

ond@h&K 4 previvhgt Retaney c:oHéThtaln?L1 A @ PigRAdoabtha@i. THe pakRelés8l& in each
The anal ysis may al so be used to |nter ret on_which
itezggtign agempis g $ait re@ns&rap}sé&%éaée Wagetegéeslu%&tl%a path that resembles the

m@ﬁmwhthwme@ise@ﬁmﬁh&se to building edges that
ruct sag&ﬁllte view [ 0663] FI G 30A deﬁ%cts a

Nﬁ%&fﬂeeemgutﬁ IGX Sasrttarpansrugsss ¢ el ChY etled by

[0@58? ®\S  AusiRc BeiLpBc bAFOroNAaBA T darbdoreyon (e g.
aces defined by one oi noie of Buildin , Bui | di n

[0 9] hEsteRaces &lhﬁr@m@)npp{tﬁmo ARGOSY H@’}?“l% &pseio %h@en detected (a grackee is
m@%ﬁ%&lﬁe QdSk0tHe Q6844 154tk lﬁms‘é%mn&ah@ d&@t\eﬂlénl Jv@l(ljable to further

. streng}hs neasured for the sections D)
imgpove {ie Ptdeqe dercling gHtEats: dHIdogEse (1] iXéglpw Mraé%egs cfiadie may be

asélelUb Rot dTbsPa RABnS ReMEe bhtPitd Buildimd REf8EY WiknRAYhO Butlines
B and section C have very | ow signal strength from

frogn poupqes fuel apfshdatabates s dhe e anqtviadabds, hedist Pl ntvigons in the area
m@o&ccliﬁﬂge@bb doen B skidd@(sSdns if hﬁesﬁackﬁ‘@'a%ét 5 icﬁﬁ{ontt@ €estoring the

cations can be unreliable and even
ingrii Shawe, the BHtGlE slye (@ pthst prthed n@aevdmrwdeé valtbdms cqngraint to push
%@Qx@ho@m ehe Bifldink 3 KB6nsC 98®B g It QodsBEnOR{MAyNerh8ck |t tracking

e signal strengths i nprove and GPS nmay be used
estpréete Pb Ergy%h@gyﬁdﬁgtpia@ﬁ do qu GBISpr tohe gﬁl@@rﬁ,é}lnd can override corrections

thdt RN L4 bRkd AR t@fGP‘Shﬁta| doe @ Bl Bing aeonle&csqta OBSssing through
predlcted by the may be further i nmpr oved

bufldiagy- n@ddé%Rll‘é&eu’P‘%Ib@ P a1Seialt (6 IARY nv%lapqﬂalaﬂ ¢f the outdoor

mdpOVRYAR klosSto %ﬁﬂdlﬁ? SHIRYGIES dafils RRnERMHRleab s RPSCHAREE 0 as not
conti nuous feedback may potentially degrade the

to??ﬁ%ﬁpﬂﬁ fusiga pegd. each GPS | ocation may be val i dat ed

(0669 .1 s BaREDRsMLBSSRNEL BaimeTh DdTRERbMEQTEAerdsner ti al
Navi gation | ocation, [0666] D. |LLUSTRATI VE EXAMPLE OF

(0683 e Saeslioe AR AEESNT AT ON [0667] According to

[0663P &L bddHiont {'&)earia[}/‘iﬁmth@ IGP SadhdORNTd Peths |u%@trﬂ1a%ﬁ1nest€dhﬂﬁqh% signal
strgr?oéc/hsk%somolkr)lfiglld?laeldsate%tes may be analyzed and mapped to determine whether or not a
GPS prediction is accurate. The analysis may also be used to interpret on which side of a
building a trackee may be located, especially in areas close to building edges that obstruct
satellite view.

[0663] FIG. 30A depicts a trackee’s path broken out by sections (indicated by arrows A, B, C,
D) through an urban canyon (e.g., spaces defined by one or more of Building A, Building B, and

Building C).

109



processi ng tracking data by conparing points instead
of segnents. The starting point of tracking may be
waledenmosed either by the first GPS | ocati on aRei/Usimg072378
in the systemfor a particular nobile unit, or by a
manual click (or other input selection) on a
CGeographic Information Systens (@S) nmap of a target
area. [0668] Subsequent reports that contain inertia
navigation i nfomaati on may be used to apply the
rements predicted by inertial navigation to the

AQ&&ybgﬂshy(gﬂgmﬁwhgpatlon The increment distances are
as predicted by the (x, y) location provided by the

[05&15"| F'.l@ 5@ &’Jp?ct& é%fellﬁ& Q@Jnﬂ‘ﬂﬂﬂe%\ue‘dsfbxn&e tsgt%oﬁ’@@b I?Q?'%Jd @7 of the

ealn direction is rotated
tr%@r?pSaBaéh gqorneaaﬁqlléﬁs Wrtbaﬁwéa ginuth FIENSOB fShQWﬁethéb%é@§Ct°ry in
sebtfni B Bhd Ldedod & HAGL V&Y 1dWh@bnaR strddb@SHRRN datMBley %m{l Q:aé]-'west azimuths

there is little or no nag\etlc Interference which is
siRgé ey 479 Yookl brildineesd dhey Indiqaterthrs thedpRyalesatianiyian be yareliable
ank NBGCHAR S igddd@ Bk N MBXatbiBtel REGLES WHIGH i§ RBod WkeMe trackee

gyro angle rotated to the rotation o freV|ous
copiss o thp oirBay seetion Pethy wgpal treagihy aprrye @eﬁ GPS ey hnepedoslocation
csB@htn. t he previous |ocation estimate nmay be updated

with the new inertial increments. Next, the GPS sensor
1066 & epedier gplemcatatign pftae/ i GTaleeritv Shaiosationg prsigiey by the INU may
beDRRKS limDRved les%%&lﬁv Qg’c]\sé'sg’tgatg QFPSOIGCé?iEnsaWH&eQ%Hﬁﬁéng%Ver since -

l ength (e.qg. Tast 5-10 seconds, or other tine
Gise e dfterrady oa@pteéest @@ccﬂl@#e, icoufinppysi feesbeck mpy [PatepiéAlly glegrade the
trdCkiBE 1840, LEIPAPY l@crdﬁjonNH vaﬁfiate%%?ltg hd- 83 cPORb B Bbing fed back to
accept abl e t hreshol ds. HDOP reveal s the satellite
themgrviak Nepigstion legatigat e | i tes chosen for a position

%B? iprat eILL@é‘ﬁ{Aer/\ﬁ’ MLE:@IH OuRHbERA Ecbtidiv TP EMENTATION

ellites are well spread out in the sky, whereas
067 opqmdipe EnpsPrah @f é’&tl%vetl’iifa’s aig gptdpqr lcationpsimaistmay be obtained by

pr&%&‘?}ﬁ%a%ﬁné’\@hé b@&%ﬁhrﬁ ﬂm{t?&%‘tlegd df@e%ﬁr '@ltleestartmo point of tracking
triangul atTon. |'ocation estimate using |ess than

mfydgdetsgriaed sithesdyits/ peCHN lgtatign riableduindresystandora nertighles mobile

fa Rfouadiet [or big UgHBh) o d b [Bfufision S GIS
: rgﬁﬁgtﬁ enéPS TLer eflolg?{slf th )ec}ﬁé:’(% gpd?a over tlon ystems (GIS)

m%W§dé¥é¥ﬁWhed time period (e.g., 5-10 seconds) has a
[Ommk@?ﬁntt 1@%9 dhdd 'cc.\ﬁﬁeﬁn Ll@ﬁﬁﬁl&glﬁgtl(ﬁlqgfohﬂﬁlowm% ugefd to apply the

Satellites is greater 3, GPS may deened
ineraeit Astlieted &y L@%‘ﬁ% m@gﬁ{op of thmprpﬁéusbbkmqwnohw%@m Hheet @crement

didt8d0re R fﬂgtﬁct&h @y lﬂéll("x H@tl&atr@yplpﬁdéﬂq{yythéaw rn@tn%telsrtmt &ﬁer untis)

short term t he over he s ort perlo I S next
usig Hsaratbasest emtae Vmgﬁat%ethsac%a digpgtica i FeidtedhOcthg epagsfdirection

pr$d'ﬂ§edq3ysthé paals 'tl%rbom£5§s §e1§ﬂﬁ@l 1€BetePhALE It RANRd Vaud {3% kL s tittle
track 'which can be correct 'in the short-termb

orpe BRgNsEt IHerfsRnet ehich rip éélter'f’élleb%llcaSSd%lMOP@h I her @@waﬁﬁgwle is
m&@tﬁgte,atﬁg Bﬁtﬁtﬂ%y(ﬁo%pga%cﬁusmg the current gyro angle rotated to the rotation of the

previous point.
[0669] If the report contains both INU and GPS data, the previous location estimate may be

updated with the new inertial increments. Next, the GPS sensor data quality over a previous time
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[0671] FIG 3 1 is an exenplary illustration of an I NU
path (illustrated as circles), a GPS path (illustrated
w@goememses), and a GPS best fit |ine (depicterCbySiong072378
dashed line). To conpare the INU path and the GPS path

the individual increments in the short-term(e.qg.,

INUl-2 and GPSI- 2, and I NU2-3 and GPS2-3, and so) nay

be conpared with one another to ensure that each is

within a threshold deviation. If the GPS path passes

%gse tests, a proportional feedback of the difference
A

Mﬁ&ﬂnkmﬁﬁgﬁﬁmﬁﬁﬁ)lNU | ocations may be used to
correct the position estinate toward the GPS position.

pehQ@zfze] pr@ée‘i%ﬁh@@ leﬁ@hYa g ,Wh& ﬁlstnS Meth@§ tok @Jhelttﬁﬁ’&]!fén@@) Ige%tﬂ% tested

story where the error bounds are a_rigid body
f°’f‘rﬁ§/ H@@Z@f@é Aigor af Pregigiop GRRER) pnd Nw@bqrr?é rS@rea}teSpaaeeﬁst acCeptable

theSholls, TB@@U@ﬁ%@Eﬁ@@&eQ@&M@@%%&? dpahd sAENiROIcHsen §83Ma position
be conmputed and stored)., The GPS di stances

esela?f?'»e@éléé%’d AR o tnr?écagea*h@é throarilies st Vall sueaderut et gy whereas

m%{l drograpnefdlat (il ihellites Sa'rJThJ)taJepérﬂe& Rl aehdd f‘x‘J rekiti@irdaccurate
od % di stances. Thi s net hod ow for g
trigigglag

o A GBS Iosation sstipge peng 5&%%@&%%1@%@% Bfrpighlys inaccurate,

W%'h %Ez%um@r éf@@t@l‘hte@'maﬁ Aty alche ndROkLiati €63 @mef@@ 6Pthe GPS
to | nprove t he trackl ng esti mat e.

0
da@t Wéf the rsestterraineds timg Perdodats @ » 2d\Parsedges bas atPL\%OP less than a given

thie SR6RIMrld KL N\ﬂuﬁﬁer bEsAQRRY 8 ea{epthﬁﬁ"g’stﬁéa GEEREy At td@eﬁrﬂ:@Bétcceptable for
Docket No.: 053216-0373130 skilled in the art from

CORBIEIIPB iTRF BRFItOP eptimedtespeci fi cation and practice of the

[0 7WY SRt m%tmadbéﬂ&waceurlﬁqn %ﬁ%ﬁérf ’teﬁﬁtth@ @Ps BQt‘Hlo%xbcﬁe short
consi dered exenp on K he scope of

peripl) b FrmRgred e dhedﬁ% Wélrda@dhqt&cwqwqﬁtb%é‘r%ﬁ@cytwn This

enlest RerediRhl VLD m@'@&mm%Eﬁl\Ue AleBr iR aNe %Ftkt@ﬁn @ -may be offset
053216- 0373130 CLAIMS What is clained is: 1

frespiep aererct 3Rl porition & fardinn besk perraifeRY #4-ng a pOS| tion

[0@@? PRtR 9hn BxdnpBfK ARt oA RS hrnm@?ath QAL as circles), a GPS path
nprising: receivin tracklng a for the trackee;
qp

<1"rué%aé¢dv48rfguaaesm@ad 8fORShesst fifd s (dapiséedttivahe dasbed dpeat iTagompare the

INU]f‘atH I Gk as 1513%1 theliQliKARMALpREY fnetﬁe Qlfonitﬁ% ('e f&d @Q171-2 and GPS1-
| ocati on based on the received map enerate a

2, pos W7o h 2ed OPdd eanfl 6p) pebe poaresd Wlﬁlrmle Aneperady icnyyre that cach is
wille € it B6ld RRSibAdnOTF (RSEPOPAE pBRest & BBR; a proportional feedback of the

difference between the GPS and INU locations may be used to comrect the position estimate
toward the GPS position.

[0672] Alternatively, within an inertial tracking path history where the error bounds are small, a
rigid body may be created for the points in the inertial path (e.g., the distances between each pair
of points can be computed and stored). The GPS distances corresponding to the same points can
also be created and scanned for numbers similar to the inertial rigid body distances. This method
may allow for good sporadic GPS points to be located when they compare well to the inertial
path in the short-term, and then fed back to improve the tracking estimate.

[0673] Other embodiments, uses and advantages of the invention will be apparent to those
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skilled in the art from consideration of the specification and practice of the invention disclosed
herein. The specification should be considered exemplary only, and the scope of the invention is

accordingly intended to be limited only by the following claims.
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CLAIMS

What is claimed is:

1. A computer-implemented method for generating a position estimate of a trackee in an
indoor location, comprising:

receiving tracking data for the trackee;

receiving a map of the indoor location;

correlating the tracking data to known features of the indoor location based on the
received map to generate a position estimate for the trackee; and

displaying the generated position estimate on the map.
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