METHOD AND SYSTEM FOR LOCATI NG AND MONI TORI NG FI RST
RESPONDERS BACKGROUND Technical Field O The Invention
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including firefighters and other public service

personnel, and their equipnment both indoors and out.
BACKWGROUNBCi fically, the invention can provide for

locating, and nmonitoring the status of, people and
de“@@%@ﬁéi8ﬁTbﬁkB&Ohants where GPS systens do not

t e GPS qperatiqgn is inpaiyed or .
ORREPirsthNEL SRRATS BEHAS e shiR5 e e gmporing e
status BPpESPIO M BovdabieetBeré, B as¥irSt ﬁégﬂdnd&@,qmuﬁﬁﬁ%gﬁ%v%ﬁt% and other
| ocating and nonitoring people and assets. wever,
publicpebli¢ecpe@RBnelp endatherrqiipmiennbdtie thdonrsi and oat cMiveecspebifically, the
. desi gn far, yarious reasons, .including for national .
invenQ Gaf rgVide-{Gr ¢RAfIne A8 TRATEIPHDE At St ofe BRARKCYNATISES ipS
' L : .
envipuA fed GRS B by OO B o
othervaisd Binited.e si gnals. For the sane reasons, GPS may not

operate indoors. Navigation systens and net hods are
DCSC‘K’E‘BP%I?W Fiioedrt 0 provide position and tracking

| Bl Ha"BbiQ S}Ilé) &s‘f&ﬁ% @/ﬁta:gg\rwlgﬁl%g%w% ggsﬁeﬁqlﬂ@?gorézgti\ggagn% monitoring

envi ronmnen cen

peopld fridedseas. HOwBVeYpublid GFRYiegriona8 limied if RE4dcficy by design for
. information on individual's mving in an O indoor
varioug figAspis Hehidingfap natéenal ensurityn dlugdier, thewaperation aod a¢durdcy @f a GPS

TS T e s e
or limRIGRSdANR sfhdlsl FRPIHe Wi e RBIE, U’P@%éﬂ%t%@%{g&qﬂﬁéfors.

personnel in emergency search and rescue rations. A
vNrvigatyorofysteptstand snetledds -akntypicaliynuget @o providegpositioe@nd tracking
: utili.zed for navigating and tracki ng noving vehicles
informaon frcehicles in JAndgsn JSH AETOSRAR ERUMIIRIS. ReNeaty. fees Bscbeen
nre GRS, AT oA A FBAARHE g movins
indoorr entironmiemte Gt pphivatbond ifichndy, bgr @y Aotd iThitddRA ARt fyingdind locating
. .. .frequency identification and fixi n%, gl obal o
indivigyals, ppihiianyang exite i complex building structures during emergency situations and
identifying and tracking emergency personnel in emergency search and rescue operations.

A variety of methods well-known in the art have been utilized for navigating and tracking
moving vehicles in land, sea and aerospace environments. These include various forms of radio
navigation methods, transponders, long range navigation beacons (LORAN), radio detection and
ranging systems (RADAR), radio frequency identification and fixing, global positioning system
tracking (GPS and DGPS) and space-based systems employed by the military. Typically such
methods require that a moving vehicle to be equipped with radio transmitter or transceiver where

location is determined by measurement of time delays of coded signals from multiple source
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tracki ng (GPS and DGPS) and space- based systens

enpl oyed by the mlitary. Typically such nethods
WoaN# P88 hat a noving vehicle to be equi pped RETHYS2007/013039

ransnmitter or tr.anscejver where | ocation

r.adi o IS .. .
transmjers rahf‘ﬁ‘f%“ HYURALS O TBAHAS POTLeNSSugh F&%’déﬁreéw&%ﬁy limited to low
power L g o AR gk bEINEEh  t3h e AMEkiver and tracking
may bt gpmpedniiyed bytiot s chatualltopvl pgivel feathresier mhn-wiadb structures, such as

. transm ssion of weak signals between a transmtter and
buildipgse whgrerwepkdignalicks sigherahscyeed s spyestty déenugied| ocal

n i..cal. - ructures, .

Sk GERRL PG50 SPL E5p L B8o BRSE 8 L LS o
trackif®6Lfo? dulooSeMKIrY of mdi@%tﬂ@ﬁ@é‘s, théked Ar8 sighefideghOldltations when

Positioning System (GPS) has proved to be a useful
applying (aP§apiindooa navigatinlkdand grackiog. Sioce GBS daliss ptimadky erga bie of sight

. _movi.ng vehicles, there are. significanpt |imtations L
51gna1\;e).ﬁgE SIEB]E’ I"TA ﬁ@c ] ’_(SIdPWg@é'Fongt&_&{ﬁ‘? Epp %ﬂ.ﬁﬂgl}t ,o{%‘gi’lg@t_elhtes is
substamtiAlhFolistrtell Ghd EPSRIgAR A KighlY ddchidi&, Ns aSbAM GPsHHals are

acqui sition and tracking, i'n“indoor environments, e
typically seveoil osdeghtf rodgn@ige wasler lin beklingemilosmantsitiednl gutdoors. With such

obscur ed GPS signal s are highly attenuated. As a
Weakepsiﬂg'e% s, gqcaﬁaq%%}ﬁ @?fﬂ%ymewn& GV signalsagd calcplating accurate
positidtRig I hdde, Wweaker in building environments than

outdoors. Wth such weakened signals, GPS receivers

hBvendeérftionalidhicle spegation apaiRGtishy bathSnatid] sl mouliaértialsensor

. accurate position information. In conventional vehicle _
devicesepch 8t FOURPAEERS PUAMEISHS BYI98gapes frd accelerometers, are frequently combined
- ' ' h as conpasse
for naf G RL CORBACR LRETen S P FETRBE R et dashboards
Baronfete? QLiRINd Ye£ar8menethndWompas ARkl NmRAURISESs arePdRASE Gistruments
_are frequently found on passenger vehicle dashboards.
on airqsaft @omrcg ipargls.i ingdial sanaendeaive combinationsoarp asmmbintyszmployed in

. reaspyrenents are requi Lhstrunments on aircraft
aitac T PR Tard s R BT Suiereaghcad S it gyuoscopes are
biRédt i
g
gyroscapesdMGlormd gyy nosetapmstennsitso@® oA nend ihatiplrmavdsdement units (IMU). At
nmeasur enent s of | e, pitch and heading. (azinmuth) .
least on, @‘Pf&ga}nxﬁgﬁ? %ﬁ%ﬁ %é@ﬁlp\é£10€9_@;}ﬂglnpa§-éxawsular rate, linear
acceleAFibR A Bfic HBidimRedseMenRNE cledRld 'eféctrgﬁigﬁw ﬁ@fﬁed AHRS
units (I . At | east one conpany ofters an “Al
deviceqyezt @mossbiomwcTechaologn ke, Saratdss, @AY UV aticalglyeoscopes davices are
acc Ieraiﬁi n, and nmagnetic field neasurenents to _
Commer,c@ﬁvéva bgq WRich sPi meehanigalfy-gimbaleaigumpsqeras dhat @esecdectronically
stabiligdqgip%ér ﬁgmpén‘?&%s el ar?&‘BitC]hoac‘neg'lesg‘eal)ativé/ It Egrlizon. Single axis
gyroscopes devices are
yaw rate gyros and 3-axis accelerometers are frequently employed in systems used for dead

reckoning and controlling roll and pitch in land vehicles and robots.
Inertial measurement units (IMU), comprising of combination of accelerometers and

gyroscopes, are frequently combined with control systems as critical components of an inertial
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commerci al Iy avail abl e which enpl oy
nmechani cal | y- gi nbal ed gyroscopes that are
WRR2S(10% B cal |y stabilized to provide measur enBhfd/Sg}07/013039
and gles relative to the horizon. Single
"aVlgaas?rléyir%(ﬁ‘é%%éh OHY& islen hedMuls way be exther ghavinisdan aigimbaled servo

motr SLACHSGRLL RTLRIES 51 SRS RS GEPlpin

orienmwmina vehidRS drieatatish @SSdHtérﬁ’ﬁﬁEd fédth tnfotion Nu)mv@@rmé Uner,
of conbi nati on of accel eroneters and gyroscopes, are

alterngtivelyy BYiUisynaydeb meaatediin hstcamdqvm systest eaMU: sgnsproaitputs provide

onent s f nlner |aIn ste I.NS
o cire T RRRERL Gt ve i TRl BY bR SBURENS TN b abirely
emplof&i With &Bjedls tﬁMSﬁ&@m yhaiely MemaPMd &ﬂloo’iﬂ?it&% l%ﬁ@lp§s pifnes, land
MJ platform nounted in a constant orientation and

vehiclgseanidghachiners nFertexemples fqi@treram mawigafiomnmerbali somsor ebmbinagons are

frequelyppie ey et Bianariermoly sahbaed Tk prdD oeemch

typica¥y E@rﬁ&n%&'ﬁ;@é‘%@fvo%ce‘f&@n@le?ﬁ 4Rk @Rés te yﬂ?]t Y(E'v‘éﬁil:le motion

appl i cations are generally enploye ect
sensing laad navigaidnrin frek apaceavherasix degreessf frsgdorh arg@tjiiesd),
such as planes, |and vehicles and machi ner For

e&@ﬁep{eéen% efferity kavaritempter daintessate inestial IMUsswity GPS systems for

vehicl€ Qalgpittllr%}ﬂt wé e{h%n %E? (%ﬂ’ol?lg ?g@%%t@d ngﬁ?%q p{ifr\ﬁg% e@ﬁg\ﬁl ggﬁls ¥re unreliable

(see YiQ.diceat hly, "Q\orézfdiﬁlahwﬁﬁaly@méf SEighQy B6651LE GPSHh ST S‘ﬁﬂam for Two
three axes rate gyr os for vehicle notion sensing and

IntegritgYlogioringiMethods'e € AASo d' emrewé nger, Mearnhe2090 oMITRE édbopn McLean,

va; Ak B FELAT hertPpinde e andh el B I B

Nav1g§7ti6n5(°dcﬁ e' V‘ﬁ%@qml\ﬁ(}ﬂlsrsob%t' ﬁb(ﬂaﬁblgg?‘ﬁéééﬂ Q'Hf P, @o&eert 'apdﬁltelhgent
when signals are unreliable (see Y.C. Lee et

Nav1gatmnpbtenmi mngetIMd)WiﬁsA@ﬁsth&'lf@‘IﬁPS’ GcPtSpWedd Mayl 2002) In

addltl%faﬁéﬁgflave Sé%ggq lg}g\?@gé& bz% nl L ggllﬂ/frs]y%;@,_ms some of
wmchG@é GPs Y6 L@ Xﬁloxﬂdﬁbﬁ.{ fbmn%El%dlc cgﬁécfneia '(f%a@ﬁmkfééu HG1900

Resul ts of an ntegrate M5 Inertia vigation
MEM$adkbdped shekx, dihmey\@lll CbipS, Atse INU d2fi0sheet, dieajr Bemspece ABiboklyn, NY;;

. Cr et "Intel|ligent Navigation, Inerti al
MEMSe@ NG 16 NG dAtesheets; SEMSese L CoRepid GitgShs dogemicro
I f en nmade to
AHRSZ@/S /g%%a%g%eba@g%q%ﬁg\ﬁog tlg{?rrllls‘gg%yecg%sorre of
Vil fat) seliablRInétabds fot hécatat® perbdriadinhdedr drivkaie A nai@ation have been

peri od| c correction (see Honeywell HGL900 MEMS EvI U
very llaﬁtpﬁ §¢rae, Unlifh kghigle mogion phumas e Yemenuisthaeecerstgally complex,

non- llﬁoéta?hrqd ébf?e{tl%SR g%ew%rf (i)oci(oo}{navxgwfon methods and capabilities for emergency
personnel has been conducted by researchers at the National Institute of Standards and
Technology (see L. E. Miller, Indoor Navigation for First Responders: A Feasibility Study,
Advanced Networking Technologies Division Report, February 10. 2006 NIST, Washington,

DC). In this study, well-known navigation techniques such as dead reckoning, waypoint
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MEMBense PI NU and nl NU data sheets, MEMsSense LLC
Rapid City, SD; corem cro AHRS/ | NS/ SPS data sheet,
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reliable nethods for. accurate personal, i.ndoar. track
detectigh e ARy Re BiRE A2V 6] 20 Aerst a8 it uaR by g ninapor
navigRhicabvRofmEAON, human novenment is characteristically

conmpl ex, non-linear and erratic. A review of indoor

na¥hjethedWSTetpotslentfiescapmiber of ING déviceseamemyethads which have been

ersonnel has, been conducted by researchers at the
recentRdeVaIoRed fofdRdaOR TACIIRE o WARAtuals. Hiednas EWHBIB dipckigg methods

_ . , £ .

el B b RS YR X BRARADAS o e

fairly iavdusate melepicsftinteiabing adcgletion Ao vl forhe. YWas o BeeRiometer drift
wel | - known navi gati on techni ques

gﬁ%. In this study, | :
error, gyelriragkingaugihedsdxrieal pccwinylgisi lange emeunts of emprinraaplatively short

T
frequentlg cOr&led mﬁ]ﬁxédj\%}}ﬂofﬂtﬁﬁlaﬁhﬁlé '&b&bwﬁgpr@ﬁfekénﬂﬁiéh%&ion. In

_and nethods which have been recently devel oped for
additigm derdrackingdtighiy not-lineatiand duratichundnemmosnents suadrmethods are
. t racki ng et hods enpl o by current workers utilizes
inherefL@ G A8NERINGE Siat Rt st AFES ichhimake-Srapoypt Eorection
unfeasiBle! Firthd?Rfod) h%ggmg@ge\@ées sOtf&9téth 'irgigcl?rﬁt@%laﬁﬁﬂfiblpﬁh%zero point

data over tine. e to acceleroneter dritt error, suc
determinatigni. ng et hods typically accunul ate | arge anmounts of
error in a relatively short period of tine, dead
reckoni ng met hods are inherently unreliable and
| ocation tracking nust be frequently corrected using
fixed waypoi nts that have a known, pre-determ ned
position. In addition, for tracking highly non-1inear
and erratic human novenents, such nethods are

_inherently unsuitable since error accunul ates too

qui ckl'y whi ch makes waypoi nt correction unfeasible.
Furthernore, many of these devices suffer from

i naccurate calibration and zero point

determ nation. SUMMARY It is conmon to use GPS to

| ocate and track personnel and assets. However, GPS
may not operate indoors. Furthernore, in many outdoor
appl i cations, including urban canyons, GPS can be
unreliable. The present invention is directed to a
met hod and system for tracking the position, notion
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and orientation of personnel and assets. The present

i nventi on can provide |ocation, orientation,
Wﬂﬁ?‘?%‘ﬁ BPacki ng, two-way communications, and 35?@52007/013039

ement functions. It can be an open systemt hat
SULﬂggﬁﬁge tailored to a wde variety of applications -

T fifis E1AfBh fo uRREPS EPfob 48 ﬁncﬁirﬁ&%e?&mﬁ@l Jng%’s;e'tso Prowever, GPS may not
tracki ng, and status nonitoring of personnel and/or
operatassdsioss. Asthsoudre, inrmanydiutdoon appichtiaskinapdafg lfrbamsctanyons GPS can
r onders, it can be adapted to a variety of
be unrgﬁ%ﬁe ‘cations and can be expanded to nmeet a wi de range
OfrhE BRY ngvéﬂhén isiePred %o L%ﬂ{dd%d‘cs‘?sq xhrférctﬁcﬂ&ggfle position, motion
peopl e and/or assets i n canpus envirfonnments
and or$dnadtion ofpdrsomiul bnd assers. Thel prkeitt idv@htien eamprovide ication, orientation,
For illustrative purposes, an exanple of the invention
and mpyoryEacking éwomywn@r@maems @nd datg yapnagantest fungiens. dggan be an

open SYEFSBARRRE TR s 650 of RTRATES: AR aotcaions
directdtbt®dodabioh AeRkhg, ﬁﬂcﬁ&!ﬁu.@ﬂﬂnﬁ”&’iﬂé &t pe?é%)ﬂﬁél'aﬂ@o?’ﬁéé@@b%% such, in
i ncl udi ng people, animals and assets. Assets as used

additigretodraeking of firss mespdndess, riefap betadapbd oot wariety oftippljeations and can be
expanf et SO e A e i o3 59 RGBS oopl ancr
; .

st DS AL S 58 5P g

aEmuildstmj;w’e utposes, av exdmpe oftha ibentiseid describedlx theaontext of a
gency I ncjdent Commander to nonitor the | ocation,
systenQ,Hc?éqcagpéﬁgack@g@ngmpé\}togpg f1est respendersangrathar iepigrasncy personnel
howe\fek rtﬁ m&S&M‘ﬁrb? us&f oqgid’ﬁ,g tlfakﬁ gllrnd %@Lﬁ&san&@x% H6y agpésmcludmg
ni cl ans Eﬁ m i

peoplep anisminald Asds. rAh@ts&ﬁl up&t eaeined 1n(e’mﬁe(‘1\/éti ﬂefeil$o alﬁjbdfmbﬁthmgs
and assets), both indoors and outdoors, during an
whetherfrmgs Helpatle én%%tanunalsaphmomﬁp bewevesit s kg nated thehassets

i nf or mat.i on out .t he per

includ 4L AEIR @ REARingl T4t S bt BEAR St ool 04 BFER

| ThO§y¥RIn st d (8iRGHs S cAr8IFR RS BHelh fontidh @Wgé‘@{eld% enable an Emergency

pressure, background radiration, etc.) of the person,
Incident T pmmanderas swnitet tha l(gqatlenn V;ntal $igns, amct otiver Btuatioehinfomation of first

Thi s _i.nf.or can be on a rlodl basi| s,

respongtsintI i3l BRSAhsrs it EMS DT G SEBO STRGrS, By apd

it Roffhd1'4h& fel Y
pranfa R AR TR A1 TR AR SAR R BN B doors v
outdocpe,rduudg @niemergenmenincidéht @ratiatriopedation. t Tiee situhGoma informatan can

n a map, chart or |ocation diagram show n

includf {EBiraHon ARV hE sl gFiEpl O asEmpRitasecis Vel a fhe environmental
mfom&h)ﬁﬁ 5&% ag H?ﬁ}e da-ml% Cp;ﬁérc‘i"cﬁ o Ba@ﬁ ngr?d ﬁﬁla dgﬁ retté ﬂ)f the

navi gation unit an | ‘on sensor
person, animal or asset at a given point in time or locatlon. This information can be stored on a

periodic basis, such as every minute (or fraction thereof) or every 2 or more minutes. The
information can be displayed using diagrams that show the information at each periodic

increment. Alternatively, the information can 'displayed, on a map, chart or location diagram,
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The Inertial Navigation Unit (INU) can be a snall

device that is worn by the first responder, such as on
WO 2108788 nd can i nclude inertial navigation s&hIQ{S2007/013039

. [ | . essi n onponents . to determ ne the
showifig theiipfimatiSh scsAriRgi APS et relativsrPhypigalrlpeadion.

D ERES e car ISR AN a3 P AP dnd Petihfiudibanlth e module.
The Ineatinl Deavigation Unit(INE]) ¢anrbevi snfalk devideMhhtiOwbECIRI te fikdd €esponder, such

sensor data and conmmunicate the data wirelessly to an
as on 3 pelf. ded catiehida dnesyjal mawigationeseasss anghsigad PIRfeswng eaamponents to

aeembEARIELASE, bAfof MTURERE el A Db B Rppmyrcaions
SensoModaleqICSMY ah @8 3l syhalllQlelica B&died bYl @ie@i@@ﬁe}!\‘?ﬁﬂeﬁ 4 dahlWe in
and CSM | n addition, the I NU and the CSM can be

commynpicatgerawhl thelNYJ tp retaivg e densior data Bad torimuinicate tlandavewirelessly to

B e T
the InQEGH IC¥nrh&Hd JRRIH OFHe TR ALY CRNRIR !EE@BIg%E:ﬁglr v@fe{s%;l) Ingtt%llessly to

and assets (and information associate
transfer datadreewednt the E¥Uiand QS8 B additjumt, the INEUarkd the CSM cart i@ grated

. or Japtop co ter) connected to a radi o transceiver
into a wﬁg{,ﬁr&éﬂ%@égﬂ) HRY14can JEROWETSAIRRUE LT 197 RRETGBORORer energy
sourcd. fom all the emergency personnel (both inside and

out side structures) via their Communication Units, and

t AntlnédamiConmatidwyste orGasdXtaRMCas préBeSRY afoniterihg énd
personnel such as warnings (for exanple, to evacuate
managgeat efzall perspangland.assess (andhinfermation lastpeiataditheva vath) ka scene. It can

vt S35 ARBL R P RS B PSR A e

whichil1aibl thel iA¢IGERTROIMAAndEr 18 rédeliRl dita fY&th AN ARPEREGBRIYMRrsonnel (both
view. The Incident Command System can use and

insidejapd eyfsige stru¢tifes) wa theweCeruwhisgiiersUnitd asd bsyatsemtsindividual or
determ ne.the | ocati.on ,of the. tracked rsonnel and

oroad SELEREES o T e Pbe et S7ingh 08y Btiehile da s dagero). The

base-sBkiBf CAPHCRAL lsyftw i thd cBﬁdﬂWs%ll%ﬁmﬁﬁ{iéa‘f@ﬁ@at th@scene and can be
m nimze tracking error fromany single data set or

custongigersiordisplipeal ths laratiomand rel agt sidtes Infiemtatiah itNawingdé,iyen,
i ncludi ng mcro-electrical -nechani cal systens (MEMS),
compreheBiSYF VB3%i t i oni ng Systems (GPS) when avail able, and

Si‘l%"ﬁl'cid@ﬁto@@lﬁﬁfgﬂg g?ét?% r@gﬁ‘ bielnd h@Rfatd ffEreh N5 0MBASIBLIE and

i n hardware an
subsystems to determine the location of the tracked personnel and assets. The data from each of

subsystems can be fused electronically, using hardware and software, to minimize tracking error
from any single data set or sensor. The system can integrate Inertial Navigation, including
micro-electrical-mechanical systems (MEMS), Global Positioning Systems (GPS) when
available, and Signal Processing and Control Algorithms incorporated in hardware and software
to process (e.g., integrate) sensor data and determine the location, motion and orientation of

people and assets inside complex structures. In addition, Image Processing and Artificial



to process (e.g., integrate) sensor data and determ ne

the | ocation, notion and orientation of people and
WQagLB(1881Rsi de conpl ex structures. In additionPCHkagH7/013039

.Processi and Artificiallntelli e based Mappi ng .
Inteligégse pasciRdaoias (i teoistd B domaad TN Sinfiametion (eiedt ghans of agiven
o ' i Ldi : at.i t .
i Bl eSS0 o0 PERY gl 43 G caion
Netwadxk thvap likikd dlhperkormmebwith long er moraiatidentiCondmander(syror e

I nci dent Commander (s). These and ot her capabilities of
t hBeserapd qthen papahilisiss ofrhe finention, plangtwighthe tirvention itpelf, will be more

r und L after a review. of .the .
fuly iR a1 1y RESF 6 PfepEd BwR  BIAEN aSieriphih. and clims.

cl ai ms. BRI EF DESCRI PTION OF THE HGURES FIG 1 is a
di agrammatic view of a system according to the
invention. FIG 2 is a photograph showi ng where the
INU and CSM can be worn according to the invention.
FIG 3 is a photograph of an INU. FIGS. 4-6 are
schematic diagrans of an I NU according to the
invention. FIG 7 is a layout of horizontal PCB of an
INU according to the invention. FIG 8 shows Raw
Accel eroneter Data. FIG 9 shows an |INU Fusion Angle
al gorithmaccording to the invention. FIG 10 shows a
path traversed outdoors w thout GPS according to the
invention. FIG 11 shows a graphical illustration of
neural network operation according to the invention.
FIG 12 shows a Y-axis accel eroneter signal according
to the invention. FTG 13 shows heel strike signals
according to the invention. FIG 14 shows the hee
stri ke signals after processing by the heel strike
detection algorithmaccording to the invention. FIG
15 shows a diagram of Line of Progress (LOP)
determ nation according to the invention. FIG 16
shows the trajectory produced by the INU of a user
wal king on the third floor of the building shown in
Figure 10 according to the invention.
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FIG 17 shows the actual path of where the user wal ked
inside the building of Figure 10. FIG 18 is
WORMEIYFEPh of a CSM according to the inventi oﬁCT/IHISE@WOBO”

s R

aFK? ri0is AGi dRarhRBiid Ui\é f'a stefnl decordth 89’&5111 dmoﬁr ar chy

of data processed b ase St atl n according to the

i Alferxis arphotd@raph&hehmngla:rdthangj‘arxdfCSM@aBbe mabrm gccording to the
. Loader system according to the invention. FIG 26
nventiPhws a di agram of the System Satel lite Top View

a ric on. FIG 27 shows a di agram of
tﬁ?&%t %gi%ﬁldlftg}é |de (South) View according to

t AEGS14eh tute@lherﬁdtﬁ diZfamb ofen ENU he@idifiy 6 the hevedtiod.em
Pre- Pl an Vi ew accordi ng to the invention. FIG 29

sFlhs/ 18 adryeyt aasizontab PFEBf amNBraseerdiang to thedavention.
ﬁﬁ? %q,s w8 L nr\ﬁetntlé,aan' FIG 30 shows a di agram of
I8N Phfiel :

Ralerdicc and Features according to

t BEG, |9”Bh%Wslaﬂ MNUsion3AAg]§ RI@BAthn Stces octfle Irﬂ'@nt%fﬁt em
Qut door Tracking View (@ S) according

| Flf& rl0i sbows Fpath tr@2rsehandpos vdihag GRS agtorﬂmg tsylsat igmention.
K Fl Pl an Vi ew) accordin
RSB e LB L) S GRS o e

inventiggdoor View - Alarm Situation according to the
imvention. FIG 34 shows a diagram of the System Map
PFH:.AR2shews anGakie atasiezoDeteesigmnl acaeding tothe tiventien.

VB NetsBRien e afisike siamaloapreycia o S FerGAT) on. FTG. 36

S AR s UETY B BIBU480 c poion
algorithnvaebrdimg tofh&invantichows a di agram of a Senti neI

S}élé elrg sll\l/gvefs E%;elg(rjalnrll %f £1(1)1re of P?olgrclasg |(£1 P)Ccrie%grtxﬁgatlkz% according to the
invention.

FIG. 16 shows the trajectory produced by the INU of a user walking on the third floor of
the building shown in Figure 10 according to the invention.

FIG. 17 shows the actual path of where the user walked inside the building of Figure 10.

FIG. 18 is a photograph of a CSM according to the invention.

FIGS. 19 - 22 are schematic diagrams of the CSM according to the invention.

FIG. 23 is a layout of the CSM PCB according to the invention.

FIG. 24 shows a hierarchy of data processed by the Base Station according to the
invention.

FIG. 25 shows a diagram of the Building Loader system according to the invention.

FIG. 26 shows a diagram of the System Satellite Top View according to the invention.

FIG. 27 shows a diagram of the System Satellite Side (South) View according to the
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Four Personnel according to the invention. FIG 38
shows Base station screen i mage of a part of theUpath
WORMS/ MBS shown previously in Figure 17 above, PCT/US2007/013039

inventaccordi ng to the invention. FIG 39 shows a 3

fiMrensi onal view of a portion of the map of Figure 38

a r‘ - I . .

R G il B RS HEE £ VEp o e Fpgion

AFIG . S9xlvews laelidgrarp lofitheysteGoParstinnal Ioaglyisdce ordanpctonhi imgention.

t he inventjon. FI G 42 shows a Y accel ergneter )

s?{ifﬁaﬁo shaws akagksm §f theysiemigfarmatipn Pang) and Featurespegording to the
inventioh. Shows the parts of the signal of FIG 42 that

correspond to novenents according to the

| I B1i showb B gedrv o DS Gy el GINd6r TREGRRNEY (GIS) according to the
) EMBODI MENTS The present invention can be an integrated
Invent ¥l yt i on as shown diagrammatically in Figure 1. The

p t.invention ¢ QVi | ocati.on and ackj ng,,.

PERS V2B dendte B8 e St e ThaciGhe fike (HGREhEiew
accordifig foAfie RfvedfloPpen systemthat can be tailored to a

wi de variety of applications - for exanple,

apl¥.i Bashpwa ¢ ditigrams e thetSysteoclatdoaryiewr-aslarmdituatich according to the
. status nonitoring of personnel and/or assets. As such,
1INVenioR- addi tion to tracki ng of first responders, it can be

ApRPIRALLRs 8 d‘i’%{iing Bg\}hngyQt@m Mﬁ@;’}égpﬁmésrég)ﬁecf%gtup@Deteﬁtog according

expanded to ne e range requi rements, suc

to the imeatioon and tracki ng of people and/or assets in
Cfﬁg s environnments, VIP status and nonitoring, and
b‘<

Sehews adieramof 8 SystermiMapsliaiching Hilpoqeidifigse the invention.
i i i Q.. -.enabl .
SER 0 0t O S AR Ry S

Inforn{ation aeccrding o thedfivdntibyy. from a safe di stance) the

|l ocation, vital signs, and other situational o
i FIG3feshpwp adiagram of a Senfinshdxstem iMian Buildigg for a building created by

' ' , i ENMS techni ci ans, safety workers,
Fourﬁ@&{qﬂ[@%@&%{d@gﬁg%éerﬁ%?ﬂngpy personnel and rel ated

PEIG. B8nebws Batdsthtiho@reen dMaleOsitne c%théjf%fith Btht ¥ds shown ﬁ)reviously
emergency incident or other operation. The situationa

in Figanefldrabave, epcasding it thednieentinfi.or mat i on about the person,
ST B R3S B P I B SR g s,
according o' tAginveh@ihi ng, on their back
FIG. 40 shows the INU Coordinate system according to the invention.
FIG. 41 shows the Display Map Coordinate system according to the invention.
FIG. 42 shows a Y accelerometer signal when walking according to the invention.
FIG. 43 shows the parts of the signal of FIG. 42 that correspond to movements according

to the invention.
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or stomach), whether they are stationary, walking,

runni ng or crawl i ng, whether they are noving
WRSPIBZEHB8I 1y or up or down an incline surfacePEt/US2007/013039

pETalH By iR g Bk ﬁ#ﬁ#ﬁé@ﬁ%&i}“&ﬁ&’ﬁnvl onment. of

U ifie BRSsSR InvedlbiBin tatéd sofutfn'& @h&\bﬁrﬁraﬁ?agﬁﬂatﬁﬁlly in Figure

tenperature, atnosp er| C pressure, environne
1. The petiserdtiinvention earsprovide 1pracios andtrasking, evelwagicomnamicadbss, and data
in the air or. on environnmental surfaces (floors and
managginan functipgs. d(eanche anapen systers hag pan bﬁeqatlprgﬂ te aw@eavar@w of

apphc%ﬂbri a{b%ﬁ@alﬁ@%h?ﬁ é)ng HH'Q&% o IE%Z \9}1 ntg c l grﬁ grrg)lqﬂonng of

persoriied Al/ofdsQet€ SAL BEthC INaIARRINS tlta@klﬂg:‘b?flm fé@péﬂﬁ@rs it can be adapted to
| ocati on, notion and orientation of the first

a van¢t¥9f>@m@ﬂtlomsan§ lsemhbe expapiefitognett atwide tange ofweqhigenaents, such as
.smal ], device that is, worn on the first res

tocariiid rdefinecd miilF anpb sctheATEb Ry oBTD 1T patus nd
t&@,?néna If9R ] INU to receive the sensor data

mont an comﬁr{?gl ca?\gb]% E}:ahd]gst a wrelessly to an Incident

Chhersystenssysidanethiods &comiigdo thicinsagiovean béd\asezltownabla an Emergency
mal | device carried by

. Figure 2, the CSM can be a
Incidep} g%éltqa@% ézemand%@ IPQRitoR KEOT EXMRleTemBteb Bt Sale <B§tance) the
locatioM, 3%% I\z‘?ér]s"\ﬁr{deé) ﬁﬁt}éaﬁ&‘h f aﬁ'br& gﬁ;liast %‘émﬁ%‘%& gaﬁdlh@ﬂreﬁghters,
policei ENESguealirﬂdanm kafewy veorRers emiligaty @fd pamilitg6 \eednhéand eelated
powered by one or nore batteries or by an energy
persorgv@h beth lpﬁg@rs @%@Wﬁ@@@ driagtapcpiergengs insiglenieertotinr operiatien. The

St I
s SRy SR B o S P SRR PG LA s
onentﬁtﬂ)’n (R diteRtibm the ALk ﬂﬁ&ﬂ'gﬂzﬁﬂﬁfﬂsnﬁf} (ShAdiRE SRERE %l‘ou%ﬂﬁ‘lg, on their back
assets at a scene. It can include a conputer (such

or stomagiur whisher they ara ptatipnarprwalkieg) rupning ec traw ling, whatheti th:ey are moving

oS5 o o B S T SRR o

informdfiph 48n §l§8I 1&%&'1%&5&&% LEHE e 1?0&*1%& bf Eﬁegwih GALhANr asset at
Units, and to transmt |V|dua or broadc
a glvemﬂmgﬁfh ds erhperatpe, ammmphermmbssate eavironn@atal fadeniaa levets, the
The base-station can incl ude sof twar e t hat

presence, apdh ek oI ChaIICalsd bk E i SropYiranmenial Siekases (Jearsead wisds)
Cifd §2§téﬁ anh ﬁxcﬂidy&h"ﬁferﬁ‘&l nak%?tlérpl‘frﬁ éer‘a ﬁr?lcﬁ O%q]nlt The
stafu ormation in a si

Inertial Neawigatiowe UnitgINWpsang a¢luddinehiat ndvi @xld)on |sHidoﬁbadthGgrﬁITpdobessmg

el ectronic jnstrument that is worn by the first
compqnsaisdp determimp ghe Ieatioapmotion and orientation of the first responder. As shown in

Figure 2, the INU can be a small device that is worn on the first responder’s belt. The
Communications Module (CSM) can be in communication with the INU to receive the sensor
data and communicate the data wirelessly to an Incident Command system via a radio
transceiver. As shown in Figure 2, the CSM can be a small device carried by the first responder.

The INU and CSM can be connected by wires or wirelessly to transfer data between the INU and

10
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use inertial sensors and magnetic or electro- nagnetic
field sensors to produce data that can be used t

WRHBRR | ocation, notion and orientation of PSTNSF@WOBO”
responder taq be tracked. This can be accaonpl i shed by

CSM. B sidHiamg ths TOAF ansk e R Myean tsintearaseig oo MpEIRERYISe.vidoh device can
be pog {ég%wgé gﬁg%ge"tgaugﬁe@rcﬁeyo glgér%g‘% gbg ce \Q@E Ehe?gtgsv%g&ﬁcny using heat
or sol@uiptyat i onal capabilities for signal processing
functions. In one enbodi nent as shown in Figure 3, the
motsidegcribedhese, the sywsan ean @]IS9 iglydg apncident i(}@nnyar@ system or base

satio RNk Ao it ey Rl etier b4 PERRERT i anSadfansgone. 1ecan
includ@@t dotipuet@i(@fchiabd poitat1e et ﬁﬁfdg%hﬁ)umh&wdr fi‘)easﬁdlo transceiver
sensors can include Mcro- Electrical - Mechani cal

whichSjlowes e ivEIdBS)t qoeumndleogwceﬂﬁedata\inomaarhl theremexgeney personnel (both

msxde&pa‘blggsa ;sgrﬂgﬁgesgﬁ%ﬁé $1F ggrgrlpg‘%gclagg%%?tg a%;iggg%rgsrmsit individual or
broad@ﬂpﬂilgéﬁg tottllikepérNﬂn%kﬁ ad W lﬁ%@ t@e'Mt::b@etaH R Fhk Base-station can
acce nmet er, one and two a M5 gyroscope, an
include sbﬁw&e&ha)dosrdﬁwgﬂeﬂ] @nirhalicatioas atahe sckine anditan b @antontieged to
m cro-accel eroneter can be used to identify individual
displayaflshe logainn a9yl relaiedstassdptormetien i 2imaled yticogIRETIEys bt view.
steps, as well as if a person is clinbing stairs, or
ascending in an elevator. The mcro- gyroscope provi des

Inertidl Navigatién Chitamgu) ar change of the user's direction. |
| Data fromthe magnetic field sensors (or conpass

s ENUean pe small elestrorie ihstrgymend thatl iaweom b thgifirsioespondesf The INU can

e n R R 5 S AR S B g can e

used 18 UeleRRind I6dab0R ) HOFN MURARKIBH oth Girs? T&ﬁﬁﬁde? kd B tr&dke® This can be
manuf actured by M crochip Inc. The data obtained from

accontphishgiyseamshining acanibiyrod dnation Isemsmgqammllngnts wtithresmtcgoprocessor or

ascert ai he pre tion tra pr of the INU
microggirallgthich Preipst %gg" b B eeellobes P iohs s and Gomputational

t d cal cul at ed coordi nates can

Capabggﬁs ?‘gﬁgﬁal %’I%ersgglfhﬁgmlgﬂg\n rel ess (e.g. BlueToot h)

| lrnkne émbddieefiashiow e at Figie 3t ietidNUMsdippex(rhdibdly,3 in by 1.5 in

' is also worn or carried b¥ t he _person, animl or

by 0. 5d§§}t¢ts anflis woek e Bediratrerpopder Bl iThe MY can badesiggd and constructed

with sggeg'éler\{}m&%ry %etécglﬁggﬁgxgolaggfof%ﬁ@g%ds?%y é[?nff: e@%ﬁ&éollﬂ% &e?ﬂlgn&nﬁgﬁfhcro-
ElectriYabMichirlival SyfiemaBAIENIS) ROBi?6g)¢ AhedNEPcan include a combination of
digital or analog accelerometers, gyroscopes and magnetic field sensors. In one embodiment the
INU would include a MEMS three-axis accelerometer, a one and two axis MEMS gyroscope, and
a MEMS 3-axis magnetic field sensor.

The data from the micro-accelerometer can be used to identify individual steps taken by
the subject, the size and frequency of steps, as well as if a person is climbing stairs, or ascending

in an elevator. The micro-gyroscope provides the rate of angular change of the user’s direction.
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have the capability to provide output data at a rate
of 15Hz. Preferably, the sensitivity is about | V{y%
WORB198B8or 1024 bits/g (digital). A single tRFEASA7Q13039

o S5 B b L5428 S v s
of thelsiSjetttd tifédidlyl TP QIHRAHEMN be ddRGoldH-PBRE (%i%‘?éieﬁgnal controller)

accel eroneter from ST M croel ectronics was ¢
such as ¢locadsPEC isignalgmdeessing secroamniroBereshtpsmanufaciaiedid thiy dvlicidchipsine. The

- ow cqost and is available in a smal] package with _
data Ogﬁameﬁgror% ﬂ\epssv%o.rs, i Amebinedhiith ypigue algarithans tg aserawm the precise

I'ts a
infornthitiohtaadl calculardlcogrdiftedfcan 8btrinsmitted)asinhewieaBae ki BdeTooth) link,
of measuring angular rates up to 300 deg/sec or nore.
to the Flommyniensionp and Sensar h’l@dhlax@sg’ﬁewmbabalm wortt er qarmiad; yethe person,
anima?ﬁ%%gét data at a rate of 15Hz. In the illustrative
e I'irent, the ADIS 16100 MEMS gyroscope was chosen
beRebcRlrémeBEt HeBSital beaiMISE MBicPably enaditiH daphbility of measuring
conpass can be constructed using either
three axggMath: 1angsd eft dbeut 2g inreithercditsictidu cPicfezatily,she amgleedraer can also

nave the EqRnl Ry B RrB ik OUbGL itk BCS G Or) P FRefBiif e sehdifiiey s about
1v/g @nabgy adloz4 biile (azaoh VAl ik1C ARedislaldOGF RfetQ or MREL Ridividual
and ?’V acy i?gn pl goglge

i
he accur be us or m nus gr ees.
singlePxef acelbtoyetdrh monatep logthogdinallg am beusetl. [rethstilldstratiize ethbodiment,

the LIS SR Y TiceR o TBS [l nanigs baf Cexsmp hesgise it meets
these @gﬁfr&{mé}ﬁ Yin atdpitﬁ)nl:l) | l@\gchStQﬁﬁ ]isadllgﬁgﬁg’[ne&s ﬁagzgclﬂﬁgc with digital
seénsor that allows for srnplified vertica untrng to

outputd. B@gital botpacsdiaté bour®bpacp ao ¥ AEitichall bhf&TICAP AbE edlddad is the case
specific integrated circuit (ASIC) that presents the

for its 3palgs couRterPati cr ocontrol ler in a digital SPI

' I Rher al,. i f f . b t .
(T8 GOOREPLPAEPFalPLEELASE) pha TR  REGEFERHwy B esunn
anguldrQa PP Ry 300t d¥@/sB€ bi MORY. AheS{REOHFe cahRisbMave {Heléﬁgz{tﬁ"ltitiy\{@ provide
enbodi nent, the INU includes a total of four (4

outputsdatisgfrastaterndtl Shige Imthe Shustiatiee embodimenty Her ADIS 16100 MEEMS gyroscope
bus gor t r.gnsf erﬁi ng data to and fromthe

was chasen BecaHe ! HCSHS_F BF LIREBFYS the microcontroller can

SR Aigitalddmpabs EantiRrdofGfuctdd @idﬁtﬂ%ﬁgﬂé&d%sﬁti@?ﬂr tnhgneto-

jSe&j %g?[l otgp gg{dgliﬁd ltl{"zisitl?ej HLQFLreeQ (ﬁ‘l%gldOIaa%Sé.t§0 BQ g'ae&%ﬁ.e The sensor

mOtiO? An@
or It er par yroscope can

m croprocessor associated with the mcrocontroller
inductivsdypg magnetic dsihsensars.oMagpeedsdstivé typeeart prafenpat dsahey generally
requir(% [}%&Sﬁ?‘g%gtg ?iﬁ)cpgg{e?eurlab ty,i tﬁg ?eso u%orsllc nngel 1 gég%:g cs)rS ll)ert]t%r and the accuracy
can be plus or minus 2 degrees. Preferably, the sample rate can be at least 10 Hz.

In the illustrative embodiment, the SEN-S magnetic field sensors from PNI were used for
our digital compass. Preferably, this PNI part has an adapter for the sensor that allows for
simplified vertical mounting to a PCB. In addition PNI provides a driver application specific

integrated circuit (ASIC) that presents the data to the microcontroller in a digital SPI (serial

12
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15

time. In the illustrative enbodi nent, the dsPl C30F3014
m crocontroller with DCS (Digital Signal Controll erg
WQRALB(RE8 This microcontroll er supports all tRET/US2007/013039
. eﬁL$hSrahfdevices and has RS232 and SPI nodul es built
periplieral IReriace) '1YBBF-at e at 30MTPS (nmillion instructions per
S a g .
Ll L[ Fichudet TR cRL AR g b Ehpor the
peripheral sénsotse rln tige illustaative lembodifireat, [thd INIA imohatesa motalodfefou (@hsensors

t he M.using a Bl uetooth, Zi gbee or other wrel ess
that U%er%{h@ie(ﬁ%%l P%BPP%{@# Tnpriere) bye &7 tragsfegingdata torpad frqm Hisd
. S e )
i SO Ry PRI B AP R R
modulti antlthdnicedprotdssdres soctardtbwith tiRmickdcdhtrdl&s RPEEARE 'at Somputation

person as needed. ADI S 16100ACC MEMS | nertial Sensor
speedpritfioianEopetfonn therrecatsany| calculatipnuaul sigmbprocegsing functions in real

P i e TR
SignallCemedIRE)OWasl seEPhis habicaititfel sﬁl@lol@ alt e ﬂ%@i@h@r‘éll Cfth?d@ and has

SEN- S65 Magnetic Field Sensor Table 1: A parts lis
RS232 and SRemodutpomalitins bcamoperanio30VERK (nuflicaninstidtiBagper sscond) and

4. - 6.show schematics for e .. The I NU can haye _
can uiligs AL PTOBRTgPRIONAT YAt %éﬂ%?n&%e & signal Aroggesing and
ﬁhcﬂaimk&gmhg[ly when in use. This is provided to obtain

the sensor data in 3 orthogonal dinensions. Figures 4

afitle INShawcohmusenwith the GSM uking aBluétooth| Zig6B ovdthéwireless

houses the dsPIC, a roll _gyro and one magnetoneter (z
transcgiveRRhvig e thenerdifar wirgy, owge INU@nd M ety fip gywreless personal area
newofIWEARD T et B8 fespt it SRR UBbESE b HheBlycl Wiress sensors
on first hespyrder@\petsontab@cedednd y nmagnet ometers, and the

3-axis acceleroneter. In one enbodi ment, two identica

3-axis acceleroneters, oriented side by side but with

opposite axis positive directions, differential output

signals can be provided for each direction. This

configuration enables the signal processor to

accurately -locate the zero accel eration point.
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In addition, this configuration provides for

differential outputs which can be used to conBensate
WO3POSHO3E and ot her variable factors or CT/US2007/013039

characteristics of the sensors. To translate the data

received fromthe INU inertial sensors into

traj ' f.the I NU | | i mal
asockDISTQRBALE  om uses. MEMSTRRE] AT pr ocessi ng
al gopRapR The al gor L hiygan. R AGkBENp War d

recogni zing distinctive characterrstics in e

MoV e4991 1 220k 1 -INT® peQD' e, afRe@"@da‘ﬁoﬂQ.(ﬁﬁﬁﬁ@éramﬁQIndust.
exanBIﬁe, the algorithns can be used to recognl ze
t

di st PRRIGIPE3Q HRURMLANDst i de dsRICHMGEMDEBR4kAdghml ) gait,
and vant age of the it properti and their
rel a%?@g kinetic novenég?tﬁﬁegﬁ%bd%%ﬁgor dat a.

Wi | REGRMNALS/BRCICNB! er onetas Reggv@mﬂﬁwpe_ sensor
data, the INU s processor uses third order high-pass,

| ow PENSGInd mat chedfi | t eMMagpetieFiekd Senser t o conpar e
the sensor data with a library of predefined gait
notions and notion data. The usage of the MEMS

mgRIRt A SRRHRI fof ﬂ{eacoﬂ{&iaﬁbﬁ? 8f SRAUMSIdiRaH of &n AU
directional data in addition to that obtained fromthe

gyroscope. The tracking al gorithns can recogni ze the
nat ure of the npvenent (walki n% runni n crawl in
t €

efBUyesghcd g@%wemﬁ%%afséwsﬁwa BNEysan PivedsdRg. One oriented
vcrtic?h?e He &Hép Jri%n&ﬁ%gHE&ltglgf\agéenoig ngtélj"g% fgrlpr%\}]gecﬂgﬁio%fflﬁ hhgtsensor data

systemcan al'so I'n gorl .
in 3 oghdgonal difensiphd. Fidurdssieardf 5 GOWORE oERnANES fo? tRARStidal PEB, which
effort to mnimze sensor errors. The algorithmcan be

houseg dgalsPl(s iarrgll gyeeand| ope Imagneiageter fz dinestids PF@urer6iskows a schematic of

m_Ccr.o rol ler ich iLs,optimzed for si al
e ol GRERPRGR s NihSruhd SR & GShort T BB Somagpents. The
horizoh¥d b6 AAHIERUES y A gfrBethd XRIMUF I REhelRRRIDARH MERLLS Accelerometer.
the INU. The coordrnates can’be downl oaded to the
Chnonerdnetzadimenst, oyodidSativab3-akiscadederpngers; atientedwside by side but with
the first. responder, yest  pocket). for incorparatijon o
OPPOS|Ih g PRRICNGHELT BRI ITaRiA] GUBHE gt saa e AT OGRGHIoE Gaghlrection
. 0 V .
s BRORS 1 Al B 0l BRSO s8R 2L A0 po
In additsm thincanfipatatioa providesrfyr differentialroutmitewhith cae bs aseddaicempensate

that, can be ysed to characterize human (ani mal or
for d“é%aé‘gt%thqrdé’aﬁ}gF f35HPTS PRChamrefaristies ofithesens@guency and t he

gﬁ”g RahH9E 8 dded Fecéi%?c‘f %Hﬁhg mﬁlfﬁ(,frﬁalcsgﬂsoPseinV@&%eét?ries of the INU
eterm ne how qui ¢ckl'y the person, animal or asset Is
(and peopleanimbls omassbe), shagsyatenr esss akettdigigall frétessihg algorithms. The

.accel eroneter axes, the systemcan deternmine if the
algorithmsi 6an @g Jiregted toward recognizing distinctive characteristics in the movement of the
people, animals or assets. For example, the algorithms can be used to recognize distinctive
characteristics in human (or animal) gait, and take advantage of the gait properties and their
relation to kinetic movement and the sensor data. While monitoring accelerometer and

gyroscope sensor data, the INU’s processor uses third order high-pass, low pass and matched
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clinmbing or descending steps. The response of the
azi hut hal gyroscope can be used to determne if th

WPePBassP animal is crawing, or is in a non- V@FNS%%WOBO”
Errors in co s read from

osi ti.on sul t
fﬂte“ﬁ%‘c?FWq\“f‘értP S0EPHS Jt’é“csteéln‘géﬁ‘ab%maé E’g”ﬂéﬂfe ec,fm%% &rit pytions and
motloﬁ I?ﬁt ?B@kszﬁgQ 6f4h 'MEMS* ﬁiﬁ%rfehs chsBPERA bid B Qnétné}tsoﬁlfce of

he eart hoorder to re ogni ze corr ted conpass
dlrectﬁmalSdBta fhaddditidnro ﬂd!ﬂ bblaead fionethal ggﬂfsi:dﬂ&m”ﬂhe titableing Bldofithmns can
take advant age of detected building architecture (as
recognie fheqage Bl themeoveagRtwatking.apening Cerning efs) ang select the

approér%té Balfpgécee?&hg 51 ggﬁ hgr[ E%CO{ﬂp%\f'er @F%‘@;@é@o} Yh% c&% g%? Tl& system can
also ifd\IeSa feediaek ki (%Ghﬂﬂﬁ gint o Rr Bﬁlﬁﬁﬁlaﬁ.g oﬂg §dopb thlécﬁﬂ%ass in an

to (_:al (;ul ate rection using both contri tlons of
effort &y mirg pigsesensnt eross. Fhe algouthe eanshe deidgdingng @ssemblygarguage in the

travers out.doors using.the I NU w thout
dsPIC%?Bﬁawcwse%@%fn@hlﬁh Rtz FoF @gm@rocgsse% i mlementghe
algoritFR 1ah@ouf é&o‘r&lﬂat@g oftRE aMBIMG orf ARSI wRASh ARE BUB) The
and ‘canpro m)r e accurate locat] onintornat fon over

coordmates ogrebe dmvmloaﬂedfto then®omihneicaidd ahd Sendondlodule (typically worn in the
~acceleroneter can be used to identify 1) individual o
first respapder vet PRCIER)) fon incerngration intp)the prdegeRst, ang eventyah rapgmission to
the ba?é &Q‘I,loﬁand 3) whether the subject is anbul ating on

inclined ground or traversing stairs. The

gGies0hp fataaoflifertisla@niods Midaie diffdrdirts baiveerDihem) exflefifnentation
change of the user's direction. This information can

can bqo@seéé,@@re@@ aHéxrw@éh@ma@mvmen@pn@e dhtgrthascan heusedde characterize

el d
humat 3 oo @888 ues e el e FRARG . End b€ B ARG o sensor
signat@fes chebs UinQG tdet%rrhlrnélhﬁﬁltiﬁ'idkly th&pBrsef FnfmAan a@&t s B&&Rg. From the
sensor on board the ENU new data every

s1gnatnxcs of theahfferent @pgnwlnmtaranesb hefsybtemroad dasrmgleaf thhiindividual is
| ow gass terworth I ter The X Accel e{)orret er

Chmb@.g@ﬁa‘rf'scag@ B PRy Lhetepnansg plothe primuthal gyfoggope can be used to determine
if the E&E(Sirﬁortagslﬁglqg):ra%f gc&l ifth a r\(or{ Ver% ibf \P%E‘ihSﬁ.' ﬁhg&CIﬁ‘chthsfs readings

forwar irectio tircal direct
resulti dronupedrghferpuavbjests slimhd dhteméd Dnéamaking wigtotah éocdl magnetic field
accel eroneter. Therefore when the INU is placed on
magnigiadeds thas of mqé:a%%or Shi@ TREAENIFE CREHPICH 6PTARSY Sefsor data. In addition,

the al n_ErW?]ﬁ ﬂﬁa IN% {;anatﬁgﬁe%cﬁragﬁgé ?f ?ettgc%hf &?]dﬂ%eaqcﬂl%c& & %’as gl?du?ated by the

ation o
magnetic field information) to correct potential errors. Figure 8 shows typical accelerometer raw

data that is processed. In Figure 9 shows a block diagram of the feedback algorithm used to
calculate direction using both contributions of the gyroscope and the magnetometers. Figure 10

shows a path traversed outdoors using the INU without GPS.

Signal Processing Algorithms

The INU’s can be used to monitor the position of personnel (animals and assets) and can

15



10

15

20

25

Eul er's angle algorithnms can be enployed to rotate the
coordi nate systens so that the system can be
WO ect ed back to the reference frame of PFF@SZOWOBO”

arth. These ti]t es can be determ ned by | ow
provids npeeachyrate acaiop R BPBRATG eS| GRgeT per@ééﬁ tigney dieidaf rom the

e BE R SLES 1500 B0 O ASHHED 2 e e s

type of Brepsdral 3)svheklier @tbiubjednis aifbakeing oh éo/lek r Hictinéd g@ander traversing
._passed through a neural network that is trained to =

stairs.r The GHOEPE lhan be ugedde gmudntbatna@@é a@gularrcénan&e@fi tbfewser s direction.
.. | . t

This 1ﬂ‘f;o rﬁ% id us@&‘go %}ﬂ; g%l? Qfé}c &1 gde on Pﬁgl% dl&? f(si)rogress Data

anges can ust
from me en@ysé@c 618 $kory @bMPasay czﬂil'-ﬁlﬁﬂﬁmseﬁ acddeulad t&&n&tﬁ&l of the
(using dsPIC functions) over tine to determne an
subjeirsgrajeatoryli r ecti on. Parasitic drift, which often

rohi b ur.ement, one t.hrou
P4Vt br dF SRRSOl e S OéfFE@F INELET B pagueyagms.

lo f \Y/
bt ai n cptletohedsipiids SRR i Wi IORES dob bk Byuerworth
Af t efiiteaar The Xheccglerasetemsigrab désefibechctideragork fiothe lateral (side-to-side)

rotations to obtain a highly accurate angul ar
convdirestion ¥ irtheanteRat-pe rmréﬁpr\a@ndm gireatioay a}ndolmpfb@ vergical

|
7ot ATsOR N penyul gt SRSt SRRIRoy B ancEf pferometer.
(st rriteeforewh@ohe 8 Ufi§ pRt&EsH ﬁ‘érs&ﬁ@hwﬁ@ﬁm@é‘%ﬂ r?15’ely be bent forward
i naccurate heading estimation. The INU can correct fo

t hi sorﬂgpclawsﬂagillrvgceiwmwdrmmbeggscd)tcaprgtz@s acbimhinagdn of mOtlon and
overl?gﬁ Ie strlde whi ch conprises a left and a

rlgﬁf Br an entire stride (two steps), the

aggul a

t he beguﬁﬁﬁgglgﬁw t%ﬂpfa eac pslgﬁ%c} é Qgﬁﬁq@gﬁéﬁ?ﬁtﬁ étg]rsg%ems s0 that
t he thagystan cambetillabacasdback tp dietreferdnae fiamiciofthe eAtth. These tilt
this point, results not within_the allowed error

i m %"§1eé§ﬁn Be deteapined by loyyrass Aidigriag theacedleropietes sighal.

sgnpl e Sgelf)rd e (‘.}BF gansﬁg %c%?ev%ﬁl H§1R§ g?gk-\‘?aéﬁv g%xtr Idétg{ct‘i)on mr%he y-

order toO

acc edc@éléidnﬁ&ﬁ& seehal ﬂn'aﬁ@tlbl‘fesQ:éﬂﬂihﬂ%shoT&e IV &lditi si2khese detected steps
accel eration should correspond directly with t he

ant eqaindae p@sﬁgd éhrough apewhlaretworgihaingitrained toaeengalze the step signature

icf H er(f ggﬁg%?ve ea%cr:]elgrgll‘lnré ertar?d g)(;r%%gns%tr dz?tg.pr oxi mat el y

. Short duration angle changes can be detected using the gyroscopes. The gyro
angular rates of movement can be integrated (using dsPIC functions) over time to
determine an angular direction. Parasitic drift, which often prohibits angle
measurement, can be overcome through calibration. Each gyro can be temperature
corrected by placing it in various temperature environments to obtain the temperature
correlation to the gyro offset. Afterward, the gyros can be tested using known

rotations to obtain a highly accurate angular conversion factor that relates actual
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WO INGEP

The 3 magnetoneters can be inplenented on 3 orthogonal
axes. By readi ng the | ocal nmagnetic field, the inverse

88f the x-y magnetoneter readi ng can bECHABEF07G13039
reveal the conpass heading. The third axis allows us
to cRNFYIOHSt {RNBPBE Bte-magnetic fiel d at a given point
in spage _and.tine.,This.allqg us..to verify.if e .
3ol o buffuiorOmdudh. i flod A'Elkt ol Sgrpes per g
It 'c%'clé%bridkaqrhegieﬁ%mk&nﬁf e WA dabisihg H’ﬁ@élﬁat@_'h@adin%estimation.
| ocal” di sturbances in the magnetic¢ field rendering the
conpdbe INUadn ngrréat ferabis bataveragiog accuampited gprosmgles nbtained over a
bui | di q% structures. ILn a ma

i tion, | il
can WG SFEF i HENCBs aactt i BHRRLSop. dobah prie stide (o sieps),
| ocahk ?ﬂ?ﬂ%ﬁg eWoliRlteYeRH ThE Wﬁ%&&nﬂ{ﬁ% P%lﬁrglng and end of

Each o etoneters can rate

f ul | eachs@ide and careincegedié thetanpulasratesdud oven apaiticuladpericd. At this
free of disturbances, and only contains the earth's
nmagriinteresuléy ppt WikdymiheraHewed eor lypis ¢asrbegiscardedapd angular rates for

1 EROFHUEEASTAR 5 YR BRI 5 R s

of tlaerdl AAR&SicANBtAerafdhsian GRbGeleriRMeal TRE vertitillakceleration
correction is obtained fromchecking the variance and

hi grsoulgraperespanduiitest!owith Hee antarior-posigrient dceeleiagbal and the lateral

Sy B4 020 G B PO i =
cgl cul ghe ? RAARmeIE cArfld ithpMmdMiGE R & H#t?%@gafa%@t%ereadmg the

magnetic field to the earth™s nmagnetic

var i lava enaghetil fiéldy tha dreveise tarpghteofahaxganagnatomdtaatreadling can be used
separ at el t/ by the gyro and the conpass over a )
t i ndoirgveal thsicompassdiradiag cldehisd axig pllaws p§ focajcalaicthe gtal magnetic
be 1 D e ck : i ' > .
be RA857 856 pi FEURACH AR ISR LU B g

gy Ofel@ Reofithé edrert trapnitudyBIP R i9 8o eHen ecaprbR\prébache@ Yhat there are
measuring the magnetic field as function of position

i n doealidistirhancgs th the swghetid figdd zendpang thie compadsdeading in-accurate.

0, LA R, 1908 RSB o G 535 cane

F?B;/dfﬁﬂm 4l us&Plo iHEdTRY SRcHiOMEItiohh Bas¥B @A Shdihing the magnetic
profile.

. Each of the magnetometers can be calibrated for their full range and zero offset in
an environment that is free of disturbances, and only contains the earth’s magnetic
field. Using these calibration parameters, the magnetometers readings can be
normalized in real time to the earth’s magnetic field.

. The reliability of the compass angle can be calculated after a tilt correction is
obtained from checking the variance and higher order moments of the total magnetic
field achieved over a time-interval window of magnetic data.

° Using the variances in the total magnetic field calculated above, the ratio of the
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For indoor tracking, a neasure of elevation changes
can be determ ned by recognizing stairwells a

d
WK% F8 st ai rs. I ndoor maxi mumriser (step) EEF/éﬁ?OOW@BO”

general |y regul ated by buil ding codes and ranges

et Ve lewlafed ol pgactis el tobe eaay & Jagpgiisriipldh gnfgwetva@ance of

juri on. r ¢ e

o AR R e UM LSBT Bys v
genafrae-intery &IpAindbwda ympliss tediabidisy fittod cidbeldetérdfhed. AL feedback
the very nost, a flight of stairs wll rise one floor

| evdPop, hewe it Figurerf san beinsedite galeulate anglelincrements basgd on the

fli gﬂg’t rise Ealf .the floor height to a | andi ng and
anotHEPCPRS PRMAIRY g i n the opposite direction that

P ehBRgHARAYER R ASShn B g BB Bagton of s
det entiddilding@and assdeiatngra sgecific fidie dstrdmtibaso bbeitdihg ken or location.
on stair. This can be achieved in several ways. 1,

An i HesemepRings ¢k detesmincdthiggies windpwsdgopyoligen of real time data
-acGRLe hggi?at ﬂEt'cpﬂl‘ﬁ%ér since there is nore inpact in the
{ I ecti on - aon

vertl ca stairs and |l ess forward progress

2¢ Wi Fér ig@bdtdradRingad meadudd ¥Rd1Ehatibh Ehdnge SO REMSHADY
y-accel eroneter. 3. Integration of z-accel eroneter

val ueepgaizing staiowells ang coimtingystastsd ndaoaimaxpners eiser(seppheight is

O o ) bk NS a2 e
a PrBatiing & tefjudsdil@ionc t'1'§fgic§1tr‘?s‘ér Héigllatb fafigR %e@@eeﬁ'ﬁ.ﬂﬂnches and

or down stair. "Elevators”are track by “strai ght
dout.Z5 inohesg Fartisted barildiniglfioocsoare gereeallyzseparaeld dyy alfistages of 9 to 14

I NU uses the presence of gravity to determ ne the
postlEite ASithe Y&y poss gt o ik Wil ripg oRerfiogs dgveb ! ypically, most

St orinmesiiel R oy bR e plrhe Ao BHHER PRRfingand another

I NU flightaisirigeihehe espositbdidkéonen that thitiplettd @iy riseay ilgadx0floor. To
and tracking nmethod described above may be inpl enented

g : : . .
as achiewey?srmensionalepir traeking heilNg ean test gacly detestadrsénp terdetermine
usi [ r I or djgital inertial and
non 1 slePes BBAL R it Bl Sl Bl sveral ways.

M CrIQCARtiAcEAsed zIBEQsBMeRE pBREr AVIdBNBY B yPLactdlBlotiter power since
bus. The data acquisition, analysis and processing
met hodthettais ondre supasb ovibe pentigaldbirectien drasthigs and less forward progress
2. While going upstairs forward tilt is observed using y-accelerometer.
3. Integration of z-accelerometer values after removing tilt yields stair presence and
direction of motion (up or down stairs.)
4. Final method used is a trained neural network which returns a probability of a
detected step qualifying as an up or down stair.
. Elevators are tracked by straight double integration of tilt-corrected z-acceleration.

. INU uses the presence of gravity to determine the posture of the personnel;

meaning if the person is upright, crawling, standing still, or laying back or stomach.
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for a series of tracking algorithns which can be
i mpl emented on an I NU by way of a signal processin
W%gg‘}sé‘@%?%rol ler (dsPIC). To inplenment the al gBFF’t‘ﬁg‘lOWHBO”
a dsPIC, the algorithns can be translated into
mat hemati ¢ equations and | ogic. Equations and Logic
. : ' |y Ianguage code that is
hnplel?lglﬁkﬁgé}ggf@gg%ﬁé :Ag%irlt@ﬁj? gﬁﬁﬁﬁgﬁds PIC. The INU al gorithm
| htuprefededaibodahent,ahélindobinivigadios didirecking Methdd described above
| ocation coordi nates of person (animal or asset) being
may bg irgplerignicd|ap e ipyegrasmed 8lger tin BRENEON EANeroeentraller using either

walo A 50 3 AT e SR Pyt
througﬁe&mémmg@g,%fdrq@i;ahgug.\lyqui st criterion and the data
rate fromall sensors (for exanple, at nobst 15Hz).
Thhe dgancqiasiters englysis hetiproséssigg andthasts desonibed gbavierpeovide the basis
for exanple that can be setup to oyerf| t arate.
foraS&e%qf%%)a!gomﬂgﬂs which e by toilemenied b ap INP hyarorsad o signal
. 1 | . .
poce SRSHEL BRI SATPAS IR o 8 AL, (s o
be tranklediintcnmpthemataeduatpncanl pgicl] Equationd i apii¢ €an thérebe turned into

| ogp is conplete and can allow the | ogp to run again
assemblydanguage ¢qdedbrtas Rilgrpdispeciiscallyfpr e dsRIS- a st ep

RO ORI ok 05 SR S SR U2 B cortinas o

persord@hiinal ok 845660 Dethg tRAKeHr3la8ROW ftdéhvironmagicel erati on data
taken during a step and the correspondence to the

physi cal notion. The detection process begi ns passing
t Bechxaf dlg BYW sensarsgan de sampled B0 simesmepsesend. j Thisrategantbe chosen

or o BSOS o G0t Rt e o
all sen¥@s ifon Gxérﬁgg#’eﬁgﬁét 15122 PhiStal %@&c@ﬁ?ﬁmeﬁﬁ{éﬁlg a freehrum?jing timer

accel erone ata isfiltered by inplenenting a thir
(for examppds, thtit gant be setyfRo(dveffiaw atea rlatenf13d £5REx)pBiee )it dvietflers an interrupt

can be\é\c:l;(etp?r,agggiea)na {gks%ﬁa@tﬁ@%ﬂf@ggﬁ Eg% %e_téﬂlan 451@ Q'(lgs_igjsc?tt some or all sensors
can begs%l%)p%ﬁ( Thé ia I @i’égﬁﬁ(ﬂ I'o%% & é&lf s flad) aftt eqlo% isc%)nﬁga@g and can

are fi coeftficients, x1s the ut a

allow the lodpetoauh pgdin when tlextsigpdrelagvbisn. filtering Y
acceleration, x(i) is the current sanpled
acceleration, and y(i) is the current filtered out put
accelzra i [ corresponds to the previous

op,. (i-
Detecting a Siep {AmE)'lai‘HWr gHOMds to two sanpl es back and so
on.

Steps can be detected using primarily anterior-posterior (Y-axis) acceleration data.
Figures 42 and 43 show the raw acceleration data taken during a step and the correspondence to
the physical motion. The detection process begins passing the acceleration data through a low
pass filter with cutoff frequency near 4Hz. This frequency is chosen because it is near the higher

end of normal human walking frequency. In a preferred embodiment, accelerometer data is
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Transfer Function (z transformdomain): Y(z) =
é(zb |)+b(2)z-1 +b(3)z-2 + b(4)z-3 ) / (1+ a(Z%)z-
WQ2aIs/08/88 5(4)2z-3 )] X(z) The next operation PRT/US2007/013039
detectlng a step is to locate | ocal mninmuma
filteredhy implemsBiing & tmw qreer digitad IR @nfa?lt?elfnwlfeﬂeﬁaprlée) faeeg with the filter
Xi mum poi nt, the three nost recent data points can
€ exam ned (n 2:n) and a test is perforned to check
if the mddle point (n-1) is maximum |If the result of
the test is true, the value of the | ocal nmaximm poi
y(i) = bél)’F’é(t)d‘b@é’@((aﬁ)j*bé3)fkkég?,)+l§4)s*é i-3)o- a(aﬁy@alt)@@)ﬁﬁ(lﬂar@éﬁ*y(l -3)
maxi mumis found. Once a |local maximumis found, a
local minimumis found in the sanme fashion. To qualify
a{hare\add : Hﬂanﬁi R]P:4) hﬁ%lﬁ@r%&&"ﬁ@l@ﬁﬁ PRUNERDuE AR ¥ RER output For
m ni mrum and maxi mum poi nts nust exceed a threshol
exampleldvhendilteriing Y adeeletation, X(etiswhercutraet sampi@rﬂccderapomand g(i) is the
ected and the tine the | ast stegﬁmas det ect ed

d st
Currenbg (5 WUt 2GCRIETHOR] i QoS BRPNGE P BF&ViRNS SERDIerG-2) prgesponds
| onger than the maxi mum human step
tOtWO%In\g?egrﬂ)aone o%o!?ﬁ1 situations can be possible, the
u?fwhsﬁeﬁﬁummur(@&ambdmd@nah)er bei ng st opped or a step
mssed. If the tinme is _|longer than two max
Y(ﬁhn&@@)ﬁé@)ﬁé rib6ds;2 + b(4)z3 a\é §bine@z harPpe + M4§t-3 éh%@)
is true. If the tine is near twice the previous step
period, it is assuned that a step was mssed. In this
The n&a@®Peratién 1 (ﬂi@édtlh% DsEPTPRISSdtE focRlYmARALMGNA ANl points in the
step. Step Length Detection The next task is to
data. Iivemrécrrtprfmdtaﬁecaitrwlmemgmmt the three migstgncenh dela poinss canjbe examined

(n-2: ng (f %}Elstiﬁ @g& | en H ?r eas alﬁé}wr{; (B{lggjrg %élm oIf the result of the
test is Q6 CH’IE Rfﬁq M Fhlaqgéé?gﬁk n?lgﬁ?S&E B r\é@drh déhatd 18l ik &8 gﬂdécate the local

speeds. hel r speeds tep | engt S Wher € recor
maxinama 1safohnd1e@ncdaa3ktalfmhx1fnunﬂs \famdg h beahmimmosypis ésedtin theesame
relati onshi p between ste | engt h and frequency. The
fashiop o Tp Gkl aé&u’&llfi 8ieD; the ditfeaange Peigrec fhe logd pminingira pnd maximum

pomts{'}ﬁﬂﬁg E:ﬂ*te%gﬁ%rga{o &.SAdCﬁtlénﬁﬁ'sﬁ]e n?é l?é?ygeg-lg t'gg guxg'e?nq %%gq)% ng detected

IS equation I's no S pProvi

and ths tifrfel the RR3E step vagradrectédimiistbt st (P froMafindhurh AitstORp&iod.
station. At the base station an algorithmis

| Iﬁsh@m tetvegn steps tsHenger dan|thhmariniun herpn ptop acmcgﬁi one of two
31tuat1gzs %Elltb%dpe\é\gl IE' rglgsg?{(i{a&gqgg%lpgm ﬁ%%]ﬁéer{gg%lges é)peé Or a setep was

missed) IFeid @B )s longer than two maximum human step periods, it is assumed that the first

functi

case is true. If the time is near twice the previous step period, it is assumed that a step was

missed. In this case the algorithm compensates by adding an extra step.

Step Length Detection
The next task is to determine the step length. It has been shown that, in general, step length

increases with frequency. To better understand this relationship, test were conducted with

20



10

15

20

25

Now that it is known that the user is walking and
estimate of the nmagnitude of their novenent has be
WOSNRA8BRe di rectl on of their novement must b@CT/U52007/013039

det erm ned. The yro and the magnetic field
several sphiggts walking,at di ggnttsgeeé}gh i[B¢is spesds andpﬁgp lengths yhere recorded and a

linear %"rél%t ffP s gxgls gt(ésgp é?}e% ég@ﬁﬁhé ?e‘lﬁ{&hglﬁﬁ ‘)@&efeﬁ) Eteb ?t{@g{ eﬂltd%e%uency.

tra ser's re
The fllR@Nifg e cidhﬁoﬁiﬂafé&@t bDthe pefsamet ers YAW NULL_OFFSET and
YAW PT_RATE can be found experinentall usi ng

met hods d&&prlidneth (dbeimetersimot. 9278 /rStepPerios! (senond®
stored in non volatile nenory. These define the
theoretical offset value at OK and sensor out put

Whllel-tﬁﬁ/ eﬁﬁﬁldﬁ ik RSPSGE!, HRlo¥s perﬁletavkﬁfﬂ@édt 3kl ke Hfa?garpl?élnﬁﬁoved at the
the sanpl ed sensor rate (y e) d sanpl ed

base StaéllmpeAaﬂlﬁ rbasevshaticm a(nyrlagm'f&lmp)ls mlcmeruedmherfertbmtap length is additionally

erature s into {he MEMS gyroscope. The
m°d‘ff ‘éFlSEﬁcét(b'g‘Fi E%g L%\P“é‘s‘i"g‘e eterm ned as fol | ows:

yawx f set YAW NULL C]:FSET + yawTenp* YAW TDRI FT_RATE
Corrected Rate(LSBs) (yawRate - yawOffset) This rate

AzimathnCalkeelatioa c(i:awﬂdtmg)tlmoﬂwﬁﬁhg Pareetionuni ts (LSBs) into
degrees per second. The calibration paraneter _
Now trad it RANEWSthatithg useq st walking aad és&g@atc Wpamagyltamoféh@r g@vement

h |
e 0, Y R Yo TSR Pt F Bl
magneX\W i IdnsSisAbFbE 8sddab %EM@ mrsg IBhe®ighly BAbrited BetoRMe data is

i ntegration/ summati on of sanpl es and they are
correcteskdon tenﬁwmmeirﬁmdgyEQramdl ty tnaclothiedissr’ v relagitve weglangl e

fromthe tine the device was turned on, a digital

magneti c conpass is used to obtain a global reference

( ‘Tﬁgeﬁiﬂr&ld}waereteﬂs Iy QWP NG TS, TCHFSHTRAd YEN_TDRISS RATE can be

magnetic field sensors Can be used to obtain magnéetic
foundfex périmerttaliyn gElh g imrethdas descoibed algppeadnddheie g dluesncan belseored in non-

volailghetapd, S hssecieah el Ot ¥RUEACOK S0 PETBQT output LSB/deg K

respecgi@lafe{b rﬁﬁg'[&[} v 5@5@&3@5 §ar[ 9&{ he @5@ ed %rfsgfltatea@gwﬁgt%i) and” @a?npled

eterm ne experi nen € equati on-use

tempeRQiirgdialue yAwBeralpdt vahitlp boméﬁréinanexﬂpér@mws’enécb‘f&ﬂlﬁ) init& the MEMS
Normalized X = (magX - MX OFFSET) / MX RANGE A val ue

gyroseope.1 The {gmperatuig coareetedimts fs detpamincd ap folkowvssor i s
aligned with the Earth's magnetic field in the absence
of other magnetic disturbances. Y and Z axis val ues

yawOffsdt DA NOLEJOFRSEN S yadTemp*YAW_TDRIFT_RATE
Corrected Rate(LSBs) = (yawRate — yawOffset)

This rate can then be scaled to convert sensor units (LSBs) into degrees per second. The
calibration parameter YAW_RATE_SCALE is determined experimentally and stored to non-
volatile memory. The scaled rate is found by:

Corrected Rate(deg/s) = Corrected Rate (LSBs) / YAW_RATE_SCALE
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fashi on. Because we are interested in detecting the
direction in the horizontal plane (parallel with earth
WOAPBALRHS the angle that the device is tiltedPhidiS2(g/013039

considered. The tilt angle are determ ned by passing
the X and Y accel eration readings through a | ow pass

The reflétl\xe.ea{hglte.-@ah ﬁre‘ﬁ%ﬁ i%tetgpa?ioq}sgﬁx‘flj_:dtigﬂ Phil Ezﬂﬁpl‘é?ﬂﬁf tﬂ@}rr are taken.
gravi ional accel erati-on and therefore 1s an
i ndi cation of how the device is tilted relative to the
Earth's surface. These tilt values are used performa
3Beeaysatheyroenly peovidas celpthrecangleafgena thectime &edfethw gurned on, a

o H R i RARBIT AAL S e
embodiBA€thiée thigietlc FIBIASBAsoYAtAATR Uded B4R nR@Hd 18 strength in three

bel ow. magEart hX = magX *cos(tiltY) -
orthogpmghdisictigns. | Ehé)first stépt tiolobidining a compass bearing is to normalize and remove
*sin(tiltY)*cos(tilt magEart hY = nmagY*cos(ti|t .
offset roﬁhﬁez,sgri l{qsnfigﬁlﬂq O%B?Fﬁ ler preé]sq)rsof{SﬁE%ldfs&a]ﬁ ap e dctermined
infhtdlg. TRAE ehiMfohiRed AYBEMLIIAS thé BRYFS thd X BIEAES HhagX) is:
exPenThe above ggrrpass %ngl e caﬂlcuf]atalaon vvor?s vve%:el’ik (?lﬂ agX) s
ar eas wherNorhfaived Xs= (ndgXl -e MM JDIERSET)i/MEr RANSE e.
However, in many environnents there are many sources
of disturbances. In order to detect when these
[ re GO - P
A vldh S8 RADRSS 125 P AP0 SORES ARG i i
the ab&dnct BEoheNmagnetic AiktiiBandes Yhad [ AeEVMIges@hn Be modified in the same
~disturbance. It was found that: 1) Conpass angle is
fashiofpst correct when variance of the total magnetic field
is lowest, 2) Conpass angle is nbst correct when the
total magnetic field is close to 1.0 (Earth field), 3)

BecauSOWR AASinfAG&l inHefefhg hR'diecion i SRk RAHE0RANPRAS (FARMIcBwith carth
follows the gyro angle, and 4) I d

Magnetic fie
surfacek deangiesthatshadevied woidted consbeaernsidared. (The tiltsmgleiase daermined by
. movi pg. def ermi ne fhe validi of the cgnpass o
Passm.gé%fagﬁgsi?%eE@i@éé%?ﬂ&ﬁt@ep&h é'i%/% Bass dlar ﬁ@gﬁwt%@ e direction
¢ | : it o
of the gpfsftéfr? gﬁasﬂfiem ; .i' ’gédgfeézgt%ogra)tht%%%ffoﬁlg taﬂ O?I?il'%ﬁ{%lgg g)g P?Y{l the device is tilted
relativeeo tHecEarpy’ edlefaceied or neasured), the conpass data can
be indicated as invalid. The INU can al so cal cul ate
the variance of the magnetic field data, when the
[ ' I . ver tiCeli
These (VIS Srd B RPRA 238, oubf Bt MR RIRIIIRTELE ikddlettors. The
Earth ﬁalldwégrnﬁtumma hbRzded1 DOY )'Blenéd dte ChieulaledFrdnt Bi@ oVl iedland
| oop. The code is given bel ow where the field
normatized magnatigrfield sensor values using the equations below:

magEarthX = magX *cos(tiltY) — magY *sin(tiltX)*sin(tiltY) — magZ*sin(tiltY)*cos(tiltX)

magEarthY = magY *cos(tiltX) + magZ*sin(tiltX)
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are indicated. A nethod of fusing the angle fromthe
MEMS gyroscope with the angle fromthe conpass was
WQ@@@/@%@& that uses these observations to est Pﬁﬁ’t‘@z‘%?ml””
nor e accurate azi mut h. The gyroscope is_very accura
The cqrgpass Apgle & the Faupd by saking the TfeerimioRsoln MREADS magEarthX).
angle while the conpass is nore accurate over |ong
periods of tinme and provides an angle with absol ute

r gheaveeomphss gkl givh &vdrkswein iredrgar W idtenHerdig littd agnetic
to : - Attenuate data as a function of how accurate it

mterfqr%nc& quedw, Hymery eperonmenis ihgre prenngyty sopesgs ehdistughages. In order
LQRs ow fre

to dete{?g P’vlhg? |h§ﬁ%d ﬁ]d%a}nggnsggg go%tfptmgl é%ﬁom@gﬁ P‘FSI‘? %evle{]a? %xpenments can be

perforieB itére iRl tHRUanRE bPthe\sehidoR RaBingE i e ?re%eﬁde'df %tcﬁsfl‘ﬁr%nce It was
the operation of algorithm Note that the algorithm

found Mn@e@om@wm angleisunest coseat sthenoariange of HietoiabmbagwaigSeld is lowest,
netlc field vari ce IS ot an _accurate indi cat

2) Comgpay % GRS S B oBErcY e Fottliagnetis Tield ihelPseigvi Q@Earthrf@ld) 3)
Comp&éégiq 81% h‘gﬁ{ ¢dt¥® Whenthk EB&E?Q ?l\é’fflgéégst nt%)lg ?gr?l a?l%ﬂ:t bid JI))Magnetlc

gyro rate I ntegr

field mgastileimehds afe {lanRpamstasr wikn @ uddrid hotaleihg. | H ) ]
(attenuation for total field error) INLE}H\/ar
( Zodetstratne dhe Yahdltuﬁ)éﬂmompmseﬁ@gmgAthq a8 @'c)lc_fulate the total

magm?lﬁfe o?rﬂ#éasteh g ng ? Fg% ﬁ.{l@.}ér@a?{_ﬁrug? L c*]ﬁ%rgﬂfagergétgr%a er)aﬁlan that of

the eafth @itheP@BEfineder atAdsirb®), RGP dadd dandetifdib@td Minvalid. The INU
factors is 0 to 1. Updating Position The x and y

can almqulm theowsriangesafdhe amagn@tpdmlé dataf when havhristce s cqmparable to the
average I'B%g]le{.l? Eﬁld < c%g)g:a?s%ﬁigis (I:lgt S lﬁllggrllt ynaicf:cgrratee pﬁlre];eoca cu atlons can be
perforﬁ{eatll?ﬂwsdlgcﬁ'ﬂﬁlﬁ%ﬁﬁ&rlbﬁﬁ]tlﬂ ddaetd éeWén Qeflgw\(\dfé?csghﬁz el calculations

Y _position +(step_size)*sin(curréent _direction
are indicated.

A method of fusing the angle from the MEMS gyroscope with the angle from the
compass was developed that uses these observations to estimate a more accurate azimuth. The
gyroscope is very accurate for shorter periods of time and tracks a relative angle while the
compass is more accurate over long periods of time and provides an angle with absolute
reference. The compass/gyro fusion algorithm functions to :

- Attenuate data as a function of how accurate it is.

- Allow gyroscope to control high frequency angle variations and compass to control low
frequency variations in presence of “clean” Earth field.

- Minimized output error variance.

Figure 9 illustrates the operation of algorithm. Note that the algorithm changes when the user is

not moving. This is because magnetic field variance is not an accurate indicator of compass
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Updating Status Flags Along with position coordinates,
status flags are also output by the ENU. These fl ags
WORBRF 188788 ddi t i onal i nformation about the user PET/US2007/013039

novenent s and about the user's epvironpent. Turning
correcmeaﬁwgenrt- useryis fpt meKag gl using leorithm Sepries bRACE a

turn. Turn detection is enabled on sanples when a step

has occurred. Each tinme a step occurs, the gyro angle

I's wri 9besti) =0cut@d fradogyhalgyro rae ihfegrativa)e for the

past several steps. The angle for the current step is

conpar etfcompanyi)arfiguti-1:Lcoawass ¢worelps (equal to one

trid _ Thirs is. d full strid k rath
Ehan. osbEPEsp IR, b enEBndof e AOASRSE v e 1ot art on
whi ch k$/[1WairgB)] atedtion felashisesle fikfd)t he angl e

change over the stride is greater than a threshold
val ue, *1fhbrvan(e)lfattenvatiorsfomedmpass/gyre ervom flag i s

set . TQ urn fl remai ns set until the end of a turn
is det e&é‘tﬁ‘.’eeﬁ?@&@ﬁ ro‘Fat%l"'ts‘Eﬂrﬁe‘ﬁt'Q" et ect ed when the

angl e over a stride falls below a threshold. The turn
flag is then cleared. Hallway Flag ("H') - 1 bit In an
eWterd [H| & the magoetionfilé niaghioudeetnid oire mhgeifor ah atténuiatidn fugtors is 0 to
that a person is in, the INU has built in a nmechani sm
L for detecting when the user is likely in a hallway. In
nost buildings it is difficult or inpossible for a
user to walk a long distance in a straight |ine unless
Updatifig Pokiibge room or a hal |l way because of obstacles
including furniture and walls/partitions. If a nunber '
offhe x @pd yIpasigien ceordinates arerupshisd aftongagh siep. Intbis stepdthahellowing
;e the gyroscope angl e has not varied

calculatt thee S%Ec? bl
pay &P X064 d val ue, the hal lway flag is set. The
f KaBodiGort L 0@ HB& MR & (tdpN §izEP¥Ss(utfet Idfrebtfdn§Cdn@d. Stairs
Flags - Up and Down ("0' and "D') -1 bit each In
addpodioen £ _positiby i-(stept_bize)Z sinGuatniodiresiondli nat e fl ags
are set to indicate if a user is on stairs and whet her
they are heading up or dowmn. Wien stairs are detected
Updatisis Rehthi F met hod described, the appropriate stairs
P afﬁgg&]s sgi‘li.g The flags are cleared when stairs are no
| onger detected. Posture Flags - Stainding Upright,

Craw ing, Lying on Back ("P', "C', and " Bﬁ\}U _
Along with position coordinates, status flags are also output by the . These flags provide

additional information about the user’s movements and about the user’s environment.

Turning Flag (“T”) — 1 bit

The gyro angle is used to detect a turn. Turn detection is enabled on samples when a step has
occurred. Each time a step occurs, the gyro angle is written to a buffer that holds the angle for
the past several steps. The angle for the current step is compared to the angle recorded two steps
(equal to one stride) back. This is done a full stride back rather than once step back to avoid
including pelvic rotation which is typically about 8 degrees. If the angle change over the stride is

greater than a threshold value, then a turn is assumed and the turn flag is set. The turn flag
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Fl ags indicating the posture of the user sent to allow

the base station nonitor to nmake assunpti ons about the
WQ2L19888ndi t i on and environnment. The user i sPCT/US2007/013039

.determ ned t e standi ng upright, crawing, or |lying
remaifsef H%‘Flrtﬁ%%fquof%a%‘ewsé’ﬁw?%e- tilt indicated by the I NU

s acceleroneters. This is possible because the

accel eroneters are able to sense gravitationa
The edtofed mimisi detecwddivatienithe alglayser distriiztfells it ankiesholdir Theoturn flag
, the Earth's surface. When the sensors indicate the
is theyglgareds tilting forward past a threshold anount, the

crawling flag is set. Wen the sensors indicate the

user is tilting backwards past a threshold anount, the
Hallwhy FRig (e packitf | ag is set. Wen the accel eroneters

i ndi cate the user not tilting past either forward or
In an ¢ffarkta proeidh oiade informeatiop abguhtthe builglingsthgtet perstings irgithelBYU has built

ina m%}lgé?si%? ) t_aeﬁlgr\]é{afgﬂf’ t%tﬁugetdgse lilgé{l] %ﬁéﬁ?@%’g Gig_;mqs} bl(ilqi\mgs it is difficult
or BT 09, S5 bk R WER e o o
hallwiyomehuseof obsiadesniatiadingfutnithizeand Seallsipastitions.| If abminbey ofigeps larger

parts of their body. |f steps are not detected for .
than adfgghold valye syfrseedef @nd aighp same fimg thesgigeicoperangle hasqpt varied past a
threshElAGE 1By FE S b FIR 1A R her etk @ifts Brcctea
variance of the total acceleration (vector sum of X,
.y, and z) falls below a | ow|evel threshold. Because
Stalrs%ﬂﬁ% -y andhBpwal @ aande Y 9usl Bibgadht i on such as the user
el UnceNSCci 0 It. automatically triggers an_.alarm .
in aadf R RE e ATt i oBLLP Rl P trtit BERGRa R SRS on st
and wh@hérTREPHE hBSRHEEH bPASwATEWheA btalrd GreRRER elRIg¥th& Hethod
provi de order for path correction, the user path is
described; kierapipropriagestaresfiag is fets dpertlags ars chbefedivdnagin are no longer
rtion of path that starts at the end of a turn and
deteCtg‘ﬂds when the end of another turn is detected. A
nunber with range 0-255 is termed "segnent nunber”
this nunber increnents every tine a turn end is
Posturetdagsnt Staimdingidprighit| Graoliag, Ihyawdkor Backe(D”, a1 esind ‘@ighi ng
255. This is useful in a nunber of situations. For
Flags indigaing the; postupolthe ysqriseik tpalow &ie hase sadem masyiton eumaleu
assumgﬁorlisezmag{ @t 'uk%’s?oiaﬁfoﬁ%na Qﬁiwf n@l Tller&s%I‘ lg%%te?x%r@tﬁo be standing
re not received. € base station can nake
uprighdSsawintg, o byigon theitbatk bapdeneit theindratrdttyahd BSU’ spoédlrometers.
~ before the data was | ost and the first. point when the
This i pepsiblglbecausedhe agselesqaiers jafe abfeetossepgeegravitational acceleration which is

always directed perpendicular to the Earth’s surface. When the sensors indicate the user is tilting

forward past a threshold amount, the crawling flag is set. When the sensors indicate the user is

tilting backwards past a threshold amount, the lying on back flag is set. When the accelerometers

indicate the user not tilting past either forward or back thresholds, the upright flag is set. When

either of these flags are set, the other two are cleared.
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nunber di d not change then it would be safe to
"connect the dots" with a straight line. Prin
WA 108 8Rs Transnitting position data fromt thT/USZOWOBO”
m crocontroller to external hardware is referred to as
"printi ng" in the context of the present invention.
r S s conditional in
Non- n%\;(fe enF?lag? S?Oé%?%%‘gand&n i he out put channel .
Flags bRtsat doSingicatd iferusdt{si segppad bamll CStbp{Sed| 19 B¢firieddes abi éHangihg location
one of the follow ng conditions are net: a) the turn
coordmmeéstm the usagmay ptall 8¢ moyiag:pay obheishady f If sleps arg not detected for
set. anpunt ssed W,

f oA h _—
severag Sgeon 3%1 él?e 8 f],agéi Set. Cil"ﬁlg ﬁtalg g%?%l% 42 81? a sk eg hsecile?gctted Still is

defindd8 Qb%é&ﬁo%d?ﬁ” TM@ﬁHFﬂé’?ﬁ tsetW@l%i‘ﬁtﬂe MR8 of ME RStalPdtEeleration
m ni mum resol uti on out put” during predictable | ong

(vectcstsulalog Ixt y,patiizs fadis baker a loileveMbresinld] Betdiss tlesmmagd indirate a serious
.the data transm.tted can include 1) X .Y, and
condi “Bb%’dcﬁ&ﬁ thedtsFidpeing waconspjousif gito Hy é“gg&F?oa"Fﬂl%‘Fbﬁ the base
statiof\ngl es, 3) Conpass and Fusion Accuracy Estimates, and
4) Flags for turni ng, hallway, stairs, posture, and
non-novenent. Elimnating Gyro Error while Wl king
al ong a Strai ght Path Because gyro data accumul ates
User Ba gmﬁ@ﬁattqme a nechani sm nust be put in place to
mi.nat e

In orderet%?o§ccf§\% tlo%%%%he geﬁd ga%ehsllaélé)ﬁ &ng p?cﬁ\g% %Orﬂ% fé)glp%th correction,

the usSEpaMh ﬁ%rﬂk&tmf&@gmer‘%t A deBnentaP BEMREMs alportidieof path that starts at the
threshold is not net (e.g. the angle is too small)

end oft i arlr(leerslarvmee thea¢ndeofiagotherr togulistdetegiedo A Bimmlese with range 0-255 is

i-cafi o hi t hod causes tpo nuch | oss of
termefyEiegient RO JhiP UL PIEAER R AR O 1 RO R@ppagtered and roll
over batk fosze‘P@EﬂterlYQ&\thtmt ThilGis AYGLAAS d?lmpopﬁlu\é d&ns For example, if

rotation i s near 8 degrees, approxi natel egrees I n
the da%lulk lokitweart base stafibn sndcINh gaempon}int}ermabdmi am:lcsavaaldueumon points are
in a strai line. Pelvi

not re‘f%‘(e&r %w%%%%a@w%ln‘%&%@sm@% P'P?Pg what Bapperg hetween the last
point ﬁéff)fedtﬁe %t% §t1@sﬁ tél-gl?ﬁ :b%;m %@E% lidk @ eeesf&\gﬁghghhff the segment

Ire s ore pbe zero.

numbélh:hﬁ npeshange, e it Wbelgrbatsefé tarebrinB&t thegoth't with a@&ﬂﬂgafmd:
to a thres oId near zero. |If the result is under the

threshold value, the result is renoved fromthe
accunmul ated gyro angle. Detect Gid Angle The nethod
Pnnt{:&{dn fislecting building grid angles has been devel oped.
I's assuned that

Transmitting position data from the microcontroller to external hardware is referred to as
"printing" in the context of the present invention. Printing for a particular sample is conditional
in order to reduce the bandwidth at the output channel. Data is printed during a particular loop
iteration if one of the following conditions are met: a) the turn threshold angle is crossed; b) an
end of a turn occurs; or a set amount of time has passed without printing.

These restrictions provide for higher resolution output where most needed during turns

and minimum resolution output during predictable long straight paths or user non-movement.
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| ong hal lways are aligned with one of the cardina
di rections the building I|es on. These di rections

WO 10E8t 0 as building "grid angl es” as they %{HSE!OWOBO”
lie along the grid on the floor plan.

abrihinanabeimenighedata ransmittodean igbhals 1) Xr Yaando?q {pepléen enprdinates,
2) Gyl%f Ctoh'@gss( [}l%g kl’l&ﬂeTé) ?sca%ld?ﬁl %&%cﬂ&g}[ %atu%ates and 4) Flags

e ertorean eare
for tu@n@ ﬁﬂTwﬁc}a‘dﬁlrbq%@tuﬁé @ﬁ@ﬁon “idwBmefe current dl rection
IS stor as a building grid angle. If a grid angle
had been stored, the current direction is conpared to
t he buil di ng grid angle as well as the angle plus 90,

2 d . h . di i i
o EmiRing Gyrd BFF Shie WaninEnGhE ¢ SPisbLPR | 00 ' P e
j t
s B S LSSl ST o e

recogiizerpass errers daeé dlxmmambnhyomﬂ eppfraddh isivesimplyedet athreshold that all gyro

this path is very near &@ev ously travel ed path
Samplt:%@ﬁstamegnﬁém thi%appmaeedf Qseﬁ shold jsqnoh get, frely tbeoartg&e ifs [0 small)

then tl?ea{ﬁp%)gz{lhéj%rfogeaw 318, M?ﬁée%?pﬁ%(ﬁ%ﬁto'f fifis é‘é&%pgh&gs {63 much loss

rescue organization Zardous
of dat&,ithe fMohWamE A terithive hesthid iS prE&sedInel to crawl at an
i nci dent scene up to 50%of their tinme within a
blt|1$ WﬁHgmovznamnthgawmge man ipglvidi rotatioo tis yeag defeeueemtapprommately
r~Qat h vement .

4 degrght Meher SRUaRBR Fhine: i QiscQonBBsDotn e ferignif yalking ina

stralglﬁrml'e0]9’&9'1certratlélﬂPl‘)écﬂﬁ’st oVEPYRITRAE poMURI 6 alsSH RS stREE (two ste s) The net
predom nantly determ ned from gyroscope readi ngs.

change pr arge om\vlmmmnre stndc khcnugi thareforblbe deroi Samiptestdpping am; penod are
sin roscope whi ch neasures th
integrpigg é‘[?‘g?‘eé %C?_mp%{ roea SOAY neprezezo- gl ithe Rﬁ/ﬁ‘%lhlsr‘@é‘iféb% threshold

value ttf?e e %ﬁlop&{ H’Sl?lqhé: Wl éﬁa‘?%c{ é}ﬁo QQ(%IQ scope. Upri ght

turns always result aroun axi3 providing an
excel l ent estimation of turns. However, for crawing
nDefectrGrid Aeglentire INU tilts appr oxi rmt ely 90 degrees

forward, rendering the gyroscope's sensing axis
pIhemeélodtfer datectige bytding rgnﬂweglﬁéh@rl@ne devwelepeids [t is assumed that

fong Wl i AR Py o TS Ol - EF PR 1T Clese

directiOh§ AreSefREreA b &K LSOt APIELAS the§ Wﬁlcﬁhé’ﬁl@l‘{% #R&ridbnahe floor
two axis conpass, this requires the INU axes to be

plan. [f thedcqsnpmbatcdlanghereﬂrmﬂ@r\emcsna{l tond lohgipariedtaf time. W t h

tion ax's. of the c assllnesu
ovo_ RN LB b kopintouc dheles dreieges B Bips sncingeartd. 1f no “grid
angleé’ @0 BN tFe@thdh thd BhFerfd 'dﬁ@&id?lsis %Vedfaﬁ%%ukﬂhﬁlgrg‘?ﬁdinggs If a grid
from the conpass to conpute direction

angle had been stored, the current direction is compared to the building grid angle as well as the
angle plus 90, 180 and 270 degrees. If the current direction is within an error margin of any of
these angles, then the current direction is forced to the closest building grid angle (i.e. “locked to
the grid”). A compass is used to verify the path when available. If this path is very near to a

previously traveled path then alignment is forced since it is assumed to be the same corridor.
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To overcone these hardware |imtations in detecting

and tracking crawing motion, in a preferred
WEHSHORERL, an INU is equi pped with two gyr osE6Hd52007/013039

perpendlcular to each other; one gyroscope is nounted
ET%IWWMQW%’F“E‘F%UH board, measuring rate of

I dth f t he oth
CBe0SietBhPbts BACH Wb ot AR SulidcrblBupig oo
requirk El%oﬁ’rfel t@aeeach iAQELR s@é?n@ SF th BE9 SR LRME withdh Building.
the wearer is upright. This additional gyroscope

Crawlhmnad&inetnt mmlstmyztlyldlffqrentrfrqnui watkifg/omghaytfoiens ofoipright movement.

pes when vengnt is upright. In this preferre
The rr@ awéhleorq&ﬁéﬁ%fﬁpSF%@%mPn@%we@ﬁ%é fooyRrighhmayement

whereq}ﬁtng a%ﬁ‘c%rﬁ@a@@ ?et I 1849@?91?%3 |$2H)s COpe Srgz?déltﬂésf qffo? Hﬁﬁ%hY movement

tracklﬁ% QHtINUtR:v[&f@fy‘p[&H?r éqippadl willh SingleHyk@3U6 e WhIBh eigddis the rate of
at one gyro can always sense turns around the

change ef angineroumd theiZ%axip weth respeetiie theraxigpaypanidicadarite the gyroscope.

o B TR B Bl BgPLEHEEE s owever,
for crszlﬂi%‘n&%}ﬁ e erldvd I tifts approRicnaialy DO Ge%rﬁéhefo?(mﬁfﬂ dreﬁd She
of t magnet oneters interchange” positions and t he

gyrosca)p'cs semsigg mgs pamlslgtlamhe groursl ienbareégencadf axihghaeby making it unable

etic field sensor refere X-Y
to el Hangt i TG AUt e L 6 e REUBSBAGER When sensing
directfod rff(ﬁl'é"gdr%ggfrérﬁeﬁt@ hﬁ\{gcﬁ:g%?%eiwo R c%ﬁ'[ﬂﬁ?ss thi Hgéétﬂ RGU axes to be

used eter ection whil'e cra
lined op witkithgreferéncalX artdi‘&f(ahremnmrrwmﬂscmﬁvhngammenwhe IXeﬂ)Ss afittle compass
firefighters, it is critical to be able to switc

lines ypoqaREeey-ba HiepY deissravhbinesi %ﬂ*&ﬁfyeap@%ra?qsr}%ls@&ables any
t
feasibf R et A P Lo B S Bl T2 T order to

aBioR¥Roinditkese ARIMatd lintitatidhs 3n BEdtRIgraad vRokiAg cA®ling motion, in a
the sensor data and particularly the accel eroneter

prefemﬁaitemhmlsmernearaﬁﬂéququmc@ githAwotgyeoseopea petpendicier taeaeh other; one

yrosgiRt ieHhuREd of b 30k e R TRk Paart CnaRSriRE Bt b ianes ot angleyaround the

refercACeEE afik ech@t)fh%f-‘éyr@ rlsph'lBQntE@ 8n §@€Rxcﬁpd1&hlt(ljoa1‘?i mé’@hH@g fite of change of
accel eration) the primary accel eration they

angle elx(pe theenategerice \f a:osrwﬂmw theewrarexiis bpregiht. yThmacyilmmial gyroscope has

addltlg&ag 4 Er aL o 1%)&18&”18 hgmtsﬁ{)r},]{y%n)gsewg tlglfe)ggrg%lqlt giugqggfnln this preferred
emboc'ﬁ%ﬂ{ Wﬂﬁ%‘ﬁtﬁwéﬁé’&?ﬁz‘l B8 HodiZdNal %gﬁ%'nf:] duted rite BF SRahke about the

Some ‘sma portion of gravity may rough the X
refereacedY ¥xidj arelcthe easicalfgytdimeakmvdsaeteiof charlgt about T &famdde Z axis. This

affect the conpass too. The effect of gravity cause
configugatiogrengyes %\@t MBI FAY IWAYS S§n$eHEmS apynd the rF‘bcet?eaX‘S which is

the primary direction determining requirement. In addition, in a preferred embodiment, the INU
is equipped with a 3 axis magnetic field sensor. During crawling motion, the Y and Z axes of the
magnetometers interchange positions, and the X axis remains constant. This ensures that there

are always two magnetic field sensors in the reference X-Y plane monitoring the direction. In the
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di fferent fromthe X and Y direction. Tilt has onl y a
effect. When the wearer craws, the Y and Z a
Wpﬁf)@f@?@ﬁge and gravity now affects the Y axi §CT/U52007/013039
er onet er i fferent offse oW, Vi Si
absen gt (IRROPAEIANS IR0 s amPaSh ey AF iU A0) deferiining direction

Whllegﬁi\onl rds, the offset is smaller in the Z direction
h the X and Y directions when the wearer is
upWheghtackiagdctmabiniesr moventeatsYofdescee iorkers dndrfirefighitére, iXis critical to
and Z direction when the wearer is crawing. Proximty .
be ablp)tq BritchoPetyern a5t Processig apd apH psis) plgogihmagosnpryg thas Rpth upright
. it e I
and el Moy GRS the Qe BRTTLOR} prdiridle SsRARE T GReF R spffeve s
capabifityl6h @ PtdTei@léBBodimentathe 8BAsdaath an@ Bartituld@yithe Batdlerometer data
means that the device will have the ability to
must by ahdoiparcogaizerihe uarsitionetwiean upnight andrigewlingvoatien. de anppreferred
ser. i.s di covered RSSI . i pdi ion fro he .
embodffghy s 4RI et To Gp P Bt b af Pk Afound the same point
(i.c. vRIGE VERRclehRioNPaY Y pﬁﬁﬁf}sacca—lgfaﬁoﬂ Ay SREMEnEOisHFom movement with
accurate within 2m his infofmation users can be
only mparginpkatcelatitivh erom Itlnactdtmg) nfsthnmtywbe Exdjmmeldrmtmtmects both the
there is a h bet en their detected range and I'N
accelergfiom rosp upy Wermt.apfig o BV 658 Hex' b Semenal
portlogg)tf g{:aivltx?rﬁlg er L tﬂttltn%gxg& ;&?&?}%\k}éﬁ%‘ﬁ tﬁeo u{e% tilted. This will affect

the compdssol Thareffecedfl gavify @uses tﬂeloﬁiwmsaoael@faﬁbh lilCthe Z direction to be
illustration of neural network operation. The network
dlffer%ﬁmﬁethéé?md ¥ lireetion, mlteba8| axer gmali eﬁﬁme\é’hamthervmﬁrer crawls, the Y
out

and Z a%( it r&%ggeoendcp rav1é' o ?f(gc[:aﬁrt]sdtrqg % %13 cglﬁgod?eser aél%gﬁe gl?fterent offset

is novsf ﬁ§1lblé mQﬁe thﬁlstb%@élexfoﬁiﬂd'ﬂglaﬁ SinB® graVily adtt abWnWhrdslaRe offset is
node out put val ues, input nodes are nultiplied by

smallasiinjtherZ diksecgion shamrid tha Krand Yt d;gfetlhear whémbe sugarer & upmight, and smaller
ou Si d func roduce t he
im the 7 EREHon a8 1 Bher and ZRurepi dbhertBe %ol BAEVINL  her
nultiplied by the out put node melghts and sumred. This

SPFoxRiits DeteéthQua ok Reticil 9oi d to obtain a result
bet ween zero and one. The process of obtaining

t neonel prefectad ambedjinrest, thet INUAmosiele cmainkinnrgites wadt dnode controller

consi sting of |evel ground stairs,
modulguginga élﬁﬁ@ Blugigoth gommeetiang A E@%% %ﬁl'éf‘r“)“)thééel%hwcémnal range

of lOnE{I ?Hi@lméaﬁs E’laf’ l"Fe%j,vi%Q qlflﬁ ?Eve HE Eaﬁﬁ’l ddl&%v%rq{g%gﬁléé% g\ﬁq&n this

each section o are no i
range.SMwﬁ aYreavbly?asaCiSi disesveret, @IRS‘SII Qfdﬁdatlomﬁfﬂohl tHe Blt@odth radio will

notion indicated by solid circle and the Down
correspond to the distance between the nearby users. This has shown to be accurate within 2m.
With this information users can be grouped and their locations may be adjusted so that there is a
match between their detected range and INU location coordinates.
An artificial neural network can be utilized as a pattern recognition tool for detecting
different types of movement, such as movement on stairs. Figure 11 shows a graphical

illustration of neural network operation. The network can be comprised of three layers of nodes;
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stairs notion indicated by dashed circle. The
remai ni ng notion indicated is over |evel groun
Wﬂé"%‘?s@ﬂsgke is indicated by a sharp negative: ngq,g%m7/013039
_in the signhal as shown in Fl%ure 13... A conputer
an inpyt @g@ramegzﬁd%lamreatde@ Q] THGinEv s FoBRd YR Phsignalsdrom inertial

sensogeas T%Qslﬁ |3f¥hes C%e? ﬁa‘élg]% V%télp o &Riﬁﬁ%l&deh %%de @ﬁg@\%ﬁés input nodes are

unber or ea ke can be recorde

multlﬂ)fe@gfy&f@ldeﬁ Wi gD asdPdumed®iéthyr. THeGufi i§ fiin ﬂa@emmugw sigmoid
consecutive heel strikes can be considered a feature.

functitméo producertbe bisidemrodtatsule dllierhiddes node ogiphisrare than multiplied by the
art. inde and end index. lify as a,valid
outpuf fereient i e eThia yp e tgaueliiPe sielne d 1o gbfip gt
betwe@ﬁgg}bgng Wap=Tg vval king speed capability. This feature
can be created separately for all features during
ea‘bh prosess i obtaimihy trginirg, datgpbegiai with a dseuwatiting a path consisting of

level). At this point three feature |ists have been
level grpung, @a Stgf§ AN OWNERTS- grhiguindKis GRETIPEPORIEHQL ageeisromgier signal is

plotte@ gxt?d fire Oa? nﬁltn It Fain g?ég duﬁ@gﬁiagﬁ?% bff of Hﬁt eéant%l %%gt Flgure 12

ract I'ne t| a sor r eac ure.
showsSHARIsascdleionredt sighel, shtrlp abids @odon Md@4atedtsy sola oirele dnd the Down
fromall inertial sensors. Wen conpared to ot her

stairs mogion indicatecey dashest ¢ircdm dThst ematningplien tndicated iy ayey level ground.

CRTRET ik is " AltkaBll by A PP elillve ihike SRt et ARt Figure 13.

A cotiP@ePpid FfatrrUé’aﬁl el @8ated RAAGH HEcHeell kBt bE maRAY éel%cted with a
subtracted fromall other sanples in the feature for

mouseditk. ShesempleTamtentoreadtelxtelistake eaghdredortedby thegsogramen a two
nal from each sensor is stretched or conpress

colurnnrf%@msm 56 Siggal hekuesn ty o gaBserut eeAigsl strkesin &epp&%%reéj { feature.
The féaﬁﬂgﬁ:gh &fﬁleﬁ?ﬁ gﬁgwb%oﬁlﬁﬁ?ﬁ&rﬁ\bﬁfé eéttzﬂ% h 08{ and an end 18dex To

I nt er po Ation and decimation to cessi ng
qualifrase vylid featge, tisfeaiued leagth cambé beteceexbid dtoférd within human walking speed
processor.Once this process is conmplete for all
capabfhémm%fqawﬁ st cpm e grepigd seraraiely foraall ialyresluring grchyyseractivity (ie.

up staﬁ?lﬂo% N8k lelgglc)h feature now exists in a row of |arge
I'X containrng signals fromall inertial sensors.

Tmmms péintttré e IdtchaBbaenadatby; dne Feeltvel gréund, eddféeup stairs,
process for multiple users. This ensures that the

and opegkoy down gtawceu Blext, thel faatarevlist is used tarsdiaaiall ingrtiekisenser dgtacfor each

vi du fter, hidden a ut_ no

feaurt ol e e In LML G ey B8 R 15k AR Yo
Whenétoﬁ@taﬁ:d&%tlﬁyre%t&@s e 1EAg Bhd‘fose/t\Hﬁ@Hﬁiié hayeakiBecause we want

Extraction from Real -ti ne
our neural net to identify motions by shape alone these differences are removed. To remove the
amplitude bias, the value at the start index is subtracted from all other samples in the feature for
each sensor. To remove feature length differences, the signal from each sensor is stretched or
compressed by interpolating linearly and re-sampling to a fixed length. This method is chosen

over integer interpolation and decimation to meet processing and memory space restrictions in

the embedded processor.
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The bi ggest challenge in inplenmenting the neural

network is to devel op an al gorithm c approach to
WORHB108788xt r act i on. Feature extraction i nvol v&§T/US2007/013039

| goking at the entire set of signals and segnentin

It
i Fnee HEHRPASE i copirlete for allfepfuredintio e d5ta swhean beared Aeifput o a
neuralC ggg%fé?rﬁg} rg)g\% %)Ii%ﬂ*eﬁ gorﬁgplg{@tsrééltﬁg g?ﬂ\%{rg sgg}%;sef?ox{l Al inertial

sensoiS UMi&fing dataseRGrd Sbthifed by aipeatily thé)gbBe Pddesfioe mudtiple users. This

step. During the training phase, we were manual Ieal
ensuraggha itharesling waight walugseridl not hecsimes'ftunade toeraindividyah

order tq deternm ne the start and d indices of a

SO e G G Mo e R BrerProd At BBl firg o detee
stairs Bi98h a AhtaiskEoutsidslssedihiagd bel ow  Search a wi ndow five

sanples wde for local "mnimmvalue. (mn(n-4.n)) If

the local m ninmum value occurs at the mddle sanple

( Autpmateddéeature Extraction fyam BealitimeRataw aver age ( DC)

vﬂue, by nore than a specified threshold amount. |If o

t hie; biggest ehatieags i implemaeiting dhasinural ngiyvork ixcte dsvelgpan algorithmic

r X | I [ i I [ -

oorolio b BcReH "y ko 5L TBIYTE NBLAR 8 of sinas anc

segmehl’iﬁ%it&ntb&ﬁéanﬁiglflilkﬁecBﬁSEM%glﬂéﬁtQﬁ ided caf thehR agalfRddEindividually
nunber for the heel strike 1s that where the | ocal

and mgirigp AeMbe/dlogen wodassifithe datag (rhe only Jassifier weeare ewrtantly gping is the
I ri ke detection algorithm
shape pf e el i i

P or acceleration data is shown in blue.

FDutifg t?e@ﬁiﬁ% Phak! W8 weROYEnUaNly SiARkiNg eAXR) sanfpld Whé&e a heel strike
i ndi cate | ocafions where heel StrikeS were detected.

occurr@ireondpmio deksirming tho startland ded indicss phesthpeThe algptithnt foo
sanpl es after it occurs. Resu of "featureList =
sutomi Gty ereRine e e 05 SPBEREGBEOK: ' ) - See The
scientist and Engineers Guide to Digital Signal
Processing, Steven W Smith, Chapter 26, which is
her 8bySearcioa paridoinetivdryanipdésonids €ar. lodd] dipeaunh K aluk §min(n-4:n))
Processing The mcrocontroller can provide three basic
f unc i Brike losarisinimumrieluerpgcurd at the priddle samplg, (n-@dest to see if value

sendi N} blePo%v‘r’l}i\ife?Qged(ﬁtCe) vtal%e %yrrr%:ree itﬁ/a%ra' spgcelﬂgc? {hress%gﬁf a{rrrp(%mt.
e If this value meets the requirement, look back 5 samples for a local maximum.
¢ If the local maximum value is greater than the average by a specified threshold,
then a heel strike has been detected and the sample number for the heel strike is
that where the local minimum value occurred.

Figure 14 shows the result of the heel strike detection algorithm. Anterior-posterior
acceleration data is shown in blue. Filtered acceleration shown in green (DC). Circles indicate
locations where heel strikes were detected. Note that this algorithm detects the heel strike two
samples after it occurs.

Result of “featureList = featureExtractor('ben001/ben_001.bin")”
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The sensors can be sanpled via the SPI interface at a
ixed or variable tine interval that can be tined b

f
WORIBAYERPp timer that is programmed to triggefCafyS2007/013039

interrupt at a fixed rate (31.25#&%ﬁor a variable rate
( Senr Tlescseigatist andEngiresesrGwide o Pigitgl pignd Processing Sdewsn Y. Smith,

d an .b itten t i rcul ar buffers which can hold
ChaptGias” sfifohaigFethineBberdled by ke on, “nany or al

previ ous sanples for a session or event. The data can

i nclude acceleration (x, y, z), angular rate(yaw,
Microppntrotler Pricessingand t enper ature at each gyro. The data

c al.so include situational data such as el evatiaqn .

( iﬂ‘a 7”6‘?“’?‘?"6@&“? FRPAOVIEE F’lﬁ%ft%ﬂsﬁlafuil“ﬁ’roaﬁ;r?ﬁ{‘% AerBBlE 86‘1% processing,
and sefBABGLfioh BhG1S §LERRR. and environmental data from

var fous environnental sensors (e.g., tenperature,

at nospheri c pressure, background radioactivity,

presence of toxic gas, etc.). In accordance with the
Sensof §y@plit%on, the M crocontrol l er can performthe

f | ' ct.i r . ons;

£2h 09 ek Be b e LATEE St OMeLMOEL A (PRI IRerval ha

can beMiMedyY) art Ofi-cRIPGRhE RIS SogMainded to@ﬁé%elﬂ hatRerf®t a0 g fixed rate
average for magnetic field data so that it experiences

(31.25¢ mrer a ivhniahle s d9r exampld, to eansenvabattery gawen)| dhesampledata can be
... accelerati vector s of x, y, apd z). rmalized
writtef G isth bpErGMAR: Gin Il saltns Pl Bainaig e agor ol
o . dovari ; ¢
i i S BRO0L 4%l 98 SR S T, 3,2 gl

rate(yButpitehywotl),land toupgatse dt ehdhegyrd.oTle date edrealsd inoludesitdntional data
off af 4Hz, This is used . in step detection

such ag ¢ YpHaHEnd/opdpere datg: epicipsaligfogmation Raseher magnesic interference, and
enviro&%fe%!l gt %ﬁ?bﬁ{cﬁg Ef?ﬂrcgl?{e%ta@?éjns@}sqgrﬁ! tt%sr%?ﬁltee Qt'indsf)l%eric pressure,

ser 1s stopped by counting tine sifice step
backgtoand eadiddeanity, presehed of toxiogas, set). fl ag. Detect if user
Is still. If total acceleration variance is below a
t By acserdnece wigh thejipyentiomethe Mictoeentrolletean peviormdgaifoflowing the Data

e R LA A UL

e Estimate tilt by calculating moving average (32 sample window) for
accelerometer data.

e Calculate moving average for magnetic field data so that it experiences same filter
delay at tilt estimate.

e Calculated total acceleration (vector sum of x, y, and z)

¢ Normalized magnetic field data using calibration parameters and find mean
magnitude and variance to be used in compass/gyro fusion algorithm.

e Apply 3rd order Butterworth, low pass filter to y acceleration with cutoff at 4Hz.

This is used in step detection algorithm.

e Detect step using anterior-posterior (Y-axis) acceleration data and algorithm.
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Det ect user on back. Simlar to detect crawl but with
osite tilt. Detect user upright. If not tilted

op
WB&EQS/IQSF{SﬁreShoI d, then user is upright, so sePCf{Uggl07/013039

Cal cul ate yaw angle by integrating corrected rate
dat & DeSapfpeer doHPRRSE byCauntng HYE sinssiast ssspn df lgnger than threshold

appl yi td orrection to nmagnetic field data.
Conputglglfugselkga ‘angl e usi ng feedback nethod shown in

Fi gur eD8tedf if 665 aNelilRNPWtAli a0k ratioPRirRGe RRlows4 fHrdhs1d, set flag.
and apply neural network as described above. If stairs

ar e edeDetctedtawllj UstavEraged iy andn accelefratnstabes waestimate tilt. If tilted
det eCth’@?lS shown ig Fi gure 1?_: 0 q%al %ul ate angl e
changel®Yad Rast theashold, gssume crayvlipg and,set flag. ¢ yr

det get bgfécﬁous'é’?&?ﬁécki & Ao he;t%cft gfag\ilﬁ’)gt Qﬁg%ﬁ@é&ér@?@.

stride angl e agarnst a res

tur Ri NDetet@ger figHgh® HHOPHRADDARYa HREABI, thn 2béri8l8pradhl] @ set flag,
to threshol d. olmcgal cul ate Iine of progress (L(P)p%gl e s

by ave€algulag yawoangtmiseintegratiagsbepded oite data.o, conpass,
and fusion angles, o If the user is not turning, )
at t EnptorpUgEORPRsSTisrARE PY Beradzingand iplyHiectdt Correction to

travel L I since last turn. If distance is
over tﬁgégﬁlgﬁ%%)é%% hall flag o Calcul ated step | ength

usi R Sb@Putedsion addle ushk AleBdtk inhstho®showieh EBgusé @RS second
l ength as a function of step frequency. o Update x and

y | ocapiosisia®ebr di nat es using LOP angl e and step si ze.
Qutput_data if aope of the followng is nmet: o )
Wjﬁﬁ%ﬁleﬁﬁ%ﬁ@m@?iaﬁg‘yi‘@“@%w&g( % deseriRed aRovs (b sfpirs are
0 Userdétéaé@gtﬁggtzﬁggjog_ has changed by threshol d

anount since last ‘update.o Alarmcondition is net.
Af t or Hersteprwasniptetdd, ad howintii Figuré b | NU conpi l es a

packet Ofo dgglgultatréaatng{eschasu?gnetovte? stride (two-steps) for use in turn detection.

o Detect if user is turning by testing stride angle against a threshold.

o If the user is turning, test for a turn end by comparing stride angle to
threshold.

o Calculate line of progress (LOP) angle by averaging two consecutive steps
for gyro, compass, and fusion angles.

o If the user is not turning, attempt to detect hallway by testing distance
traveled(in steps) since last turn. If distance is over threshold, set hall flag.

o Calculated step length using step period and equation that estimates step
length as a function of step frequency.

o Update x and y location coordinates using LOP angle and step size.

¢ Output data if one of the following is met:
o MAX_OUTPUT_INTERVAL time is reached without an output.

o User trajectory angle has changed by threshold amount since last update.
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the CSM The INU can send the data packet over the
Bluetooth link at intervals of approximately 1.5

WQ2R$HYE788 o the CSM The contents of the data PSEREE007/013039

are sumari in Table 2 below. X Position Y Position
Z Posi ti dh ARGIUeN I B Rel i ability(0:127) Conpass
Angl e Accuracy(-64:63) Gyro/ Conpass Fusion Angle T | H
| Ul D] PI1 CI BIl S I Segnment No. (0:255) Checksum

. 16 BiAfter pearfirmidy all NebiMtnglithe BNUBRMpil¥s Ppadket ofdatnthattis sent to
Position can be cal culated by resolving each ste

usi ribe CAM. cBlag INJ camsend itheedatd packet qypr the[Blutosh link at intervals of

Ot PRt § Feerda 46 G Al bONEHEOEILE e e
eachyuaineRizbd & Ta8I@L bElo@S as a down stair The Gyro

Angle (LOP) is the gyro angle cal cul ated using the
stride algorithmand is unbounded (not restricted to O

:Ind 127 that uses Magnetic fXePositiber mati on and
greenent with gyro angle to estimate how accurate the
glorrpass angle is. The Corrpags %%{ns t he conmpass
ngl e calcul ated after tilt o?p associ ated with
tfre—compassTretTabr Tty —The—Conpass—Accuracy—S

det er mi ned based on the diff&rRPositioex ween t he
asured

Gyro Angle (LOP)
Reliability(0:127) Compass Angle
Accuracy(-64:63) Gyro/Compass Fusion Angle

TIH|U|D|P|C|B|S|Segment No. (0:255)

Checksum

A

v

16 Bits

Table 2: INU Output Summary

e X Position and Y Position can be calculated by resolving each step using the cosine,
and sine of the gyro line of progress (LOP) angle.

e Z Position increments for each step that qualifies as an up stair, and decrements for
each step that qualifies as a down stair

¢ The Gyro Angle (LOP) is the gyro angle calculated using the stride algorithm and is
unbounded (not restricted to 0 -360)
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magnetic field strength and the known magnetic field

strength of the earth (in the open air). The

W%}PQ? %r’fﬁass Fusion Angle is the angle cal cul EF%JSBQ}WOBO”
the feedback | oop and is associated with the fusion .
r & iTsiGqmpasg Reliabilitg 3y a numberrhetirsintt and 133ithaj usessiylagnetic field
accurate. .. lLastly the | sends, out
ot Fen Rl asteeBheib sione it exfipehny Rorwf Hncomeass
pergﬁggqg is turning, i.e. gyro angle change is over a
threshold, HHallflag, personnel has been wal ki ng
ser élj‘l'@iﬂorﬂpliss Ahgletiethe coMpassaingleaalcoiatedften it @brro@mionrigsociated
U - stairs, D - Downstairs, B - |ying on Back.
C Cr“éi thg gomgassireliabilitkot showi ng motion) fol | owed by

L TR sl AR B R i So B P e messurea
as s ingignatiA¥IdSEENER indthekabwamBAsH: QW stréigih of ih8Wh®h (in the

10 shows the trajectory of a user walking outdoors,
ar owpen gk perimeter of a large U shaped buil ding

822 H‘g:@’&"}éé t he r ackl n syst em %Q;E(}eurl cﬁf)x,ﬁrt e¥iback loop and is
sat gbddclafed With Fﬁce f.\ FBi'l'abﬁillt)ﬂ 64 1168 Qﬁgﬁgﬂ)t Le@ Heir{%er}nost accurate.

shows that the ca ated tr Jecto act
pet MLastiethaINUSdends @Q&gfsU@ﬁJBagsTﬂitﬂcdt g&bedlﬁ@Flﬁdhoﬁfenérhﬂ‘ TurnFlag,
trajectory is nore than two fifths of a m i gure
16 @Fﬁi\mhqmleer%qwleetmylgplrmmmgwham iEsves tuthrcsh@fd H-Hallflag,
user n 0 e sane
The petiBMSH g Renotiibl stitehisBr L, Sops. Bt dnima or assBPinoving U -
eng'u?@tﬁfré 18- DRRAEEEOME e%yiRd of BEIINE. ‘C‘%ﬁ&hﬁ%’ 9§l (Not showmg

and, necessitating the systemto performin
pr emw) tilloseddryahe Segmene Nuafber. abheosybteanesarassign all pomts along a
transm ssi ons and magnetic fields. This indicates that
t he s{ri"‘éﬁgﬁ?ﬂg’@ ¢ SUBRFfENFEsNYP TaBf A SN Be W) ST STRESL S)UIPBCY at each
be ¢eifiipted by external interference. Figure 17 shows
the actual path of where the user wal ked inside the
bEiigheti 1fgsho®s tigeetrajegortylof aaséruedikipgohtdosist Arouhidtherperimeter of a large
determ ned by the invention show a high degree of

U-shapqd, ‘@w&m&gee%rﬁf?arhydh% oA B b6 FraNB gene@m byrthe system has
been OQQMH Bh %%Efeﬁﬂé q)f I?f?erbch?lrdlr{g’ ‘i""fé g%tt‘é'&' rEd g’éSMo“% that the calculated

onmuni cat1 on t can con e sensor units

trajecw@rhagehd ftuat ‘pﬂ‘dﬂilﬂ% glatdsONSorFRioMs EThe togal RABOST, th&iRhj Eﬁb is more
and asset and the base st a‘?ﬁ)n The CSM %an be abjoutry

than two,Efths ofea milea Figurg 16 shawsuheatrajeetoryeproduned tgrhecU Unit of a user

walkm'gno(%lI tHg thifll floor of the same building. The building houses electrical and computer

engineering laboratories at the University of Maryland, necessitating the system to perform in the
presence of several sources of radio frequency transmissions and magnetic fields. This indicates
that the transmission techniques are robust and unlikely to be corrupted by external interference.
Figure 17 shows the actual path of where the user walked inside the building. Comparing the

actual path, with the one determined by the invention show a high degree of alignment.
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PIC Mcrocontrol I er manufactured by Mcrochip Inc. The

PIC microcontroller can include a m croprocessor which
WRIN8HE8M§B ogr amred i n assenbly | anguage (or hi §REUS2007/013039

I [ .1 to rea he data fromthe vario
Com@g\ﬁgﬁi@‘%{]ﬁ%gtasg%g’? Tﬁfﬁ’@mbd to or int eg_ra;/edI i ﬁfo
EI_’EEe dn%kiiﬂl% A SeRSor Foul BRIt (@?ﬁ/le) o?%%&%ﬁ?d&@% gnit can control

can also communicate with ver

the sensopUhitsandanynage teconominiCatilonobetweérethe personpamimalcatliassat and the
medi um The m croprocessor can format and package the

base staipR.o T he|&SY fai by abguicthe size ohp smak gl W& mhene. Thﬁegﬁ%@ntinclude a

n.c in.s ral, .l isnes of hexadegi~mal i nformation
O S e R e e e e S R
micropfo€dsSsiAMitR tarthe ROgtahinddINasRMUMEIaRERPE AN R ghdr evel languages) to
communi cat e using Standard or proprietary
read theataaiimtomadhé wariqus e¢rsoms| that ciih be porected ta omintegratebinto the CSM,
) control the pobjle unit transceiver to wirelessly,
includiigdne fyes. REst audig sefsprs( f@fﬁég}ﬂ AN omrinipale Withithy INU over
Blue Todtd & %\?i?edl,sbﬁﬁdapgr @Hel@?s%lrrﬂﬁudiégtl%gm&uxﬁr The mjicroprocessor can
asynchronousl y"as communi cation condition per it R0

formatcandrpabkapettiee seinbdt dateeinBedheel Gitdhicatbde rdpriCBh eportieas coligin several
. MaxSt ream 9XTend transcei ver CEM (Avail able from
lines ofhgxsdecimpl infagnation, with @amor mprerines gnplopksfapmigach sensor. The

. | nf e into the The MaxStream .
microGRRAEY Hn® Rl O HoBnds b ot ysil s iFs AR o PBhricary
commUOmibaticH §8tdayls! Mhe Ficloe6FvlIEPtdneonBBIthe RiobUe @fit kfandcBRver to

node report. Figure 18 shows an enbodi nent of the CSM

wirelegidy. sprintibthe dodheppriveansorond sithasionakdat®) to HiedBagh Seios labregular

e B OB AR Bor i e it e e

Station, OESMI & Re AL LAY RTER 8- GEMNA vR®4Hle from MaxStream,
nunbers of the nore significant conmponents of one

inc. ofduitdati, Ritatt), which lsen BSMONNAEES tal AREZEERIRN GTtheOSHL. @AM ax Stream

TEMP .S OR AT45DB041B- SC-ND MEMORY BAS/70- O5TPMSCT- ND
9XTeng ¢an 1@?@%@&5@] Quytiptt pREYGACIRanbearsitorebby the miggocentpotier and

mclud%@%gé@%e}éﬁoKéu%%%x%b%arrgm e QCA(J}IBH?-{O the

invention. Figures 19 through 22 show the schematics of one embodiment of the CSM, while

Figure 23 shows an embodiment of the CSM PCB layout.
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DSPI C30F3014301 PT- ND DSPI C MCU DSP MAX3002 8CH LEVEL
TRANSLATOR MAX3420EECJ+ - ND USB CONTROLLER SPACE FOR
WORPOSH B3P NO PLACE SWI01- ND 10- XX SW TCH EG2BSHEP2((7013039

SW TCH TACT RADI AL 180 GF WML998- ND CON HEADER | OPOS

xPatpe Rigelaveroniginsbe panpandpat mrakepsroighexmope signifiort camponents of

: M N USB RCPT RA TYPE B 9XTEND RF
one e@i@@éﬁf@@% 6- ND CONN RECEPT 18P0S 2MM GOLD DI P
EM 406 OEM GPS MODULE Tabl e 3: CSM Conponent sCSM

Operation The CSM can car%ﬂ_out the task of data
a P e AARIZJOOBRCIaNDo usDKdif@dy EEMIPEEEANSORNc| udi ng

bat itar,(voltag ata, tenperature
sﬁgﬁ%@ﬂﬁ'@?ﬂlﬁ. b_ut edm]igdsuch as the | NU over
B'BJ@S’RPM‘TI&%S@{?_LN_ﬁh' ng theAWsElosTKReEDIODE Area
Network. In addition to sensor data, the CSM can al so

i MRCIA a pani c button tBLUBFOMIHKat e di stress, and
r.al ose buttons whose t must be
ggﬂﬁﬂﬁ%‘%g fo tﬁe Seﬁt?@%%%@gzlzﬁfatizn for
' The CSM i :
PU90a9%0 IND TN can k‘Eﬁf@N*Q@f@i hz.bﬂﬁ{fggﬁg[ewnrftﬁg@éwﬂ

into a No Report which can be sent to t
BRIE16HROLSS-ND a predet®Omi ned format as di scussed
herein and can transmt a Node Report to the base

sBIGAOFHEACIRTND ng DPRIGMEIU/DBRe Node Reports can

[ equence nunber s, r i
cgkﬁm%tg'lsggti on error det Z%‘t‘?&?‘ﬁh%kg‘&@@m(g‘?. on can
I MARSH2GEECIHhNIESM can gsBiceNTROtLERC Node Report
(e.g., a Node Report corresponding to a specific

sequence nunber). SPACE FOR FILTER CAP NO PLACE
SW401-ND 10-XX SWITCH
EG2525CT-ND SWITCH TACT RADIAL 180 GF
WM1998-ND CON HEADER 10POS
X2 PINHEADER
WM18689-ND CONN RECEPT 6POS 2MM LOPRO SMD
A31727CT-ND CONN MINI USB RCPT RA TYPEB
9XTEND RF TRANSCEIVER
H1856-ND CONN RECEPT 18POS 2MM GOLD DIP
EM-406 OEM GPS MODULE

Table 3: CSM Components
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After the Base Station is turned on, it can send out
nmore Auto-Join Beacons to invite nobile uni
W?&“?S&Oﬁm%e network. The Base Station can per PSE/U(?%HOIWBO”

send out Auto-Join Beacons to invite nobile units to

he petwork. Upon receiving an Auto-Join Beacon
eggﬁl%\/ﬁﬁ%ks off for a random amount of time, and

LrROERM Sarfe 'orﬁk fig tﬁ%%gta 2 re@atiﬁ?xkl*r&ﬁ VIRbYs defsObhtRGrd
aufal b sefiscObnt

in aroun In report sequence,

includufy Ban@@rmaﬁlsoﬂmltatga} GHsedalaawn&trahtecsenm andaligtribdted §ensors such
and it has joined the network. If the nobile unit is

as the B¥V qyer Plugtdoth estabdighiag theoWirelespBersonab duresasiNetwiorte Inadsdilien to

th t, Aut o- Beacon to.join the
sensor B HTCS B PR Bt o o gl lsdt cpr ggper
purpostiftonts whb& didds mubtGeSbiinfimiQded BiRSSdliReNBAE St&ion for processing.
streamdata to the base station. In operation, only a
relatively small anount of data needs to be sent to

t he and the CSMto the Base Station. Reduci

t fhhe gﬁ% Hﬂlgtai te%fﬁnwr(ﬁ%@t%%‘éges%m%w hicB gar B% Sent to the
Sentm%hﬁasf% dSQ ﬁﬁ:‘ it ecféfte iRl (B8 Rattak ﬂﬁéﬁgsg(fhé}gm%ﬁ Qhry it a Node

ext ends nge o comuni cat | on bet wee and
ReporBasthe Bﬁs&tstam@ntu@og rezaivarg aieqicsnCEhe Node Reqmmlcan 118:mders6d1uence

mles. In addition, this feature al so _provides for
“Umbf‘rfém %F@Odlﬁ%%d%?waﬁa@ﬁ“ QT Sleteclion. dB@pbw station merequeSt and the
byi r e
CSM ?aﬁ)rkfebpaeén ?{g 'ﬁ"(%cfreeR r%gl ﬁl\tglgqg:%orq \9{;@’ ég% 25 emﬁc Sequence
numb@&mVi r onment sRecei ved Signal Strength I ndi cati on (RSSI )

The transceivers on the base station transceiver, and
t AlteOBR/Bast Stalipix st thmgchon Xit eatmlsend @nt o QraperblAsitefoin Beacons to

. .. recaqarding r.ecejved si i ndi cat.i RSSI )
invite Fé\%ﬂf’ élm(sgtol ﬂ‘(poth? élg ngtffi % Eéia(} 88“%4 &aﬁl& sgndS out) Auto-Join
Beaco% fo(iﬂgitt@nfoﬁllérﬁﬁ%utbf}mﬁfthé ﬁl‘ﬁw@ npd?ifreéé"@m £ Gf %Rﬁd %ln Beacon each
) epovver at which the transmtting unit
CSM lmckadffa’et a rapdomfaoraquat ofotimeyiant trapspiecd Jdining macrcelcﬁ' avraobile unit is
The RSS Eal ue has an inverse relation with t

polledjp &gqp 1 [RRQI raqMest sefuence, K\eﬁp%g:rurﬁggp agsalmfethat the Base Station
is awald & it % hdks j‘éxh%ﬁttﬁé nétivofid ﬁ?ﬁb%&@ﬁ it @gotl'ﬁb'llg& %1‘?51 {jound robin

VI Ceé ver sa. erinents can be con cte

report Pexfiett] the r@cﬁblrmmtl veait$nhé Sext Mubg) ¢if B2acnae jsihalid ﬂHﬂﬁm(kf. or
exanpl e 4 or m)r e) recording the RSSI |evels of the
t B RefpERing signalispsessing abthe sensabdata atthe INUniha sydemiohyiates the

need t{)J ?@%ﬂrng %lt% Ii](? tlﬁ%‘?ﬂ?e ﬁ!it%f ' SR op%tx&b %ngpasl%la%tv & gzlll%mountns)f data needs

suc sual TBAasi ¢ program o
to be sefiftolike CBM @ittt the OSM tdkiaBasé batismbREduciHY the amount of data sent to

utilizing the RSSI information fromthe reference
the Base Station reduces the probability of wireless transmission errors and extends the range of
communication between the CSM and Base Station to greater distance, for example, several
miles. In addition, this feature also provides for reliable communication of data from deep
within the confines of multi-story buildings and structures of the type that are found in urban and

university campus environments
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stations. Experinments have reveal ed that the RSSI
val ues show exponential decay when an obstructi
WO 88 a wal I) exi sts between source and PCTIUS2007/013039
desti nati on. p05|t|on|ng with aid of additiona
Rece“t’qdﬁgmltsl‘réﬁgtbllgfiiﬁ@“oﬂd%@ RSSI can be used to estinmate
d‘rﬁé ?Hr?s%e&/?{s olﬂ%é gasgl ?af i6n {rg S%QQ'QE %ﬁ(ﬁ]ﬁ{ % [l?lg w&%?rgam 9Xtend,

rou €’ case
can beacagame bﬁrdéﬁtding &céluéd sagnzn @ﬁ@%t@fndtdﬂﬁonb@&%l§ leatls @Pincbfhing
addition, RSSI can used in a search and rescue
receptinneRgdetyed SeanialiS wengile tsuneasure s she pasver 9§ therreesptian.iignthe power at

. one. .feam cl.ose.to, for.exa anln
which b PR B BPcoHEE Frortien® baf "R To dRbrekd i Bhe Rsst
value h%satn ihe&se FERITRR Wit thBAlstEé BadebY théQnGs £ A SSI Wilue indicates a
by ot her audi bl e sounds indicating whether RSSI [|evels
shorteadistanceb@wsemtheuesiand vige versanEixpenirersts nan be conducted to determine
y . nCi dent Conmand Base Station The |ncident
positi B e SR Y TP Ea AR A GB 6 HOPle JSueRaTR reggrdipgthe RSSI
r
levels %gkl}fse thin dﬂn[kglﬁglp ﬁpglgtglg‘@fdgblg Elg%%%xh %?fgﬁ%{r%ﬁlgggﬁ% msﬂoqge base station.

On thébase sagoradraieah @iehiang ViamhBasic piogetn bOPrdgram) can be
real -time and organizing the information to perform
lmplellné@tad rQ)LQC%tetﬂeermpmﬁ Yot u@h?,@géh%lls&hn&r@@nm fram the reference

SR R AR A R LTI IR R S—

obstrul:ﬁ&@(%&axhﬁfé@i W&l[) XM ObREdrOduRR a8l Béﬁﬁﬁhéﬂ eUEEﬁ§§o§196nmg with aid
all personnel Perform ng Base Station | nage

of addRtaseb@ismytterrsignbppiergRES homitiemsed tocesfinste dir@carar Uil close to
r acki, n rmati o nd resolve.|l ocatjon on

each L\ 10 &e%&hgcﬁ ?oréleqqlélpﬂr-@(g:t ropung algarithpyin the ¢asg éxfl-iefep a mobile unit is out

of rangd6f tﬂ@ Bﬁse(:;@dmn B AR BE RSB cAPERHih b Seaft BRI @Me scenarlo providing
pre-plans. Organi ze and save all information th

accuratepdsitidmngiméatmiatioh bef ohelteami membereldse o galmmmlble an injured or lost

cen%ral dat abase. Information regarding the |ocation
team TRerRbEY: e tacker AR B1oAP toysards (e dosh mw@ber}fétafnt gidgdby voice

comm@hds, )) 15’)t otfte a‘%{df’dié‘ sd Fig!]-n 1ﬂg (X)h'éfflgr R§§P190&%i§ E.x)e d%ree?sﬂlg resulting

ani fral can e asse e repor
from increasing proximity.
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transmtted by the CSMto the Base Station. The
i nci dent commander can nmanage the situation at the
WOEW/I888B | on, whi ch can be outside of and renBf&USEY{013039
re.or. area of interest and can display the

., th struggﬁP
IncidenpCammand Base S@figbn & (ani mal’ s or asset’s) vita
. | af; | face. The B
g?g?fﬁz?&ehpéoﬁﬁxaﬂd @aﬁf?ﬂgﬁ&k césif'lfeg L%Sh?ﬁ(ﬁ‘r ace e Base

Ion can al'so co no e conmuni cati ons
and SeeringQipandtohtiallingtheOsbwbikeof Sivsbile iinit® corapridiAF CSMs and INUs,
numer ous people, aninmals or assets, sinultaneously.
The reeeteng repoits frooegach €8Mide a conputer (such as a
| aptop.or portable conputer) with a Maxstream nodem
t P orsSBt a deFReGRESheD Seoet e S e R B ge the
oth : . e, a
compnieEaREH R fheaif Bt finafor G ot AR
as nudieplayiap alt Ipersofinet etatus ahfosrh@&idndn a sfiple §ONGUMiREALITO view
has the associ ated application specific software
dev dPisplaying Slutdosranhindaet beratiominformation ontappropriaig naapd for all
t el emetrx of people, animals or assets. Data to and
f r oATRE ep}eopl e, animals or assets can be comuni cat ed

te t#é?fo?xﬁ?%‘lﬁs@%la%n \Iliné%é ﬂ%@&gﬁg‘gg %329%%&{th&$[b #3€GPS and

sof twar e Interpret the wrel rts to
obt dNW @adtirgy iafdraptidthendsicsalad looaidn omifapsTat i on about

the people, animals or assets. Using a tine division

p ing. :
ntil thrpyidinga othegdeatenspihat equld henefis IngideghCemmanders such as satellite

conmn| ! each of the responders individually.
Thm%{gsg&tsd?%%\?p!)aﬁsban fuse the data fromthe different

| 9CahroQlz& SPAVE aR BFFBEhAIRGh bl diURGsBERRhE futdfdiifalIl organized
or asSets, and then can cal culate and plot the

t r ajeestrardatabhset he peopl e, aninmals or assets. The base
station can also archive the data for later review and
anal ysis. Base Station Conmunication Protocols and

: t:at . .edefi
PRS0 BRI L mpspue e e

of a pdresmn@tich 4sta fisnresponciat)®r wh bfindah eards\dserisled @ ambeée report and
each packet can be one of a predefined type of packet

transmjiecthy Bia-SMte fsrase §tatipn: He inglentsommpager eandranaghihggituation at
the Ba@ﬁf& 18h %1‘cﬁ£?n lgeeglﬁglﬁé 8{ a -|<_iarglln%teéfr0m %?S ?rugu"%l 524l f ntd’mterest and
C | e ypes lngePs)lsaSIn”p?e

ommuni cati on pac

can disfaj@8 lodatibn ask parvbred gRirh4’ sor@bé 'ty @l infernRamn ontadrhshical user
whi ch generates and Ping or Al arm Acknow edge (K) from

interfacgel se ‘Spatiop gam 8lse entenl anast of the iemmanigetiorsIwdaetwerkiag that
allow ' tg | fsé hgo codlg rt m ceanceleot lhe e11r|n%fsrcr)]r a'sslgts éipnclllilt%ﬁaeto%gl a
TP PYERE PRI PERIER P 4 ’ y

The base station can include a computer (such as a laptop or portable computer) with a
Maxstream modem transceiver connected to its USB Port. A desktop or other larger computer
can also be used, for example, a computer built into an emergency response vehicle, armored
vehicle or central station. The computer also has the associated application specific software
developed for communications, as well as tracking and telemetry of people, animals or assets.

Data to and from the people, animals or assets can be communicated to the base-station via the
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particular CSM fromthe Base Station to which the CSM

responds with its conplete conpil ed Node Report
W@a’r&‘%é‘tﬂ ﬁéader For mat Exarrpl e: Base Station Pi R &@@7@13039

Pi ng Ackno e.from Node 1 Table 5: Ba
modegy A0 6B COWSE ST %mtfdﬂreh&l%eéas npeﬁﬁf@f)rtwfﬁ?mm and
dlspla?qg@ siRaABh4! 11&8%‘0@@%&@ Be(&ﬁé eclglgttr)]zfs} Io%éag] dytR a tlme division

mruni cat 1 on eport ssage
multiflesiag alporithas 3h¢Base Stadion kamedmmbnidat avithnaath o the Irékpbﬁk&rs
Node Report. The INU is considered one sensor. O her
individugilyp rEﬂe. bess ﬂa@oms fuseohe datg élrosra@lé dlfé@mntﬂ@m@n enspes associated
S sogi.at.e
with (E B an Ay of BRE i s T 2065 PR FARCEUB T sl e eopte
ammamsﬁ REtE . Thebdde 6RAOHK EarBYo &@matﬂé REYfoR 1HIIGEview 288 ﬁﬁél sis.
nmessages. In any order. Table 7: Base Station and
comuni cati on Sensor I\/Essage For mat Base Station
t d Dlspl ay The tracking

hi User, erface
Base §HRPb PR TR DA G o BT T ace (0. g - o base

S t
oo oL RSBER R O BQnR L nd
packet formyisng colnenuisisteanith thsCSMS.t Bor éxamplnedchgacksitad be one of a
condi tions vvhere they are | ocated, and status of the
predeggquqyge oL packel] whigh cegg@@g@re@ﬁ@ytﬂppe{:&\/laxgﬁ@qré@ defermine an appropriate
£qui pment |ncI uding but not limted to the CSM | NU
and ot her sensors or devices providing data to CSM
Data can be received via a wireless network at the
hase station nsing any of a variety of network

pPatket Bypes for exanpl e, TDMA, CDMA or other sel f

—LQIW J he
r &frot e |1?1tlgrface can provi des features includiphg but

frof—H R-cad of—peopte—anrta| s or
asgets dggf’fjéﬁm@ ‘T‘f‘i‘ﬁwg’éigflncl udi ng but not | |mted

to|esti mates based on INU, GPS or fused sensor|data)

respo

O MaPS Pl 0US KInds fnclrudimg those gener at ed
based on collected trajectory data, display of

C Alarm Cancel
R Node Report Request
N Node Report

Table 4: Base Station and CSM communication packet types

Ping (P) is a simple request for acknowledge to a CSM from the Base Station which
generates and Ping or Alarm Acknowledge (K) from the CSM. ‘A’ turns the alarm of the target
CSM on, and ‘C’ is the code to cancel the alarm. ‘R’ indicates a full node report request to a
particular CSM from the Base Station fo which the CSM responds with its complete compiled
Node Report (R).
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people, animals or assets identification and stat us

i nformati on as determ ned by sensors connected to
Ve8P udi ng the INU. Maps and personnel datPQT@@ﬁOOB@BO”
stored locally or renotely-in databases that are

accessed by the Base Station. The renote interface can
provide various 1 or 2 way alarm ng features. Alarns

Moo cohah 1 G eader fFormat-

rranually activated alarnms. The Base Station software
C a usgl IlItIIUIyIIIl Ildbe VVIIBIB all

M[eSo other20perator ype parson11e|

nd or
tiai” ol D@ bios XS s oo DAL Plag | + T
:]d t%tart%\ﬁinﬁ@ﬁ" Rt 8bired [CRA DRStHAtidH PEhEBelimiter
Sift n;jn@ﬁryggl on rmagsgl ng t}g@drggsr uc1 ures and
I SUuUl

Ouriar rnys V\IIICI c lllc b_ybl Clirr o UC "y
applled The interface can, for exanple, be witten in

t he Vi sual ml§+36§@/3tq§bﬂﬁiﬂg‘%d@r qgr ammi ng

| apauaaes twara ~aon o \Various
Iltju 3\1\) A4

@FPs. The BrOOCWat ijon GxOOGT e ¢an ROR* al
daL a—PtotesSsSTh arre—art gGri ki CGn‘pUt atofs—Tthe—tser

interface can display information on the current
system I I
sﬁ: o Lo ??el‘?cﬁ%'”%@'ff‘%ﬁ%@ fromm MOt Mt o
fr t@ga@‘m\)l and a@x0QMmect|ed @x@ﬂoo i ncl ueh:@Rbhe

I I, caltr g LuUlrrcoiiltTu fUI CIT Ul UTIT PC\JPI <, artl IID.I b=)
0] t { C
papBRS asE Bl ARECSY oinlalah T bk BlalfiHdte
and current status. To achieve this informtion,
collection in a robust and orderly fashion using a
pol i ng net ne hod&o can bEest abl i hed and
Tl eneat e NGAE T REDOR b GrPRas o
pol I'i ng sequence. The pol I ng sequence can run

cqrrt STy, T SynchT grousTyTor —asy e ofroust

cgn ﬁyﬁescah di ct &®®e. The|polli®g sequencj'e?g;5r un
| 1] baskar ound| F{HpQRetHedsS ¢aiNede RERH NI &flsorWtisldges

this * d ipwiekatipees Ni | capesrAuenti al l y attenpt
t opott—eact— ¢ SS. Eor—eactrattenpted—pott—the
CSM r esponse can be de ited into a shar buf fer as
an array of bytes w varying length. After h pol |
cycle, the thr can report it status to the use
interface e status can cont ai

# Bytes 2 2 1 1

Data | ‘@@ | 0xSSSS OxLL <CR>

DQ&Q Node Report | Report Source Number End

‘ ’ Start Delimiter Address Messages in Delimiter

Report

Table 6: Base Station and CSM communication Node Report Format
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information related to m ssed responses and can ensure
that the operator knows which CSMs have and have not
WORHBHORE8 | nf or mati on. The network pol ling proBedd/Sgy/013039
be run on a dedicated thread to ensure the nodul arity
of the sof i h ol I'ing
process cﬁéﬁv&ﬁﬁﬂéme Eﬁrmé)ﬁped
conpletely. Additionally, the poll sequence can
includ transmt an,Au&o Join Beacon to injitiate the
Aut o JOSRNSHT Heassage isid dne A dsiinaiEned injthe Node Repprtof
CSM *adHi&e ﬁgogs'emnemesqxu%\es SENSOFY thekids GRS be
initi gg veliageagn eratdy ¥m can send out a
pr edef kra] "%E pAtedamith ibsQ that i carske
r espor @H QL EXVATE: i ts polling |ist.
The A SPW? Bl g8 'ra?nyow%w SEROr Besseges. fnambi n
the po ?ng sequence. Wen the CSMis powered on, a
flag is set so that it will attenpt to respond on

g?i?fghﬂp oe gﬂt u;g;roge sg;cgg Lgngtﬁaﬁﬁgﬁg" tyﬂe
Si‘éoﬁéaﬁ‘ cbr v @1t TRRCH (o ORI T2, DRtEE: | PRRe

CS N I efagéisin |t SehsbeacRimbérbh (2 BeRdr €FPEKE.

Th on| f rdiRitercarn ldd. 6spiteBgeand M&@RAG N| BBlimiter
sIots f or a nobi l|e node to respond Eag nopi | e

nOUC SShvtcamr—choose—otrre—of—these—t+o—stot-s—at—rahdom+to

n recei a response t he e St tlon
C TRBE e Sfastan anE 5B eimmiBhaEpR Sensar Msgrage Format
Auto-Join flag in the CSM can be cl eared whenever the
nobil e node is polled and can be set if the auto-join
beacon is detected tw ce wi thout being polled at | east
once in between beacons. This provides a process for a
nobile unit to re-join the network if it is ever
dropped fromthe polling list.Belowis an exanple of a
mai n program | oop for executing the network polling
process. private void Run() { int pollCount = 0; while
(LAbort) { pauseEvent. Wit One();
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Fi reUpdat eProgressQ, Li st <Node> nodelLi st =
NodeLi st. Get Al | Nodes(); if (nodeList.Count == 0 JUI
WO3PISESRHE 9 10 == 0) { AttenptAutodoin() ;  PCT/US2007/013039

[ 1 nt ++: eI e foreach (Node node in nodeli st
Base gt%pplggg y} S P ay( )

T%saq@hggﬁmg@ mfmgagu 5 i B PRIAL RO B A Blows o

ruc ures ruc

persof & rehfotélg fionaer the psifos améatas 6£HS pebiste,| MiMAITBE hs8Ats carrying the
generated wthin the si/stem A hierarchy, as shown in

CSM mngjIIN¥ upifs, theenvieonmentat eanditiond ediere they arelloaatadaanykstaiys of the
peon 50 Bl B S i G4 BBl o e v,
INU al\)r\iﬁ:oglﬁer gé;r%?gﬁig@ggikl@s dplgg’dﬁlagﬁ%htet%(;ﬂsselﬁs Bah chrgﬁén iaé@&vé’@{u@ a wireless
netwoglk &f the bage stdtiomaing aop of avadaly pﬁncﬁuoﬂ( pt&dcb]saﬁms mxauplerTDMA,
CDM%aor} ortheesr lgéltf f Inr}nrg ghr%es éoarlnrggrlugguon network protocols. The remote interface can
provides features including but not limited graphical display of people, animals or assets position
estimates (including but not limited to estimates based on INU, GPS or fused sensor data) on
maps of various kinds including those generated based on collected trajectory data, display of
people, animals or assets identification and status information as determined by sensors
connected to the CSM, including the INU. Maps and personnel data can be stored locally or
remotely in databases that are accessed by the Base Station. The remote interface can provide
various 1 or 2 way alarming features. Alarms may based on raw or processed sensor data
received from CSM units, for example, no motion alarms or manually activated alarms.

The Base Station software can provide a user friendly interface where an incident
commander or other operator type personnel (operator) can monitor the location and vital signs
of people, animals or assets that are carrying the CSM and INU units. The Base Station can also
provide situational information regarding the structures and general surroundings where the
system is being applied. The interface can, for example, be written in the Visual Basic, C++
and/or C-Sharp (C#) programming languages. The software can be divided into various sub
sections. The Base Station software can handle all data processing and algorithm computations.

The user interface can display information on the current system state as well as provide run time

control.

Software Components

Network Polling Process
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mobile node to its poll list. The Auto-Join flag in the CSM can be cleared whenever the mobile

}?)13039

node is polled and can be set if the auto-join beacon is detected twice without being polled at
least once in between beacons. This provides a process for a mobile unit to re-join the network if

it is ever dropped from the polling list.
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i ncl udes sanpl e pseudo code can be used for supplying
correct |ocations, and which can be used by th
WO23(1087§8 code whi ch di spl ay the information |HCFH@ZMWNI“B9
Plotting Executlon In order to di splay position
Sﬁei%tw ee(ampl?eo SBRBPErEran lApfRr BxFCHuRS b nelyyprk polling process.
b ggﬁﬂ& This drawi ng net hod can be executed on
§nnan he processi ng thread. Wien the plotting
ecuglon is triggered, all avail able scaled and
pPH GetnRPa can be downl oaded using the guidelines
specified by the user. Unnecessary infornmation can be
f while(bdAboat). The data can be scaled to the proper
zgom | evel and drawn to the screen. An exanple of

filter cHéR. Waitdie(g Single floor view To display
only t%ﬁ Hﬁelﬂ% lrys .for a particular floor, all other

datapl sefor t he

desi re%%g&éﬁ o e{jlé?rﬁv %’S%Ft%gigg (1 to provide
scal i n§f aunt%d doom out to a | ow
resol ution, {the di st ances between the points on the
screen will Asteaptdutahainhhe poi nts can be redrawn

cl oser togepbRCourtseudo code for the scaling process
are progvided bel ow. public void CreatePlot() { Bitmap

Pl ot | mage = new Bi t mapQ

Scal eP?l nt sToPr oper Zoom_eveKCur r ent Pl ot Poi nts); using

(G aphi'cs g ron Pl ot | mage)) {

g. C ear ( Col S?fe%ﬁa(%ﬂ %\R/ﬂogal%éé\t rol Obj ects(g);

f oreach (No e nodeToDraw i n Current NodesToPl ot) {
Li st <Dat aPoi nt > ReetesadadeBequepte(node)st <Dat aPoi nt >() ;
foreach (DataPoi flhrqadiSkep{(_SealiW atEifeit Poi nts) i f

(poi nt. Cont r ol Noglede-BpaneroliStata);
nodePoi nt s. /}\dd( poi nt) ;

pollCount++;

}

Data Structures

Data structures can be defined to store and access the information generated within the
system. A hierarchy, as shown in Figure 24, can be created to describe all data being processed
by the Base Station. There can be many categories of data received from the various CSM units.
For example, data categories can include data which contain valid GPS and those which do not.
The different elements contained in each CSM transmission can result in the data being
processed and utilized differently by the algorithms of the system. The Data structures can be
used to keep all data organized and easily assessable to the various modules of the software. Each
CSM response can be stored and broken up into various different data objects. These data objects

can be passed to their appropriate GUI processes for operator viewing or passed to various
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invali@coihsshiapeoil ot baptdteised aﬁd% any RisfonGapleRgdritanked.
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renote server, or a portable nenory device, or any
jnati.on of all three. This database can be created

c
Algorgsg&rf’f%él M&nd conpi |l ed together to be shared with any
USordtidnt@11BRe frefnfthe ©8M faltM@p&ling BfocEs e Rirfbed @bove, can be

random bui | ding | oaded into the database for a city in
thoroughlly agkcarefnlty piviessehfdrermedaeniod aad domentidn pandeopyinBzsons. This
' uter throughout, the country. Once |lo

o AT AR A5 e P
errors! Gk %g%%lﬂﬁ#)ﬂf&e&fl Frolitthd %nqﬁndlyﬂ ?l 2 par%@ zﬁglfxﬁathematical

I ncl ude use ornatlon to pIC

and sthtisticdl methuds. ngodaail p isndiiag tiedse bmhﬁo@L@Sureg' e pouabilitydhd stability
dat abase can include the follow ng for each bU|Id|ng

of the poftypxs. [nythg £VeH of an prigreseen Qilt{cﬁleﬁrt(ﬁrﬁ’@fmt&“ BUhiscpagific data packet

can b@MPQ&C d%cah Bg' l}lfeg %E k?llfgsnlnetq(lt P?d ltagl%d\% as GPS

coofdinates o e i nagery,

I BpsREeH @ohant)@sr mapFAR bfd locitiohPEdrithABithe Sollelfed da’{aadan be
tenpl ate taken from each first responder station.

categarizef linto ¢ atigusadapy gbjédts bythdiatgorithye @rdcea:sm@‘equ@mcef\fter successful
e T LA T X T R -
data. THhi® BfocBdsiSsequence can run on a dedicated thread. While this thread is active, it can
attempt to read from a shared data buffer filled by the Network polling Process described above.
For each successful read, the data can be first parsed into a Data Message object. The Data
Message object can be universal throughout the program and can contain raw unprocessed data
from each individual CSM sensor. The data can be compiled together and tested to determine
which appropriate algorithm can be run. The processing thread can attempt to run all scaling and
processing on a new Data Message object. In the event of a critical error in any Data Message, a
status report can be sent to the GUI in order to notify the Base Station Operator. Appendix A
includes sample pseudo code can be used for supplying correct locations, and which can be used

by the plotting code which display the information in the GUI.

Plotting Execution

In order to display position estimates to the operator, a drawing method can be
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Wherl BB HRAGANCE R G is LR oPHIP o N S41EY af EPOESSA Bk O be

di ng panel starts enpty, and can
downlvaddd wdirgithb guatelinasgpecfiedpethatusan Wmetdsearp infbanaign can be filtered
| oader caontrols just nmentioned. Once | oaded, the base

out. Thedatagandisescaled Fo ©&PIORSHBRAM [ryakandeliawi fq Be sefsen. af\p example of
fllten@]gzma }ﬁﬁ;arszﬁ yﬁ%ﬁé}r \ﬁ%\g o{é%lgﬁ'gg@& E)Elg%gce%a? E)ggts t?ﬁ%g%ﬂ&tllar floor, all

other Biith @bin®y caftbei rBfioPetl dndinfieihbse b tHeQRlirédl fdotirlcath BEshdvirs For
associ at ed Buil di ng Loader Control is clicked and

exammpagmldﬁysqaheg whete an@petagoridgsithsdo Bodmh @uh@ qdawe‘csoh@:mrethe

| oaded, all
aistaneichegesrbdPppf or0BE SierT ) HaBes oL aBORS (ol 48 edraye closer
togeth%f OFs’équ Bode i‘%HtHe%ﬁlngg L}Wbée'ss Q%ﬁﬁ’@\ﬁﬁ Qf sy th respect

hi's buil di ng ows a Buil di ng Loader
mhlch can be used to load a building for real tine
tracking inside of |oaded building. Building Satellite
View Satellite views of the building are provided to
gi ve the Incident Commander geographic and structura
awar eness of the incident scene. These inages can be
interactive in the sense an incident commander can
zoom or pan the imges to get a broader range of
geogr aphi cal awareness. One specific purpose of this
view is to give incident commanders as nuch det ai
about the roof of a building. Using high resol ution
images is the nost practical and accurate way to show
roof information. The database for each buil ding
contai ns automatically updated downl oads of a top view
aeri al photograph, as well as a photograph of the
bui I ding fromeach of the follow ng directions. North,
Sout h, East and West views and saves them for each
buil ding for viewing at the incident scene. The
satellite view screen has no buttons, only the
t hunbnai | i mages of the buildings. Upon clicking a
particular imge, it is brought the mddle of the
screen and di spl ayed | arger. Figure 26 shows the Base
Station Satellite Top View.
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Fi gure 27 shows the Base Station Satellite Side

Sout h) View Building Preplan View First Responders
‘Vé %@ g p p

2PBA%EB nt ai n prepl ans of areas/ buil di ngs whPER/USRWY/013039
m'?lgt be pot ei)nti al incident scenes. The Base Station
aPIyiteod{deatetins to be viewed within the Base
Station i.n electronic format, and to be edited, and

s Bagr PloUmage HIFY BitmpOgat abase for future reference
removi ng the need for unorgani zed hard copies, and
pPeAlgEa OBTOE@MWCIQHGP‘BBWWW; all the needs of
first responders. These pre plans can be in any

c gppeGrihics gi G@rapliesdiaemlmass(Blgilmagebut not limited to:
JPG .BW, .G F, .PDF, .TIF Figure 28 shows the Base
St at i os-OgagCPloaWhig)ew. Per sonnel Dat abaseThe Base
Station Software has the ability to maintain, process,
di spl apraritiot€ditol@bje{m@onnel Dat abase. Thi s dat abase
can be physically stored: locally, on a renote server,
or a pdortaab(ModamndeTyDoherin CerrertNodesBoPtodyThi nat i on of al |
three. {Thi s dat abase can be created over tine and
conpi | ed t ogtddaraPbiathedaiviitednesm Lik<BayPaims; of the
Base Station software. For exanple, a random Personnel
| oaded into the database in College Park, NMD can be

rel oaded aneyrebsRDRIPoRNYoIRAS EurtndlbPHnEPMPUL EF

t hroughout the caypdifidConhNedd LadRdToDh® Base Station
creates a visual reprgsRpbiaiiabpehyeach | oaded
Personnel . The representation is not only a picture of
the person, paiipoftd, abdkPoragf ul i nformation to pick
out pafgticul ar personnel using various search

techni ques. The personnel database contains the

fol | ow ﬂo%m@@a%aR .1ding: L A associated nane of
per songpy wS?deSéIl‘elﬁ?(gP lated team nane for personnel.
Thi s tm@gﬁ%d@@ ‘cat egori zi ng group during software
ryn time. 3. Per f%}hal i nformati on including but not
I[Tmted to: Height, Wight, Age, Shoe size,

p rsonal_inforypation is useful in future
sgféf‘?%%g%&’%%’é‘??‘? en_t‘e)i;5 et i ng during software run
time. 4. A color used to represent the personnel on
all plotting and display w ndows
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t hroughout the incident. Personnel Loader VWndom;The
gersonnel dat abase i s parsed and displayed in a
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ow, e personnel | oader w ndow can be
Graph&@?rgﬁ r%‘F Cv‘?\ﬁﬂpanel s and several buttons. One panel
c | r
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operation on the personnel |oader controls just
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databzi%@ can-B@ekegted oNérQirhd g dVORRRY b detier &F béjélfakéélgmﬂﬂany user of the Base
incident. To | oad personnel, its associated Personnel

Station seftwareCBortexemples a canidofueuhildimng ldadeggeid tm/dataimsmﬁcma city in College

Park, M3 ke 19005 SULGER o SR arech HprLEArae FBER Flegipntry. Once
loaded, thSBRR'StAMIan We luke PR pr&ALES vf%ﬁﬁcrgﬁlﬁfe%tzfﬁ%q of 4% dlxgt”fhe data

reference to the associ ated personnel Figure 29 s
base chh els&émtlidealsefod irfommeion to pidk outvdn particwlanbbiklingsesing wrious search
nnel for real tinme trackjing and m)nltorlng

| oad
techms'g%se TE? lﬁ)dmg fiﬁﬁ‘aﬂSﬁﬁ@n waludg they fofmmsggreeash Building:
| pf %P@HCQ{] at{dﬁﬁ'tﬁé cén?er o??@%iﬁ%%feacﬂ fco&'e§$% @Y b%ding, as

Per sonn at us

cur rveglt ksyGPs)ad@dmafeg@fehes syst em The BSI P is designed
to display a sinple yet conprehensive view of all the

p ér syalbie imagaly nigpresantedy for expmpleatn P¢efopase St at | on
se Sta rmati o

h I P .
Faa tp dden it PR ER S8t Rl Rion o Laeeg Nwpry it
Basqilsﬁn@eaq&lggfré%@ﬁg way.characterized with large
but t ons 'whi ch can be ¥ound easily and pressed while

wéarGengrapheviaforontian Sgaerhs §aliSe polygor reptdsematiam
easi | ygy ew critical information about

oper at or
pg'r ﬁ\éapfaggewqan OPHAEBY-at el y navigate to any

personnel's | ocation on the indoor or outdoor view
descri bed below. It also allows instant signaling of
Buildinp @iowdedWdindper sonal al arns for each of the personnel.
Status_information can contain but is not limted to
t hbe P%‘M‘Wﬁ@bf}sﬁf%ﬁwmﬁﬁ displayed in a window on the monitor which can be

referred to as a Building Loader Window. The building loader window can be comprised of two
panels and several buttons. One panel contains many building loader controls, which are the
visual representation of the building. The other panel starts empty, and can be filled by a drag-
drop operation on the building loader controls just mentioned. Once loaded, the base station
operator can remove unwanted buildings, and highlight structures of importance to the incident.
One or more buildings can be “Loaded” into the System prior or during an incident. To load a
building, its associated Building Loader Control is clicked and dragged by the user to the loaded

building panel. Once the building is loaded, all processing regarding indoor location, as well as
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a. A checkbox used to toggle the visibility of a
ersonnel location icon on all location views. This is
WOeW/ 18788 here is no interest in actively tracRfhgS2007/013039
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the followingdliteeSensi NoRRSsuth, Hadvind West vRas)anHisavddithdnh Yordéh building for
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. reen as .the battery life increases.ii, Te ratyre
imagel LR AR STy Sieting shrosbf SAGH 113 rgbeR o Mge ofthe scrcen
anddikﬂh&éﬂla}g@ﬁi cator: 'Go' (green) if personnel are

noving, " Still' (red) if personnel are not noving iv.

Phguo 26 $huavsahe Base Statiar Sa¢liiwTopeemdi ng whet her
P@{g?}gen élﬁg@&ﬁ?hgg éqtatsognr §a%gl]ife ScigiéJl Yg(;u?h% igv%l ow), or

Building Preplan View

First Responders often maintain preplans of areas/buildings which they might be potential
incident scenes. The Base Station allows these plans to be viewed within the Base Station in
electronic format, and to be edited, and saved in the building database for future reference
removing the need for unorganized hard copies, and providing a complete solution for all the
needs of first responders. These pre plans can be in any compatible file format including but not
limited to: .JPG, .BMP, .GIF, .PDF, .TIF

Figure 28 shows the Base Station Pre-Plan View.

Personnel Database
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Personnel can be arrang y ascendi ng ng
al arthoughadlitelx inciglent. ‘

Personnel Loader Window

The personnel database is parsed and displayed in a window on the monitor which can be
referred to as a Personnel Loader Window. The personnel loader window can be comprised of
two panels and several buttons. One panel contains many personnel loader controls, which are
the visual representation of the personnel. The other panel starts empty, and can be filled by a
drag-drop operation on the personnel loader controls just mentioned. Once loaded, the base
station operator can remove unwanted personnel, and highlight personnel of importance to the
incident. One or more personnel can be “Loaded” into the System prior or during an incident. To
load personnel, its associated Personnel Loader Control is clicked and dragged by the user to the
loaded personnel panel. Once the personnel are loaded, all processing regarding data collected

from this personnel will be scaled processed and saved with reference to the associated personnel
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Personnel with an active alarmcan be brought to the
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b9 BB b PP i 5 b2Rinciy e personne o
rea]gﬁﬁﬁﬁ@ﬁﬂ%@gdp@ﬁﬁtgﬁy refadl ngs. Quadrant: Personnel can

be arranged by asc ndlng or descendi ng buil di ng
guadrant | ocations. Base Station Control Panel The
Base Station Control Panel (BSCP) is software

Base Statpp dpmatiopFangli spl ayi ng and processing mai n nenu

ﬁﬁﬁ? Base §@Lo@g§@g&tgﬁ@tﬁ ﬁ;{é a;goq{sibggﬁ)rr% sgrag r@[be%ﬂnel-

Statusthiféithatian fBeedchpeioftimg )éuﬂﬂﬂlyﬂb&ﬁ:&@ﬁ’tom é}@te‘ﬁ’? ght BBIP is designed to
gloves. It allows an incident commander ‘or operator to

displag asimpleyalgagepreheasive vient ool the persornel infemuation nyaitablet di¢he Base
S Base Station as desired. Main nmenu controls can be but
fatioly e "not inited to: 1. Starting, stopping and pausing
oﬁlgtuP@o%swme%sefStatdaﬁ 1RQHhAfonDRERMAd RanAdy part of
2. Selecting various view w ndows as nenti oned
above 3. Choosing to save or |oad incident data. 4.
I i yi dual cident. wi de al arnms and panic
i Sﬁér:we@, graéusga farpgiien visd imtheBase §fqt18n Sefaregs characterized with
ord
large "”L.ﬁ%%% ARG AR MY SR rectb @ ANID e glole i Flout screen. 1

allowSBasepetitat iomasidyaviewvoiticiliafolratidn abduopersmmsionngdl]l atimatediately
i nci dent scene outdoors relative to surroundi ng
navigate Hshyrnessontelesslecationenrihe indapron ayidnsg VMSPM belgvs It also

allowg %¥t§ﬁt§S1%rh%né%gﬂ‘ Ia‘llg rarfgg naff gia?rggkoé%gﬁf ﬁhg%ﬁrﬁﬁf%} ng

pltaymﬂfdrﬁlah@a@@ctoaﬁmmemths nGAU NS thefollBWindirfdritatish:
can be colored and rendered as all owed by standard G S

schetred. cherktioxrused tatopgld |tlregv1$Jhﬂ1tjoef a parstemeblodatfdngc@naen all

hi hI| rt ects. So but .not
|C|0|m0: Zg)t %’1) on diews. t1s s usedf't there s no interest lrrrle actlveely tracking particular

personnel but interest may remain in monitoring these personnel’s vital signs or if
interest remains in notifying these personnel with evacuation alarms
b. A general information section which displays
i. Personnel Name — As stored and read from personnel database described
above.
ii. Team — As stored and read from personnel database described above.

iii. Data receiving progress bar — This is a standard Microsoft windows form
object of type ProgressBar. The status bar is the source of indication to the
incident commander. On each successful radio transmission the status bar
indicator will increase till the maximum and on each failed radio

transmission the status bar will decrease till zero.
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a . Building construction b. Building height c.
Bui | di ng age d. Buil di ng occupancy Personnel

who are
W3 EIsES8are shown as blue circular icons. PePSHit§07/013039

i ndoors in are (sﬂt}?vm as green circular icons, and
per sonnefV-uPEROBRE PRAORTPE -fiatterad andiread fromePersenpeldata base

red circul ay gcﬁg&f bo‘(,ge G S map is chosen for its
sinmplicity, PaC $UNwant ed colors, and | ayered

st angdaMaribay feal timd Behsbhinetatiativh Soluidgng nanlimied gent
commander the ability to track personnel relative to a
particul ai- Baiteryilngjcaser: Sincd dorsonned fea ciigigsituatign wilk neidve time to

Stat i on 1 naBbR R B AR el AR Racry evelsar

di splay reamdnittRdRPEIeIBRE s (BRL & 1fpdMed K9 ¥ attery low). For
When a digital copy of a |loaded build floor plans 1§

avai | abl e t hasyBaskiliSt zud compreheosipmfieeaterycvatud iagicar is displayed
Can be | oadireqiers shatendudedtar au IR ey e b increases.
| oaded in;t b Gh B ' ~.above.

On each glkelggrtn glllr?hgéf' nﬂégﬁgﬁg‘%m%&%ﬁ%ﬁpgfsz)gﬁéslg%guabove,

a copy ofii.t NosMbtigghdicatoes €t €greém)dtpdryonaslare irwingy (B’ (red) if
using C# Gl techniques. Each inage copy can be

physi cal | y BeapElargmgt o¥itayed to operator on

screen. c [ . e i ors. :

can be r Spr beiteIRcaBR morRaR e e bEORIe sopetine

the tracked(gedmdrawBi (Rllowy, odHEf on b&kf(?e@'?]ng at
renote tinme, this direction is relative tothe fl oor

pl an. Each peeationdedicaiam DisplajissPutsidett wihan perseringliis outside. When

| ified f P | Dat abase, th
Base Stat: HIdPREoNcG Be AR BEh e HReLR dpcatalon he floor
have the abpjlaht i se@ dhhde §ERIrde s lﬁ‘ﬁﬁe E316F &BA kY plot

visible by sinply clicking on'the visua .
r epr esent at penorufel ointhedeor plad). Setid blacklline o adsEnsome arle.of the floor

A visual informatio IS displayed. This visual
" nf or mat | onPHBRS At 3 &Pﬁ&&f@%ﬂl@@&r@r quatienis {alpha-bravo,
i nf ormat i onbﬁaﬁ&%aﬁ@% sehected personnel . The
informati on that can E)e ai spl ayed includes but is not
limted to: a.l.Cfrtopidft quesdpest stiaded,.on zooming to personnel, he/she will
be found on the top left quadrant of the floor plan.
d. Personnel Action Buttons including but not limited to:
i. Personnel Alarm Control Button: This button remains in one of two states.
1. SignalAlarm is used to remotely activate the alarm on the CSM of
the selected personnel
2. Cancel Alarm is used to remotely deactivate the alarm on the CSM
of the selected personnel.

A state approach was taken to minimize multiple controls on the

user interface. When personnel signal there alarm through there CSM the
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b. Current battery status c. Assigned teamd. Duration

in building The floor plan can be drawn stretched to
WORESHGF B8Nt set screen resol ution on the BasePSTASPYy/013039

| apt op runni ngqéhe software, this can be done to

maxi m ze vi S8 Station chapgesstateAccordingly. per sonnel
Tracki ng Y %‘f’soﬁﬁ(}? ?L.)Slﬁ’l[ Pl%'séjt% ﬁ%%ﬂ{ tB%hb g ofsohﬁacllf ??Lgonnel are

viewis ed| cat e oor se I on. or sele

i s done by antdo6BMnhd hiatlodrsidus @hdow desprilgieslow Rebrought forward. If
desired floor. This icon can be text filled or an
i mage, it caersernetaledndagrothe frsioog wiewrdsscribedibiely is brought forward.

adv f_the database structu ed and . .
i s QU bER feching Wi ief S EEe g Al e eiactin Vhicp ghegg information
coht¥Sls AH@SHlafRid iP 8?1%%518 CFheQRd&8 FwhRAGRRoANED ‘H{fonllla[hoﬁlec%htrols are
time as Per'sonne hange floors the nunbers refl ect
disphayed imaledet bus aeet ot lifthedeair rent |y sel ected floor is
highliqhted in |te Ere 32 howstge Base Station
s Semeelus Hirsoinel el b Smiviasd 0y dsgendipe g Aescauding fmperature
shows &Qgingase Station Indoor View - Alarm
Situation. Base Station |Inmage Processing and Mappi ng
Al gdy.i Aharen: PBReMET Cidl béarfdn@ERbY kildending oMagscévlinghal axgns indicators.
Al gorithm hel ps the incident conmander easily

Vi Sual PEEORIeh R hiserastymalprm pansbeRipraht iy thgrtep Senitoem I fhe event a
f1 oor g Lla}nq % tﬁgtl;erq}nge g{r(;on%%%ﬁ]%g sgnnel Y&B%TS tlon control is

devel o e nmap- gor |

to rerrem‘eﬁfau&d]@tbrbﬁ'ge.ttmﬂﬁambﬂ)ral n has hi ghly advanced
pattern recognition intelligence and the conputer does

not ,C. mBRItery: Pereonngkdandie amangadzhyrdseendingeoraissqsndiog blatnery readings.

ERAE Pt P e iPanaSHEY PR st Rl acran

locatiéffs. the building are '"profiled using a Map
Preprocessi ng program ( MPP) MapPreProcess | ocating
features in each fl oor plan such as turning nodes
éc rr dor rsections and limts), stairwell and

Base Brl‘t“?lé)@ﬁ?l ons, and Exits if the floor is an Exit

E*Il"ﬁé’?lz\l/sl\e/:': S-IEthZineC{)ﬁtﬁg;#atﬁ%‘l g% g&%&gﬁ%hﬂggboﬂsiype[’fop@itsﬁlmdﬂg and
processing main menu actions for an incident commander (or operator) on the monitor. The
BSCP is characterized with large buttons which can be found easy and pressed while wearing
gloves. It allows an incident commander or operator to easily navigate and control various
subsections of the Base Station as desired.
Main menu controls can be but are not limited to:
1. Starting, stopping and pausing of the operation of the entire system, or any part of
it.
2. Selecting various view windows as mentioned above.

3. Choosing to save or load incident data.

4. Individual or incident wide alarms and panic signals.
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Map- Mat chi ng Program The Map Matching Program ( MVP)
reads the floor plans of the building, and

WO3PBELRBRdi ng MVF files, records all the feat §F&4S2007/013039
inputs_a startpoint on the floor plan either froma
cFiguge 3G shawsdhe Bagsnttatien Coptrol Papsin  GPS- | NU Fusi on
point and starts plotting the free raw points on the
map. |f i'ncom ng data suggest that a correction can be

Base $fadén OutdobsTimeKkiag Wikwt he correction type involves an
angle correction, the angle is corrected and held
u it prdex tocdisphadomelagy esbinatef iparsprnel tocatien, the, Base St4tion can show the

.point we let the.path be plot free ain .t h respect
tocati@igotbers g {4 ap Wi ek thenf R g BB S Powtling lenFRESS. These land
mark &eGOMRY fRATcRNRGIS lﬁﬁ%n%ﬁle Ba114i8E4 A8 Tod¥H? as discussed above, the GIS

PRE- PROCESSI NG AND FILE: Figure 34 shows the
layer Wedtd represSytshebuiling polpgdaric desled agwéllMR)ydeasfarraay building can be

tecto The MPP | nputs floor plan jnmages of a

coloref gl grgredea PUE & b PORGre 6TS seHimen, DR wIPn: t91idine can b rendered
. alg: . i j: tion such
differ S g e ooy REeaE Sopm LRIt ARbENE T S

St ai rwel la. Baildinglkensalggopi xel | ocation on each map. o

Future version of MPP wi |l perform scaling and

al i gnmentb-oBuflfiggheightins aut omatically. The User is

pronpt ed toﬁtglagéagl ick on o Nodes (Corridor

S) i

I nt er sectS o %y order (nodes 1, 2, 3 and 4) in

Fig. 34 o Siailaigloccdpas@ti ons(S 1, S2 in green) o
El evator |ocation (EI') o Exit Locations if its an Exit
FPersenriekivho X outdgors atgshewn ys blue sircdlamioons. Pensbuhebmd@ors in are

ol PRt S SSGETEE P 40K
circul%r{lf:&fsﬁ?ﬁé 615 Mabfis &'}ﬁﬁﬂf‘f&g &S sitd ich?,%ﬂé SafwaRte836drs, and layered

her, one is tenoved (redundant” nodes -
standard format. The Outdoor view allows an incident commander the ability to track personnel

relative to a particular building or outdoor scene.

Figure 31 shows the Base Station Outdoor Tracking View (GIS).

Base Station Indoor Tracking Views

The Base Station can display real time position estimates of personnel. When a digital
copy of a loaded build floor plans is available the Base Station is capable of overlaying position
estimates on this digital image. The image can be loaded while its associated building is being
loaded in the building loader process described above. On each execution of the plot refresh
discussed above, a copy of this image is created locally and drawn upon using C# GDI
techniques. Each image copy can be physically changed and displayed to operator on screen.
Each person (animal or asset) while indoors can be represented as arrows pointing in the

direction the tracked person (animal or asset) is facing at remote time, this direction is relative to
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clicking error) 0 Checks for all possi bl e sets of
nodes that 'see' each other ('see' inplies that th
WE3MFHRE box on the rrap does not have any bl agng&S%‘E’IWOBO”
art of the s
the ﬂ‘{%rpf E?éh l?:?fgqmsll qang’ﬁ F%YC Hg ‘P‘B‘&f‘a‘iql‘b‘r?é SH?%P% frofn fhe Personnel
CLRRY) lg{mggﬁ I
Databorthogtg%r?g corridors an%a&%%?lf @6{31% g%t% r?gnhé’v ﬁe?blhty to identify
any pérecimebeintlf tvisible bg singdlpelicking @ the vaual reprgsdntatidniod iitid desired
different due to clicking differences) This constant.
persopnsl gp Herparesnh [visupkinfarmgion bexgisdisplayed.ckhis warlai snfpanatm box,

whettEPR FAriRSr GohE, B54hR9 R RR B0 e 1458 BB00 T drmation
that caf I &E;ﬂﬁﬁﬂlhﬂu@es%upxsafdiﬂﬁuﬂé@@@':’03|t' ons - FI rst
CoI um- X, Second Columm-y, Row Index = Nodeld o Nodes

' seen' byﬂ Neserenr Eemgedaiteed i n a NodeLi nks array, where
for each No r i ndex) we store a list of all the
nodes t hat g’ﬁg% l%??%’é'rsfqt%r with it. 2. Process and
Save Corrd dorsibRdPlea@ti on o Each uni que set of nodes
that 'see' each other is a new Corridor. These nodes
are sort et Dmrasmenbhﬁ@ngrder of their varying

c i nat e orthogo case o0 A Corridorlnfo Arra
?gagaar Ran '?ee Awrlégre {0t surTeat pasecresst FeselfipRion e Base

Statiolf ‘?@t&ﬁ% {rﬂ grlﬁt% sdtfsre, Yhis cal?ﬁeﬁ&{e t qndxﬂnf!zg %hs%fcq{mty

novi fAg I n smaler

pQasthdllooBPerserine] Tackidp Vaew | the fefl side oftBOiddGbr @acking view is
corridor aligned 120 & 300) o The first colum entry

dedicated totfloarselestiwr Flooapeleqtionds @pr(ecbarmna@org@aa@s maﬁcbtmreraesent the

d thi d
desirel Ho P RIS R R PR oy’ B ot e e Takins
advan%a%e bh &e@éfdbhﬁosﬁmaﬁge desied dnd §BARMd 4BBvE ttﬁ@BﬁH%tStﬁlon is able to

reshol d beyond this node if on this corridor else
displaptithgmunplzer of pewsamg! eweachdoaded floor. In real time as Personnel change floors the

numbers reflect the current state. The currently selected floor is highlighted in white.
Figure 32 shows the Base Station Indoor Tracking View (Floor Plan View).

Figure 33 shows the Base Station Indoor View — Alarm Situation.
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0o The third columm entry is the SLOPE of the corridor
n Map Convention (90 vertical, O horizontal qgn ma

i
W@IZS%QQSWII al wvays be between 0 and 179 si ncepgﬁgg;%m/omow

ncl ude directions 180 degrees.apart dependi ng on
Base %EI%P’U\?&? PB%‘P%%H&%‘P PW@E&’E%OIBﬁ‘%ﬁe fourth Col um

onwards is a list of all other Corridor Node Ids
encountered while wal king from Start Node to End Node

MAP-MATOEING ALGORITHMeSe nodes serve as checkpoints for

map-matching. All arrays are padded with zeros if

diThe Mapiatchingchlgor thrveheles the insidenbpsnmanen casily yisvelize where
saved as.a Conpass Directign to hel ssQci ate W.

¢ Ry RRIBRESe R i et R AR € attitfles

u i < ) .

WY H deSeiBpime ThOfgs Hidichii sl D e TRigE o RAGRBT a the
dbgmneebrairejusdsghly advadcedpaeasecagniltitaineliFieace Méd the aodputer does
El evator Information o Stairwell/ Elevator Locatjons

aP@ BRking thetagky obprogrammizg thsrompuisi 4o magynateh pedherichalienging

Si g 11 o
Sk)}agllércﬁl[hr?‘ik]gl/‘ E#)tgr@g{)%'%aki E%lsf &lr\/}%al\y contains the list of

CTh¢ 186 Sland Giteadt BodCTemShildnd 4r@ zﬁrbfi%d’ usin% a Map PreProcessing
stairwell/elevator. 4. Process and Save Exi

| pfograma(MER) MapRieProassslorasing feateres venth ifloonplansuciyas turning nodes

i t Posi.tions. o An i.tLi nks r contains the Iist . '
ofCom i tisRES s o sl sl an@Hielipt Feianise and g he floo
Exi 4h BlifPIohAS an associated GPS location to enable
| ndoor/ Qut door mapping transitions The MPP prints the

f These fpdtamres beateorésd inc Map Mdwhifig Fige(MMF ext K\) tb bé eeaddy the
saved as the floor plan file name w thout extension,
_Mao-MachingPaspgsp@  TAPf | oor | _nmf.txt for TAPfloor. | pg)

The Map Matching Program (MMP) reads the floor plans of the building, and
corresponding MMF files, records all the features, inputs a startpoint on the floor plan
either from a click input or from the last known GPS-INU Fusion point and starts plotting
the free raw points on the map. If incoming data suggest that a correction can be made, it
is made. If the correction type involves an angle correction, the angle is corrected and
held until the incoming points indicate a turn. At this point we let the path be plot free
again, with respect to the current direction taking all corrections into account and await

the next correction.
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o Data Format: n, Nodel d, NodePositi onX,
NodePosi ti onY, |ist of sane corridor nodes c¢, Cor

i do
W2 108i$fe, Corridor End Node, Sl ope, Sorted PCT/US2007/013039

e BBl sy

El evat or Posi ti onX, El evatorPositionY, |ist of

corridors x, ExitPositionX, ExitPositionY, list of

C Bigurel 34 shavs GPSRetiml Spaent MAg R rocessiag IMPPRaF¢duwd ®etector
| ongi tude Figure 35 shows a Sentinel System

Map- Matching File (MW). Most floor plans take a few

3583050 By Tk i FORo S ARESBART EREE 26 v
VAP- YATGEIFSGr MabiXHolid\be Y RN di\Rrenfagioh s§<§1t thﬁ’tfldentlcal
points that are considered to be inside the building

ar e asdemturas enl differdnt flodMapedaciecStainkhel Dhave therseine piesti location on
at the start of the programwth all the features of

the buPdiMgP-and is initialized with the first point

to aoStf%[er%lgitonQ)@ Mlklﬁwmi e fHh Kl %r?d' azfll %'eﬁlﬁd"ftflogp lans
The startpoint 1s either tdetermne Fck on t he
QU f oraummatioglpor start, or the |ast knovvn CQut door
position fromthe | NU- GPS fusion al gorithm Each

f dlhe lsemig psompied infishglioarchi ng goes through the

fol l
| ot of mRebIC RS TaishieRfons) By Bbimted RodRu b and 4 in . 34
i ncr §MBRAinANIOLSAR0RS T, Btin RRieR] S heading are

determned. If stationery the heading is determ ned
fronot ri"elegglomloaatgllndEl) If the best-fit line over the

curren ment nber_ha Vi Ss. .t a

hr 68h X&Gi%ﬁeu%@gﬁmn S8 BioRs (b8l 50 35030 B o ould be 2 or
acorrlng_g{ll if the INU Hall Flag is true, the

segnent 1S defol n|ter consi dered to be on a corridor.

TiTae 0OPP th@da predassek thedhputieduienfophaim however if the

entire segnent lies inside a large room i.e. on white

space on a floor plan. For each point, if the Segment

'S Phady TR Redulbd - The direction is kept

al’i gne
o If two nodes are too close to each other, one is removed (redundant nodes —

clicking error) -

o Checks for all possible sets of nodes that ‘see’ each other (‘see’ implies that their
bounding box on the map does not have any black pixel (obstruction). If so, they
are part of the same Corridor.

o If all their x or y locations are within a CORRIDOR_WIDTH_THRESH, they are
considered to be orthogonal corridors and their constant co-ordinate is made
equal. (their constant co-ordinate may be slightly different due to clicking
differences) This constant co-ordinate will later be used to correct paths to the

corridor. Non-orthogonal nodes are aligned along their best fit line.
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the chosen hall; if not, the heading is decided to be

t he ro angl e subj ect to all previous rotations
wQ 2R

B8f1 may be detected, a | oose threshol deg/l@%QO7/013039

for the INU hall flag, and strict (small) threshold
for Smdihe Garrestediodsag Achy ositignsrarggtereddp a2 ld grrap NogeRositions —

f1 001 Fygbegtiol® sPELLANERSNP RE R BhAFeTNE Of

t he flrs e current segnen £ 3IYon the hal |

the peqiideschetWIBINGR drOupditddtiata NcsdeLcnkts aﬁa{ﬂ alfere A€ach Node
the cl osest point on the corridor to make t

cor r ect(kmay index)IWe store aflist ef alhie modésrthatisbarsacposnidor witheit.
firstHall Point, is within the bounds of the corridor

and the correction di stance and rotation are bel ow the

set plkeshal dave EBRidBPIHIbmiatioROr rect ed to the

corridor,and all other points on the segnent are

cor rectBach tiniqhér sct o6 nodedahat ‘Selei sach theer ¢soa névd Qorridor. These nodes are
correction &@;forned mhen t he distance traveled in a

strai gﬁf’“ﬁ’q spendyigerdenof theinvasying ceardinae (5 ofthpgonal case
b ek M eLfiidpife AHPR diaf JHRFRENEHY KBl ad BT B lorta. 1

I s i ncmen®mthogehadtasd @l ®eBaitedId thoofder érﬂbﬂﬂt&@dﬁf mﬁ{ﬁin?ﬁh the
and floor_ changes. |If change in z position (nunber of ,

st ai r s SBYHeR{ttRe BYp pasgiblermap egyridordirectpnsi§iny20;fer a corridor aligned
not i ceq TKng@é)r flag is turned on to indicate a

p055|ble oor change. Once the change settles and is

zer o, theoalmerir§tt@ludhd &IRLIS tHeCsrfias! S’tﬁrtNHd%IcF(@ﬂﬂ& -go straight a
If the nunber of stairs encountered is |ess than a

threshol d, depshudidbeyond thisinddt ifign thiheorddangse might be on wrong
ignored. If tgyﬁl nunber of stairs is divided by the
expect ed nuifB 9B stairs between each floors to see

the nunbeg qfye sleéb‘ﬂﬁ%olu%{iﬁ‘iﬁ'% F}q %rggglﬁﬁmm&@ cdd ot)%o straight a

is the first tinme this st entrave

any per sonnehreshodd biyubl NiEs hederi€ oo t}dedom\ll‘tSMSd’lxglghS be on wrong
ei ther clockw se, anti-clockw se, or none | ooking
upwar ds. Wh&ERATA9E f| oor change is confirmed, the

cl osest S{) a"[rhw&d ?(ﬁu&ﬂ %?H' R%he Sﬁoﬁﬁ%g%%ea&‘?ﬂ&&?n Map Convention

personnel "s ‘curren S cor

stai rwel | ex90 vérc41} 0 hdisontdl BPnNE) BRipes wilDal$RyYEBSbdt@een 0 and
hel p resol ve fl oor changes for other personne Fl oor

changes cl 0d29sieck Hewincludsi dirgetions 1i8Q deprses/upapi dapending on which

di rection nean the Eq son g % is going upstairs, and
wi nding i n tYie& PEFBBLT {2 "4 ¥ %ct i on i ndi cates downward

Motion. o The fourth Column onwards is a list of all other Corridor Node Ids
encountered while walking from Start Node to End Node on the corridor.
These nodes serve as checkpoints for map-matching. All arrays are padded
with zeros if different sizes.
o The CorridorSlope could also be saved as a Compass Direction to help
associate with fusion Angle, GPS information is required to set this up

while Pre Processing or the Map-matching Program will just keep a track
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After all corrections and checks are perforned, the
difference in the Map direction and gyro prediction i

i s
WOAB(W8B8d to obtain the current rotation to BET{S2Y7/013039

for the next int. Usin he GPS references of the
map, the cuf S"R‘?PWWS 6’?&? ﬁ@%ﬂ?%gpe§5?e§ﬁepr§5%ver t ed
go a GPS latitude and | ongitude to be used for display
on the GS map, and for |ndoor/Qutdoor transitions.
VBP- PitdcéddlahkbSAl«E¥irWdll dnd Elbvatarisfonmeti@f Fl oor Pl ans
of the buil di nﬂ the Sentinel Systemis capable of

bui | di iy PleEwelbElsiatopkoqatany e Salerdn aa AKRY t he
tracki ng i ' . .scene.
More per s%%LrgFgg{)ﬁsmgs)%%%ﬁéngg{ggﬂ?ﬁg bu(}ekglﬁﬂg&sf o0 be

di scovey ed SradpipRAEleh aststinks Witaydonaim!the HaRe cofridofiahat are
building is obtained fromthe GS vectors of the

bui | di ng. ackessde fonvibe staswellfeleveiggh t he buil di ng the

points are updated in the same way as in the

map- mat chi ng case but each feature isnow not avail abl e

baf op@chandd Sk EXesaeMichn real -time. For each tinme

that a personnel is found wal king straight for a | ong

time i rmdi Exitilnga@onsare saved jn darhaergyrExgtPasitiohecks i f

here i rridor clo [ ver

per sonifbl A EXHHBRCAFTEY Geait e TSGR SORHATS I8 B6rsstiblg fom the
to it as gpmap matching. If the data suggest it to be

a new corridor, it is recorded as a new corridor,

r ecor diongEadhsExdt dpehasaandissdciatal @P$ laatore tooknableThdooaCritdoor

set inreal-tine as discovered. Each tine floor

changes oWMaPRINE §eBSINQRS| | s are determined, the |ocation

of stairs are recorded, wth their wnding, start and

exit points, and used to match floor changes for other

. TmmtsmemaﬂP'1laﬁfém1rem>@ham@iﬁe.st air detection to
exi sting stalrwelTs. Vent s at are hard to resol ve

s ¢ hTlaesMME fide is savedras dher fleorelandile damn avithonf ¢éxtersibnhymmf.txt
ot he er sonn di. scoveri and confirmng the
exi s ég‘?BlséofA? h@orfle‘&’l“tfr%t f'@?ﬂ@é?’ %ﬁﬂ’é@ﬂ? on. Distance

cal Cﬁhl%tf‘ggmgty the INU is based on stride length as
descri bed above. Because there is inherent error in

t he st mi NedéldnybdePdeitienKi NadéPRasitiod Y¢ Bstiof §4me Borsidotmdatles
be made for |ong distances. Wien a command station

r ecei vE&sCpBisior SE Nodeo atrtdos Engd Node ndlape. $oeed Infemmediage-Node List
t he sa . Faok:l8 |:es vary slightly.
The " bgg%tgﬁbgsé lﬁﬁ&zﬁtégﬁsﬁ %‘rﬁ%grgtfogr%?r%wggs aver agi ng
f unct i @nERRatbifRsRiohKQERVAGIPR\idnY, ded Flcitdrd he nost
x, ExitPositionX, ExitPositionY, list of corridors

g, GPSReferenceX, GPSReferenceY, latitude, longitude

Figure 35 shows a Sentinel System Map-Matching File (MMF).

Most floor plans take a few seconds to profile.
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probabl e pat hway. Figure 36 shows the Sentinel System
Map Building for a Building with Stairwell
WO WEBPon. Fi gure37 shows a Sentinel SystentflfyS2007/013039

Building for a building created by tracking the
o Thgdlickingepertiopgean bedieRl@ersy patter feepgmitiqndgCamiquesoor

Plans 3D renditions of 2D floor plans have been

devel oped to provide Incident Comranders with the
MAPIMAITCHING ABGORITHM AND PROGIAM (MRIPyonnel ' s posi tion

in a building for guiding and directing. The 3D

mappi ng can be perfornmed to give a 3D | ook to roons

a corridors Figures 3 nd.39 sho Base station .
2 Eael 7 o e harcht, Gvsidsretth b2 s (e RAS A Eriguas 2ied with a Map
Matcr%;r %%HF]QH% E)_Yelbzﬁieg laDHE Gratt of tllllé pﬂoérgSA ?ﬁﬁ &t tl%nfegtuﬁés QPthetifing and is

I1ding's third fl oor e mapmat chi ng
initialedtwith thRiadtipbint $é staapeint é1i the meap3Bd ahdmidaladikction. The startpoint is

eithergdegiglsgigg&?/lé\éilcgvpyn g{!ﬁ‘r%pi ?qr_._rtab 81?4(}%{1‘ ﬁttég,ewgg 1q§g]é}%w§1u(l')llt%|()onrgposition
from SEMRTRELY ol ?gb% loorplans of each floor stacked
up e o

, one above er connected by thin colums
representing the overall picture of the building in

consideration. Cicking on a particular floor results
i aehbollopripg peiat md\ia&sl\’ﬁmmrr@c@mmowme follpyying process

R YN R —
S\ &f?‘rehppécﬁn 3 @eﬁ(ﬁﬂ% %%E‘%ﬁ&?r If mﬁf)ﬁer% e H@Hilﬁg s determined from

i ndi cating the user is seen om a perspectivé view as
t tteygypaasgle.hr ough corridors. This tool allows the

i nci dent commander to assess the situation of the user
* ahthg Beditdine pverthe cument SagmentdNymbes has s dedatianNesscha a threshold

YRR R Mol L 0 IR0 o e s o

USRS debmeft i dedinitedy 63091 del¥AWE e lon al@Bidos. THel @frid?ichecks are not
accurate. Oten, satellites are not avail abl e which

c aeemnashayveroti thepwtird spgmeal lirsdnside dlargarrovingdibel amywigrSpace on a
ur.ﬁ]i ts oper ating without assistance. In addition to
i nd8oP8™ satellites are often not available in urban

o CFBY &R poffidis WS’egﬁieﬁ@ﬁ a r@a@'*si'hétgﬁéaqg a HaRURE Afe AR is kept aligned to

errors. To conpenSate for errors during outdoor
| dheathiosen, halke ifhrav,ehelbeadingpe deddddodkeitingyre ahgld stlsjsado alh previous
the fusion of GPS and | NU dat a.
rotations.
e If a new hall may be detected, a loose threshold is set for the INU hall flag, and strict
(small) threshold for small straight segments.
¢ For each corridor on the floor a check is performed to see the displacement of the first
point on the current segment from the hall, the required rotation to correct it to the hall,
and the closest point on the corridor to make the correction to. If the first point in the

segment, the firstHallPoint, is within the bounds of the corridor and the correction

distance and rotation are below the set thresholds, the point is corrected to the corridor,
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GPS - INU Fusion Units, Conventions and Initialization

The out door path of personnel can be plotted, PE%r $2007/013039
Wg)gg%o&sson out door maps such as 3 S naps and U

Sat Illi&]g | magery, such as Googl e arhh and Live Locals
ALl ofher PRBR NGRS SEeRLIESORBiied Rahe FOIFdeF. JNip i comidor
¢ L ’ ! .
D L N L

c doeshoithdrethe poititsdmat bednafotnd jo goothtdugh wadls i(éricoonteletlack pixels)

can be fused. In this enbodi nent, the cal cul at ed
* ¢ Lastara diegk 67 seekthp aposifiae is ingremesakng ergdecrempatiag to perform 3D

offsets freama,GPS ference Poi.nt., Thi,s i.nt does
neobEand 002 nanges JF KFERE B BorynlheBe PR RinheGierea, +ve for
t 4] Q6 ¥ dow)tis hcticBd a 3fal fldpas YarRQ 8 tolifdiEAE afpo@PE Mior change.
area to serve as a common reference point for all

p&nse theathanpget dettles ahd isl zzte dhe dlgonthmantteripés tocesohverthisehange. If the

al so, hel ps.correl ate . the ESTU rec | ar _.coordi nate
PP o it S i tshees Fa bTeahelg SREPREN oh QULGIEE dhg change
C { i ; . i r .
CACEAOE RGP R L B R BHRTD i et

i saahnfdooas toadek ehe rumebes wh fleors dravferbared dradettehintade[Far ik @6k first time
GPS coordjinate fromany nobile unit as the GPS

RETeftainwell pas bren traversed byanyrpsreoanethe, WANBYNG isjrecosded. Winding is

i ¢ L er f , .
SR EAERE aBOBHDN M hSnloBiing TBHEIE, WA Thetitbs ehapee i
USbATEmRd/RB clu3est 8irwell onahe AH6rSE Fsund AHE thettesonasits dufrent point is
meters fromthe GPS Reference Point. A Latitude Scal e

aRerrecsehiiortheistaiswell exit peint. Abe Y BNDIRY (@ lagéreon serves tl kel eesolve floor

using the latitude | ongi tude of the GPS Referen
Ehfie] 15 oth atbameE oo Behast Fonclo ki lpflsdh fraPmvomvG
u ﬁ' . I a . .
{0 RS B o YBRAR B GERE FOOR st st
Coslitdsalosmeabdimotionle * Pl / 90 + PI) + 111130)

Longi tudeScal e = LatitudeScal e * Cos(ReferenceLatitude

* + Aftor all camsgsfipas aq Hhgchyrte eerteraied; g dedfasengrdn fhaMpp flisecsion and
t g%rgo e Qtioéws tcglc(elagg% Bgfag‘ut tpé Sfégl? 'r&gtlorl @tﬂetulégc? fo?'?}ge next point.
| Bnai e deg rom personne

uad rees recelve

o CURTHgNHhE GPSIBfcrEAdel Thé map, the Eurs@ it 88l tHeF1JBR HRI is converted go a
offsets fromthe GPS Reference Point using the

f 6IPSdafitude enflilongitwds td bk nsgdefior displa en dhrec@lSamap,add for Indoor/Outdoor
SPoj. nt Lati tude; deltajon = ReferencelLongitude -
1MLongi t ude;

MAP-BUILDING ALGORITHM

In the absence of Floor Plans of the building, the Sentinel System is capable of building
floor plans of the building using the tracking information of all personnel at the scene. More
personnel at the scene cause the building to be discovefed (mapped) faster. The general shape of
the building is obtained from the GIS vectors of the building. As personnel move through the

building the points are updated in the same way as in the map-matching case but each feature is
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GPSPoi nt MetersS = deltajat * LatitudeScal e;
GPSPoi nt Metersg = -1 * deltajon * LongitudeSca
WRINIH88 ki ng Poi nt is an Offset in X and Y fPSMUtSFlQé”/OBO”
start point, say INU X raw, INU_Y raw Figure 40 Shows
now nokavaiky e@s&r@hﬁr&t buispeqided INTEYcfiiB4 1 shows t he

T h
+ PR8N e RERR R i R A8 sERRTaL B eBSichfne o
b@oﬁi@l@} 'tl‘i‘éj %rahN}ﬁeXkJ AMROR a &J%bﬁﬁ:rcﬁié’eb d&b&\?‘eré some personnel.
INUXand Y. [INUXINUY] =] [INU_X raw

] Iff thareQs pnd, thLgeYSmae\lﬂls Ciravtad tia(lt:asllmtllla]v mzflvhlagdf thlda&i suggest it to
[ NU X raw | NU, posi t n can be geter ed coun 8

o bE AT FETIaS L TPeRTEed A RS rid eaﬂfoeﬁrrg iesfope: ind 1S Sart ang

d%ﬁ&g&h&eﬂe & nfeﬁ%ﬁm@% BREGverdr €xanpl e, double

integration of the accelerations along the direction

o oEath amelflooachddged Gesbv Said@EIty drt detethiapd,| (R Bbiichsf stairs are
di stance traveled. Alternatively, linear or nonlinear

f ireGCeieﬁimglth équldm, stadend exit peidigcandiused srwaiwhifleor efranges for
error

o PitEF bt adEnithe ob SruSHRTRE airaBleto an AR ety
o Kgh 8RO tHak hieHaProGR8H I REsudR ‘ﬁga tsl@brfj@&rﬁﬁé? 2e n§t‘é@ Qnél @cmﬁrﬂled by other

and distance traveled. In addition, a scale factor
d ptmwomrich ddcdvening ahd caifinningiht ex@tehesofihe featuraanden question.
i ndi vi dual hei ght can be used to determ ne step | ength

* aRitaprestienipied by g'aUtlF s fasediisiaide lergthae das¢river abpies. Bpdansp diera isgnherent error

| PR BRI Qe RYES QEénQEhon tHAGY b&adle RE IOQQ&IMﬁEJsed’hEnQA command station
met er based units for direct cogﬁar ison to

the GPS
mECBYES BEHISINOrmiRg jrom By UPRUYNinG e s Pty wﬁgtfwomﬁould vary slightly.
u Mihé Seabn path” dgdrithaepedamy 8 dve shidgGuntith @ Siesd yrajatrid tpHadriGe the most
ro§a%% & \L@Ct or, such as an I NUUnit2Met er Scal eFact or.
Thi @are Factor can be determ ned for a person of
aVegueg2o sheivgithe §&itine! Jystorp MaprBuitding for aBuildmgfwitmBtatreell

be. 0. 066. For variati.o in n additional
Inforrgigiog dGaisr Trmera Seatin S e VaGHiE ng JekA il creajed by tracking
the méRflentd WifolderéhnpieOP! € take larger steps and

3-D Rendition of Floor Plans

3D renditions of 2D floor plans have been developed to provide Incident Commanders
with the real-life representation of their personnel’s position in a building for guiding and
directing. The 3D mapping can be performed to give a 3D look to rooms and corridors

Figures 38 and 39 show a Base station screen image of a part of the path that was shown
previously in Figure 17. It is plotted on a floor plan of the building’s third floor by the map-
matching Virtual Reality software. Figure 39 shows a 3 dimensional view of a portion of the

map.

3-D Building Views
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shorter people take snaller steps. The ratio of the
he|@¥t of a given person to the average helght use
WRSBAHHR t he | NUUNi t 2Met er Scal eFact or can be G%ﬁz‘f”&/m””

d the S F f h
Tﬁ eyé?{&_;? gf cqrﬁﬂet%%,qﬁglggg a?yrq on gésnae(r:atec?by takm%eﬂro%?plans of each floor

stackélc“@u\(h%m %gﬁg&ﬁhﬁ%@ﬁé&%ﬂyﬁ %}?ﬁ%@%@é&@&the ovyerall picture of the

buildiigiigbérSiietaioacChekifen a phtichlatiBberTeNI© o iHeltmphege BREEmoving
Station can be equipped with an Qutdoors | NU- GPS _
onto thai<flqos represspied nardstagled Eoai plan imdD pedP. Ykidd vewing the points, the

location for rso outdoors. . The | NUGPS.. . .
user spl g s B (58P ram e v e e o oer s seen
from 4 PerkpRtiP@SRwSdsahdyophss fhréd’gfh doBskeors. A tool allfbiv the 1n01dent commander

informati on can contain only GPS data, only | NU dat
to assess thositna@Psobiid ubeiland gejslertii i oseardbeorcatt aitaatmn| abl e.

If GPS points are comng in without INU Data the best

estimate of a person's (animal's or assets') position

can be obtained by track snoothing and best-fit Iines

t hrough the GPS points using the nunber of satellites,

satellite locations, and dilution of precision

indicators to assign reliabilities to the GPS If an

I NU poi nt cones in, the current nmagni tude can be

converted to nmeters using persons height for scaling.

The direction to apply the new point fromthe previous

| NU- GPS fusion point can be either o the conpass

angle, if the conpass angle is above a reliability

threshol d and thepersonnel is not turning. The conpass

angle is corrected for the Magnetic Declination of the
area to align with GPS directions, or o the gyro angle
subject to all rotations of the previous point if
personnel is turning or conmpass in not reliable The
step magnitude (INU X nmeters, INU Y neters) and
direction can be used to determ ne the new | ocation

fromthe previous point. If GPSis available with the
current INU information, the algorithms | ooks back to
t he | ast
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time GPS and INU cane in together, conpares the neter

increments fromboth estimtes conputed individual I3/
WPIIE0RBRi ne a GPS feedback factor. AgreemenPCHUS2007/013039

' i t hj reshold validates the GPS
Dﬂ}é£§gﬁphgﬁéﬁgggah§mgﬂ§éhﬁméanem1position cal cul at ed
b i t :
o€ SR A bl RS foubionifolsBHBIESuUAR (kG B useful to
utilizeoGP 8l ddose vep, GPSI 3asfen nohaccuasd. Oftd; Sardlifes ateaidt pasiableovhich causes

is used to find the closest avail able exit on the o
erroneopg, icalipryalues tp be Pravideddy@PS Hpitconeriingayithouhessistagee. In addition
. | O I e ChII t direction,an A .
fo ‘“dé‘%téfsté‘*e?@egg’gs i°?%tSF g’é 1 %n%j‘.glg g“ i B‘g %‘%ﬂ%’ ﬁ‘d& SHYiclee ?%ﬁ‘\*‘[d?“gs’ causing

GPS eitor€ dlol dmpeh e fonaPSaHdrd Hih g QUtdsdrFodatin, Ove Rave gl @oped a
wth an initial rotation due to inaccurate conpass

locatigmamgthiod desadson therfustonp GRfhangd INdbdatanues i ndoors Map
Mat ching al gorithns are perforned, and when personnel
exits the building, noves outdoors to indoors, the

GPS —Cﬁ\c@r%Eio#ﬁn‘its}@o&v@ﬁtiér?salhﬂ|fﬁ19¥\l‘i‘z fBR- mat ching point is

used as the restart o e outdoor algorithmand the
| &he oktdowmpatie afipergprinelosan e phdttedhfon gx arspla,sedoutdoqdinvaps such as GIS
the outdoors algorithmits current heading. After

maps prchYAtRY e Iragety ugh Ay Goegle Faphped bivediocalsmapsy i nproves
A5 PRI LAIS, oy A ATInELES (i pergpsin snsor

must gndn Bogiinilas@fe@endetfRsne(ifitiviréfebdnee bosrbmhalel ah®stal®yfattBe so that
buil ding. The first step of the algorithmcan be

positiethdata gan bg fuged. hin dissanpbqgiinent, the galcplateg trainstarr obthe personnel is

s ) BEEELTLEITS G4 Byt b B ol R o e e
startinEGRNR of b peSodR tRjREdr$ beis Ararbitdry F;Hﬁﬁ iPiRe ErABKIRE atéd Blserve as a
as the start point. If none is available, the first

commg@pEfprsinpe poinpior alk getsynrich patishalod atethdUsisgal meSir corventiom also helps
1 eE}(P)r contain GPS,. sone %iN nd sa%eq'%?t h, it is .

correlgfe dhe DY Eectaperipneoqriimaiegeling dptade e (g degrepernventinen
CRRL ?sﬁﬁn Pt e thO6GPS Q:%Qrd'?r%rteS SR OBy eQﬁnLlﬁ‘lg,s&%\)}%peh fwith GPS as
GPS data is being reported wthout any | NU dat he

the GE3PRefekddcE Boinorif Higisninavailablenths wydterh chouse theSrevdported GPS
orithm if INU data is comng in and ng GPS has

al N
coordipatg from apy {p@gi,le ynigpsghe ﬁy%&ﬁereg%ngt. Lnss thedORY Reference Point is
AR 00 B 00 O M D Y51 DG e P csion
then c@lc@latdchsinyld haREd vt af bff§sad outh and east in meters from the GPS
Reference Point. A Latitude Scale and Longitude Scale for the area are then calculated using the
latitude and longitude of the GPS Reference Point from the following equations. These scales are

used to measure meter distances of incoming points from the reference.

LatitudeScale = 560 * Cos(ReferenceLatitude * PI /90 + PI) + 111130)
LongitudeScale = LatitudeScale * Cos(ReferenceLatitude * (PI / 180))
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are available in the sane report, the first Fusion
Poi nt can be determ ned by nmaking the neter offsets of
WORRSHIEIS8n Poi nt the same as that of the curr@ﬁ?ﬂ@§§wammw

Point. Also, the INU tracking points can be rotated

fromtheir actual direction, so each Fusion Point can
StorirfgBHfIChdeldfig G BRGRNGBAMANUAR Mol ds the angle

iTTerence etmeen the map direction of the person

( @nGPR8lpoint (@BSPsijt) datitudeand! 1dhitlide eegre@vecddnaifréi Peadanel

I NU Em nts are synced up, the first Fusion_ Point can
comnpygicgtor mednles is fnﬁbcoawg&d topvgterpifseigifiom the SRR Referpaice Roint using

[ the new GPS and I NU points based on the
thefoFS%vﬂm C@L[E‘g‘si on Point. There can be a Fusi on Point

aﬂ%ﬂﬁ 18t € Reféreficd akitudN-GPSPointL&sdeed by the Base
Station. The nmagnitude of the segnent joining the

cdﬁk&don Fl\llbfmmcLQl!gltlld@ sRSPaind.ongitudesi nt can be
n L St cefo Iae on the
ng’it@'lp 'I'S%U'&% %ﬁiﬂ%“l“ﬁg % headi ng or
d'(IFSPdnﬂM&@%Eb@-PQH@It@%’n Ig3Lofn' fdaeskaidie sl ope of the
segnent. I n case of frequent reportl ng, the raw
headi ng i s expected to be close to the gyro_angle
ass ' edvvl hthel ce the points are
REENE '81%@&; btk 9{@ fom 'ilpaﬁnfnoean&avw X_raw,
INU_ qufaf“;erent (e.g. 109, it signifies either |onger
“periods in between two reported points or fast turns.
In either case the path taken by the person (ani mal or
asset) cannot be assuned to be a stral? i ne between
t Regurad0 phow the INFeseordipats Syaigm: drigers 41 vhovethedipplpeMap
eterm ne the change in direction predicted by
Coorcf azf% rgl nce the | ast cal cul ated Fusion Point. W can
use the conpass angle if the conpass data is reliable

(if the conpass reliability factor is less than the
ChvrABE IR ItraBkiEg FHRESSBI@L@)ppIWnNenttdn@ 312 ratatrone(-9Q@rcen be applied

Nﬁé&aﬁe” AL Yoo et M I AR 1 el o ence

EINEE SO QYT 9 angl 8 pnd heagi,ng since last point is
not [7ar ger t an IEI t ?esygfwd' d'etepm' ned by the gyro

( GYRO_RAW ANGLE_DI1F6] THRESSHY . Dawhgl €) ). This threshol d
can be the reliability above which the conpass_angl e
is not as accurate as desired for tracking. If the
apgye conditions do nothold, the direction can be
assunmed to be the gyro_angle with all the rotations of
the previous point applied to it. The rotation of the
preV| ous point fromthe gyro angle can be determ ned
£ antNp H‘&é%éiravved with the

ph@ﬁ' p%l§§10R% Be de(?n m%né(p gy cou[r)mng stef):st z'm%na ﬁep fength (or distance) can be

determined for this purpose. For example, double integration of the accelerations along the
direction of travel can be used to determine step length and distance traveled. Alternatively,
linear or nonlinear filtering techniques that can reduce the accumulation of error caused by, for

example, noisy measurements or other measurement errors, including but not limited to Kalman
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current point is determned the
Headi ngDifferencel\/apRaw for the current point can be
WeAPWOaBE8d as the angle difference between t hECH#]§2007/013039

filten'gﬁlégagpglfyqI H?Sge ?(? et%qggn%‘rsg E%ga{ﬁe ’ &L@%&pg?nggéltg Slc-e& q%glﬂgfnt]g rs1cale factor

cereiEh AR AT S OARLEAERPRBN il ey b s o deermin
step léngsh andiitancNraverd. +

Fusi onMagni t ude*si n( Fusi onHeadi ng) Use of GPS
c é¥fres spnvsatingnthe INUneinte inte a nrapping cpaveatian, they eandigonverted to

e R PR SR b R i e
terms BOMNU usts MbhidhN@n IbldoRve@ €6 hﬁfbfrs l?_)ﬂglulégiging b??ca;}‘?&cl*é?, such as an

to validate the Fusion Point i poin
INUUaitaMetdsbenlekacted] Wbis Schie Haotoatarobe degerimimxtdefor & pemson @RSerage height

, whnformation is available, the next trackin .
(5" 9" DirBrARETahY 8 3 feindd lbs;‘)-qﬁge Foy ariatipnsricheialt paddjtignal

Heig LR SO Rleb RE LI R, S8 el uger s an
shorteofpedple ciksisonall¢ri-Hi¥ps) The\aribof thefhefzht of a pives persérlio the average height
| ocation of satellites used, and signal strength of

used tg gleterminedhe INWEnit2YletgyScalekagar ¢angerised fodatespang the Scale Factor for

in GPS with increnmental changes over the sane
eadlépﬁ£&%§¥%od in the INU since the INUis nore accurate
| TheRershort term 3) Doing both of the above over a
menory of GPS points, such as the |ast five GPS points
0 IINHLX(_@@F%% 3 INH_KheIN GlritZMetesSsaleFagtorsk HpightScaleFgstor

B Han el g oy U BB BtbeaFpeding B BlgalsBasior

w ndows i nside buildings can be used to anal yze the
ualifiers, The HDOP can be reported as a number
GPS‘gﬁﬁjggméﬁﬁQ&@Ebn%o be above a threshold when the GPS

o P SSRE R Bl R QR INEESP SRR g ditim o

determinp elet tedt pd3sibleslosmivin far persdideldttddaes. Mhs INOL-GRS ghfoithXtdn can be
readings are found to be inaccurate, and a HDOP above

transrpitiegh froabE ANHARS Maniis deithe bagh safio infthe rodemepqsiTihis, infoqmation can
; bt a.5.he H f i.dl in d .
comay G855 5D 55 SR BT vt

o t Or GPS ?@fnﬁs ard BSmMTR Yithht BAY Blatal theBePBsifhMEdrf 4 Eérson’s (animal’s
accurate GPS points was 4 or above and preferrably 5
opr &setsl)posivibe nan beolgrsedhby treek ymagdtbig andpesorfit tinestheough the GPS
S ngi(reltsogsinag t g Inllr(l:'lllbglgdf statre]zﬁites, satellite locations, and dilution of precision
indicators to assign reliabilities to the GPS
e If an INU point comes in, the current magnitude can be converted to meters using persons
height for scaling. The direction to apply the new point from the previous INU-GPS
fusion point can be either

o the compass angle, if the compass angle is above a reliability threshold and the
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satellites in half of the sky are bl ocked by the
bui | di n% yielding a bias to that side and poo
WORPBHYE™PEt i on, resulting in incorrect GPS poi HFE/USZOWOBO”

di sp Iaced towards the satellite bias, Theref BP
azi rrut WSTSOHT@B $ 798 (enimg. ‘Ghe %‘H{*I&SW %?rCGEFﬁ%‘e agnetic
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The first step of the algorithm can be initializing the start point. In the presence of a high

precision GPS unit on a truck or vehicle that drives the personnel (or animals or assets) to the
scene, this high precision GPS information can be used as the start point. If none is available, the

first GPS point reported by the CSM can be used. Since some reports contain GPS, some INU
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algorithm If not, the GPS point can be ignored and
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towards GPS points that are deened accurate, and hel ps
person danimat ort dsect} aralctke WRBRlitebtion. NU has caused the tracki ng

to drift away in the absence of GPS. The feedback
paranter can be a constant such as 0.2 tinmes the

di . iV . ' f :
ST Ll ORGP o P P ELS e i
algorithr cafsB\G1d thenewrfthsion Rogntagingriad fevo GRS and INUpdss besdd oh the

time to achieve fast corrections. FusionPointMetersg =
previgysdiusiondiaimtyHiheresgan be @dusppReinviasseeigted with each INU Point received by

' Oi-Rt [ * S FEEDBACK ,K: . .
the Bt AIED; THoVEHEH B of e ebsiemb s HRR 1 st INU Point o the previous
INU gdahi%fn ibe tobkiimidusing the!gis@RE0forhRE 8h $1%) méter-based INU Points and the

GPS_FEEDBACK K; \?\Eere GPS_FEEDBACK K is the percent of

raw heading of dicaetioPsan be dainedibhfinding the sdeperaf¢hé segmEntidn case of frequent
t of

eror I B o e o BRSS! e St v
o P SEE B8 o CADE P B .. 0%
it sigrahedithat longer EEiodsin tefwednase. repareedpoirss omfabtenmit inrefther case the
path tfallyer;lcl;yl t?]g %errsroa%/ (animal or asset) cannot be assumed to be a straight line between the
two points. These gyro and compass values can be used to determine the change in direction
predicted by the INU since the last calculated Fusion Point. We can use the compass angle if the
compass data is reliable (if the compass reliability factor is less than the
COMPASS_RELIABLE_THRESHOLD), and if the personnel are not performing many turns
(The amount of turning can be determined by the gyro by noting if the difference between
gyro_angle and raw heading since last point is not larger than a threshold determined by the gyro
(GYRO_RAW_ANGLE_DIFF_THRESHOLD angle)). This threshold can be the reliability above

which the compass_angle is not as accurate as desired for tracking. If the above conditions do not
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al so be physically located at various positions

i ncl udi ng bei ng distributed such that portion
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it B L s i e
point %ﬁ%g:&gg Evgﬁ%/ Fd?%ofﬂ{b&@ﬁﬂ)cﬁo#? )[he{ %)’1"? %Rgle(cfm'%g QAkfetmined the

HeadingDéffdrerice MapRaw-asstaiaddowidie the.[ﬁatlamlmtaOﬁhe thefmap dlrectlon of the
(toParse !'= null) Fi reUpdat ePr ogress ﬁ); )
currentipeint Meémgqigtbe, adigglpi; gMapRawy for the current point can be

caleulled R ARG e sk DeRER bR gupcangs The magnivuae

can thef 6 YBSIFRIIA $he ﬁlafﬂf?é&‘l@ﬁ‘b?'\'ﬁs dforfst OProcess) ;
Fi reNodeUpdat e (toProcess) ; } } } public void

StFusiemMlietensls s Fysi o Matessth pagieFuso@iMagn)tude*cos(FusionHeading)

FusionMetersN = FusionMetersN_prev + FusionMagnitude*sin(FusionHeading)

Use of GPS correction on Fusion Point if GPS is available and accurate

The above step can result in the meter offsets of the Fusion Point from the preivous
Fusion Point using the INU prediction. The next step can be to validate the Fusion Point if the
GPS point is available to adjust the location estimate. If no GPS information is available, the

next tracking information is awaited by the system.

The validity of a GPS location can be performed by several methods, for example:

1) Using GPS parameters such as Dilution of Precision (HDOP), Number of Satellites used,
location of satellites used, and signal strength of satellites used.

2) By comaparing the incremental changes in GPS with incremental changes over the same
time period in the INU since the INU is more accurate in the short term.

3) Doing both of the above over a memory of GPS points, such as the last five GPS points
or all points in the last 5 secs, for example.

GPS tests performed going in and out of buildings, standing outdoors very close to
buildings, and near windows inside buildings can be used to analyze the GPS qualifiers. The
HDOP can be reported as a number and is expected to be above a threshold when the GPS data
was incorrectly reported, though certain bad GPS points were noted for good HDOP readings.
Also, it is expected that almost all the GPS points for high HDOP readings are found to be
inaccurate, and a HDOP above a threshold can be used to disqualify a GPS point. In addition, the

HDOP was found to rapidly increase and then become invalid when personnel went from
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{ l'ast Conmuni cati on = DateTi ne. Now, Bool ean

GPSI ncl udedl nMessage fal se; Bool ean
VORI d8edl nMessage = fal se; //Process, UpdabE€TAig07/013039

outdog (S En Eber R Sas Jies oDRSTiA for satiss DPSGINIts P e above
and prEF]e!nt&bEﬂ 5 %P@t Rgss Jﬁh e GPgtwa§ VE‘I?\&VI(E) @b %‘P'oﬂtoﬁg sid€ of a building, the

t ore Messages . oSt or ;
satelliféoiimhalf of (hesk'ybﬁhdmﬁdk}:d by d&tlﬁlwﬂfngaymémg %mtto that side and poor
/ / Updat e Vol t age, I nsi de/ Qut side And Alarm
triangplatien. fesultsig lquomt:n_@E%pm@fﬁ displgre deveards g spellitg frias- [T@erefore

poor BN o SSYBLAE ARG AP 165, SRR oy st

south ofla récibve€¢dn KeiTR disqhslified o invREYIGFS poassor e. TenpVal ue :
-1; Alarm = toStore ALARM ? toStore. Al arnVal ue :

false; // Create, Process And Store GPS Information If

ai | blelf t or e, GPSDat a t oAdd = new
GPS %ﬁ tdﬂ"’gfers 33119% O NTS. Add(t oAdd) : if
( ﬁ@fng%@oﬁ@rﬁ%ﬁ e HRABEVe dtudied metrics, the GPS can be deemed inaccurate. If

the HDOP is above a certain treshold, depending on the module and the number of available

satellites is below a threshold (for example 4), and if the satellites visible are not well distributed
(for example, all North or South satellites), the GPS can be deemed inaccurate. By keeping the
thresholds slightly less strict, accurate GPS corrections can be enforced by adding a GPS
memory. Generally, good GPS points come in successively when the person (animal or asset) is
in an open area the the satellites are not obstructed and inaccurate GPS points are usually
received after highly inaccurate GPS sensor parameters are noted, and continues to be so for
some time. This appears to be the case because even after the parameters improve, for example,
after leaving a building, the first few GPS points are almost always inaccurate irrespective of the
values of HDOP etc. Therefore, the GPS correction can be made dependant on the last threshold
number of GPS points being qualified as accurate GPS points, resulting in a waiting period to

follow GPS after the GPS is deemed to be inaccurate.

GPS comparison with INU

After testing the sensor qualifiers, the incremental distance predicted by the new GPS
point from the last GPS point, can be tested against the INU increments predicted between the
same two points. Since both incremental distances can be converted to meters, they can be tested
to see if the change in increment in one direction (e.g., South) is within a threshold, and the
change in the increment an orthogonal direction (e.g., East) is within the same threshold. Since

the INU is relatively accurate for short distances, GPS increments (readings) of within 75% of
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{ GPSLOCKED = true; toStore. GPS_VALID = true;
For mat G°PSDat a(t oAdd) ; toAdd. LoadGPSPoi nt ();
WOIMFAIBSP nt Nui nber = GPSDat aPoi nts . Count;  PCT/US2007/013039
GPSI ncl udedl nMessage = true; | ock GPSDat aP0| nts )
the priepEpdingioan At quEd iy @rélﬂrde)feed back the/ GRS paingintethsd¥EGPS Fusion

algon{ﬁlﬂ-? o@%‘g{’ ghe: % b{{]}f"{) Eﬂ"n—g%e'\llgﬁ)r% 1@(_ @_éxt ﬁg n?ofr gz\? g{ecto‘le'y f:ﬂLBe taken

from the ELAR. WROLTGRS fudluationblisa I§6h Ed@t“ﬂdlme tAfgh the GPS points for
I NUDat a(toStore) ; Buil dMet er BasedPoi nt s (t oAdd) ;

track sranothing CaUBEp &n (nt:mAdag the mBoibed FUGPS poingd wsPd tnearect the path.
rocof S0 A Bzl nts (3 11

(Malehdrd 6PS polAPR RUAP KD bokh hccurate in sensor parameters, and in comparison
to the INU, there are several standard feedback control techniques that can be used control the
speed of convergence of the Fusion Point toward the GPS point. These include but are not
limited to PID (proportional, integral, derivative) control or adaptive control. In this embodiment
we choose to use an adaptive proportional control. A percentage of the difference of the Fusion
Point calculated solely using the INU increments from the smoothening GPS point can be fed
back to the Fusion Point. This feedback function pulls the Fusion Point towards GPS points that
are deemed accurate, and helps correct the track when the INU has caused the tracking to drift
away in the absence of GPS. The feedback paramter can be a constant such as 0.2 times the
distance, or can be made adaptive on the basis of how long the GPS has been accurate by
increasing feedback when GPS is found to be accurate over a long period of time to achieve fast

corrections.

FusionPointMetersE = FusionPointMetersE + (GPSPointMetersE - FusionPointMetersE) *
GPS_FEEDBACK _K;

FusionPointMetersS = FusionPointMetersS + (GPSPointMetersS - FusionPointMetersS) *
GPS_FEEDBACK_K;

Where GPS_FEEDBACK _K is the percent of error from GPS to be fed back for

correction

Other embodiments are within the scope and spirit of the invention. For example, due to
the nature of software, functions described above can be implemented using software, hardware,
firmware, hardwiring, or combinations of any of these. Features implementing functions may

also be physically located at various positions, including being distributed such that portions of
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Current Position = toAdd. Position; Standstill = toAdd.
Still Fl ag; toAdd . Poi nt Nunber = | NUDat aPoi nts. Count:
WOIMBALOEBBor Nunber = this . Current Fl oor; toAddPCEYSY /013039
id = @Sl ncludedl nMessage; if (toAdd. GPSval id) {
functions e implpmenigdpatifferentpitysicabloe#i®8Posi ti on; } | ock

( t aPoi .| Pad_nt.s. ) P ,

RO AR Pk Sl S 2 e S el Wekagrorrion may include
more #aal ot ventilddSI ON | nformation | f Avail abl e

Pr OCCeSSGPSI NUFUSi OnAlgOr it InD; // Create, Process

And Store MAP MATCHI NG Information If Available if

(Current Locati on == Inside && mapMat cher

. MapMat cher Ready) { ProccessGPSI NUFusi onAl gorithnf );

} nodel nf ormationControl .Updatelnf ormation ();

}VWhat is clained is:
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conprising: A portable nodule including a inerti
Wi

1. A systemfor tracking a nobile person or object

al
JA8788n unit coupled to a portable data PCT/US2007/013039

transceiver; The inertial navigation unit including at
| east one acceleroneter adapted to generate
apeslier iRt ekindat a, at | east one gyroscope adapted to
génerate gyroscope data, at |east one digital conpass
adaptedﬂﬂ@ QEd%Patb conpass data and a mi croprocessor
f &r proces celeroneter data, said gyroscope

dat a, %m 5&%@@@% e}ta to produce real time
OSItlepcé[nfeJm tLanga Bd&alGQtMEI:@()person or
Obj ect iandoborseend maid real tinme position information

[, saidl accel eroneter data, said gyroscope data, and
sai d corrpasgllfﬂ.vpé et%°%%ﬁ%‘§rtabl e data transceiver,
sai d portable tBaIﬁfg?F/aé’{es? Rt I o” SEMd sai d
real time p@ﬁl?dapguteﬁgﬂs@ | b S0, pase stat on
data transceiver; A base station including a conputer
coupled to a baseoﬁ-:taam Ontamdsaabe anSeeieser in sahdlicdsasses)
station data trahscei ver being adapted to conmuni cate
with said portable dag‘éPrtePa‘F%@éF%(tﬁmcﬁés)r'ecel ve
said real time positi o TRFOMEET TRETFSHESAi d port abl e
data transcei ver, The conputer including software and
bei ng adapted to process the real tinme position
i hformation in order to determ ne and track the
pbsition, orientation and novenents of the nobile
persen or. 0 m acc ng.to claiml
whe bflelcnv de9+°nr§r?ta§1ess%§{/e(gg tMeessauﬂ}e ?0 5?bdes at | east
tmt@eh@@taﬁ&defmg&eﬂllﬁah&ﬂmt| on infornation, and
sai d nBeslepn cEssSsorudedtiMedesgesof falaee adapted to
cerjare Wlhmdmswgesai trlseal time position
|n mat i on, .sai elero er data, said gyroscope
Iprocém ggi% S8 m%{eg’s%?e | east one of said
setso redelned gate rmtlonlnformatlon and to
det er rrtmweme;aaum@lbef Aldat QasSEaggecointdi St ance noved,

di r ect feftomev@&dtagidiode evahion noved.
toStore.plotPoint = new PlotPoint (0, 0, this, toStore);
dataMessages.Add (toStore) ;
PointIndicesToShow[1l] = dataMessages.Count;
}
//Update Voltage, Temp, Inside/Outside And Alarm Information

CurrentLocation = toStore.INSIDE OUTSIDE ? toStore.InsideValue :

InsideOutsideStatus.Unknown;

CurrentVoltage = toStore.VOLT ? toStore.VoltValue : -1;
CurrentTemp = toStore.TEMP ? toStore.TempValue : -1;
Alarm = toStore.ALARM ? toStore.AlarmValue : false;

// Create, Process And Store GPS Information If Available
if (toStore.GPS) '
{
GPSDhata toAdd = new GPSData(toStore);
allGPSDATAPOINTS.Add (toAdd) ;
if (ValidateGPSData (toAdd) )
{
GPSLOCKED = true;
toStore.GPS_VALID = true;
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FormatGPSData (toAdd) ;
toAdd.LoadGPSPoint () ;
toAdd.PointNumber = GPSDataPoints.Count;
GPSIncludedInMessage = true;
lock (GPSDhataPoints)
{
GPSDhataPoints.Add(toAdd) ;
}

}

PCT/US2007/013039

// Create, Process And Store INU Information If Available

if (!toStore.INU)
MissedINUPoints++;
else (toStore.INU)
{
MissedINUPoints = 0;
INUData toAdd = new INUData(toStore);

BuildMeterBasedPoints (toAdd) ;
FormatINUData (toaAdd) ;
BuildFusionAnglePoints (toAdd) ;
toAdd.LoadMeterBasedPoints () ;
allINUDATAPOINTS.Add (new INUData(toAdd));

if (ValidateINUData (toAdd))

{
CurrentPosition = toAdd.Position;
StandStill = toAdd.StillFlag;
toAdd.PointNumber = INUDataPoints.Count;
toAdd.FloorNumber = this.CurrentFloor;
toAdd.GPSValid = GPSIncludedInMessage;
if (toAdd.GPSvalid)
{

toAdd.RelatedGPSData = CurrentGPSPosition;

}

lock (INUDataPoints)

{ .
INUDataPoints.Add (toAdd) ;

}

INUIncludedInMessage = true;

}

// Create, Process And Store FUSION Information If Available

ProccessGPSINUFusionAlgorithm() ;

// Create, Process And Store MAP MATCHING Information If Available
if (CurrentLocation == Inside && mapMatcher.MapMatcherReady)

{

ProccessGPSINUFusionAlgorithm() ;

}
nodeInformationControl.UpdateInformation() ;

}
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What is claimed is;

1. A system for tracking a mobile person or object comprising:

A portable module including a inertial navigation unit coupled to a portable data
transceiver, '

The inertial navigation unit including at least one accelerometer adapted to
generate accelerometer data, at least one gyroscope adapted to generate gyroscope data, at least
one digital compass adapted to generate compass data and a microprocessor for processing said
accelerometer data, said gyroscope data, and said compass data to produce real time position
information about said mobile person or object and to send said real time position information [,
said accelerometer data, said gyroscope data, and said compass data] to said portable data
transceiver, said portable transceiver being adapted to send said real time position information to
the base station data transceiver;

A base station including a computer coupled to a base station data transceiver,
said base station data transceiver being adapted to communicate with said portable data
transceiver and to receive said real time position information from said portable data transceiver,

The computer including software and being adapted to process the real time
position information in order to determine and track the position, orientation and movements of

the mobile person or object.

2. The system according to claim 1 wherein the inertial navigation unit includes at
least two sets of predefined gate motion information, and said microprocessor includes software
adapted to compare at least one of said real time position information, said accelerometer data,
said gyroscope data, and said compass data to at least one of said sets of predefined gate motion
information and to determine a measure of at least one of distance moved, direction moved and

elevation moved.
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