WO 200snon8PCTIUS20071013039 METHOD AND SYSTEM FOR LOCAIING AND MONITORING
FIRST RESPONDERS BACKGROUND Technical Field Of The invention The present invention is
directed to methods and systems for locating and monitoring the status of people and moveable
assets, such as first responders, including firefighters and other public service personnel, and their
equipment both indoors and out. More specifically, the invention can provide for locating, and

monitoting the statu¥@~PEEHRS and assets in environments where UPS sySteHSHEh %perate, or
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However, public GPS operation is limited in its accuracy by design for various reasons, including for
national security gagfitggoigmeperation and accuracy of a CPS 15can be further limited by
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ranging systems%%g)omi@gﬁggmﬁncy identification and fixing, global positioning system tracking
(UPS and DGPS) and space-based systems employed béfthe military, Ty{%iﬂ%ally such methods require

that a moving vehicle tS19BLRRHEPRAE SRy GER AL HelCkoMR areensfar RAqtne L BR8P~ e termined
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$2007/013039 various reasons, including for national security. Further, the operation and accuracy of a GPS
15  can be further limited by environmental conditions, for example, urban environments can block
or limit GPS satellite signals. For the same reasons, GPS may not operate indoors.

Navi gation systems and methods are typically used to provide position and tracking
information for vehicles in land, sea and aerospace environments. Recently, there has been
increased interest in providing navigation and tracking information on individuals moving in an

20 indoor environment. Applications include, but are not limited to, identifying and locating
individuals, pathways and exits in 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

25  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



transmitters at known stationary or moving positions. Suchmethods are typically limited to low power,
line-of-sight transmission of weak signals between a transmitter and receiver and tracking may be
compromised by local natural topological features or man-made structures, such as buildings, where
weak signals arc either obscured or severely attenuated. 5While the Global Positioning System (GPS)
has proved to be a useful navigation and tracking tool for outdoor tracking %Tr)igvigl E\?(I{:))!‘}%icles, there
are significant limitStOAHLRR S applying On to indoor navigation and tracking. Since relies
primarily on a linghsightsighanacmaititian aodhgackingsirsinharthooy iie nypieslis ithedrelef sight of
UPS satellites is subsfan_tiz?_ll lg)t%scurediagdfl\%eP ss%garﬁzs;l S z%vrgnhiqpl at t%pynadtreegéieg a resy thUPS
signals are 10 t@/‘b"i’gﬁl ?‘%8V%tgaf ofgers o rr?agnl ud Weéelt(er in“bul 8‘.‘?1'9 eAvironments than ottdoors.
With such weakenpbesiomeriuniSe Byiecd inensahtapel aiffit (ajurescuimnynafeS Biginees Werasalculating
accurate positiogy,{pfQENakeR e coR¥ANHRNALVENCGRRYIgaLiery arpligations, both inertial and

non-inertial sensor devices, such as compasses, barometers, gyroscopes and accelerometers, are
frequently combined 1%f8le s b RositirginecyseB iR dasptet osarisi b aieion ek enger
vehicle dashboarsikifgasorteiadbitudeinessnseineriscadeaapasmificantipiuxensuiements are
required instruments on.gircraft.contral panels. Inertial sensar, device combinations age. commonly
employed m atttEE8 4 G RaBAH EFNED SR AR S R R P SR
gyroscopes are sgnmisrgititoproyidekingds irdenesndroimois, ficdinoelcigkied 85 sattitsaiy angles,
vertical 20 gyrogeapgmAnGhsiate MAGPSSRIGIOMEIHNIRARG hancinrrépkmeasugment units

(EMU). At least one company offers an AHRS system which combines 3-axis angular rate, linear
acceleratiol? arfRalRaYeaardematmasitanyerterin Blding eRtrynER o asisy Ritke%Gevice
(see Crossbow weiskenal eigyals,GESaacdives, Havd dilfietligat@ivias GRSasgbdyica dcelammavereaially
available which emplo¥ mec anically-gimbaled gyroscopes that are electronically 25stabilized to

. S1tION - INIOrMaftion. . . . . .
provide measurBments of ro and pitch angles relative to the horizon. Single axis yaw rate gyros and
3-axis accelerometerdregentratiorahighiols Brjestiam 2ppcatieasy el iNsrtabend neBRBFITHY s&#@ controlling roll

and pitch in landegRiclRsARedRPRLEs, baroQHIR LIAEISHHEMERLHBIES M) aré HEYREIRIDGoaibRMbINation
of accelerometers and gyroscopes, are frequentl c%ngtg,vi?ed with control s%ﬁtgrg%ﬂ}aﬁo critical
components of & TREEHPA\RRP 36D 8 PFE% HG3EIEORFANENS {iNis) for vehicles.
The IMUs may Bereithier thdahnra@mt?atbcbmgamﬂmn_mmmgnm r&qa.imiritmhmter'n keeps
O Pt R AR B ORI e B GED IR HISBIE UL ASH BIRRAIRIT onor

relative to the IMU, or, alternative Us may be mounted in a strap-down Sy where IMU sensor
outputs provide{ithfecpiheaditgarrrace sxameIcrBRShtahern Veriephied dippirnatisrescarry¥are generally

employed with ebjgsitedhapaiauenibaseiativabonee) phe A ERORME EAKRIR) SR, 3sidanes, land

vehicles and machiner F example, for aircraft navigation, inertial sensor combinatj are
gg gyroscopes \9(5), rate gyro accelerometer unzlits &a&g) ang inertial measurement units . At

least one company offers an AHRS system which combines 3-axis angular rate, linear

acceleration, and magnetic field measurements to create an electronically stabilized AHRS

device (see Crossbow Technology Inc, San Jose, CA). Vertical gyroscopes devices are

commercially available which employ mechanically-gimbaled gyroscopes that are electronically
25  stabilized to provide measurements of roll and pitch angles relative to the horizon. Single axis

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



frequently deployed in mechanically and thermally stabilized INS or IMU packages which typically
combine three axes servo accelerometers and three axes rate gyros for vehicle motion sensing and
navigation in free space where six degrees of freedom are required. More recently, efforts have
attempted to integrate inertial INTUs with UPS systems for vehicle, aviation, weapon and robotic
navigation during periods when UPS signals are unreliable (see YE. Tete e{,g}q{ﬁ%@gﬁr@aﬂce

Analysis of a Tightlywegﬂ%s(gg@PS/lnertial System for Two Integrity Monitoring 3, CAASD

Technical Paper nMassidn’)0em MNGR fsrerielel cliR AU fsaf b ddhevvib &ited in i etaiangotest Results
of an Integrated GPS/MEMS %t'al Navigation Packa gﬁ@:&c. ION GNS@,, Sept. 2004, Long Beach,;
and . Cross et HIOTHATAEAY K G SORHE HERTFRe 1 IV B R ARE L A TP G, GPS
World, May |, 2062gnthtiadshidieshidéiorits thine Hdtmmnved éom detietopldMietBShb & dr\W? navigation
systems some OLM%%%%%HBEJWB@'%h@&&%%&f:ﬁ&%%?sé&%%% e Gl s doneywel
1-101900 20 IVIEMS WU data sheet, Honeywell Corp.; Mali IN(J data sheet, Atair Aerospace,
Brooklyn, NY; MERFSY msaspiqonapioveilide asispatien JistyRieMerisaiers TR ¢ SD; coremicro

AHRS/INS/SPS elaptosdtbeithABtiani fadVEii erivebifinvalled, stadoth pattthlisufRGs el eaaethods for
accurate person%i]riwc lgor ér%%%p an na)\‘/irc,ﬁ iop have Reeﬂ \ég{% Ijrrlre]i %gsbr?c?uo?n .uartlll(i)ﬁcs—:- a\r/ghicle
motion, human movement 15 chardcteristica R/CCO%% X, 2BNBN-Nnear and erratic. A review of indoor
navigation methduquanidy seplapifitie sédrasivadisored thepaalip stalslirid b er¥bimdotesd Widesearchers at
the National Instiyite,pf SiARdRtHEARM: [GCHAVANSRRR: bndinMIIRE: INEQOHNRYIARISNARE dirst

Responders: A Feasibility Study, Advanced Networl_dn[:; Technologies Division Report, February 10.
2006 NISI', WasHRtji8AnHeYigHioni® Sesapash&ihws s deamssipi s AiitFIEiEduch as dead reckoning,
waypoint WO 2008/10 438 en] S8 HOE IS et eciihesrae Ghenad INBkohigsa yaeiad and

discussed as to el viaGiity,n,ag ndoor aavidaton environment, \Whic tae NIST Lepart ideptifes a
number of DIU devices ahd methods Which have been recer%t?f qoevé“iope or %H?:]oor tracking of

individuals, the rfrestYcerheohatraddkRegfomathascionelysislof /2 dligly Goenkd fitSdrertialifyetesnalsad weckoning
navigation technigues Wikl mPtiR JerARIEFHAIR A Ped MhiT 9858 BrRECE)R Jlian data over

time. Due to accelerometer drift error, such tracking methods typicallé accumulate large amounts of
error in a retativel{*sAEEeLE B therormancs st RomHHE o ratYaRaistGRAMENS eidliable and location
tracking must beNseigueinitBaciage crect USINGGHNES] Supty pOimiBAiaB dualcaid B0 Qviks, 40 ek -dntelipeined
position. In 10adgiignfar fagkiag.ighly. RAIADASARd AL SRR Ry RPN Sy c methods are
inherently unsuita .e_gsmce error acCumulates too qwé‘fgfy which ma es_wa_lyp0|r¥t correction unfeasible,
Furthermore, madgidgnrésachayrieassmrds th davalen dEMSDesatl BV oavigaton Yesenti PRIEPE rmination,
WO 2008|11o§7aﬁecgwmamwsﬁwmmmm anarpgasamgwﬁ GRSWeeratsoand track
personnel and asset ver, UPS may not operate indoors. Furthermore, in many outdogr
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MEMSense PINU and nINU data sheets, MEMSense LLC, Rapid City, SD; coremicro

AHRS/INS/SPS data sheet, American GNC Corp., Simi Valley, CA ).

Thus far, reliable methods for accurate personal indoor tracking and navigation have been

very limited because, unlike vehicle motion, human movement is characteristically complex,
25 non-linear and erratic. A review of indoor navigation 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



The present invention is directed to a method and system for tracking the position, motion and
orientation of personnel and assets. The present invention can provide location, orientation, and
motion tracking, two-way communications, and data management functions. It can be an open system
that can be tailored to a wide variety of applications - for example, applications directed to location,
tracking, and_ statuswn(w)c%n(i]%(?rd%g of pers_onnel and/pr assets. As such, in 10 q,gqgj?%%g%kiqg of first
responders, it can be ac?ap{e fo a variety of applications and can be expanded to meet a wide range
of requirements dsectioasiid cadponaghil g rac kivigvet ped pie arswal/ ar ta ssdt sinbignrpuselovironments, VIP
status and mo“ﬁ%ﬁ&%ﬂﬂ%%ﬁ;ﬁgﬁee applications. For illustrative purposes, an example of the
invention is described in the context of a system for Iocatin%,\ééacking and monitoring first responders

and other emergency pBrisitNEFrpRbinsntifice dmvaleion! BHA daicssaadmededsevhiddiaveshonitor

anything moveagigsnicHeding e pifiosnintkinsthasaais ARSats Asminad SRR HaRnded to refer to
objects or thé'ngs, W?etetziebr I wever, jt should be noted that

or not vaILﬂ(abIe, nd no ankmals or‘pqule,a%o
assets include vERRcIe& and BIREMIHES cheﬁ SR OUBE T A rﬂﬁlgﬁl‘ghé‘il?(frﬁ MAals. The
systems and metibyinacuote inefhadtbidninpafitipaacieratenubecbterdinabBuenoEmdrgemayr 20fncident
Commander fo BRNALARIRRR AT 20f AL ANGRaL IR RN ARagl A Shegsponders

including firefighters, police, EMS techniCians, safety workers, military and paramilitary personnel and
related personn8ffiad HamaJsas mclienisdnsdedisre Beienitionreliabla Bdiessien weskitg Bastbhergency
incident or othefepesiatiosorthiedsitingtineaknfsimatianhasakedvseptefasizaiion phaisnth@ person,
animal or et monitored as well as the environmental information (such as te rature, atmospheric
pressure, E‘Z’Zkg%%ﬁ%nfg%gﬁ%?%%g}lﬁp ?ﬂéﬂﬁegﬁégl?%‘ﬁ}fn% G NN E]‘f\?%ﬁ'%%gﬁ? f*time or location.
This informationidsrehidy stestaidbdrsimqosrioticchaslates trolqeiskivehchtinkte Woyvat tiomethiereof) or every
2 or more minutgsredASeNiARRGHRR R PEr iRl avatusing dag b datahomdheniaypatipn at each
periodic increment. Alternatively, the information can displayed on a map, chart or location diagram,
WO 2008/1087888t¥8/83007/013039 showing the information according to absolute or relative
physical location. The System can include an inertial navigation unit and a communication sensor
module. The Inertial Navigation Unit (NU) can be a small device that is worn by the first responder,
such as on a belt, and can include inertial navigation sensors and signal processing components to
5determine the location, motion and orientation of the first responder. The Communications Sensor
Module (CSM) can be a small device carried by the first responder and can be in communication with
the [MU to receive the sensor data and communicate the data wirelessly to an Incident Command
system. The CSM can include a radio transceiver for communicating with the incident Command
system. The [MU and CSM can be connected by wires or wirelessly to



10 transfer data between the [MU and CSM. In addition, the INU and the CSM can be integrated into a
single device. Each device can be powered by one or more batteries or another energy source. An
Incident Command system or base station can provide for monitoring and management of all
personnel and assets (and information associated there with) at a scene. It can 15include a computer
(such as a portable or Iagto&) computer) connected to a radio transceiver whi Q%g 3939 incident
commander to recelV@ dREHdM all the emergency personnel (both inside and outside structures) via
their CommunicgtiymiAR, and to transmit individual or broadcast messages to the personnel such as
warnings (for example, to evacuate an The base-station can include.softwarethat coordinates
all communications at tHe ‘SEERE Sht %%ﬂr{%ge) lfﬁ%ﬁg?gﬁnr?gieae%m |§p1%{/]agif%ie ?ggé%lrb%];z?nlaarqu{ted status
information in a sheTpteinjeersofwgheteersivenyayoutdodrappiitelap i TCHTASAFRISASYERS, S t8e and
integrate differept mgihagologies and subsystems to determine the location of the tracked personnel
and assets. The data from each of subsystems can be fused electropically, using hardware and
software, to fninimize tFASRIFTRSFHHGRISAR LEAGRe Hﬁfﬁ°§é‘f’%f‘y§5f{§f8f.t‘?f¥§"§;’£?%ﬁ§'3&‘?’i PREYY. ate
Inertial Navigatiand siiutaiog shigisomleiciitaséne dhapesins ysiaiis (MiproGde babftasdieningBystems
(GPS) when avay e i and.AIch 1050 S8g. 205k GRrIke IR AIBIRATRIRSYALCR Iy Baegware and
software to procesane.g., |nfeg|ga e) sensor ata ang determine th ocation, motion and orientation of
people and assetgeirssigencha pleksuilendrieos widadaisornfirpeligetiPrec éarsiranaledrpniisatiens WO
20081108788P GRLISAANAI3 33U Hioancs hanesddappinensanirorsasdsionaialate the Nil

information to floor plans of a given building or location. The system can_alsg provide a First
Responder SafetfdsishimirHEas ShErs srotethdt smes 3‘??}5‘8?%%@?%@{ ERL R PR FRG B nt
Commander(s), expanded hesecandidthaige apaiilitasns thetiny tutiton mibngkiigofipeoplvemtion itself, will

be more 5fully understood after a review lowwing fi S %ﬁﬂ? Sescription, and claims. WO
2008/108788P1?ﬁ%ﬁ‘%ﬁf@ﬂ%&%’%@ﬁ%%@#ﬁéPE%@%%‘E’S"‘ FIG. 1?2 a tlagrammatic view of a
system according to tHeilusteidye purposes, an example of the invention is described in the context of a

system for locating, tracking and monitoring first responders and other emergency personnel,

15 however, the invention can be used to locate, track and monitor anything moveable, including
people, animals and assets. Assets as used herein is intended to refer to objects or things,
whether or not valuable and not animals or people, however, it should be noted that assets
include vehicles and other things that can use used to transport people and animals.

The systems and methods according to the invention can be used to enable an Emergency

20 Incident Commander to monitor the location, vital signs, and other situational information of first
responders including firefighters, police, EMS technicians, safety workers, military and
paramilitary personnel and related personnel (as well as animals and assets), both indoors and
outdoors, during an emergency incident or other operation. The situational information can
include information about the person, animal or asset monitored as well as the environmental

25  information (such as temperature, atmospheric pressure, background radiation, etc.) of the
person, animal or asset at a given point in time or location. 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,



FIG. 2 is a photograph showing where the INU and CSM can be worn according to the invention.
5FIG. 3 is a photograph of an NU. FIGS. 4-6 are schematic diagrams of an ENTI according to the
invention. FIG. 7 is 3 layout of horizontal PCB of an INU according to the invention. FIG, 8 shows Raw
Accelerometer Data. FIG, 9 shows an INU Fusion Angle algorithm according to the invention. 10RC.
10 shows a path traversed outdoors without GPS according to the invention 3]Ogyshows a
graphical illustratiotY 8#HEUPEI*Aetwork operation according to the inventio At i’ﬁm NS a 1-axis

accelerometer sign@ahgeOrdinadr R HNRBHS Rsbiie &seﬁﬁowmal Ridkensignals according to the
invention, 15FIG. 14 shows the heel strike signals after rocesscﬂ?% the heel strike dﬂ%eé;tlon

algorithm according to e ¥FaHiB nclude gRsegal Ay gaLian ol RiGHiBI S
determination aqteldénguldikigatncthio (INU) can belaxnid dbvicwshtines traebyohy firsdspedidnystie 1140 of

a user walking op e {hidfieen AR MGG SNRBIBFIRMEAPRSEIAT B indhg dwention. FIG.

17 shows the actual path o W ere th e user wal ns:%’e the building of F§ure 10. FIG. 18 is a
photograph df adeiSmirebelaratcto TeEdR dehrrsnating o thefiry seepradesn ERS SIEEERIFAARS of the CSM

according to thesiyeniienIE (CsMpdis adaymul aévioe Lridd QR mecrigingeiartheaibantion. 25FIG. 24
shows a hierarchy of data FOQ(E gfﬁy the Base Station according to.the invention. FIG. 25 shows a
diagram of the SCREKECBGHEI By SRESTHR S TRE SHERTLSS N SR e Niala

ows A'd |ag 5 of the
System Satellitea idére\Canmand isystdm. t e OSdh toninéHids Qri@lmnscamafgrawnmﬁmt@gsmhn Satellite

Side (South) Vi"%‘%{! ﬁa%%h‘i’ i@&rﬁ%amfesystem. The INU and CSM can be connected by wires or wirelessly to
10  transfer data between the INU and CSM. In addition, the INU and the CSM can be integrated
into a single device. Each device can be powered by one or more batteries or another energy
source.

An Incident Command system or base station can provide for monitoring and
management of all personnel and assets (and information associated there with) at a scene. It can

15  include a computer (such as a portable or laptop computer) connected to a radio transceiver
which allows the incident commander to receive data from all the emergency personnel (both
inside and outside structures) via their Communication Units, and to transmit individual or
broadcast messages to the personnel such as warnings (for example, to evacuate an area). The
base-station can include software that coordinates all communications at the scene and can be

20  customized to display all the location and related status information in a simple, yet
comprehensive view.

The Incident Command System can use and integrate different methodologies and
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

25 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



WO 2008/108758PCMJS2007/013039 invention. FIG. 28 shows a diagram of the System Pre-Plan
View according to the invention. G. 29 shows a diagram of the System Personnel Loader according to
the invention. FIG. 30 shows a diagram of the System Information Panel and Features according to
the Sinvention. FIG. 31 shows a diagram of the System Outdoor Tracking View (GIS) according to the
invention. FIG. 32 shows a diagram of the System Indoor Tracking View (Floor Plan View) according
to the invention. 10ER39%84%H8ws a diagram of the System Indoor View- Alahi Situation according to

the invention. Fhﬁeﬁéeﬁ%@ﬁé@?%@a%é%@&%l%@ﬂe%E’t{@ﬁﬁﬁfdﬂEb FigatpraRdeesIen
according to the invention. FIG. 35 shows a diagram of a System Map-Matc inﬁ File]g{ag(i:ﬁgrding to the
ell

invention. 15P1 B 8BI%HARSHiefladParsY TR cay akaRTRYigs BTN GREIE BRI
Information accoldingkthihinis\stijiannielGitB rehwwora HrdpraQooiharfdeninel System Map Building for

a building created by Frpur b o SRONSLATERISPHIIGABY B With the invention itself, will be more

5 fully understood after a review of the following figures, detailed description, and claims.



FIG. 38 shows Base station screen image of a part of the path that was shown previously 20in Figure
17 above, according to the invention. FIG. 39 shows a 3 dimensional view of a portion of the map of
Figure 38 above, according to the invention. Fla 40 shows the NU Coordinate system according to the
invention. Fla 41 shows the Display Map Coordinate system according to the invention. FIG. 42 shows
a | accelerometer signal when walking according to the invention. FIG. 43 shows the parts of the signal
of FIG. 42 that cor@38NEd¥%hovements according to the invention. W F¢T/US2007013059

2008/108788PGIMBERBRE(EHBORNIF AL FRRGESCRIPTION OF P ' 131* EMBODIMENTS The
present invention can be an integrated solution as shown di{%ramépaticall in Figure 1, The present
FAHIE g A

invention can provide Tieakisi SABTAPIRIGA e A L A SRR N

data management
functions. It can be arFIfperissysenytiphtshawilgwizito et and A8M axicty wbmppiwdiletsthdor example,
applications dir(]ar(l:teergiég location, tracking, and status monitoring of personnel and/or assets. As such,
in addition to trachng of first responders, it can be adapted to a variety of applications and can be
expanded t§ meet a iitde Pangphofetplirt s, such as location and tracking of people and/or assets

in campus environmepigs\V4R slaltieAne AL isiGnaNd Ritedagee @pplieations.
FIG. 7 is a layout of horizontal PCB of an INU according to the invention.
FIG. 8 shows Raw Accelerometer Data.
FIG. 9 shows an INU Fusion Angle algorithm according to the invention.
10 FIG. 10 shows a path traversed outdoors without 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 accelerometer signal according to the invention.
FIG. 13 shows heel strike signals according to the invention.
15 FIG. 14 shows the heel strike signals after processing by the heel strike detection
algorithm according to the invention.
FIG. 15 shows a diagram of Line of Progress (LOP) determination according to the
invention.
FIG. 16 shows the trajectory produced by the INU of a user walking on the third floor of
20 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.
25 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



10The systems and methods according to the invention can be used to enable an Emergency Incident
or Situation Commander to monitor (for example, remotely from a safe distance) the location, vital
signs, and other situational information of first responders including firefighters, police, EMS
technicians, safety workers, military and paramilitary personnel and related personnel, both indoors
and outdoors, during an emergency incident or other operation. The 155ituatioga|0i75g Brégation can
include informatiorwalxoey##e8person, animal or asset, such as their orientation ft(he irection they are
facing) and positiont{standing, sitting, crouching, on their back or stomach), whether they are
stationary, Walkllrﬁ‘g?rﬁrﬁ'ning or crawling, whether they are mov_ing%r%é)org@ntallp{ or up.or down an incline

surface or moving up BBdShwhostan diapre shthsRyNEMRIGIHANGR"C REGYEShior

REtGde SAformation about the
environment of the pesEevaRimAh alhgaaeifak Oate/Pristinnel Isudtr asdsinptr dwiwcaifospheric
pressure, environmental radiation I%{\%els, th tﬂ;ﬁg@%&%@&ﬁ%&ﬁ@%ﬁﬂm&Mbﬂiﬁérté’fh@”

9 ,

environmental surfac@gc(ﬂ%)%%‘)gﬁa §ﬁ%‘5‘.° stem can include an inertial navigation unit and a
communicagon wmhtiblie Inertial Navigation Unit (DM) can include inertial navigation sensors and

signal processing coreggraﬂmsg ga}%{m& thesineationi v iepiandhasiertajascoidhetéitst responder.
eas

As shown in 25Figure 2, the INU can mall device that is worn on the first responder's belt. The
Communication®¥lle (CSM) can be in communication with the INU to receive the sensor data and

communicate the datajireasslstodmpiaeisen SasmmadrSrstemg Wiew EeioRansediver. As shown in
Figure 2, the CSIM can be a smaltlidevice carried by the first responder. The INU and CSM can be
connected by wiEESPaRAELLITE Fansfer data between the INU and WO

200811087@BPCUUSEIRAB $9GSMiatramcditioysisa IRAGOa NiF tha A SN AR A5 Mo a single
device. Each de%’k%%tfo%f‘ be powered by one or more batteries or by an energy source that generates

electricity using 'heat or solar energy. As described here, the system c Isq.incl Jhgidentind
system or base, .5staf¥f BrobRIs GrHBHHdha YA ﬁ?&é&'&?ﬂ%eﬁflﬁﬁf%gﬁggq%%?gcn?g} as%ets ata

scene. It can inglyge iavepidputer (such as a portable or laptop computer) connected to a radio

transceiver which allo t@g iECi%en(Ii gomrré??:g%:tetl% ﬁ@gﬁﬁﬂg@ﬁqgg&&{h{ﬁ@@mﬁm@mﬁﬁpersonneI
0

(both inside and outsi e strud 8}‘{953 Vi their munication Units, and to transmit in ividual or

broadcast messages HiEhaGrbrsorbseameiaSuuemiNgs Ryidiagfos fBudne Y REFYSe station can
10include softwage. that coordinaies all eamwiications at the scene and can be customized to display

allthe location and rel%}g%g}t?htggsig E%Qrﬂnﬂ gp aigelaitisniép ?Jlgté%%gggmﬁ?nhgefgf’; LvﬁliY&ﬁx\cheated by
Four Personnel according to the invention.
FIG. 38 shows Base station screen image of a part of the path that was shown previously
20 in Figure 17 above, according to the invention.
FIG. 39 shows a 3 dirhensional view of a portion of the map of Figure 38 above,
according to the invention.
FIG. 40 shows the INU Coordinate system according to the invention.
FIG. 41 shows the Display Map Coordinate system according to the invention.
25 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.



Inertial Navigation Unit INU can be small electronic instrument that is worn by the first responder. The
INU can 15use inertial sensors and magnetic or electra-magnetic field sensors to produce data that
can be used to determine location, motion and orientation of a first responder to be Tracked. This can
be accomplished by combining a variety of motion sensing components with a microprocessor or
microcontroller which provides both 1/0 support for the peripheral sensors and computational
capabilities for signayproewwsIpty functions. 20In one embodiment as showX$H/EgWé8%he mobile

INU is approxi yi ﬁﬂ ﬁ? ,H i ﬁ%ﬁﬁ&%. IRﬂifﬁesﬂrSt responder's belt. The ENU
can be design(r-;? a]% cons%%: e Wl%?wlgs§e9ra motion etecti?ng microelectronic sensors. These
sensors can include MiEhe pEsenstriventivnesndaieninegeensgvionesshevn demyprate INURSeinclude a

combination of digjitahOf-8RAI9H QE6R PRI QN bASR ReSARL WaAG)REM IR BeS IS darone
embodiment the 25 INU would include a MEMS three-axis acc%erome er, a one and t\%vo axis IVIEMS

gyroscope, and AESHEERL Snchipns; ot eafDh AN PREHsiem thatqan e ta R @elerometer can
be used to identifpplichuishsalfeiepanifkeapiydimsdibied ttHecsize, aadkigqoéstepohetépmgess well as if a
person is climbing_stairs, or.ascending in an.el T ' r ' of
angular change c?f; the nlfsé,(g? sd Frsggttgl]br'gs % 1§0%@1}L%{81%£§%§é%?rfg§2{6% %%gg&gf#ggé&%ﬁhe
magnetic field senyesiesyof aplinptens areheanrey s5pansisd e e Pafeunags PhEEEIRBH ¥thes subject's

trajectory. These|gGRaRMFRIERGP PLERlesh@Yrakia G (iahal siafahran!olteseyahdas the dsPIC
signal processing micro-controller chip manufactured by Microchip Inc, The data obtained from the

sensors, is combREFiRe AAGLRE G5 ARRISE B scertain the precise motion and trajectory of the INU
and thus thadirst responiesyaémsaet tethalirackethg b esmnsoioméar bratsod ta pthidalaukmedeooordinates

can be transmitiqge Haing: saiiRires i Sul istantl R bdmsie LampHoralaagatausor Module

(CSM), which is also worn or carried by the person, animal or asset. The accelerometer can be digital
or analog. Preferisenion midl sieascanscasiessigrairsakifmgation rdirshieseondes ekl Breigdes2g in either
direction. PrefergpiiedaVAceaisimeiar-eAnoaler, hauad e copabilibriopiavidamiitdata at a rate of
ISHz. Preferably, the sen itthi;;lé 5 abOét D@(goéagalogg or 1024 bitsicg?d dti%itatlg. {A‘ sgrrr\agloenthlrl%e axis
accelerometer oPEFEE5h U e RS Re ETE R ETSTE TS UItEd ortRoGoraTy can be used. In the
illustrative eriboditeiohalligfdriB8dn@2DirBdaxidoanatide abov the feonon STMrOsket iwenhiestivis chosen
because it meets, Lahase (RAMIESHIRRLS, M LsiTPm i J5idau epstmacisiRYRllaklf o #apilerckage

with digital outputs. Digital outputs save board space as an additional bu fer IC is not needed as is the
case for its analdyj ge@mg},pgmher they are stationary, walking, running or crawling, whether they are moving

horizontally or up or down an incline surface or moving up or down stairs. The situational
information can also include information about the environment of the person, animal or asset at
20  a given time, such as temperature, atmospheric pressure, environmental radiation levels, the
presence and level of chemicals in the air or on environmental surfaces (floors and walls).
The System can include an inertial navigation unit and a communication unit. The
Inertial Navigation Unit (INU) can include inertial navigation sensors and signal processing
components to determine the location, motion and orientation of the first responder. As shown in
25  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



The gyroscope can be digital or analog. Preferably, it has the capability of measuring angular rates up
to 300 deg/sec or more. The gyroscope can also have the capability to provide 20 output data at a rate
of 15Hz. In the illustrative embodiment, the ADIS16100 MEMS gyroscope was chosen because it
meets these requirements.  The digital compass can be constructed using either magneto-resistive
or magneto-inqlucti\égoty(h))sellror;%gne_tic field sensors. Magneto-_inductive types AR RIEIENES as they
generally require leSs power to drive. Preferably, the resolution can be 1 degree or better and the

accuracy 25can @eve!us difvn s e sie e Cypfesiablinieameple siaje aavicocEathaiasicd atrlz. In the
illustrative embodiment, ﬁ e SEN-S mat}g}netic fiell,d sensors from PM wer ﬂfo our dil%iggl compass.

u
Preferably, this IBT\P?)%W YK %fdg?ff’e SPRE sSSP SWsaf&rcg?ﬁﬁﬁﬁgec Vertica %nounting toa
PCB. In additionoPddlquemeiges a driver application specific integrated circuit (ASIC) that presents the

data to the microcontrglleg i Bedigilal R\ 431 iBh WO RARBHIRTREPEHSRI0ARHIIA3R peripheral

interface) format.  Preferably, the microcontrolier includes sufficient input/output pins to support the
peripheral sénsdrIMRIRides &F MRRVSIRG IS MEech RIEY RsErMesAdBwser ot A567 ) S#sors that use
an SPI (Serial Prgphesabinjediaeanbis forimnsfeipiagcdaiatts) anadiemdheatiarasceiteolter.

ey, e oo the el 4ORR A0 R LR RS T A Ay ;ﬁee,w%%saﬁa% 3
microprocessor associated with the microcontroller operates at computafion’speeds sufficient to
perfonn the necéwssdryndasiteivneiert Wigtheir SiovassierjduHalibrasd toresiih adiyidugl ftrative

embodiment, the, d3RIC 330 th mé%r&mmlﬁen With R (isitahSianal:Contialennascused. This

rnicrocontroller supports all the peripheral devices and has 10 RS232 and SPI modules built in. It can
operate at 3dMIPuAIAfRREHEH ePedngiTLFRIERRICANPRS % R EnsAUtER AR G UBRIFENS capable of
efficiently perforaipgysigmna! ipearassinglard diliesingalgasimsimple, HeectMpraamicemienunicate with the
CSM using a Bluetooth, Zigbee or other wireless transceiver obviating the need for wires. The NV and
CSM sets up a wireless personal area 15network (WPAN) on each first responder allowing addition of
other distributedyeitald¥ayigarennibi3t responder's person as needed.

WO1109788pcpcs20r i3 80 small electronic instrument that is worn by the first responder. The INU can

15  use inertial sensors and magnetic or electro-magnetic field sensors to produce data that can be
used to determine location, motion and orientation of a first responder to be tracked. This can be
accomplished by combining a variety of motion sensing components with a microprocessor or
microcontroller which provides both I/O support for the peripheral sensors and computational
capabilities for signal processing functions.

20 In one embodiment as shown in Figure 3, the mobile INU is approximately 3 in by 1.5 in
by 0.5 inches, and is womn on the first responder’s belt. The INU can be designed and constructed
with several motion detecting microelectronic sensors. These sensors can include Micro-
Electrical-Mechanical System (MEMS) technology. The INU can include a combination of
digital or analog accelerometers, gyroscopes and magnetic field sensors. In one embodiment the

25 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.

11



ADIS16100ACC;ABMS Inertial Sensor BRC30ABIluetooth RF Module -OEM 490-1220-1-NDResonator
12.0mhz Ceramic Indust DSPIC30F3014301ML-N1)Ic &PIC MCC/OSP 24k 44c1n MAr3002Bch Level
Translator Ic REG113NA-5/3ICCT-NDIc Ldo Reg 5v 400ma SEN-S65Magnetic Field Sensor Table I: A
parts list for the components of o e embodiment of an NI] Figures 4 - 6 show schematics for the
INC. The INTJ can have two PCB's. One oriented vertically, the other oriented horizontally when in
use. This is provideW 2§t %he sensor data in 3 orthogonal dimensions. Fig§UfKAEHRY 5 show the

h tics for t ! . 0 sI Ii u trec;[n(
drection). Figure Bt aine o ME RRLIBHEES (REcAiher o0 OHER AL STndIaRE Aty -

s ] PCB and Figure OWs the ayout of the
horizontal PCB citisSRRRRES triieceph otisssienspis sa brogataligddy ak S5y féigitaksignahepyiroller)
magnetometers, sagil aﬂl%é’d@l@ bs?ﬁﬁﬁé&ﬂ%ﬁi%ﬁaicro-cdﬂr@ﬂ@ %b@ﬁmdﬂﬁtﬂ%? mﬁ(ﬁ?‘@lﬁmﬁlﬁ
accelerometers, oriented side by side but wit site axis positive directions, differential output
iR R A

signals can be pré’\?lge Sf each
accurately lotatentorend tajeebeyafite Pdirmd thacktietiinst Hmeiznfigassatiorboraskek sTtersetifterential

outputs which capkdignutRsi bt ERIIARA SaSReAIRANE AaLaIET yahieblpdadlors, hrbRIagSiRtics of the

sensors. To translate the data received from the NU inertial sensors into trajectories o 1Ny (and
people, animals BrtbgSemryuHeionsard Ieseer MedilofGiRarpebde ssmyomgudermisdbhe rafs@vithms can

be directed towadslracegrketng distinctive characteristics in the movement of the people, animals or
assets. For example, the algorithms can pe used to recogpiz OF% tinctive 20characteristics in human
(or animal) gait, and ta Eeezfllgt\?’a{"rﬁ‘f'gitja'te‘a'rocl‘af'l"le‘3 sl p?(%f)"e%ﬁ%gpéﬁgri %n#‘f@?éﬂl?ﬁ%a?emﬁ@mﬁvwent and
the sensor #ata. thusikxanwithonmgodcdmrdgisteithandirgytios cerpfersklnsibe datdsrtnettdaR slgprocessor
uses third order mwmaﬁwwmﬂ@oﬂmmgm arate of 15Hz. Preferably, the sensitivity is about

1V/g (analog) or 1024 bits/g (digital). A single three axis accelerometer or three individual

single-axis accelerometers mounted orthogonally can be used. In the illustrative embodiment,
the LIS3L02DQ 3-axis accelerometer from ST Microelectronics was chosen because it meets

15  these requirements. In addition it is low cost and is available in a small package with digital
outputs. Digital outputs save board space as an additional buffer IC is not needed as is the case
for its analog counterpart.

The gyroscope can be digital or analog. Preferably, it has the capability of measuring
angular rates up to 300 deg/sec or more. The gyroscope can also have the capability to provide

20  output data at a rate of 15Hz. In the illustrative embodiment, the ADIS16100 MEMS gyroscope
was chosen because it meets these requirements.

The digital compass can be constructed using either magneto-resistive or magneto-
inductive type magnetic field sensors. Magneto-inductive types are preferred as they generally
require less power to drive. Preferably, the resolution can be 1 degree or better and the accuracy

25  can be plus or minus 2 degrees. Preférably, 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



WO 2008/108788PCTILTS2007/013039 filtering techniques to compare the sensor data with a library
of predefined gait motions and motion data. The usage of the MEMS magnetic sensor data provides
another source of directional data in addition to that obtained from the gyroscope. The tracking
algorithms can recognize the nature of the movement (walking, running, crawling, etc.) and select the
appropriate signal processing algorithm to compute location data for the context. The system cut also
include a feedbackaigerisimsMsat allows for optimal use of gyroscope and E6MPEEE 38 effort to
minimize sensor er rﬂsr.alTin er%'c%?fithnz?t can be coded using assembly language in the dsPIC. This
microcontroller, RARh IS opﬁlmlzeg%r signal processing, can implement the algorithm, and output XYZ
coordinates of the amBltésh)yréspoisthsprnireliginer ks NIETiCIERCSMPOUOY R iPIAL e SEBRPB &%l ownloaded to
the Communicatiepsnanfaeaso MR R catbs mach: iR UiraiasPORAEEMBS @PsEssilsior

incorporation into the node report, and eventual transmission to the base station..  Given the nature

of inertial sensof82HEF A H ?’éﬂ@@gpﬂgi%g@ﬂffﬁ@rh‘fsefﬁbﬁﬂ#éﬁf‘&tﬂm EHDERES to create a library
of humah mevenmbmnsnﬂdmaféhﬁmma in&msadrbd_iemharamm‘zmSﬂ?himgdace(a’mﬂ‘rmﬂwarasset)
ocomotion. In agelian 1% EERGKARCLNE MAAR BE AlBHARIRPbAANAH BRARRBE Used (O
determine how quickly the person, animal or asset is moving. From the signatures of the different
accelerometer asesdsisuiigisnen refioranhisrmatasantpriciationsdad MeerlRmFrs BB destierdigdteps. The

response of the gzinyhird GVERRCANESEARG L BRUDICHIEININGiEARAISaNRDESIMSiia crawling, or
is in a non-vertical pasition. Errors in compass readin%s 20 result'gq&éfrom g?(;%rg%ferrogi objects can

be detected by cBRIB=rIRSoHE kOB 185Ca TS GHEAORPN ST SLERITTAL f #FaP SRR BFder to
recognize dorruiszizanyBiEsnsduieobuilaia. Incadejitiare, a4 8OMIHS ki Hiomi thrauthiddsqanstatos podantage of
detected building architectur indicat g field i on) ntial
errors. Figure 8 %%ﬁo‘&v@%%%éﬁ%ﬁ%%eg% g%&?%&\?ﬁé@%%%%%%&gﬂggg%fg%ﬂ]tﬁr% @%%15(;9%&%%%%%&% block
diagram of the fé&@PBERIEIEHMMmM used to calculate direction using both contributions of the

gyroscope and the magRetemeleEsminighiER LR GIANSSMRRH U BYaised, BitBRSothsigrigsDM without

UPS. Signal Processing Algqrithms The Thal's cap b edt nitor the position of rsonnel (animals
and assets) andtf?gﬁcﬂlgﬁ(') Br¢ 5@20%’??5%@ %%&%F e %?vépé)ccscs&reﬁgn 0&5flon
informationléve matiomly WPAN0 drofatimfast Tespaddenaitowing alditor i iwhae distrdante b wirsless| seaserentify 1)
individual steps faken Pééﬁﬁl%é"’sbd%&l%l iRessiep size, type of step, and 3) whether the subject is
ambulating on level or inclined ground or traversing stairs. The gyroscope can be used to provide that
rate of angular change of the user's direction. 5 This information can be used to help calculate the
direction of the user's line of progress. Data from the magnetic field sensors (co:mpass) can also be
used to calculate the direction of the subject's trajectory. 6The dsPIC can poll each sensor on board

the 1.1clLI for new data every 32rns.
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Accelerometer Signals can be filtered using a third order low pass Butterworth 10blter. The X
Accelerometer signal describes acceleration in the lateral (side-to-side) direction. Yin the
anterior-posterior (forward) direction, and Z in the vertical direction. When upright gravity should act
only through the 1 accelerometer. Therefore when the MILI is placed on personnel who move, and
may be bent forward or backwards, all accelerometers can be used to provide a combination of motion
and 15tilt informatiow0 Ebosansysangle algorithms can be employed to rotate therasendisiaoedsystems so
that the system can be. tilt-corrected back to the reference frame of the earth. These tilt angles can be
determined by low-pass filleting the accelerometer signal. Step detection can be achieved using

peak-valley pair detection Apiheswode@acceleromete nggeinkad Sehigiies certain thresholds. in addition,
these detected steps can g sed through a neu(;% network that is trained to recognize the step
signature based on the re gi‘\? accelerometer an W(Sggéﬁg(ﬁf 4ie-FMort duration angle changes
can be detected using the4§+1220dpP. The gyro anRedamatatenihnCeranie fiduan be integrated (using

dsPIC functions) over tim%ﬁ%@ﬁ%&iﬁ@ﬁh@n&%ﬁngU@a&iﬁ%‘i&%ﬁﬁ’ﬁéﬂtlﬁgg{'ﬂ’ which often prohibits
gyro can

angle measurement, can be overcome through calibration. Eac e temperature corrected by
placing it in various tempeY#t#@®nvironments to olSdikar Tewsrigalure correlation to the gyro offset.

Afterward, the gyros can lrEtRIENAUSBIICHOOWN rotadipRsRe: hiAitha highly accurate angular
conversion factor that relagﬁﬁ_?)ggual WO 200811081\7488PC%TF]_T%$A07/013039 binary output to angul In
normal human locomotion, pelviC rotation averages sV Efé 8'és§rper gait cycle (stride); 4 degrees
from center each way causing inaccurate heading estimation. The INU can correct for this by

averaging accumulatedgyrq. anglesiRbiaIned AYeie S 0Bls e bick: Gompises a left and a right

step. For an entire stride (two steps), the angular change should be zero. The NU, can determine the
beginning and end of each stride and can integrate the angular rate data over a particular period. At

this point, results not vithirese aliwadheriaicimithe AN T Evarshad A thaTaIHaY, Catesitategach
sample during th‘% é@éﬂe gan be clea{gf&to. zera, In order to validate a.ﬁggp 0 lat%ral and vertical
) h

S ol O oLy W T L MG S R RTRy St e Qi Gt Wi the

accelerations can also be examined. The veﬁ'i%
anterior-posteriondcutiegeniddimensitne Figored famtichatothdrakeivatis fouthe viatoeRECRitvdproximately

1/2 the frequenCyouses the dsPIC, a roll gyro and one magnetometer (z direction). Figure 6 shows a schematic of
the horizontal PCB and Figure 7 shows the layout of the horizontal PCB components. The
10  horizontal board houses the yaw gyro, the x and y magnetometers, and the 3-axis accelerometer.
In one embodiment, two identical 3-axis accelerometers, 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 acceleration point.
In addition, this configuration provides for differential outputs which can be used to compensate
15 for drift and other variable factors or characteristics of the sensors.
To translate the data received from the INU inertial sensors into trajectories of the INU
(and people, animals or assets), the system uses a set of signal processing algorithms. The
algorithms can be directed toward recognizing distinctive characteristics in the movement of the
people, animals or assets. For example, the algorithms can be used to recognize distinctive
20  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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The 3 magnetometers can be implemented on 3 orthogonal axes. By reading the local magnetic field,
the inverse tangent of the x-y magnetometer reading can be used 15to reveal the compass heading.
The third axis allows us to calculate the total magnetic field at a given point in space and time. This
allows us to verify if the total magnetic field is of the correct magnitude. If it is not, then it can be
presumed that there are local disturbances in the magnetic field rendering die compass reading
in-accurate. For ex3#Apes/B8®s in building structures. In addition, magnetfcProfi&d¥ER be
20determined ang (eed. 9 AGRY:sRoalfCAionaaRR AR BISNAMABE RARAR Ripfie. Each of

i
the magnetometers cdn be. brate elﬁ%u | range and zéro offset in an environment that is free

of disturbances, BetiPaacBrsasags ofdhe MFEYES magsdeiecner i amy dreRthel W95 parameters, the
magnetometers jgadings &aaRkRIRlizetikdeahlimesyolispe Tt satiaey iigiflield caf he reliability

of the. compass angle can be calculated after a tilt correction is ol l%ain%rﬁ grn%md%gteiﬁging the variance
and higher ordefSFSHZHRS BT dPS SRRt O A& SRR S BYEP & HifHETRtE VAl Window of magnetic
data. Usingthe aparipricesiinihgrdatalnpagoratio fieddropitutatidnalataer treeconitivt.of hheystanocan

20081067EEP Rl SE0 AT clGRISEoL BAGRRIS e 1088 AR SmAENR fold and e

variance of difference in ang ated separately by the gyro and the compass over a
time-interval wirkféw tarepimizessner snasy Fecdgoadvmisandeademisns Avalp kerwrssa” Yown in Figure
9, can be used tgspRiCHiN RGN HINEEMERES DRRRILN e srapseRnm taimagianen: thlapping can be
provided by measuring the maﬁneticéield @S funcéiﬁg ofhﬁ?%ition in bl&ldinl% %rg sHl%iating a
specific field disHHERTHER 129 PBYHANG Qe BN A LY TRBREIRgS SA be determined through a

ppihgs ca
windowed qonvaiidinaodsrealbtinievdntdave thhEommgnietitotiHaad\iel®a Moditrltypicalickimg inthheasure of

elevation changes a0 beydetarmined Ry 1RcRaRizing-Rialels ik SAHRAR SIS Rdeptmaximum
riser (step) heig%??g%sggrg(%ﬁie%r@ga%?e%by b%%ding CI(])des and ranges between 7,5 inches and 8,25
inches dependingedtaseafisisdiction. Typical riser heights range between 6.75 inches and 7.25 inches.

Finished building floorgaea gienaiyrsapapiaddayfixirnEEsntd terddierimidifenenduost, a flight

of stain will rise one floor level. Typjcally, most buildin stairweu%mh ve one flight ri géf.Lhe floor
height to a landifiJ’ ﬁﬁsﬁdnt&ﬁrg?t?lflgqﬁ%ﬁ‘g @Fﬁn ﬁ%‘emgﬁ?)"(%sﬁ%éeasl?éc |ort1% %“rc})gn%g_ek%g%t %rgg to the next
floor. To achieven@wndintairsibnedsseditoremidiog. theatkiTionathe fsaesachané the reagriteds & HeteRpAine if the

step has been taken, an.2 Stal RIS GaBBRARNNRLINRENRIE, WaNa: & sl i HYREEM the

z-accelerometer power divided by the y -accelerometer power since there is more impact in the

vertical directionsBRatis e iRt acosiaomaeiass Hapmte s apetaifdoRinidaliis observed
using y-acceleropgisig 3r deiegtaiioneps. ZTac ealRimensat wAlhakabfiessepecyiny tiltyieldsestane presence
and direction of {pt(?]tei%gr g o(r)zrlnqr%was%;g\iigﬁﬁ)g, or is in a non-vertical position. Errors in compass readings
20 resulting from nearby ferrous objects can be detected by comparing the total local magnetic field
magnitude to that of the earth in order to recognize corrupted compass sensor data. In addition,
the algorithm in the INU can take advantage of detected building architecture (as indicated by the
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
25 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



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. MU 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. WO
2008/1087882007/013039 Implementation of Tracking Algorithms on an ENU In a preferred
embodiment, the inB8R¥¥AGEion and tracking method described above e/ HaMHYHRMented as a

programmed alogyihgD fUAAGLAN AABIOERARI WG SSLATRIPR AL dRUGIRI A

non-inertial sensors communicating with the rnicrocontro e'r.an analog or digital bus.
The data acquisitrSrleEEoErahrnbedSaifty M étfigidyadeisprislen Apdesubiesiidetinspside for a series

of tracking algorigpnsr\wEickheanWhRkIRMBRHR entamAbl-bPX WRY: ¢diRie pRLRIRE BawRthg
microcontroller (dsPIC), To im Iemenéérllﬁcfaﬁl orithm in a dsP|C, the algorithms can LObe tninslated
gual

into mathematic &40t 6 &0 Bie” Vi 18RI ATBUR BN P A RS SLLEHMBly language
code that is failoté spewmifitet yaobe heedierk calcilite thel Wiredgariohtin impritdisenSppgleta aal outputs

accurate x, ¥, Z IgGalig0 LK INAIRS ASSRABIARIMIALAL RS 66 ANG AL GG 19 dis environment.

Each of the INU sensors can be sampled 30 times per second. This rate can be chosen 15 (for
example, to be ruBjed(s HRIS¥R Hetermining from the Nyquist criterion and the data rate from all

sensors (for example, at moghd G410 chiv i sitibe meEombliaas NG Agr Acliemensteimer (for
example, that can be setup to overflow at a r%te of 36} 25 Hz). When it gverflows an interrupt can be

generated and a sample trig&FTEATTEAH HEPES AN, Hiered Kl third order oy BpsyPUter¥sil can be
sampled. Th& main progréieiddp Eacqtdtdnief signaftiesdtieeiacglisatiomipldid aerel Gade-ROdtdewW the loop

to run again when the trig(ggrcg‘i_lg}g Fin?ﬁ{e &&@&;’g&&&ﬁg Qﬁg&@@{, M%%th%%ﬁcﬁan be detected

using primarily anterior-posterior (Y-axis) acceleration data. 25 Figures 42 an ow the raw

acceleration data taken dtiff§toa- S¥bendina ahieevivebovid aeirady toravehdhe Siseselerotisisr The detection
process begins passing theeagsR|aiti o dataidprausBrpiawnRasiltesvwithaaig B trausREYanear 411z

This frequency is Choseno?%gc Lvl;sa?dlsE Ia lra]lgcae{emr%e?égsr::% be used to provide a combination of motion and

15 tilt information.

. Euler’s angle algorithms can be employed to rotate the coordinate systems so that
the system can be tilt-corrected back to the reference frame of the earth. These tilt
angles can be determined by low-pass filtering the accelerometer signal.

. Step detection can be achieved using peak-valley pair detection in the y-

20 accelerometer signal that satisfies certain thresholds. In addition, these detected steps
can be passed through a neural network that is trained to recognize the step signature
based on the received accelerometer and gyro sensor data.

o 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

25 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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end of normal human walking frequency. In a preferred embodiment, accelerometer data is WO
2008/105758PCUUS20071013039 filtered by implementing a third order digital BR (Infinite Impulse
Response) filter with the filter function: y(i)= b(1)*x(i)-i-b(2)*x(i-1)+b(31)+1)(4)-
§(2)*y(i-1)-a(3)*y(1-2)-a(4)*y0-3) where a(1:4) and b(1:4) are filter coefficients, x is the input and y
is the output. For example, when filtering Y acceleration, x(i) is the current sampled acceleration, and
y(i) is the current fN{E9BALRTHL acceleration. (1A) corresponds to the prevﬁﬁTéU éWBF@?%l—Z)
corresponds to two samples back and so on, 10Transfer Function (z transform domain): Y(z) =
[(1)(1)+1)(2)z-1 +b(3)z-28¥‘%’(4‘3‘§%‘§?°(‘1“§“§'23"z%1 +a(3)z-2 + a(4) 3 )] X(z) The next ope)ratig)rz in
detecting a step is to focatelfowatna iimamipeaepiaBTENISATERT YFragrs dhout BitPBFERPYBHhd a local
maximum point, the threg, fogL{g5ENLCAR ReitRaRLR wxANRgila-dinlantingestiayparformed to
check if the middle point (n-1) is maximum. If the result of the test is true, th? vag e of the local

maximum point is recorddBeANE 53 £Teck oY (1S STRSIPR SRR RS BTSN RS

: f it . fouRd. Once a local
maximum is;found, a locghgnirimienviscieonthisetheetienmbafagthisiep. Torpmaifiresttido/aid e, the

5%% pHsLexaaethadiyahpldaAdditionally, the

c_Iifference between the Io}?eazlmmipairnghlam g&d lﬂgqégmr “;l‘
time between the current steﬁ'f)emg etecte and the time the last step was detected must be at

least the minimum hummmmm@mﬁnmmmthW@q6@@%@#&%&?8-n%%?iﬁum human
step period, one of two tigRg can e RS d B WSEENA iFEE LaRASR Wistkting aidenpdingreiopped or a

step was missed. If the time Is longer than two maximum human st riods, it is assumed that the
first case is true. if the tirFRehSPRRlF SRRE TSRS GR8.E SERIF DI ST iFIPSo Ez)i‘egrstl?rﬁaeigﬂtﬁgt%pétep was
15missed. {p this ease thaaigaiithericaneeasdtas day dstdiagamiesdr T btoprtiSibisdetsraiite Detection The

next task is to determine fhe,giep lendi LIRS RFEN SAGI AR Senai@brSiRpdenauincreases with
[ ith

frequency. To better understan relationship, test were conducted wit
acceleration has been found to occur at approximately ¥z the frequency.

e The 3 magnetometers can be implemented on 3 orthogonal axes. By reading the

local magnetic field, the inverse tangent of the x-y magnetometer reading can be used

15 to reveal the compass heading. The third axis allows us to calculate the total magnetic
field at a given point in space and time. This allows us to verify if the total magnetic
field is of the correct magnitude. If it is not, then it can be presumed that there are
local disturbances in the magnetic field rendering the compass reading in-accurate.
For example, beams in building structures. In addition, magnetic profiles can be

20 determined and used to identify specific locations based on matching 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

25 normalized in real time to the earth’s magnetic field.

o 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.

o Using the variances in the total magnetic field calculated above, the ratio of the
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WO 20081108788PCIMS2007/013039 several subjects walking at different speeds. Their speeds and
step lengths where recorded and a linear best fit line was chosen to represent the relationship
between step length and frequency. The following equation is a result of the tests: Step Length
(decimeters) -= 4.9238 / Step Period (seconds) While this equation is not exact, it does provide a
sufficient estimate that can be improved at the base station. At the base station an algorithm is
implemented wherewthaogsapstehgth is additionally modified with respect to B$d’HERIOB e personnel.
10 Azimuth Calculation (Calculating the Heading Direction), Now that.it.is known that the user is
walking and estimate of tﬁéﬁ#a‘gﬁ. 385 n‘IPdeo etgnglé:nt a5 %thc%(l)elljdr?@é}[ﬁg direc f'oorge of their
movement must be deterdiffeechcd iveayginchpngesamitithedeemratdly Hicht smosodsheanreasy oEer o achieve

this. The highly calibrated;gyrg,iate, %ﬁ&%ﬁ%ﬁﬁ;&dgﬂb&ﬁ%ﬁe{&%@!Ei&emﬁ\émtqgfmcﬁ@ track the
user's relative angle. 15 The calibration parameters YAW_NRILL_OFFSET and YAW_TD found

experimentally, using melReRIShoSEdRABEREIT058, baeetHaralria englmeRmens baseon i non- volatile
memory. These define thegeirticimbisat. value at OK and sensor output LSB/deg K respectively.

The two variables used can be the sampled sensor rate (yawRate) and ed temperafture value
(yawTemp) which comes froMBRE& 58 a?tﬂrr%v‘g@?:g‘()l%aﬁl P&S‘%y’,‘é“g{]ﬁﬂ fémp}uncuorﬁ‘ﬁgomthm

8 Gyrdscope. temperature
corrected rate is determinied biglithiigume:aysaidifgetspetifiv\fieN distrib@ies ®@ Building area or location.

yawTemp"YAW_TORIF Ty RATE Colie et 3aied S UaIRaIRIAY QHS6INSF T s (e 4 then be

scaled to convert sensor units (ISBs)’into degrees per second. The calibration parameter
YAW_RAIE_SCALE is detetiinenagpeliPiahtally and stored to nonvolatile memory. The scaled rate

is found by:jgorrected Rate(ggafthor rR1REIEhRAIR bk SBA)bNhMgeRAT B defeifed by
recognizing stairwells and counting stairs. Indoor maximum riser (step) height is
generally regulated by building codes and ranges between 7.5 inches and 8.25 inches
depending on the jurisdiction. Typical riser heights range between 6.75 inches and
7.25 inches. Finished building floors are generally separated by distances of 9 to 14
15 feet. At the very most, a flight of stairs will rise one floor level. Typically, most
building stairwells have one flight rise half the floor height to a landing and another
flight rising in the opposite direction that completes the rise to the next floor. To
achieve 3-dimensional stair tracking the INU can test each detected step to determine
if the step has been taken on a stair. This can be achieved in several ways.
20 1. An increased z-accelerometer power divided by the y —accelerometer power since
there is more impact in the vertical direction on stairs 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.)
25 4. Final method used is a trained neural network which returns a probability of a
detected step qualifying as an up or down stair.
o 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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WO 20081108788PCTILTS 0"039 The relative angle can then found by integration/summation of all
samples and they are taken, = Because the gyro only provides relative angle from the time the device
was turned on, a digital magnetic compass is used to obtain a global reference (magnetic North), In a
preferred embodiment three magnetic field sensors can be used to obtain magnetic field strength in
three orthogonal directions. The first step to obtaining a compass bearing is to normalize and remove
offset from sensor waituzes/Qelbration parameters for sensor offset and scal€TEEAHEHERrmined
experimentally. The equation used to normalize the data for the X-axis sensor (inagX) is:
10Normalized X = (magX IvIX_OFFSET) / NIX_RANGE A value of 1.0 will now be read if the x-axis
sensor is alignedmwypkmthetachEaskonataoribios enivdMPsence of other magnetic disturbances. Y and
e e

direction in the horizontal plane (parallel with earth surface), the angle that the device js tilted must be
considered. The MR XA P SRS Hed &8 RRHBYSAASHHTRERIAHN ¢ TRERREPHROH PERERTE through a low
pass filter. This estlaiesidhe dicetian abihetansiantgmviationakadelerationcamdtiaerefore is an
indication of how the evii{':e IS tiIth 20 EI?WE to the Earth's outface. These tilt values are used
perform a 3D rotg‘ﬁ%ur% P TR PR laagne‘ci'lc field vectors. The Earth field magnitudes on the
horizontal(XY) plane afbeiieukanesitivorngisismndaioeesirgmedredsficsstbriagpetioraids $eRadt values
using the equatiqqs belowys g2cks R S
magEarthY = magY*cos(tiltX) magrs né%t)ﬁq WO 2008/108788PCOUS2007 011;30139,'I;\he compass
angle is then foulfacaYiPaRMGAFRE TRl CSRE AN omsALES B JEadthly e algtih IR & compass
angle calcul@tiorpyeiksats@ihio raigamamib eqeatioasans Iogie Baagivatiendiederancentowerdinin many

environments there, e mar, Souiess, of AStHPARERSl) RIS apje detect when these disturbances
are corrupting the comﬁasé angle several experiments can be performed to determine the nature of

the sensor readings inEhelNtbalapdbroinpuisansonsaeand REBUS BTE T 11 1 oetHpReouigies & most
correct when varignge afiihe dPidlmaaneliscliglcig e st cdliformuAass angle is most correct when the

total magnetic field is close to 1.0 (Earth field), 3) Compass angle is most correct when the compass

angle follows the gym angle, 2A ) MagRelie ISl MEPHNRIAISAlEAIMASKEAASEAGEN the user

. . ] !
IS not moving. To determine the validity of the compass reading, the INC can calculate the total

magnitude &5 theforersalen sgpretiartad dlzibonsisteraiping faem the Aterasicricg ongrdhed4a Setiaof the

earth (either preqgfingerofrsPeasipieth Hos: comppashisaiar wandompnsicaied ostoyaliding ieddU can also
calculate the variance of the magnetic field data, when the ?J"_I e)i omparahle to th&e%r%atverage
magnetic field, tHETSATREdaLeANBefsta Ry gc%ﬁ?%f’g gggé ' 'Eove &an Hhe" P

e
calctlations can be
can be generated and a sample trigger flag can be set. When the flags is set, some or all sensors

can be sampled. The main program loop can poll this flag after the loop is complete and can

20  allow the loop to run again when the trigger flag is set.

Detecting a Step (Ambulatory Motion)

Steps can be detected using primarily anterior-posterior (Y-axis) acceleration data.
25  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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performed in the algorithm control loop. The code is given below where the field calculations 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 furngfamsnes7ss Attenuate data as a function of how accurab€§§2007/013039%. Ajjgw

gyroscope to control high frequency angle variatio ompass tocontrol, | y
variations in preg‘gf‘fgg m&‘fie “Eéﬁ%*ﬁ%f&?‘%ﬁ fr%slgﬁé%?%% lrtﬁﬁ“ Fof var 3%%%%&%%‘%%%%&% the
operation of algduitttion:Note that the algorithm changes when the user is nor moving. This is because
magnetic field variance is not an accurate indicator of compass WO 2008/108788PCT/1JS2007/0130
9 correctness when the user is not moving. The fusion algorithm is written below: Q0 t)(i) = Ociut(1-1)
dagyro (gyro raté(lhfé?jF&?WTW?\?&HR)‘%%{W‘@%W)B@F orpaYE-Lrs eyt ﬁT%B’Z’&-ll-ll)]
(attenuation {or total field error) *141+varallp] (attenuation for unstable field) *1./[14-var(e)1
(attenuation for compass/qyrQ error) *K (time.constant. for rate of ecti edlis the
magnetic field magnitu"‘c’z!%e ﬁ@'t 5 '}%)Pléfé‘{}grrezqﬁgtfgﬁngﬁgrsl’#agtﬁfs%%%%ﬂwgﬁgﬁmg{bgﬁon The x and y
position coordinatemgleevhoul filedingfé nealcivexitistie et sammisHonsierative Aed Vi érisean

performed: X Pasiio e RO 4818 50 COMGHHR . AUREHON AFIY <Py liRgpsraositon

+(step_size)*sin(current_direction) Updating Status Flags
to two samples back and so on.
10 Transfer Function (z transform domain);

Y(2) = [(b(1)+b(2)z-1 +b(3)z-2 + b(4)z-3 ) / (1+ a(2)z-1 + a(3)z-2 + a(4)z-3 )] X(z)

The next operation in detecting a step is to locate local minimum and maximum points in the

data. In order to find a local maximum point, the three most recent data points can be examined
15  (n-2:n) and a test is performed to check if the middle point (n-1) is maximum. If the result of the

test is true, the value of the local maximum point is recorded and a flag is set to indicate the local

maximum is found. Once a local maximum is found, a local minimum is found in the same

fashion. To qualify as a valid step, the difference between the local minimum and maximum

points must exceed a threshold. Additionally, the time between the current step being detected
20 and the time the last step was detected must be at least the minimum human step period.

If the time between steps is longer than the maximum human step period, one of two
situations can be possible, the user has resumed walking after being stopped or a step was
missed. If the time is longer than two maximum human step periods, it is assumed that the first
case is true. If the time is near twice the previous step period, it is assumed that a step was

25 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
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Along with position coordinates, status flags are also output by the INU. 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
250ccurred. 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. Whimigweme a full stride back rather than once step ba@<T@¥08i8148uding pelvic

rotation which is typically about 8 degrees. If the angle change over the stride is greater.than a
threshold value, fﬁwgmﬁwﬂﬁﬁa‘fﬂﬁ'{ﬁ%%ﬁ?n 54 ?geé&ést? Df%s(ge UFH%%QWW%M% ance
20081108788P QikbMSRA0M 10t 303 Shitkth e expcewhttiterddgodghipdrseteenierlvaztif aaddiegysnditected when

the angle over agtride falls below a thresheld, theturn flag is then cleared. Hallway Flag ("H")--- | bit
In an effort to pr@}%%q}ﬁo}egiﬁaorrﬁaﬁon about the buildin% that a person is in, the INU has built in a

mechanism for detecting when tfitsr/enets (eempeisra niAIR%8/ HFnfsEPHGIEMER it is difficult or
impossible far a user to walk a long distance in a straight line unless in a large room or a 10 hallway
because of obstacles including fyrniture and wallstpaytitions. if a number of steps_larger,.than a
threshold value igvg%g%%%'aé%ﬁ léPﬂlﬁgxg‘é{rﬁtéy‘\fl?ﬁ%(&aée&ngﬁ%%ee Sdr%a?g ﬁi}gs? %‘ce)[{% var |re%eg£%§ threshold
value, the hallwabadtatpinsei: Tihdaasdsoolaraigaritimen ithplanexted rhise destetepdensdrisipdditigpally Up and
Down ("U" and "D" il Hl‘tN el 1aln additi B?tﬁ'é(ﬁgﬂ!)ﬂﬂgl.the Z location coordinate flags are set to
indicate if a user%g)olnestaﬁs an%whether glftley are heading up or down. When stairs are detected using
either method described, the appropriate stairs flag is set. The flags are cleared when stairs are no
longer detegted. RAMmantowcmagm -(EiNadtng the BRbditgBwbapn).ying on Back ("P", "C", and "B")
Flags indicating the posture of the user sent.to allow the base station monitor tQ mak mptions
about the user's %ISP&E%H 155503'3\;"%61}8@%1%}@‘%11 ?“lcge té eart?n?ﬁea %3 émsu"[%a% Fr?b Eg‘r'%%?t}?{crawling,
or lying on their hackebafeddo thetiérdition dichdizchbyenivot Nt dedeietmingdeTdey aFHiwenRbissible because
the acce'eromet?t]%ﬁ%ﬁc%ﬂﬁﬂ 10:85055 SravipliorRt AR eTalaR M st P Sy awsHisected

perpendicular to Earth's surface. When the sensors indicate the user is tilting forward past a
threshold amourfomsess: far RRpral T dail v intsgratrd Suire s eFE A MBI MHEC 3B s tilting backwards past
a threshold ggmount, the lying on back flag is set. When the accelerometers indicate the user not tilting

past ether forward or hack hiesholds, the u/IgPLla S ISR FLRPTBRBESRARSRATE St the

other two are cleared. _
found experimentally, using methods described above, and their values can be stored in non-

volatile memory. These define the theoretical offset value at OK and sensor output LSB/deg K
respectively. The two variables used can be the sampled sensor rate (yawRate) and sampled
20  temperature value (yawTemp) which comes from a temperature sensor built into the MEMS

gyroscope. The temperature corrected rate is determined as follows:

yawOffset = YAW_NULL_OFFSET + yawTemp*YAW_TDRIFT_RATE
Corrected Rate(LSBs) = (yawRate — yawOffset)
25
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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WO 20081108788PCTIU52007/013039 Non-movement Flags - Stopped and Still CR" and "5") Flags
are set to indicate if a user is stopped or still. Stopped is defined as not changing location coordinates,
but the user may still be moving parts of their body. If steps are not detected for several seconds, the
stopped flag is set. This flag is cleared when a step is detected. Still is defined as no user movement.
The still flag is set when the variance of the total acceleration (vector Su”%%&%}s%o%ﬁ@ falls below a
low-level threshold¥ BELEHEEthis may indicate a serious condition such as the user being unconscious
it automatically triggers an alarm at the base station, 10 User Path Segmentation In order to improve
assumptions made at the base station mid provide order foz{t.patr%%Psrrec}jaggﬁ&@l%ugrertﬁ%h is broken
into segments.ﬂ‘%é"é‘?ﬂéerﬁ“i@ec@ﬂ% fognd BQSPEI‘SW‘B’ID é'tlﬁ%altogtoar s A& énd of a turn and ends when
the end of another turn is detected. A number with range 0-255 is 15 termed "segment number" this

number increments eyery, (e & (i oe 5 ENEAULSHEAL AR 1l Rk bk st il deaching

255. This is useful in @ Tiumber of stuations. For example, if the data link between base station and
1/N11 is tefmpodigityl disgtotiscbommsséyeses toekiar pohHgeireTseimEReisPTie BASEEZEbn can make

assumptions ahgu whatharPeRSH RatuesmdbE dasbdaiat beteim thedaidinastagtiaindhtbe first point
when the link was re-established. If the segment 20number did ot.change thqlr%e‘i;agvaor Id be safe to
ata

"connect the dRERIBRPALAERCLRIY e MEHRERIB QRIRIBME @ Compass Pt NE N P Lion rom the
mierocontnallersis@Xtennehianduasedsliebemephtaresfiinsmepr officand s e ihecisFestsst invention.

Printing for a paicular SEPiG s anlanAlL 2 RAIhIRMCR R ARRAYIC ke output channel,
ar

Data is printed ﬁ&ﬁ'ﬁg a particular’loop iteration if one of the following conditions are met: a) the turn
threshold dfgle is crossed:; b) aNesRaliatdXFrimastur! ﬁMgﬁ e has passed without
printing. These restrictions provide for higher resolution output where most needed during turns

and minimum resolution optayt during preclcableong ahL RIS A S IRERAIRSAL 26 WO

the absence of other magnetic disturbances. Y and Z axis values can be modified in the same

fashion,

15

Because we are interested in detecting the direction in the horizontal plane (parallel with earth
surface), the angle that the device is tilted must be considered. The tilt angle are determined by
passing the X and Y acceleration readings through a low pass filter. This estimates the direction

of the constant gravitational acceleration and therefore is an indication of how the device is tilted

20 relative to the Earth’s surface.

These tilt values are used perform a 3D rotation of the calculated magnetic field vectors. The
Earth field magnitudes on the horizontal(XY) plane are calculated from the tilt values and
normalized magnetic field sensor values using the equations below:

25
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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In this embodiment the data transmitted can include 1) X, Y, and Z location coordinates, 2) Gyro,
Compass, and Fusion Angles, 3) Compass and Fusion Accuracy Estimates, and 4) Flags for turning,
hallway, stairs, posture, and non-movement. Eliminating Gyro Error while Walking along a Straight
Path Because gyro data accumulates error over time, a mechanism must be put in place to
recognize small errors and eliminate them. One approach is to simply set a threshold that all gyro
samples must meeWO\BMIEBpproach, if the threshold is not met (e.g. th@ERADIFEESEMall) then the
D o hiRE e e AR PR S e ot Gy <q8 [anmyraes Ao data, the
following alternative mathod" prererred. EKHOWN that the aver g€ human pelvic rotation is near
8 degrees, approximately 4 degrees in each direction. This change in direction occurs even when a

person is walking in a-geaigive iBhpRe g CIRIRARGEHS AVRIHBRUMERAIRMiOiASNgIRRride (two

steps). The net change in angle over the entire stride should therefore be zero. Samples during this
period are integ!SEEEMR- RO e indneBy fodiarments threororinaarseyof distibasetiietlter the
threshold value tthizteesuliciniesdisabdiomn dide rapunpuirteshgysanngievenbiepirdnitisagle  The
method for detecting bujldi rid les has been developed. |t is assumed that Jon liways are
Agned with ond S PREL e SRE BR e Fadhe heRESHENE Aiflednd, NS T
building "grid_afieyiedthak thegmpensiehfils loag) thuegyivheMatirackeb tholetal mhagretiaiiddislavedtangle

remains very stglt (il angOSHRd ok ARG iR bdMERiBRV BSc T e ARl dp assumed to

be error and is cleared. If no "grid angles" have been stored, then the cun-ent direction Is stored as a

building grid an§i&TRES R AhBRS S ECHOERR BT EOMBRES LTl eRrE b S Rtdinid AMaest ouilding
grid angle as welkRsrifiupnghfspitd3stdnsantwhéd the e esadf teeiggirrent direction is within an error
margin of any of these.angles, then the current direction is. force the closest building grid angle (he.
"locked to the grid"). 21' 8@%%’3%“5 fseu‘gégﬁl}(l)o\f/%r?fflofﬂ%asﬁéfﬁ&vvﬁ’et%egl\\/@li%%I%Jﬁ*ﬁﬁ%?st%g?ggs very near to a
previously travelatEpge tiéle stngerhmeasnéd fGede disirieenignitedededidieten (oe tisectienribaodheichér, WO

200PCTIUS200#4 Q4303 MhEr sredinge iR EXag RO b mpash RREEING tRdiR-aRdiFeaRYerREgRDIZatioNS,
hazardous building circumstances may require. personnel to crawl at an incident scene up to 50% of

their time within AU IEFARGIHaGaRT6 OE e A ehS sl da et h e ArRGE i R BraRIFP fBF ms of
upright mov@&meavtraghenagadtiofiddqard edgpidhdaa idiscleskfidiaiiy decareep Mhess dylanapdayeth ter upright

movement hee s A BESTAINRITINe L ATLQU SsRePG sanAg, EQr R movement

tracking, an 1NU device is typiCally equipped with a single gyroscope which measures the rate of
change of anglex&rddisetetre Z axis with respect to the axis perpendicular to the gyroscope. Upright

turns always result araugetibisekmpAY NG REHAKE MENESSIINBHORN; B terRgidiRwmaner, 10for crawling
motion, the entire INU tilts approximately 90 degrees forward, rendering the gyroscope's sensing axis

parallel to the gfSTRA TV A S TE SPEh Rt oesesa RAsERR AT G AT AN o FIU AR ARy & M angle
about the rfferenyrescomisverh ichuiats fitk sfidrtte pestds\dfi éms emisiackdiretiion dnglawhidatgkrements

provided by a t [ ' res.tha Nk i fith, ference X and Y
Girections. With St iy EFHE s 0 e S50 MG B e 8 R B0R
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
25 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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15lines up correctly, but the Y Axis now lines up with the reference Z axis. This disables any feasible
readings from the compass to compute direction. To overcome these hardware liinitations in
detecting and tracking crawling motion, in a preferred embodiment, an INU is equipped with two
gyroscopes perpendicular to each other; one gyroscope is mounted on a horizontal circuit board,
measuring rate of change of angle around the reference Z axis, the other gyro is mounted on a vertical
circuit board measwyinerdaigs@kchange of angle about the reference Y axisewitese@i@asarer is upright.
This additional gyroscope has additional utility in identifying other motion types when movement is
upright. In this preTasressscrhefb R is AM &0 R by Begpaeoriliiss tHRL P28 tal gyro measures rate
of change about the reference Y axis, and the vertical gyro measures rate of change about the
reference Z axis. This 95configuratiqn res that pne " S sense turns around the
reference Z axis which is threb??m&?/oa?ﬁ?cfign s irn(f%[?é%% rregiwrﬁe%. In addition, in a preferred
embodiment, the NU is equip[fechwitis@ 36antéiHd dermmipasicgrra®isor. During crawling motion, the Y
and Z axes gf the magnetomﬂﬁ@m{f{ﬁmmﬂﬁ%m,@ﬁﬂm@ efr@XiS remains constant. This
ensures that there are always two magnetic field sensors in tP reference X-Y plane monitoring the
direction. In the WO 2008/15dsspHRNSStmratmipsd ﬁ%&l ferromagnetice compass may also
he used for determining direet/pi-wiRis cramibagon fok\dmpatisdgianersmiual indoor movements of rescue
workers and firefighterg, itis, 'ﬁneg t},% sqgllgég ?A’Y@tgf'c(?ﬁ%@ﬁﬁ dgta processing. and analysis algotithms
to ensure that both upright an craV\ﬁlng motions are detected with the appropriate sensors. In order to
achieve this capability, in a preferred embodiment, the sensor data and particularly the accelerometer
data must g able to reaeaniag e KaRsiHoRReMARTdRAOI: and-ToRwling mainTdrendprefered
embodiment, the accelerometer data in both the X and Y axes are offset around the same point (i.e.
value of accelerétion) as the primary acceleration they experience is from movement with 10only
marginal acceleration from the tilting of the device. The Z accelerometer detects both the acceleration
from upward/do d movement and from gravity (9,8 m/s*s). Some small portion of gravity may act
through the X ar\leﬂn Y%?ﬂrﬂ%rgﬁ%'ﬁgnlf the device is tilted. This will affect the compass too. The effect of
gravity causes the off<Bteof adoaesisigosoprdivetss apepdued g turar fihittASR QHEM Birection. Tilt
has only a sgall gffeehWhrpthenmgarer crawls, the Y 15and Z axes interchange and gravity now
affects the Y axis accelerometer and the different, off§eté's now jsit%le na'%e "l axis accelerometer data.
Since gravity acts dowhvRaTHON i &-HEEPTsH SR S S eSS THal ih the X arid Y directions
when the wearer is upNghssidad-sinabierion Hieey_slrttioeuent_tirebeox and Z direction when-the
wearer is crawling. Proximity Detection and Correction In one preferred embodiment, the INU
module communicates with a node controller module using a Class 2 Bluetooth connection. A Class 2
Bluetooth devicdUpdatmg:\S#trlaghge of 10m. This means that the device will have the ability to
discover negyby users within this range. When a nearby user is discovered, a RSSI indication from the
Bluetooth racio wil correspon 1o e SRPNSR PRSI ASARY PR Thisag.Tagwa o be
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

25  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 tum is assumed and the turn flag is set. The turn flag
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25With 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; WO 20081108788PC171182007/013039 an input layer, one
hidden layer, and anvouretospe input data is made up of signals from inerk&Ir8&n&383839 a result of
the Wet taking a step. To obtain hid node output values, input nodes are multiplied by hidden
weights and surr{%%%ntsosﬁﬁa‘fﬁﬁm?ﬁ'é%%nr%ufgltﬁé?ﬁwp%é'sed through a sigmoid function to produce the
hidden node result. The hidden node outputs are then multiplied by the output node weights and
summed. This suff RaFsEH UV @RIRG HAMAKhiRIPBIRIN adeSUlRERVCEREHA AR 1ag The
process of obtaining training data begins with a user walking a path consisting of level ground, up
stairs, and down'$t fR PR Y -axis (anterior-posterior) accelerometer signal is plotted and the
correspondirgg terrain types during each section of the signal are noted. Figure 12 10shows Y-axis
accelerometer Siﬁgl?vldawm UpHs, a_irlsbrirt]otion indicated by solid circle and the Down otion indicated by
dashed circle. The renYainﬁ@ motion indicated is over level ground. A heel strike is indicated by a
sharp negative "bpileetiertiioepssigidaimars stfoumationRlpur ¢hd Buildingdhapaperspragiratheddl be brdated to
allow these heelitiikgeriing MaRitalNeSAler RN MRIPHSe iy TRSAbRIGAKHRGEdLRach heel

strike can be recorded by the program in a two 15column matrix. The signal between two consecutive

heel strikes can BEEBMSIBERn A e valkplengdititnseda s Beigidine anisshia MFSEESRAPR AT tatrix by a
start index aod anléng tedaxe dbotiiadity iasaivalickiraiued hasfpatitadengihesrhe sglertgd if it fits
within human walki ability. This feature list can be created separately for all features
during each use?“gé]tigvtﬁ%gﬁgécl‘%apusetgi?s)\,(,cegééwr? nsaf\gtlrté? Fg{/nglﬁnfgﬁﬁ %ﬁ%s%ogﬁl%r%%eﬁ:aasfg(gtn%cﬁg%tﬁave been
created; one for fergeiddd¢aalyg, thhkakoray Hastisipet: dvd Bredsfoledtedvihsroiis niie jimfredftsateske list is used to
extract all inerdalsensor data for each feature. All samples between the start and end index are
recorded from all in%\r}g]al sensors, When compared to other features, the length and offset amplitude

may vary. Becats@VE AR UBAPHBAM (WHt 88ddEntm! MibSRs by shape alone, these differences are
removed. TIS rerfroaddlitives annpidifigles tha &, lticetiva kierdinthefbigririden isdicdndiasiaer isomsalrother

samples in the feature for ea qu%%ns r. To remove feature length differences, the signal from each
sensor is stretche o_r%orﬁprgssed_e %3}%?&%0 %‘ﬁ?}'g linear ?“5?\‘ %%g:r%% }rrl%efgl%{ |>%é%qength. This
method is choset¢tidritegepierasisolativfag ifdsele dirn Sretrrocerred whersiitageatedarsemory space

restrictions in thgegedded processor.

20  Posture Flags — Stainding Upright, Crawling, Lying on Back (“P”, “C”, and “B”)
Flags indicating the posture of the user sent to allow the base station monitor to make
assumptions about the user’s condition and environment. The user is determined to be standing
upright, crawling, or lying on their back based on the tilt indicated by the INU’s accelerometers.
This is possible because the accelerometers are able to sense gravitational acceleration which is

25  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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WO 20081108788ITTillS20071013039 Once this process is complete for all feature lists, the data
set can be used as input to a neural net. Each feature now exists in a row of largo matrix containing
signals from all inertial sensors. Training data sets are obtained by repeating the above process for
multiple users. This ensures that the resulting weight values will not become "tuned" to one individual.
5After hidden and output node weights have been found, the net can be used to detect stain given a
data set outside of twaigidsiomated Feature Fatraclion from Real-time Dra@iUsHe70igefest challenge
in implementing the neural network is to develop an algorithmic  approach to feature extraction.
Feature extraction involves looking at the entire set of signals and 10segmenting it into meaningful

pieces. Each seqipgiiftaitragibeppbe Ao et mediigually and metrics CHEL be chosen to

classify the data. The only classifier.ywe are currentl ing.is the. f the si . .
During the traini@aéﬁggég WETWEPE | %\Hsﬁéfﬁ/slgr?%{’%%@lgtésfel?c%@gn%?eﬁ@v%%e%sg ﬁe%%@ﬁ%@%?ﬂﬁgg in

order to determirediuéngtas beinh eswul Mi&ﬁbmﬂ@ﬁmwmf Higjobriyn Horeps aamilsircifffdetecting the
heel strike is desgribed below Reareh fndnday e SAMRIRSNINRIN R63 doiipIBivalue.

(rnin(n4m)) 6 If the local minimum value occurs at the middle sample (n-2), test to see if value is below
avenge (DC) valdefBgaioie WiAR Y PRt ﬂ‘ﬁb@?ﬁi&ﬁ%ﬁ’ﬁ%ﬁeﬂwﬂﬂ@%ﬁ?}g Fﬁ%ei?ga‘!ﬂ‘é
requirement, lookyeaeksBrsarmpjesiny) falRealswartwumelGhitthedoBatawaxiin umy valueds graater than

ine neel s is SO RGPS AL RS SO SOEy Cas st e e Al B the heel
strike detection algoohm. Anterior-posterior
10
User Path Segmentation
In order to improve assumptions made at the base station and provide order for path correction,
the user path is broken into segments. A segment is defined as a portion of path that starts at the
end of a turn and ends when the end of another turn is detected. A number with range 0-255 is
15 termed “segment number” this number increments every time a turn end is encountered and rolls
over back to zero after reaching 255. This is useful in a number of situations. For example, if
the data link between base station and INU is temporarily disabled and severai location points are
not received. The base station can make assumptions about what happened between the last

point before the data was lost and the first point when the link was re-established. If the segment

20  number did not change, then it would be safe to “connect the dots” with a straight line.

Print Conditions
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
25  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 tumns

and minimum resolution output during predictable long straight paths or user non-movement.
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25acceleration data is shown in blue. Filtered acceleration shown in peen (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 =rectoreben001/ben_001.bier WO
2008/103788PCITUS2001/013039 See The scientist and Engineers Guide to Digital Signal
Processing, Steven W. Smith, Chapter 26, which is hereby incorporated by reference. Microcontroller
Processing 5The miEPFEBHtEHEr can prmide three basic functions; sensor SSHBHAY/ 4484 processing,

e o o AR 60 AR N IR 687 2RI e SP1

interface at a fixed or variable time inter can pe tlme an on-cnip umer

programmed to tHJE: &omnestrapd Besiondagleatd) @25HW&%@H@Y£@W@FS@MW&%

conserve batteryipewang, hRveRANRIEhelalR GRa ke weiterdp circular buffers which can hold the
current sample and, in addition, many or all previous samples for a session or event. The data can

include acceleration (X, y, 2), angular rate(yaw, pitch, roll), and temperature at each gyro. The data can
also include situational data 15 such as elevation (and/or floor) data, structural information based on

magnetic intérference Elimipating GyeTisrnrii Maline sl aSteghtBifthental sensors (e.g., temperature,

atmospheric pressure peagie sH A AHIARINLY - RIESRPER O IR RIRS i be ut lwp@aggggdance with
the invention, the Microcontroller can rforn the following the Data Processm%‘ unctions or operations:

20e Estimate tilt B‘g?%!z\fsﬁraﬁh@ﬂwﬂglma?ﬁdae@fgamm@w.ﬁaﬁw&Sab% wrbpifer fhexro

samples must meet. With this approach, if the threshold is not met (e.g. the angle is too small)

then the sample value is forced to zero. Since application of this method causes too much loss
10 of data, the following alternative method is preferred.

It is well-known that the average human pelvic rotation is near 8 degrees, approximately

4 degrees in each direction. This change in direction occurs even when a person is walking in a

straight line. Pelvic rotation occurs over the time period of a single stride (two steps). The net

change in angle over the entire stride should therefore be zero. Samples during this period are
15  integrated and the result is compared to a threshold near zero. If the result is under the threshold

value, the result is removed from the accumulated gyro angle.

Detect Grid Angle
The method for detecting building grid angles has been developed. It is assumed that
long hallways are aligned with one of the cardinal directions the building lies on. These
20  directions are referred to as building “grid_angles” as they would lie along the grid on the floor
plan. If the accumulated angle remains very small for a long period of time
(NO_TURN_LIMIT), any accumulated angle is assumed to be error and is cleared. If no “grid
angles” have been stored, then the current direction is stored as a building grid angle. If a grid
angle had been stored, the current direction is compared to the building grid angle as well as the
25  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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Cal_culate moving average for magnetic field data so that it experiences same filter delay at tilt
esfumate.l Calpulated total acceleration (vector sum of x, y, and 2) 25 Normalized magnetic field data
using callbrqtlon parameters and find mean magnitude and variance to be used in compass/gyro
fusmn a_Igorlthm. Apply 3rd order Butterworth, low pass filter to y acceleration with cutoff at 4112. This
is usc_ed in step detection algorithm. Detect step using anterior-posterior (Y-axis) acceleration daté and
algorithm WO 20087208728880WS2007/013039 Detect if user is stoppea‘wué 'f??(ﬂlr{’&s‘t’ime since last
step. If longer than threshold time, ecteﬂgoql. Detect if user is still. If total acceleration variance is below
a threshold, set flag. %&HW, S8 averaged y and z acceleration values to estimate tilt. If tilted
forward past thresholgiccassitigne fuecantingg e drestifhtigs Detadousduil in draeRMSIANAMY detect crawl but

with opposite Detect user Up(iah, i nol HGAPash is sl g sl iiiaingo set flag.

Calculate yaw 5er$§free Bf/rsl(r’l?egratlng corrected rate data Compute [
ate Dy inte ng cc _ . compass heading b
normalizing an@mapligmypHment iedHorr i Qﬁﬁ%ﬁéﬁb%%ﬂ%%{tﬁtﬁeb@m%ﬁf@mg}fw %’ﬁéﬁ%’a}l)slir?g ’

ok et PN oo oyttt vty e
where turns are predominantly determme?i(zromjgyrosc e %e!g&qgs. For upright movement
tracking, an INU device is typically equipped with a single gyroscope which measures the rate of
change of angle around the Z axis with respect to the axis perpendicular to the gyroscope.

Upright turns always result around this axis providing an excellent estimation of turns. However,

10  for crawling motion, the entire INU tilts approximately 90 degrees forward, rendering the
gyroscope’s sensing axis parallel to the ground in the reference Y axis, thereby making it unable
to predict change in angle about the reference Z axis which is still of interest. When sensing
direction from measurements provided by a two axis compass, this requires the INU axes to be
lined up with the reference X and Y directions. With crawling motion, the X axis of the compass

15 lines up correctly, but the Y Axis now lines up with the reference Z axis. This disables any
feasible readings from the compass to compute direction.

To overcome these hardware limitations in detecting and tracking crawling motion, in a
preferred embodiment, an INU is equipped with two gyroscopes perpendicular to each other; one
gyroscope is mounted on a horizontal circuit board, measuring rate of change of angle around the

20 reference Z axis, the other gyro is mounted on a vertical circuit board measuring rate of change of
angle about the reference Y axis when the wearer is upright. This additional gyroscope has
additional utility in identifying other motion types when movement is upright. In this preferred
embodiment, when an INU wearer crawls, the horizontal gyro measures rate of change about the
reference Y axis, and the vertical gyro measures rate of change about the reference Z axis. This

25  configuration ensures that one gyro can always sense turns around the reference Z axis 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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15 If_a step was detected, as shown in Figure IS: Calculate angle change over stride (two-steps) for
use in turn detection. Detect if user is turning by testing snide angle against a threshold. If the user is
turning, test for a turn end by comparing stride angle to threshold. 100 Calculate line of progress (LOP)
angl_eby averaging two consecutive steps for gyro, compass, and fusion angles, 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 kajl,fil@gios7ss Calculated step length using stepepefiszanteguation that

estimates step 25length as a function of step frequency. Update x and X{.Io%ation

coordinates gsin@t@adﬁw@mmtmn@&ﬁmﬂ%ﬁ PO OPEHEFIROITIREHY MRS IIAX_oLTPUT
JNTERtVAL tlTew‘ﬁi@d@&QﬁﬁgWIthOUt an output. User trajectory angle has changed by threshold

amount since ast update. WO 269811087MPCDUS20071013039 a Alar Hian.is; After
performing all algorithMA IR AGHH IS BREPAEra LAY %ﬁgtol%egseanlttﬁ-tgp%ﬁg%sﬁ?%%g& 'Ig'ltthl' can
send the data paskefiowenivh Rivetnathalimkcasingendaralyiapaeitmatesrauss detbrberigthe CSM. The

contents of t?e dg}]t&lcg-)%v%negtr%ﬁoﬁy @MAE@&I mgﬁpk%&ogﬁﬁ@’gensors. In order to achieve this

capability, in a preferred embodiment, the sensor data and particularly the accelerometer data
must be able to recognize the transition between upright and crawling motion. In one preferred
embodiment, the accelerometer data in both the X and Y axes are offset around the same point
(i.e. value of acceleration) as the primary acceleration they experience is from movement with
10  only marginal acceleration from the tilting of the device. The Z accelerometer detects both the
acceleration from upward/downward movement and from gravity (9.8 m/s*s). Some small
portion of gravity inay act through the X and Y directions if the device is tilted. This will affect
the compass too. The effect of gravity causes the offset of acceleration in the Z direction to be
different from the X and Y direction. Tilt has only a small effect. When the wearer crawls, the Y
15 andZ axes interchange and gravity now affects the Y axis accelerometer and the different offset
is now visible in the Y axis accelerometer data. Since gravity acts downwards, the offset is
smaller in the Z direction than in the X and Y directions when the wearer is upright, and smaller

in the Y direction than in the X and Z direction when the wearer is crawling.

Proximity Detection and Correction
20 In one preferred embodiment, the INU module communicates with a node controller
module using a Class 2 Bluetooth connection. A Class 2 Bluetooth device has a nominal range
of 10m. This means that the device will have the ability to discover nearby users within this
range. When a nearby user is discovered, a RSSI indication from the Bluetooth radio will
correspond to the distance between the nearby users. This has shown to be accurate within 2m.
25  With this information users can be grouped and their locations may be adjusted so that thereis 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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an input layer, one hidden layer, and an output. The input data is made up of signals from inertial
sensors as a result of the user taking a step. To obtain hidden node output values, input nodes are
multiplied by hidden weights and summed together. The sum is then passed through a sigmoid
function to produce the hidden node result. The hidden node outputs are then multiplied by the
output node weights and summed. This sum passed through the sigmoid to obtain a result
between zero and one.

The process of obtaining training data begins with a user walking a path consisting of
level ground, up stairs, and down stairs. The y-axis (anterior-posterior) accelerometer signal is
plotted and the corresponding terrain types during each section of the signal are noted. Figure 12
shows Y-axis accelerometer signal, with Up stairs motion indicated by solid circle and the Down
stairs motion indicated by dashed circle. The remaining motion indicated is over level ground.

A heel strike is indicated by a sharp negative “spike” in the signal as shown in Figure 13..

A computer program can be created to allow these heel strikes to be manually selected with a
mouse click. The sample number for each heel strike can be recorded by the program in a two
column matrix. The signal between two consecutive heel strikes can be considered a feature.
The feature can be defined in the two column matrix by a start index and an end index. To
qualify as a valid feature, the feature length can be selected if it fits within human walking speed
capability. This feature list can be created separately for all features during each user activity (i.e.
up stairs, down stairs, level).

At this point three feature lists have been created; one for level ground, one for up stairs,
and one for down stairs. Next, the feature list is used to extract all inertial sensor data for each
feature. All samples between the start and end index are recorded from all inertial sensors.
When compared to other features, the length and offset amplitude may vary. Because we want
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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WO 2008/108788 PCT/US2007/013039

Once this process is complete for all feature lists, the data set can be used as input {0 2
neural net. Each feature now exists in a row of large matrix containing signals from all inertial
sensors. Training data sets are obtained by repeating the above process for multiple users. This
ensures that the resulting weight values will not become “tuned” to one individual.

5 After hidden and output node weights have been found, the net can be used to detect

stairs given a data set outside of training.

Automated Feature Extraction from Real-time Data

The biggest challenge in implementing the neural network is to develop an algorithmic
approach to feature extraction. Feature extraction involves looking at the entire set of signals and

10 segmenting it into meaningful pieces. Each segment of data can then be analyzed individually

and metrics can be chosen to classify the data. The only classifier we are currently using is the
shape of the signal over a step.

During the training phase, we were manually marking each sample where a heel strike
occurred in order to determine the start and end indices of a step. The algorithm for

15  automatically detecting the heel strike is described below:

e Search a window five samples wide for local minimum value. (min(n-4:n))

e If the local minimum value occurs at the middle sample (n-2), test to see if value
is below average (DC) value by more than a specified threshold amount.

20 e If this value meets the requirement, look back 5 samples for a local maximum.

e 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
25  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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See The scientist and Engineers Guide to Digital Signal Processing, Steven W. Smith,

Chapter 26, which is hereby incorporated by reference.

Microcontroller Processing
5 The microcontroller can provide three basic functions; sensor sampling, data processing,

and sending location data to a receiver.

Sensor Sampling
The sensors can be sampled via the SPI interface at a fixed or variable time interval that
10  can be timed by an on-chip timer that is programmed to trigger an interrupt at a fixed rate
(31.25Hz) or a variable rate (for example, to conserve battery power). The sampled data can be
written to circular buffers which can hold the current sample and, in addition, many or all
previous samples for a session or event. The data can include acceleration (x, Y, z), angular
rate(yaw, pitch, roll), and temperature at each gyro. The data can also include situational data
15  such as elevation (and/or floor) data, structural information based on magnetic interference, and
environmental data from various environmental sensors (e.g., temperature, atmospheric pressure,
background radioactivity, presence of toxic gas, etc.).
In accordance with the invention, the Microcontroller can perform the following the Data
Processing functions or operations:
20 o 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)
25 ¢ 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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Accuracy(44:63 Gyro/Compass Fusion Angle

WO 2008/108788 PCT/US2007/013039

o Detect if user is stopped by counting time since last step. If longer than threshold
time, set flag.
e Detect if user is still. If total acceleration variance is below a threshold, set flag.
e Detect crawl. Use averaged y and z acceleration values to estimate tilt. If tilted
5 forward past threshold, assume crawling and set flag.
e Detect user on back. Similar to detect crawl but with opposite tilt.
o Detect user upright. If not tilted past a threshold, then user is upright, so set flag.
e Calculate yaw angle by integrating corrected rate data.
¢ Compute compass heading by normalizing and applying tilt correction to
10 magnetic field data.
¢ Compute fusion angle using feedback method shown in Figure 9 of second
provisional.
¢ Detect heel strikes and apply neural network as described above. If stairs are
detected adjust Z position.
15 o If a step was detected, as shown in Figure 15:
o Calculate angle change over stride (two-steps) for use in turn detection.
o Detect if user is tuming by testing stride angle against a threshold.
o If the user is turning, test for a turn end by comparing stride angle to
threshold.
20 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 tum. If distance is over threshold, set hall flag.
o Calculated step length using step period and equation that estimates step
25 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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o Alarm condition is met.

° After performing all algorithms, the INU compiles a packet of data that is sent to
the CSM. The INU can send the data packet over the Bluetooth link at intervals of
5 approximately 1.5 seconds to the CSM. The contents of the data packet are

summarized in Table 2 below.

X Position

Y Position

Z Position

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

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

Checksum

A
v

16 Bits

Table 2: INU Output Summary
10

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.

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

15

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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Checksum

10

15

20

25

16 Bits Table 2: 1INU Output Summary 10

WO 2008/108788 PCT/US2007/013039

The Compass Reliability is a number between 0 and 127 that uses Magnetic field
information and agreement with gyro angle to estimate how accurate the compass
angle is.

The Compass Angle is the compass angle calculated after tilt correction associated
with the compass reliability

The Compass Accuracy is determined based on the difference between the measured
magnetic field strength and the known magnetic field strength of the earth (in the
open air).

The Gyro/compass Fusion Angle is the angle calculated by the feedback loop and is
associated with the fusion reliability (-64 — 63), the midpoint 0 being most accurate.
Lastly the INU sends out a list of flags indicating specific phenomenon. T: TurnFlag,
high when personnel is turning, i.e. gyro angle change is over a threshold, H-Hallflag,
personnel has been walking straight for 15 steps, Person, animal or asset moving U -
upstairs, D - Downstairs, B — lying on Back., C-Crawling, S-Still (Not showing
motion) followed by the Segment Number. The system can assign all points along a
straight segment the same segment number and assign a new segment number at each

new tumn.

Figure 10 shows the trajectory of a user walking outdoors, around the perimeter of a large

U-shaped building generated by the tracking system. The trajectory generated by the system has

been overlaid on a satellite map of the building. The dotted red line shows that the calculated

trajectory and the actual path are almost y congruous. The total length of the trajectory is more

than two fifths of a mile. Figure 16 shows the trajectory produced by the INU Unit of a user

walking on the third 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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X Position and Y Position can he calculated by resolving each step using the cosine, and sine of the
gym line of progress (LOP) angle. Z Position increments for each step that swab:ties as an up stair,
and decrements for each step that qualifies as a down stair 150 The Gym Angle (LOP) is the gyro
angle calculated using the stride algorithm and is unbounded (not restricted to 0 -360) WO
2008/105788PCPUS2007/0 3039 The Compass Reliability is a number between 0 and 127 that uses
Magnetic field inforM@aen/ #hdsagreement with gyro angle to estimate how #¢UAE R ompass
angle is. The C?{rﬁ?ﬁﬁ?:.A%le IS (Il > Comaass, & ngculated after tilt correction associated with the

compass reliabil “m&‘omnﬁaags ccuracy Is determined based on the difference between the

measured magnetic fidht SommytticainisaediSsoseniadyn St ek arsogmuBi e IEbpen air).

The GyroicompagssEHsiQnid s ibemngiakaicuiRipbhvdhatendhacknlaap.angia ddassociated with

the fusion reliability (-64- 63), the midpoint O being mgst accurate. Lastly.the sends qut a list of
flags indicating SEIHEPNJHBRYSHA! be 2parhBRee © aSrﬁaéig%ﬁ?ﬁaépﬁ?ﬁ'rr#ﬁ%#@.cﬁ‘)’/}gééﬁa?e change is

over a thresholdpid Hiatiftegr@rrsamotichas] be dficreabiirigesTizi GHE foicrbBostmpls; Reimdvdeanimal or asset
moving U - upstairs, D - Downstairs, B - | ing on linge SrhidNQLERMMIRGYE Motion)
followed by the glécgr?ﬁreolcﬁ? um lg?}.cﬁihgeegy em ce(algilfa ;&Eggﬁrgﬁ\)éain S(%lo% a $tragl;hé’/tﬁ?e )rln%nt the same
segment numbereathitiealatidrom the vaseussrapars thtlsey betcanrasterbip quieerated it the 65%hows the
trajectory of a usgWRKIRIEBLdeHNERILNE dsdReTRRiseERJsdsinenanedibulding generated by

the tracking system. The trajectory generated by the system has 20beer1r[%ver,laid on a satellite map of
the building. ThU6HaeHHaE &/ CF RR AL LSRRG & B Ui E"ALRPAT S ST almost y
congruous 1@ he fi@iadtignigitiolgthetse)jantany iﬁtmrﬂgﬂmnimwéifdperofrawﬁp@rtléhyurmta_iﬁ shcra}s the
trajectory produged by, the INTY,Linit of 8 uset walking @n e Mg lonkpL it samerhuilding. The

building houses dlectrical an computer engineering laboratories at the University of Maryland,
necessitating thenisyesenolls iy for FSIM fa hsrBerEEned KRASBLBSHCENS FRadiE PEBRGBTRIYTY
transmissions apgLageaNA RS MsdndisatenIRt tapdsansmissiedeahnigas are robust and
unlikely to he corrupted by external interference. Figure 17 shows.the actualpath of where the user
walked inside thg‘ﬁlﬁfa‘%é'ﬁ‘%}}%ﬁ??ﬁ frRe% iﬂ’éf’bﬁ%ﬂ% P h'e‘il*yta e‘°§h Ho i ol AF

P afregular’
) etermined by the’invention show
a high degree ofmadiyalstantynchronously as communication condition permit. To communicate with the Base

Station, the CSM can use the MaxStream 9XTend transceiver OEM (Available from MaxStream,
inc. of Lindon, Utah), which can be connected to or integrated into the CSM. The MaxStream

9XTend can include an RSSI output port which can be monitored by the microcontroller and
included in the node report. Figure 18 shows an embodiment of the CSM according to the
20 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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WO 2008/108788PC171582007/013039 Communications and Sensor Module (C5M) The
Communications and Sensor Module Unit (CS M) or communication unit can control the sensor units
and manage the communications between the person, animal and asset and the base station. The
CSM can be about the size of a small cellular phone. The CSM can include a PIC Microcontroller
manufactured by Microchip Inc. The PIC rnicrocontroller can include a microprocessor which can be
programmed in assembiyienguage (or higher level languages) to read the GHESHYTRNE various

sensors that can be connected to or integrated into the CSM, i Igﬂlg 5w cBmpoialdr audio
sensors. The CSM cabalfsd REW FRAALS B ARTE 478 ¢ u%@%?%ﬁ%& oolt% (t).kr(?1 1cm;; wired, optical or

wireless commupicatisstimadisime TIS®Imicroprocessor can 10format and package the sensor data into
an electronic node report. The report can contain several lines of hexadecimal information, with one or
more lines or blocks from each sensor. The microcontroller on the CSM can be programmed to
communicate using stM&id@ﬁWﬁ%mrﬁméﬁﬁWoﬁg&g he tnicrocontroller can control
the mobile unit transceigsipwirglesshiransmit MEMORE report (sensor and situational data) to the

Base Station at regular 15intervals nchron yaaien condition perrnit. To
BT S can bk SR

communicate with the %%7(9@? an use axStream 9XTend transceiver OEM
(Available from MaxSteraesAnc. of Lindon, Utah)BIHEAREEH be connected to or integrated into the

CSM. The MaxStream 83(]’553 n include an R$fpeLEPREARRd Which can be monitored by the
microcontroller and inc]lude int

e node report. Figure 18 show Eﬁgﬂ{ﬁ@ﬁ&ﬁ&ﬁe CSM
according to the 20 inA8AtidA0fidles 19 througkﬁ%ﬁ%ﬁ%é%@@gr%ea iICS of one embodiment of the
CSM, while Figure 23mhosrg@ngrinpdiment of #e€ CSM PCB layout. morrAL TEMP SENSOR

NEVORY DUAL SCHOZTIC, BIOBE B IETOOTHPIEER B2 7ER RESONATORI2 OMHZ

MAX3002 8CH LEVEL TRANSLATOR
MAX3420EEC]I+ -ND USB CONTROLLER

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 RATYPEB
9XTEND RF TRANSCEIVER
H1856-ND CONN RECEPT 18POS 2MM GOLD DiP
EM-406 OEM GPS MODULE

Table 3: CSM Components
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PIC DSPIC NICINDSP 8C11 LEVEL TRANSLATOR USLI CONTROLLER SPACE FOR FILTER CAP
NO PLACE 10-XX SWITCH SWITCH TACT RADIAL 180 OF CON HEADER 10POS PINILEADER
CONN RFC= 6P05 21v2M LOPRO SMD CONN MINI USB RCPT RA TYPE B RF TRANSCEIVER
COMM RECEPT I8POS 2M1v1l GOLD DT OEM GPS MODULE Table 1 CSM Components WO
2008/108788PCMIS20071013039 CSM Operation The CSM can carry out the task of data
aggregation from vE®I$4e%i&brs onboard including battery monitor (voltaﬁ‘é?fuézlggmd%ﬂ%, temperature
sensor, and distributed sensors such as the INU over Bluetooth establishing the Wireless Personal
Area Network. In additigm @pasansor data, the CSM can also include a panic button to communicate

distress, and general

10

15

20 .

25

The CSM can carry out the task of data aggregation from various sensors onboard
including battery monitor (voltage), GPS data, temperature sensor, and distributed sensors such
as the INU over Bluetooth establishing the Wireless Personal Area Network. In addition to
sensor data, the CSM can also include a panic button to communicate distress, and general

purpose buttons whose status must be communicated to the Sentinel Base Station for processing.

The CSM can compile all the sensor data into a Node Report which can be sent to the
Sentinel Base Station in a predetermined format as discussed herein and can transmit a Node
Report to the base station upon receiving a request. The Node Reports can include sequence
numbers in order to provide communication error detection. The base station can request and the
CSM can sent a specific Node Report (e.g., a Node Report corresponding to a specific sequence
number).

After the Base Station is turned on, it can send out one or more Auto-Join Beacons to
invite mobile units to join the network. The Base Station can periodically send out Auto-Join
Beacons to invite mobile units to join the network. Upon receiving an Auto-Join Beacon each
CSM backs off for a random amount of time, and transmits a Joining Beacon. If a mobile unit is
polled in a round robin report request sequence, the mobile unit can assume that the Base Station
is aware of it and it has joined the network. If the mobile unit is not polled in a round robin
report request, the mobile unit waits the next Auto-Join Beacon to join the network.

By performing signal processing of the sensor data at the INU, the system obviates the
need to stream data to the base station. In operation, only a relatively small amount of data needs
to be sent to the CSM and by the CSM to the Base Station. Reducing the amount of data sent to
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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purpose buttons whose status must be communicated to the Sentinel Base Station for processing. The
CSlIvl can compile all the sensor data into a Node Report which can be sent to the Sentinel Base
Station in a predetermined format as discussed herein and can transmit a Node 10 Report to the base
station upon receiving a request. The Node Reports can include sequence numbers in order to provide
communication error detection. The base station can request and the CSM can sent a specific Node
Report (e.g., a Nod¥dR88618&8rresponding to a specific sequence number§ CKHE{HE 8%se Station is
turned on, it can,send out one.or e Auto-Joi-Beacons to 15invite mobile units to join the network.
The Base Stati%e%%{ﬁepgﬁggeggﬁn%%%g] %Hu]? i?t%k oin Beacons to invite mobile units to join the
network. Upon receivifibedrmagivenoin tdusosiatioe Hansaiy Berdhsit o4 #18% time, and
transmits a Joinipg i3easen if RJeRESHLiSsRallEkHRm inubgise RISBRaLIY efiMeshisgquence, the
mobile unit can assume that the Base %tation,is aware fhit and it ht%s 'oinetd th% rg%twg“r/k.g the mobile
unit is not polledSFFPBYATFVIH &3k ‘5%3}2%515%7%@%5&?3 it WaltEHhe hekt Ado-Join Beacon to
join the networkwhich By parfminiggsignabpiostssingrofitive sehsopattathe thveiver LRSSy stem
obviates the negd (o strgam.data.odhe, sk sialien v aRpialigs ook Adakadyelusmallampunt of

data needs to be sent to the CSM and by the CSM to the Base Station. Reducing the amount of data
sent to the BasShOrgfidistABeRReEXeRAhS oA BRLYiES VRie| EXRHRAA AR T B ed it Bl the range

of communicatiggsheiy e te faaMsAp dRasc: Slalinp (forgrenait 4istaces tosaxgmpissieveral miles.

In addition, this feature also provides for reliable. communication of data from deep within the confines
of multi-story bdﬁfﬁjfgof @ﬁ&@%‘ﬂi‘fb‘?"&%ﬂﬁg fg}?)gélcfﬁlgép 5?3“?8%%’3%(:&% HaRd (Ve ?/%'gg'mpus
environmemés Wﬁ)tmﬁ@émﬂaﬁisB@WS@@@YB%%&EWM@@M%M@dication (RSSD
The transceivers, L i1 bFRA AAAN HARRCRIEL AR e i hedhaAXSHRaR E¥end. can be

capable of recording received signal strength indication (RSS1) levels of incoming receptions.
Received SignatgipehgEsnerimensipe sraiephaidiedt IRk aee proneinensatassas "I ahich the

transmitting unibighiqrhqastinge niosmation withcépspeet iadibadetoieUsihppoRhihyalueaddas an
inverse relation Vﬁit the distance betwegen the ﬂ@&f A Qi%haeJtRSSI \{al etgpcgifoarltg&tsacﬁ)rslg ter distance
between the units XAY TR oo Rl E el PR St oxn BB Bohdu S H T8 G SRS ie posTtion of mobile units
using referénceesthtities, (foregpodindfte eanuhiche) resmglitayritim RS kdes/eheroptmebilavimigsions from
the mobile nodeg aRELCHMIMNSAHDY HemulbHIR 2AEUREGNa A-ANIsLATS RO RIRIram

(such as a Visual Basic program or C program) can be implemented to locate the mobile units Utilizing
the RSSI informBsaBiat B iprngiripsnalien when one team member close to, for example, an injured or lost

team member. The tracker can move towards the lost team member either guided by voice

commands, or by other audible sounds indicating whether RSSI levels are increasing resulting

20 from increasing proximity.
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stations. Experiments have revealed that the RSSI values show exponential decay when an
obstruction (example a wall) exists between source and destination. Using positioning with aid of
additional transmitter signal power, RSSI can be used to estimate distance for units close to 15each
other, to be polled for the multi-hop muting algorithm in the case where a mobile unit is out of range of
the base station. In addition, RSSI can used in a search and rescue scenario providing accurate
positioning informaWoreeei78he team member close to, for example, an FEEFBHI5Eteam member.
The. tracker canmove @(\)/}/nargns tﬁaesel feam membgr either_ guided py voice cor_nmandg, or by cher
audible sounds mdlca{lng vrvrhe?her 1(E51 levels are increasin resulting 20from increasing proximity.
WO 20G8/108788PC The Sriom Genosyl Beritutiesiirian¥Hase Station The Incident Command Base
Station can be used fqr asSHing H ANAANRLINGIHR BehvkAfsRehias it MR BIUg CSMs and
INUs, receiving reports from each CSM Storing and deciphering each received report in real-time and
organizing the informatioﬁ?ﬁ‘ﬁ%&f&?ﬂ?%@&tiﬁ’ﬁt&w{mination base station algorithms a Displaying all
personnel status inforgakesmig sEHRRRE eRMRteiveNsiyatitnalcind syl axganizidg takoor and Indoor
Location information on appmpriate maps for all peysonnel 10 Per ' Station Image
Processing and Mapping’g%gﬁﬂ%tg £5 u%%?ﬁ; a‘iﬁ%ﬁﬂ‘ﬁ“&‘r"é‘&ﬁg‘t‘?‘#@rm %%%\Egnd resolve location on
maps Providing all otherDsatayies dhatremmkd tewciifdmoitoninG smployed ermpsekansils sigtellite views and

pre-plans. Organize and;saye all | [t EoUEbR e RS tS pibR O RwWel arganized
15central database. Inforln)'::}{é;lal\%i|%'ri’:}1 Fe%%‘r%?r%“ﬂ%%cation and other situatlé)yr‘g{ data (ﬁt{(!amperature, heart
rate, etc.) personnel

10 e Performing Base Station Image Processing and Mapping algorithms to fuse GPS and
INU tracking information and resolve location on maps
o Providing all other features that could benefit Incident Commanders such as satellite
views and pre-plans.
» Organize and save all information that could be used in the future in a well organized

15 central database.

Information regarding the location and other situational data (temperature, heart rate, etc.)
of a person (such as a first responder) or an animal can be assembled into a node report and
transmitted by the CSM to the Base Station. The incident commander can manage the situation at

20 the Base Station, which can be outside of and remote from the structure or area of interest and
can display the location and person’s (animal’s or asset’s) vital information on a graphical user
interface. The Base Station can also control most of the communications and networking that
allows the system to monitor numerous people, animals or assets, simultaneously.

The base station can include a computer (such as a laptop or portable computer) with a

25 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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of a person (such as a first responder) or an animal can be assembled into a node report and
transmitted by the CSM to the Base Station. The incident commander can manage the situation at the
Base Station, which can be outside of and remote from the structure or area of interest and can
display the location and person's (animal's or asset's) vital information on a graphical user interface.
The Base Station can also control most of the communications and networking that allows the system

) . ; PCT/TIS2007/013039
to monitor numero&oﬁg‘&?ﬂl(g@nlmals or assets, simultaneously. The base SIS &R Mclude a

computer (such gs@enaPiRRMRRHER 8setRREEIRMaX HESARIRAPA8MPaRIedManh GRnnected to its
USB Port. A desktop or other larger computer can also be used, for example, a computer built into an

emergency resptRE HitRR i h B eRrahan ehe B Heas ARl SUMBH OF ASCto i RS M S he
associated applinalipitspgcifirigofiwrrieadeusiopad dannonime widatioh f de welbaisriracking and
telemetry of people,.animals, or s, D n imal n be
communicated t@%é@ﬁéi?gﬁ%ﬁ%ﬁ%ﬂéﬁ\?v" 3 gi(%gg%%?%é%%@ﬁ%%ﬁ%%%@ﬁé%@é@égﬁg%&%The computer
can use soffivar®ith freppple: thianalirelassth gokthepertsalswikand alestirdpissanesite aermfal information
about the peoplegqiaRinalseka93eSash/shiona MR dhdsinHeiiHexing Blgarithauntngibase station can
communicate with each of the responders individually. The base station can fuse the data from the
different location sensois associated with the people, animals or assets, and then can calculate and
plot the trajectoBasf ShegpeGpleyaitiial Poicesketr] Fdnedsase station can also archive the data for later

review and analysie. gt SISieR Caeaien Figiosols ad EralnAphass sigion can use

predefined standardized open and proprietary protoco to communicate with
the CSMs. for @reliefffsmatidn qoasretcain e BaedYia Sisgetmrlel epperarksbrardietichcan interpreted
by the CSM in gyelaérineaefss sripRI_RNARN eRlalepesRon e cihiablad iFReenmdia o RpplgHasM
communication packet types Ping (P) is a simple requesi for acknowledge to a CSM from the Base
Station which gf??g?gfg‘s 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 20

particular CSM ffrom ﬁ};a :e < Statiomrto-which-the-€ St responds withritscomplete compiled Node
Report (R). RHPacket eadar Format :
P Ping
Ki| Ping or Alarm Acknowledge
A Alarm On
c Alarm Cancel
R Node Report Request
N Node Report
i5 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
20 particular CSM from the Base Station fo which the CSM responds with its complete compiled
Node Report (R).

41



Example: Base Station Ping Node 1 Ox0000 L92901 | Example: Pi

_ € ple: Ping Acknowledge from Node r
aitp@K", 0x000, Ox0000 <CR> Table 5: Base Station and CSM eammunitation RF packet Header
Format Node Report Format 8 RF Packet HeaderNode Report liviPackel Type =Header 7-255
Ser_lsqr Messages #Byte.s2 TT-1 @ ] OxSSSSOxiL e Repoil | Rem': StenNumber
DelimiterAddress,Meseeeee

WO 2008/108788 PCT/US2007/013039

RF Packet Header Format

# Bytes 3 2 2 1
Data | ‘“@@T” |0xSSSS| 0xDDDD | <CR>

D.Q_SQ Start Delimiter | RF Source | RF Destination | End Delimiter
' and Type Address Address

Example: Base Station Ping Node 1
‘@@P"__| 0x0000 0x0001 <CR>

Example: Ping Acknowledge from Node 1
“@@K’ | 0x0001 0x0000 <CR>

Table 5: Base Station and CSM communication RF packet Header Format

Node Report Format

# Bytes 8 6 7-255
Desc RF Packet Header Node Report Sensor Messages
' wiPacket Type = 'N' Header

T~

# Bytes 2 2 1 1
Data ‘@@" | 0xSSSS OxLL <CR>
DQS.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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Report Table 6: Base Station and CSM communication Node Report Format Sensor Message Format
A sensor message is a line" of data included in the Node Report. s, The INN is considered one sensor.
Other sensors include GPS, board voltage, and temperature sensors. Each sensor has a unique code
associated with it so that ft can be recognized by the base station software. Each report may contain
any number of sensor messages. In any order. Bytes Data Dssc 2 OXCC Message Start Sensor
DelimiterCode NuY®eP®f8888or Data BytesMessage PCT/US2007/013039

Sensor Message Format

+ Asensor message is a “line” of data included in the Node Report.

+ The INU is considered one sensor. Other sensors include GPS,
board voltage, and temperature sensors.

+ Each sensor has a unique code associated with it s0 that it can be
recognized by the base station software.

+ Each report may contain any number of sensor messages. In any

order.
# Bytes 2 1 2 0-65535 | 1
Data ‘@@’ OxCC | OxLLLL Data <CR>
Message Start | Sensor | Number of Sensor End
D_egg. Delimiter Code Data Bytes Message | Delimiter
Data

Table 7: Base Station and CSM communication Sensor Message Format
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Data End Delimiter Table 7: Base Station and CSM communication Sen
2008/10878_8PCTIU82007/013039 Base Station Graphical User Interla06e Z?lrdl\AD?:sg?/eTig?a?ékyr\llo
system can include a remote interface (e.g., a base station) that allows a person to remotely moni'?or
the position and status of the people, animals or assets carrying the CSlvi and INU units, the
enwro_nmental qondltlons where they are located, and status of the people, animals or as’,sets and their
associated equipnyamtdssalesdsng but not limited to the CSM, INU and othef g@ﬁé@?&’%ﬁ evices

providing data to CSM. Data can he received vi irel i i
. 5 . 2 el Bilylkeless network at the base station using any of a
variety of netwopk E)I%‘EB%@??BP Sr?{dfe,rﬁafﬁ\%ﬁ d%WA or other self forming mesh communication

network protocols. TtheeﬂukmgisyacfaceldmﬂUQGVMCf@&ﬁ?@s(ﬁﬁﬂﬁaﬁﬁbsﬁﬂf’ﬁ%ﬁw 24 & i

_ : i _ _ : graphical

dls?ll\lag ch; peoprllc;:t]p,réa})rrll imals &gﬁdﬁ)%g&ﬁ)pmg%}ﬂiatpaﬁéym&éeﬁtﬁmbﬂmgaMWtaﬁwﬂemeQtém ates based

onII , PS orfused sensor data) on maps of various kinds iﬁlcludipg Eh&)%g gaggratg'g based on

go ected trajectERMcatN sty thy paEpnneaRi L iAns 208t T Affricstion a%% status information as
etermined y SRRSRIEHANNECIRE At &iSModiarkictjngriess ineDdivii notinstsoribietea can be

stored locally or remotely in databases .that are.a ' [
) Vicas Drovidie dars %%w.thﬁaaﬁﬁb%@&%dwmﬁﬁmme interface
can provide 15 %H&ﬁ%qéﬁﬁf FHI %ﬁge min featur‘és. Asltarms may based on raw qé ssed sensor
ed ala

data received froemwGSM thsitse atioraningenne Aistier ef aFSTs PISFRIST)r SEH0R: Fin
_ | : ) s.The B
e A bl I N

type personnel (operator) can monitor the locati [ ' i
carrying the CSMaisdstiers ehigsIuring B‘ﬁ§€t§f&%%§r]£?r§%§&gs%ﬁ§]§f%%?g%ll?mgpﬂpm%t%&ﬁﬁﬁts thatare

10  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
15  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

20  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

25  control.

Software Components

Network Polling Process



20provide 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
(CU) 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 Zﬁggw%hégftware
Components NetwgflePenMEgrocess WO 20081108788PCTRIS20071913 nformation from
the CSM and any Comgecteg-agpsorm'“ e

animals or assets be (irrrﬁc'l'(e F‘ﬁ"ﬁls"‘m ormatiori can include, but is not limited to, I%gtation estimates,

vital signs and dlrreit et stteipeopts caokmsleeottarseinRsipe Aaeiedc SECRMTTANOT SHLILE M BHETR! fashion

us:Ing agolling Q%W%%,%‘EmeﬁjQJQH&Xtﬁ?OiQﬁsfgﬁIQMSMQwWDMMislmformﬁtit:]n can ble
collected using a polling sequence. The polling sequence can run conti chronously or
asynchronouslySesteitimia et Andierds Yﬁaﬂa%é’ﬁcf%a é%lmé AR IRRITY il

uence can run in background and on a
dedicated CPU thesashel\iilentpisnibiradiitonmeimatine bitcollertsd ysiontanjlingeasistde JoA R4 csm

address. For each attemg)ted poll. the %SL\{JHE %gg&%eogm&grg,m%igggm(ﬁma@adwmas an

array of bytes wiffX§a55/58 TR AT P aach poll cycle, the thread can r‘gﬁgrt it sfatus.to the user

interface. The staflisgraguenstean iurforrbrskeiouns apd ana dericated (R trads WHlEAR BE0R that the

operator knows ggg@limé:i?Mﬁ {aY&eAE havdnepsarakarh M airatiofor Ehuh metmprk palithg process can
at

be run on a dedicated thread to ensure the modularity of the softwa ecanseRl hisgdhe network
polling process EANIBESEPARER B%%Bﬁ%@gﬂ‘&%a%ﬁﬁy%%ﬁﬁseﬂlggﬁ%@ y. 15A§la?ti(é)na y, the poll

sequence o incledentrnsnytrniAubesdbianBeacorstaitiiteuseinefecgoHrarEsEn e
embodiment, if the list of CSM addresses is amnta dieAie dainiRigeess tasbeiniiasds The Auto

dre
Join algorithm R ZBAE B A pregg Ined packet type or "beacon" and groggss CSMJgd?g%rases to add

CSM addresseshayitenpbiingdiservrird mieamaton. preaty o sAUsRPHSSIR S T°joi the polling

sequence. Whenythey 20 £:5Muis RONRHRY SMhdsbiagis. icandbathisyvik attemibpeting SESR & reception
of an Auto-Join Beacon from the Base Station. &I’h(??%utéﬁjoin beacon can be a ping "P" type packet
with both sourcePaRer¥a S8 FERRSACASHBRY L8PREERIRITO (reserved), If the Auto-Join flag is set in the

CSM it can respond toshetoesing muvithl sepivgseeaporiode TiemisaadvreaihBecah b iiae ¥hg and

contain 16 time slots for a mobile node to respandIhe srekie Aadest Redpiamehaasiione of
25these 16 slots%a“ttoréfﬁa Fﬂcfgs're?g[r)&ond. Uopon receipt of a response the I?.ga}sgﬁ%ct%t[i?n can add the

mobile node to itExgseth Her brritiateth Thsidwadoin srertha can el AW B REEIRYS

wHehever the mobile node
is polled and canig spt ififipcasdacion egraas isdeesnestdrises withaualleilig- polled at least once in

between beacons. Thi%&rg\éitgsgig ;Ecr)ggsgs of\% r?évrvn r(r)xct))ti)E?e: l%llﬁsttg _{cﬁﬁlg{g ﬁ&ﬂﬁ%@ﬁ@:ﬂﬁéf When the

20 CSM is powered on, a flag is set so that it will attempt to respond on reception of an Auto-Join
Beacon from the Base Station. The auto-join beacon can be a ping "P" type packet with both
source and destination address set to 0x0000 (reserved). If the Auto-Join flag is set in the CSM it
can respond to the beacon with a ping response. The "beacon frame" can be 1.6s long and
contain 16 time slots for a mobile node to respond. The mobile node CSM can choose one of

25  these 16 slots at random to respond. Upon receipt of a responsé the Base Station can add the
mobile node to its poll list. The Auto-Join flag in the CSM can be cleared whenever the mobile
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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itis ever dropped from the polling list. WO 2008/108788PCT/US2007/013039 Below is an example of
a main program loop for executing the network polling process, private void Run() int poliCount = 0;
while (1.Abort) pauseEvent.WaitOrte(); FireUpdateProgress(); 10List<Node> nodelListr;
NodeList.GetAlINodes(); if (nodeList.Count = 0 pollCount % 10 = 0) AttemptAutokin(); pollCount++;
151 else foreach (Node node in nodeList) 20ProcessNodeRequests(node).

Thread.Sleep(_SeW2IRMAit1iH): node."UpdatePollStatus(); poIICount++;%%ng%gogotlrﬂ%%ures

Below is an example of a main program loop for executing the network polling process.

private void Run()

{
int pollCount = 0;

5
while (!_Abort)
{
pauseEvent.WaitOne();
FireUpdateProgress();
10 List<Node> nodeList = NodeList.GetAlINodes();
if (nodeList.Count == 0 || pollCount % 10 =0)
{
AttemptAutoJoin();
pollCount-++;
15 }
else
{
foreach (Node node in nodeList)
{

20 ProcessNodeRequests(node);
Thread.Sleep(_SerialWaitTime);
node.UpdatePollStatus();

}
pollCount++;
25 }
}
}
Data Structures
30 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

35  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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30Data structures can be defined to tore 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 35processed and utilized
differently by the algarifwnmsofthe system. The Data structures can be usef R8BI Yata organized
and easily assessable to the various modules of the software. Each C?éM response bde stored and
broken up into vAKST&RiftarEeRSIEATBERSINE. FPRE A BiEA GHILIROEANS CB&?%%%% %ﬁgll?"éppropriate
01.11 processesdps epayapachifid it the ANSRGPD ool sorith®. 2061 4HEA38 R UBRO4E7 1013039
algorithm functions for processing. For example, a CSM report whi ins both IND and GPS can
be processed us‘l%aﬁff{é% fRA3) g%ﬁ@i%on éi&r)nﬁ%sr%%. Wﬁé"%ﬁ’;ﬁ‘é"\g’ﬁﬁ&g ;%Eg}é}ﬁaining invalid compass
data will not be processed using any fusion angle algorithms, Algorithm Processing  Information
collected from thgtaMiRothgsiRglling process described above, can be thoroughly and carefully
processed for error detection and correction, and optimizations. This proce sing can utuize various
mathematic and statistMaMIEeASALCEE BT B ehhY & iR RRLFDERINAS SR RIS SNt B S&essing
routine can handieifigitxeeidiomully ressssidiormatenaticat tozud siatidvptmmatrsdShiodularly
handling these exe%é‘sts'%E%a%%&i%%ﬁ‘c?ug%ﬁg’ﬁlh %ﬁ&’ﬁ%& YmethSa 1Y ARl A6 BlfAffaQf an

... pH .
unforeseen CI’I'[IC%PGI’I’OF, execution on this specific data packet can be cropped and can be continued

on the next availetbte.dBhe algeaibiainoseesivarouas prdmkE direrecuion s MuREaReEgiklted data

can be categprizgd, iigaiiRs ARtAVIASS g Ale Y SR RRCASHaOIRARHENGES.- AdtesBlgcessful
15excecation of the necessar?é algorithms, the processing.thread can si%n l.a re-%gtdgfa all lc()&rtinent

data. This proce85igeyae éhéﬁPfeFﬁﬁ%ﬂ'ﬂ‘ LT FE T B, SRR TSR IS SStha. It can
attempt to read feambadsippeddndata beiffertifilletiob yhtireiiateileble gging Process described above. For
each successful read, hedgﬁgﬁ]%e\, &Mﬂgﬁg{égﬁ ?&&g{&&@@ﬂﬁﬁﬁg&@g@&a{m%@@m Message

object can be universa t?ﬁroug ut the pro and can contain raw unprocessed data 20 from each
individual CS1M cstagetiredrinte weriens dadebiceiviyiibe Aeeihia prarisias tsatd acddmirrs it n

appropriate 3|gogtaieA B AR fébesTde MIANRTSIME fhoeas fpaRralieandar ureplosepdingeainenprocessing
on a new Data Messa?_e object. In the event of a Crigcﬁ?l errof in [?atasrﬁ_&se?age 2 status report
can be sent to th&*& T PEIEET 18 HOUH oA B S & Spendix

“i'ﬁ’tfﬁlperfaaf%%yﬂppen lln?:ﬂ}‘épéé sample
pseudo code cantienpiaeckio fisuppiiring dora butito GHtibbstha iNgtwéric holing Breagsedgscribed 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
20 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

25 by the plotting code which display the information in the GUL

Plotting Execution

In order to display position estimates to the operator, a drawing method can be
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25by 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 WO 2008/1435788PCTMS20071013039
implemented. This drawing method can be executed on command from the processing thread. When
the plotting execution is triggered, all available sealed and processed data can be downloaded using
the guidelines specified by the user. Unnecessary information can be filtered out The data can be
scaled to the propenzoamsigyssand drawn to the screen. An example of filtecngsaatzisoas a single
floor view. To display only the data points for a particular floor, all othe daéﬁ? oints.caql bedremoved
and only those folHE a8 TifBr¥as ‘B&t@qmeﬁé?c@%r?fbfgmaﬂqg{% §§é?ﬁ?§f%terr5aan operator
desires to zoom oMhdnthelphotiimseledinion iheigistet)at avadihle snltidarpiqints oo tag sordéen will change
and the points can be reigr wn c&»ser. ether. .R ' ided
below, public void &oa 8@1’8&‘& i ‘3%9@1%%“ %S@f@&t‘%%&%%mmwmmﬁ BT
5ScalePoinis!'oP@peTaodtieicaybiCalediathtRPBInIePILISHEY G AspHICS escreen. An example of

Graphics, Frogilingge(R!afimane) kigsle ass olar. hitsdia) 8nk tevvRiPsGatsplQRiestst akdsgach (Node

nodeToDraw in CunrentNodesToPloo 15Liste;Data‘Poin£> r}%dePiégci&;% new kf%sﬁgDatqfoinb(); {breach
(DataPoint point M HERPIARAIREST RSO IIG ST FsErstStaM) RSER oifts. Add(point);
Drawts(g, inxlePeiis)ildrepyBadiasaboaleBar (g hpiuaw SideS cadediardg) iR iawiltstkiged $r¢g);

distances between the points on the screen will change and the points can be redrawn closer

together. Pseudo code for the scaling process are provided below.

10
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30p yPictox age = toDrawOn; WO 2008/108788PCITUS2007/013039 Graphical User Interface (GUI)
The Base Station Software can include the ability to"ntain, process, display and edit a Building
Database, The Building Database is a database containing information about building inside of which
people, animals and assets can be tracked. This database can be physically stored: -c locally, on a
remote server, or a portable memory device, or any combination of all three. This database can be
created over time anw campiesd together to be shared with any user of the BasesBEtH38Eoftware. For
example, a random building loaded into the database for a city in College Park, MD can be reloaded
and used on any Basel{’g?g%é%d (5%?)%?& throughout the country. Once loaded, the Base Station can
be used 1.0 provide a yighal petaserialienap@ building. The data 10base can also include useful
information to pick out a particular building using various search techniques. The building database
can inciude the followiSgkRoeatiPlpitdmgldeCPSidiafnskstimated to the center of building and
each corner of the building, as well as GPS coordinates of exits. 2. Satellite imagery, represented, for
example, in LPG formaf S BPas B i isya iaREH S8 Yach first responder station. If template is
e displayed for reference anw,(éolgimgggphic Information Systems (GIS) polygon representation. 5.
All availablggnaps and floor plans. Al Building Loader Window The building database is parsed
and displayed in a window oRtv@InGnitdOssisl)ican be referred to as a Building Loader Window. The
building loader window can be comﬁfgised of two panels and several buttons. One panel contains many

building loader controls, whidFaFB EreanedyLePas B ERlsK st ¥i&building. The other panel starts
empty, and ﬁan be filled by a drag'LisKDataPoinD nodePoints = new List<DataPoint>();

foreach (DataPoint point in CurrentPlotPoints)
if (point.ControlNode = nodeToDraw)
20 ' nodePoints.Add(point);

DrawPoints(g, nodePoints);
}

25 DrawBottomScaleBar(g);
DrawSideScaleBar(g);
DrawPlotHeader(g);
}
30 PlotDisplayPictureBox.Image = toDrawOn;

}
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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 dining 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 WO

2008/10878PCIMS 20018839 indoor-outdoor traisidons around this buil BT SAMr8EBE.rformed with
respect to this build] aﬁgg{ﬁ%ﬁé@@ﬁw Building Loader which can be used to load a building for
real time tracking inside of loaded Building Satellite View Satellite views of the building are

provided to give the IndfePAsedittienadribrarowniagede hpabditemaerginaemssslispityandelient scene.

These images cauignRiiasdive ThelBeiRaRI0.AP:18 HdeRls AT VRRNARE SABARMR MoRAN;R Mages to
get a broader range, of geagraphical awareness. One specific. purpose of this view is to give incident
commanders as 'r% bdghoﬂg ai f%’ %ﬂ?’fﬂ%srﬂ}gfaﬁeg B Rﬁr"fﬁ?%iﬂ@‘ﬁw‘f@tﬁb@%BTﬁﬁBHW‘éﬂlé§tf§eﬁie most

practical andbacdoraty ereareoathemveoaf mﬁqrrzrwﬁimgmifrlyddﬂmabmq tombmatioh uildilntreo Migdns
automarically upgalggeyalaadn:ahalomy Y ARIAYBAANAN AschAsg BiPlagaghof the

building from each of the following directions. North, S East and West views and saves them for
each building forAENRRf At & M etaBricse &vdon huilding Inrdediinip derdusshrsasonadiuirohellagaly the

thumbnail 15images, afhentudiidioged sHaaR-alskingrdeatics abtpasanibishap ughbiagytdele of the
screen and displlzci%/g% Iﬁ{req%[s F§ ure 26 %how the B,gse Stat]ion Satellite T§o1£ View. Figure 27 shows
the Base Station Satclite oi e%‘o‘ﬁﬁ%‘ 528 BONIRY ISYR SERIP RN il RU S 4By $88en maintain
preplans of i@reabibritdings indiidh wiefy infipimaben poparitiat nwidenksbehibsg dhg Baises S¢ation allows
these plans to be.iGg WLVl aFFaS8SIBARERE VARG TR g 2 edited. and Saved i

the building database for future reference removing the need for unorganized hard copies, and

providing a complete solfBBhIFGRtMN asiEdde B rraserabprilding andeageopie ofi s deidinBeasn any
compatible file format incluging Ges aRkdimniedtexidPG,. PDF, .T1F Figure 28 shows the Base Station

Pre-Plan View. Persor}pegill?e?]tl%bx?nsagery, represented, for example, in JPG format.
15 3. Pre-Plan template taken from each first responder station. If template is empty it is
displayed for reference anyway.
4. Geographic Information Systems (GIS) polygon representation.

5. All available maps and floor plans.

20  Building Loader Window
The building database is parsed and 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-

25  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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WO 2008/108788PCTIUS20071013039 The Base Station Software has the ability to maintain,
process, display and edit a Personnel Database. This database can be physically stored: locally, on a
remote server, or a portable memory device, or any combination of all three. This database can be
created over time and compiled together to be shared with any user of the Base Station software. For
example, a random Personnel loaded into the database in College Park, MD can be reloaded and
used on any Base BfaH# 8¢ puter throughout the country. Once loaded PFIHEBARLY S on creates a
visual represent%

: Hﬁ&%ﬁé‘&h&%ﬂ&ﬂ PSSPl rRRIGSSRIBHAM Niat Qe iamictunaiRs. the person,

but contains useful information to pick out particular personnel using vari%ti;s_se%rch }et:ichniques. The
personnel database cBif4 fHEYSASHAMESSCRIE W HEREAGe 1P IS WIHIRg 195FRE SPhersonnel 2.

An associated teapinaimedEut RRESEBERInE his team acts as a categorizing group during software run
time, 3. Personal information including but not limited ED: Height, Weight, Age, Shoe size, photograph.
Personal information is useful in future scaling and position estimating during software run time, 4. A
color used t6 repnekiang Shrelizersownel on all plotting and display windows throughout the incident.

Personnel Loader Winday: 20705 ReksBREheataRanacspamasanseispnmashinvigew on the

monitor which can be referred to as a Personnel Loader Window. The, ersqnneltoagl%r \a\gndow can be
comprised of twé"Béﬁ'él%‘réh%}*’%@mfﬂE&fBﬂg?'bﬁ&“ﬁ'ﬁ@?%ﬁ?ﬁ%ﬁ%%awﬁ_ HEISAhEFISAYET controls,
which are the vigualggprasaniRiem ebdheneistaneigdhe etherpdaehsiacigempyicand can be filled by
a drag-drop operation on the personnel loader controls just menti ngrgmgggr Jopdadsding base
25station operafb%aé%rﬁs?'eénngv%e ﬁlﬁc INESC Bgﬁlslf)ﬁlﬁgl:Sfﬂél%?éw!gﬁ?%ersonne of Importance to the
incident. Om@ orahvetehpersorindbidingd Bsthpbigh csahtdotiangngs ie e st isacdie ABIFCHRIIEAY, To load

personnel, its assQgiatedl RRISARRG! HRRERIH=RIHQLN slinked andidsagerdiarihgaser to the loaded
personnel panel. Once the personnel are loaded, all processing regard; gaﬁg co%lected fram this
SlomaPh oL Bl

personnel will &SRS SFACRRYIEY A SHOLET IR FTE R ALY BFSBhRE

rsonne}I1 O
2008/108788P G t5RAa7 HrtA0AL Nortif; igning, Fasshnleth eiGentid eiveetsonicetich ddiddivgfieh can be

used to load personnelaftcgg%%l ‘ia(ggeitﬁr%cﬂr&a@eqﬁer@%ryt%%ggp ARG o mationanel  The

Base Station InfOrmaton Pane ) Is responsible for aying PersonnelStatus-Information for
each persokel icuagernfyttiobelsingydppectipkiess Prrieularimasedis praveho hidpidd e LA SFE§et
comprehensive yiaw; gl dggeersonnel information available at the Base Station. Figure30 shows the
Base Station nfo a " n Panel and Feat 10 The Pewsogﬁr)liglswtus Information used in the Base

Station Software is chEIEHEAGA08MR HIF RatS BUMSI [fBe found easily and pressed while
wearing gloves on a t@igltest eieruslthalBasesSarionSareitve fodesiiyhygismeritical information about
personnel as well as immediately
20  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
25  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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navigate to any personnel's location on the indoor or outdoor view described below. It also 15allows
instant signaling of individual personal alarms for each of the personnel. Status information can
contain but is not limited to the following information: a. A eheckbox used to toggle the visibility of a
personnel location icon on all location views. This is used if there is no interest in actively tracking
particular personnel but interest may remain in monitoring these personnel's vital signs or if 20interest
remains in notifying We2883&588nnel with evacuation alarms b. A general irff6FHga4610E8ion which
displays i, Personnel - tored.and read fron rsonnel databasg descripbed above. ii. Team -
As stored and read frmg%gﬁﬁﬁ%g?ggggé ﬁe%%r%%ﬁgqb%%ﬁaﬂsﬂﬁssgta ?q(%\‘éﬂ/"l%d%r%gress bar This
is a standard Midrersertnelideidwes. fBhindatafimst ointyp ehicghesiaRdirlotiiie, stedusrote sigvitreosaurce of

indication to the Elﬁiﬁiﬁé‘hﬁ%}?mﬁ&rmq eamBittnSTSIviRd PritARSRIE AN NG SlAlR g dndicator
e

will increase till the maximum and on each failed radio transmission the status bar will decrease till

zero. WO 2008/ 1HEREHS N80 70 hasabBB Ay w1 ob 6 BRse altion seftance os surrRk From
Personnel dadta hasionideesiand lakieuentotrsiieahimecoabganfMDadR ifckhadingdutaen lisited to: .
Battery Indicatory,Si ersonnel in a crisis situation will not have time to check their own battery
levels at the incigeﬁét]ggéﬁ%%ﬁ llll‘? rgl er élvgslg Fir) %ﬁﬁ%r%ﬁd a ’t%ee%%lesggtagtoa forﬁa'fesﬁ Vé%{’r%] be polled
less if battery lowWjPEsntagey afisiehiinaded PaermpnicRearspesthietioniseny sibtagittuioefithe idisplayed to
represent a batteyy fisalhdadnilsEieR b PR AN HAHR AP HERERRE Puding GRIRE AL LBHRAIQN

Temperature of personnel's suit 10No Motion Indicator: “Go' (green) if personnel are moving, 'Still

]
(red) if personne%%?@%ﬂ"ﬂ%‘?ﬁﬁa‘.‘sﬁﬁqg@glﬁ@ fotipedng ton Wfireregarding whether personnel is
walking (grdén), crawlihg fyastosidtedndiriergr perdoany (red)

2. An associated team name for personnel. This team acts as a categorizing group during
software run time.
3. Personal information including but not limited to: Height, Weight, Age, Shoe size,
photograph. Personal information is useful in future scaling and position estimating
15 during software run time.
4. A color used to represent the personnel on all plotting and display windows

throughout the incident.

Personnel Loader Window

20 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

25  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

52



v. Location Indicator: Displays 'Outside’ when personnel is outside. When 15indoors, shades the
Quadrant in which personnel is located on the floor plan. (Color used to shade quadrant is the same
color used to plot personnel on the floor plan). Solid black line to assign one side of the icor plan as
the "ALPHA side' to reference the other quadrants. (alpha-bravo, bravo-charlie etc ...) 1. If top-left
guadrant shaded, on zooming to personnel, he/she will be found on the top left quadrant of the floor
plan. d. Personnel #etinosBigtbans including but not limited to: i. PersomGalUAI8H18%htrol Button:

This button remains in one of two states. |, Sig-nalAlarm is used to remotely activate the alarm on the
CSM of 25the selected BUFHTIANS! gﬂ%’élflﬁggﬁﬁr?{’?gé‘gg%z &me "%7 Hsggéi?/l‘?éept e alarm on the

W,

0 remote
CSl'vl of the seleafainperskingahd monftasbage approach was taken to minimize multiple controls on the
user interface. When personnel signal there alarm through there CSM the WO
2008/108788PCMJS2007/013039 Base Station changes states accordingly. ii. Personnel Zoom: Press
to zoom to chosBﬁSpéw&ﬂﬁeﬁ?ﬁflﬁ%&ﬁbl are outdoors the outdoor view window described below is

brought forwgrd. If pergpnpataigitderkminsnPsRPBIEV sesaiikoi heldvpisinpRegotderward. racking

multiple personnel at an incident the grder in which these information contxol .dj gelis
dynamic. The orfaRS MNP LPES @Ffﬁ?g?ﬂg%er? DORES s"z‘aff)e{ill i%fgyéﬁ%%%ﬂgégﬁgﬁ%e not limited

to a. TemperatussspReisompelyeatvibpramangeitivy atba dingedefscmadion g vlirerdtsBareadings,
10b. Alarm: Per§(t)artuggl can be arranged by ascending or descending alarms indicators. Personnel with
an active alarm an be'brought to the top or bottom. In the event a personnel alarm is trigger by the

personnel the personrfaewitdhhatis heBatditidoalisermttion §prarg et e top.
10

The Personnel Status Information used in the Base Station Software is characterized with
large buttons which can be found easily and pressed while wearing gloves on a touch screen. It
allows an operator to easily view critical information about personnel as well as immediately
navigate to any personnel’s location on the indoor or outdoor view described below. It also

15 allows instant signaling of individual personal alarms for each of the personnel.

Status information can contain but is not limited to the following information:

a. A checkbox used to toggle the visibility of a personnel location icon on all
location views. This is used if there is no interest in actively tracking particular
personnel but interest may remain in monitoring these personnel’s vital signs or if

20 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.

25 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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c. Battery: Personnel can be arranged by ascending or descending battery readings. 15Quadrant:
Personnel can be arranged by ascending or descending building quadrant locations. Base Station
Control Panel The Base Station Control Panel (BSCP) is software responsible for displaying and
20processing 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 coxmmoesngeTs®r operator to easily navigate and control varouUgsgupesesons of the
Base Station as desired. Main menu controls can be but are not limited to; 251. Starting, stopping and
pausing of the operation of the BntiFe" QP8R foieRD pareirat aEfjéeé‘FefE?i'ﬂé) V&?‘T’Jﬁés‘%}fe%gsﬁ/indows as

mentioned above. 3. Choosing to sé¢eribedabaléncident data. 4. Individual or incident wide alarms and
panic signals. WO 20081}0?&%%@4} n%ggecr)goqul%gf?’a% ﬁi%g{gdﬁgﬁmwsﬁm%ﬁg_se Station Control
Panel. Bast Station Outdoor Tracking View In order to o\lsp ay a Clear estimate of personnel location,
the Base Station can show the % |GteenrngfoaiorsSinerpeatoars! i raistssiarion il Gt BN Mg éoto

surrounding kindmarks. These landpnaihay evaades)Toekacm fkelaxedte, WdiBatxdings-are loading
as discussed above, the GIS layer used to re re%qent the b ildsigng p%@(ﬁg is Jopaded s Wég:ll. Polygons
&5 h

for any building can be colored andFEHAEAHY W& Bas PRt eSLHEAIRY 'B3tdi%nt building

can be rendered different colors todaiyhviighitigemarvagpbotsoBbatetarg stnsiodiliamtéoidisplayed
to represent a battery indicator and fills green as the battery life increases.

i. Temperature Indicator: Temperature of personnel’s suit

—

10 iii. No Motion Indicator: ‘Go’ (green) if personnel are moving, ‘Still’ (red) if
personnel are not moving.
iv. Posture Indicator: Information regarding whether personnel is walking
(green), crawling (yellow), or lying on back (red)
v. Location Indicator: Displays ‘Outside’ when personnel is outside. When
15 indoors, shades the Quadrant in which personnel is located on the floor
plan. (Color used to shade quadrant is the same color used to plot
personnel on the floor plan). Solid black line to assign one side of the floor
plan as the ‘ALPHA side’ to reference the other quadrants. (alpha-bravo,
bravo-charlie etc ...)
20 1. If top-left quadrant shaded, 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
25 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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10a. Building construction b. Building height c. Building age d. Building occupancy Personnel who are
outdoors are shown as blue circular icons. Personnel indoors in are 15shown as green circular icons,
and personnel with currently signaled alarms are show as red circular icons. The GIS map is chosen
for its simplicity, lack of unwanted colors, and layered 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 th&¥®H¥&E1%a%ion Outdoor Tracking View (GIS). 20 Base StAIGAHAEEY Tracking

Views The Base Station can %@@'@%tf&?élﬂﬂﬁ%s@&ﬁiﬁ’&&%gl‘ﬁtes 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 imag cBTBRMOZERTEF WL 20988 N80 RSESRINGY ARgeldHded in the

building loader process describedoatieyg i didsh Bue oLl atdinbql otirite shoaircussad. #bove, a

copy of this image is created locally and drawn, upon using C# GDI techniques. Each image copy can
be physically changed and displaﬁgﬁ%'%p%r%ﬁ%ord%sr{hsc@rg%gﬁ.v ac esﬁgi’ggﬁe?%frsn]g & 5@%’ %\ivhile

indoors candbe represent@iicasraogsyophtiprsimiticidinentidanttthe erderke o ersmse(afimaliiar asset) is
facing at remote tirpg, bis, AECHRRIR EIAINE e YR ANHASIABRE TIHSAR07 (333088dne floor plan.

Each personnel can be displayed'in a unigue color as specified from the Personnel Database. On the
Base Station IndodH P2 e kit e tshEFUiEH Can have the ability to identify any personnel currently
visible by simply clicking ontheapeisusd: Reseniaiibnahibel e sicecing aaenehdngtearesean. A visual
information box is displayed. érJnis visual information box, whether a form or control, contains
information about the select& B‘é?’sonnel. The information that can be displayed includes but is not
limited to: d0Current TenbpehtiaumePdssotetremtbb atrenged tatassendmg sittreetadiagplarms indicators.

Personnel with an active alarm can be brought to the top or bottom. In the event a
personnel alarm is trigger by the personnel the personnel information control is
automatically brought to the top.
c. Battery: Personnel can be arranged by ascending or descending battery readings.
15 Quadrant: Personnel can be arranged by ascending or descending building quadrant

locations.

Base Station Control Panel
The Base Station Control Panel (BSCP) is software responsible for displaying and
20  processing main menu actions for an incident commander (or operator) on the monitor. The
BSCEP 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:
25 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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d. Duration in building The floor plan car. be drawn stretched to the current set screen resolution
on the Base Station laptop running the software, this can be done to maximize visual clarity. On the
Indoor Personnel Tracking View, the left side of the indoor tracking view is dedicated to floor selection,
Floor selection is done by an icon that is used to represent the 15desired florin This icon can be text
filled or an image, it can be colored or not colored. Taking advantage of the database structure created
and discussed aboveottesBesses Station is able to display the number of pereGhHgloomEaEh loaded
floor. In real time as Personnel change floors the numbers reflect the current state. The currently

selected floor is highlighttFirORRIYS S Jiss SR GRE A EBse Station Indoor Tracking View (Floor

Plan View). 20Figure 33 shows the Base Station Indoor View - Alarm Situation. 'WO

2008/108788PClggsgggggr}gaéggfgﬁg%g Q}%u,on image Processing and Mapping Algorithms
MAP-MATCHING ALGORITHM The Ma% Matching Algorithm helps the incident commander easily

visualize where persontieTisraostiiamng deer rRstimselof Brovnpbiacbmyibeftae Heiareavhmunhs. While
developing the magrivatzhireecihAmddaniRNe tRntesRmarentbahdhe Ridmandmidasdhighly

advanced pattern recognition intelligence and the_co ter does nqt, making the task of programming
the computer to AR HE-EAEA FRMAP e AT PILIEet OB At e S e Ay bR AT oa The.
floor plans of eadhytiosedibtregrengiitimpbaiiditigrpdliedh issivrged #laplPPelygoreosimg pribdmgnanhe PP)
MapPreProcess gealing, FealleS, L ER0 ﬂg)?(%ﬁd@%ﬁk&%ﬁeﬁw'Bﬂ?&@%%ﬁ&?ﬁ:&ﬁ%E ftgLRactions and

limits), stairwell and elevator locations, and e floor 1s an Exit Floor. These features are

recorded in a MaiforaRe AARTSHAS[EANAR fextein a3Pesth Semadpiutat limited to:

10 a. Building construction
b. Building height
c. Building age
d. Building occupancy
Personnel who are outdoors are shown as blue circular icons. Personnel indoors in are
15  shown as green circular icons, and personnel with currently signaled alarms are show as red
circular icons. The GIS map is chosen for its simplicity, lack of unwanted colors, and layered
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).
20
Base Station Indoor Tracking Views
The Base Station can display real time position estimates of personnel. When a digital
copy of a Joaded 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
25  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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15Map-Matching Program The Map Matching Program (IvIMP) reads the floor plans of the building,
and corresponding MIVIF 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 he 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 HRBE(H$8plot free again, with respect to the current &F&&%&’W&ﬁ?&’a all

corrections into AEYRUPHARGLAYBIRAE SAERIRRi WA GR LA ALAHUM SR HALARIO MAD
PRE-PROCESSING AND IVfMF PILE: Frll%que 34 shows the Sentinel System Map Pre-ProcessinP)

Feature DetectoP#2v#e QrpeiBipgiaiisn ot Tracking i B fRRHCS Caldava N PBYREA 5" Ren other,
The floor plans shppiehmetibensamebtizs amglpciekingiontserasuth aipidenticah tfaliedesreh different

floors (ex, Same. Stairgygrlll)thkéave th sarrg?iﬁ)f’xel location O‘ﬁ ﬁ?feq%g’“%%‘tﬂ%ﬁ“%m’pf TAPP will

perform scaling %fﬁ?f%gnmen%cgfe foor 1rﬂlans %’gﬁl%m%iga prompte irst click a_Nodes
(Corridor Intersexhidies piforzmgr opoieel (prntiins informptipndbopiinFrglegiad srenmoel Thsdafesrricsl, 52 in

green) Elevatorgacation kh=@ifxiidarationsiifitean: Exit Floor (XI, X2, X3) - Usually first floor,

could be 2 or multiple floors
a. Current Temperature.

b. Current battery status
c. Assigned team
10 d. Duration in building
The floor plan can be drawn stretched to the current set screen resolution on the Base
Station laptop running the software, this can be done to maximize visual clarity.
On the Indoor Personnel Tracking View, the left side of the indoor tracking view is
dedicated to floor selection. Floor selection is done by an icon that is used to represent the
15 desired floor. This icon can be text filled or an image, it can be colored or not colored. Taking
advantage of the database structure created and discussed above, the Base Station is able to
display the number of personnel on each loaded 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).

20 Figure 33 shows the Base Station Indoor View — Alarm Situation.
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The MPP then processes the input feature information I. Process and Save Node information 200 If
two nodes are too close to each other, one is removed (redundant nodes - clicking error) 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. 250 If all their x ory
locations are within a COR.RIDOR_WIDT&THRESH, they are considered to be orthogonal corridors
and their constant sm-2onginstesis made equal, (their constant co--ordinate %W%&“Eﬂﬁ% different due

to clicking differences) This constant c_o-orqi'rgftte ].Wilk E%Ehbe used to correct paths to the corridor.
Non-orthogonal FsaS2use g BIPSsiG el TSIt e, WO 20081108788PCP1JS2007/013039
The Corrected Node x, and y positions are stored in a 2-D array NodePositions - First Column- x,

Second Columw ,l:&ﬁﬁgg Igrigdes seen’ by Node are updated in a NodeLinks array,
0 e%ray Index) wi

where for each e store a list of all the nodes that share a ¢ rrid%r with it. Process

and Save Corridor infdiraiprMachire HEstSdetDs Hisdridmbfarmandsr (e84 NeW Corridor,

These nodeg are sorted inAsCANRRORE REikair vasy gcobtdindldi(gnerivgbial case A
Corridorinfo Array is updated where Army Row Index is_tEe Cor.;]ildgggmltr& A0 on-orthagonal case will
be sorted in the order MHsdrYeiang HfgUmantichie 28R A HERWS Possible map corridor directions

(ex. 120 for a corridor pliginastdPR8hRA0) advhe:dit shicohumangeitiony inseltigedes RUARE KGRRSIEF (0% nnot go
straight a threshold beyond tis pode J'9 iR SRIIARE &lRGuRIAIRE AR ARG RNkaEing
project though at times it may ‘look’ trivial.
10 e The floor plans of each floor of the building are ‘profiled’ using a Map PreProcessing
program (MPP) MapPreProcess locating features in each floor plan such as turning nod@s
(corridor intersections and limits), stairwell and elevator locations, and Exits if the floor
is an Exit Floor.
e These features are recorded in a Map Matching File(MMF text file) to be read by the
15 Map-Matching Program
e The Map Matching Program (MMP) reads the floor plans of the building, and
corresponding MMEF 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
20 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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The second coin.= entry is the Corridor End Nodeld (Cannot go straight a threshold beyond this node
if on this corridor else might be on wrong Corridor The third column entry is the SLOPE of the corridor
in Map Convention 20 (90 vertical, O horizontal on map) Slopes will always be between 0 and 179
since they include directions 180 degrees apart depending on which way personnel is headed. The
fourth Column onwards is a list of all other Corridor Node Ids encountered while walking from Start
Node to End Nodewa heoemidor. These nodes serve as checkpoints for R HIatihg. All arrays are
padded with zeros if different siz g@m%ppe could also be saved as a Compass Direction
to help associat%ﬁ%&é?&?gﬁj%ﬁ? INformation is required to set this up while Pre Processing or
the Map-matching Program will just keep a track WO 2008/108788PC11111S20071013039 of what
compass angle the Map,0 devees IaRTesRALSs R MfASRandSavn Bia)¥elarmestavator Information

Stairwell/ Elevator Locations aré saved in an array StairPosibons/ElevatorPositions similar to NodePos
a A StairLinksiElevatorsLinks Array contains the list of corridors that are accessible from the

stairwell/elevator. 4, PraceaspanshSavS: Fisitinigiaationiing Exitd datiend @recaved in an array

ExitPositions An ExitLinks Array contains the list of corridors that are accessihle o the Exit. Each
Exit also has an associatéd Eﬁé"ﬁf@éﬁ%ﬁ%} u@r‘fﬁ@%ﬁl%n&%%%a%gr mapping transitions 15 The MN'

mints the floor plan features ftatths & NiFeritet fodih @K ParfiteStaimeld bexe e s islae e Mme without
extension. _innif.txt (examplgaci[égg_loorl_mmf.txt for TAPfloor.jpg) o Data Format:

o Future version of MPP will perform scaling and alignment of floor plans
10 automatically.
¢ The User is prompted to first click on

Nodes (Corridor Intersections) in any order (nodes 1, 2,3 and 4) in Fig. 34

(o]

Stairwell Locations(S1, S2 in green)

o

Elevator location (E1)
15 o Exit Locations if its an Exit Floor (X1, X2, X3) - Usually first floor, could be 2or

(o)

multiple floors

o The MPP then processes the input feature information

1. Process and Save Node Information
20 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.
25 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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n, Nodeid, NodePositionX, NodePosition'l, list of same couidor nodes c, Corridor Start Node, Corridor
End Node, Slope, Sorted Intermediate-Node List s, StairPositionX, StairPositionY, list of corridors C,
ElevatorPositionX, ElevatorPositionY, list of corridors x, ExitPositionX, ExitPositionV, list of Lorridors g,
GPSReferenceX, GPSReferenceY, latitude, longitude Figure 35 shows a Sentinel System Malung File
(MMF). Most floor plans take a few seconds to profile. WO 2008/108788-1118200703 * The clicking
operations can be rgsiaeesddppattern recognition techniques. MAP-MATCHMING22ZGIRI THM AND

PROGRAM (MAW)  Each set of points that are consjdered to be inside the building are associated
with a Map Matcher which’is ﬁ?‘é%@ﬁ%?ﬂ%’%ﬂﬂ’b?%‘éoﬂ?ﬁﬁrﬁmeﬁﬁ?ﬁ APHEYIRIFEREPE building
and is initialized with the firstfisirddomnsiaSpoint Coiuhe-yRpvdndtan Nudidd direction. The startpoint is

either determined by a click qq the- 4! ii%:%ﬁci%%%ﬁ&a%éﬁ% g&&ﬁﬁ@?@m&%ﬂg&rﬁ%ﬁgiop from the

INU-GPS fusion algorithm. 10 Each following point'in Map Matc oes through the following
process Using the previous {#&iX ingerhwatienc istiefadriheerdesthackag asemonvihifierement and the
current pointg heading are determined, If stationery the heading is determined from the gyro angle.
157 If the best-fit line oyer the current Segment Number has a deviation less than a threshold the
Segment is considered’to BEHSEEHR 6T TREHGEI™AILS, if the DIU Hall Flag is true, the segment is
definitely considered to beooE@caniguiosctidi@des ticofsetiestisaire isatnpefortided Tieseavdedifathie entire

segment lies inside a large rQom, ;r?asg&ayégtg%%?gﬁgﬂ%@ﬁg}gﬂm@%ffﬂhggﬂ%g 'Qt, if the Segment

is already matched to a hall, the direction igne osen hall; if n eading is decided
to be the gyro angle subjett %%F‘fﬁ@h&héﬁéﬁ’(i@ﬂ@?ed where Array Row Index is the Corridorld. In

10 non-orthogonal case will be sorted in the order encountered if moving in the
smaller of the two possible map corridor directions (ex. 120 for a corridor aligned
120 & 300)

o The first column entry is the Corridor Start Nodeld (Cannot go straight a

threshold beyond this node if on this corridor else might be on wrong
15 corridor)

o The second column entry is the Corridor End Nodeld (Cannot go straight a
threshold beyond this node if on this corridor else might be on wrong
corridor

o The third column entry is the SLOPE of the corridor in Map Convention

20 (90 vertical, 0 horizontal on map) Slopes will always be between 0 and
179 since they include directions 180 degrees apart depending on which
way personnel is headed.

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.

25 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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If a new hall may be detected, a loose threshold is set for hflag, 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, e 28888 orrected to the corridor, WO 2008/108788H¥®RIZHI¥013039 and all
other points on the segment are cQEgeied, 10,106 GO Bigelsa:Gopridakcorrection performed when
the distance traveled in a straight line is greater than a threshold or the points have been found to go
through walls (encounter black pixels) fp Last we check to see if the z position is incrementing or
decrementing to perfonn Biachaekinsha slfloniichamyesicl6langain z position (number of stairs
encountered, +ye for up, -ye forsgowarﬁ/iﬁlnvg% dcgtso%%ir fl%%‘iaﬁ}%g%gr on to indicate a possible floor
change. Once the change settlestand is zeero, the'a gor?tr m attempts fd resolve this change. if the
number of stairs encountered isSteisRotitamséEtevaaiRobiticde piendeietNaddionidiong, the change is ignored. If
total number of stairs is divided by he;pxpacied NUMPRLA) StAimPELVEEN dRsashiiears to see the
number of floors incremented or decremented. If it is the first time this stairwell has been traversed by
any personnel the WINDING is #sesiblsdrom e e ¥rkgt @ockwise, anti-clockwise, or none looldng
upwards. When the floor change is confirmed, the closest stairwell on the floor is found and the
personnel's current pofipti,s %eosrsrggéesgvtg r}%ﬁ}g&w?gkexit point. The WINDING later on serves to help
resolve floor changes for other personnei‘. oor (%anges close to known stairwells in the WENDING
direction mé@n the personne? is Goihgaapetairs saied iwandimey ifxilRedpmosite direction indicates
downward motion. After all corrggiigns:andehecksaremesiormedidhe difaecncasnithaMap direction
and gyro prediction is calculated to obtain the current rotation to be used for the next point. 20 Using
the GPS references of the map],zl‘l‘fe current point on the floor plan is converted go a GPS latitude and
longitude to be used for disptayBachtB&tGIkS e, aasudided IGES brdfliuido endskisitior@uiibaP-BUILDING
ALGORITHM 25In the absencen%f Filrpot; Ps!%%sof the buildiRg, the Sentinel System is capable of
building floor plans of the buildingpgsﬁgat%e tracking information Of all personnel at the scene. More
personnel aithe scene cause the building to be discovered (mapped) fasten The general shape of the

building is obtainedfremithe A e 515 tagLuilinovis: Bersonnel move through the building the
points are updated in the same way as In the maﬁ-matchlng case hut each feature is. WO

2098/108788PCT/U S20GPRNBE38I%5 R Yrda ki aner 8l Amh o BoR BBl fPLEt time. For each
time that a personnel is faeiechptalkikfistraighhfon sotangPiiceejpplicating a

o Data Format:

20 n, Nodeld, NodePositionX, NodePositionY, list of same corridor nodes
¢, Comridor Start Node, Corridor End Node, Slope, Sorted Intermediate-Node List
s, StairPositionX, StairPositionY, list of corridors
e, ElevatorPositionX, ElevatorPositionY, list of corridors
x, ExitPositionX, ExitPositionY, list of corridors

25 g, GPSReferenceX, GPSReferenceY, latitude, longitude

Figure 35 shows a Sentinel System Map-Matching File (MMF).

¢ Most floor plans take a few seconds to profile.

61



corridor, the program checks if there is a corridor close by discovered by some personnel. If there is
one, the personnel is corrected to it as in map matching. If the data suggest it to be a new corridor, it is
recorded as a new corridor, recording its slope, and its start and end points are set in real-time as
discovered. Each time Boor changes on new stairwells are determined, the location of stairs are
recorded, with their winding, start and exit points, and used to match floor changes for other personnel
depending on proxifiRy¥F&E#detection to existing stairwells, 10 Events tHATAr#NWAIE P resolve such
as a short corridor noted and confirmed by other personnel discoveri nd confirming the
existence of the fé;f[{iﬁ%cﬁﬁ &t ¢ ug‘gﬁgﬁ?ﬁ%&%ﬂ%‘g@g S%{é‘é“ by tqg%l\tl%}‘?s l%Ss'e.d on stride length as
described above. Because there is inherent error in the stride length determination, a correction should

be made for long\digiangesHiERIGSRERNENIAHGIELRI (RRYSition information from many users
walking the same path, user trajectories should vary slightly. 15The "beaten path" algorithm performs

an averaging function on these trajectories to determine the most probable pathway. 6 shows
the Sentinel System MBriBied din@ifes daBatd dongidsieh (Stai el thd buindifig ire bigntiadd valiomdap Sentinel

System Map Building for a building c by tracking the moyement. f S I 3-D
Rendition of Floo&?lg. a?\rswgfﬁ%rlesr?a? |gf{§%?)#eﬁq58¥%o%ﬁgﬁq§ ave tegﬁ?.&_e_%g %ﬁge%%géyg@%%ﬁﬁgﬁsdent
Commanders withtiiseduithfaerBpst@oins tansHeioinein fsrsamprs 3 poSal gitemien bUrdigRRIPGaiding and

directing. The 3Q:imaRRIRhFRA e RRESMEIJOIdH aranakbIQak tor IROTS 188w Coktider pethfoipures 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 8B AN G BHRuAEPE R rd floor by the map-matching Virtual Reality software.
Figure 39 shows a 3 dimensional view of a portion of the map. 30 3-D Building Views WO

200811087M PCMJSZ%Q{Q(%%O%&? boi “aPM%?ﬂ%t%ﬁgg%@é%%péﬂﬁggﬁ nglg&g& generated by taking

floorplans of each floor s one abo e ot onnected by thincolumns representing the
overall picture of the bUiéliagharpesirsiteatinforOneningeonagnpedeielibs FosnrrEnisingrensEemplete

focus moving onto thafloorEappeRAEsiRY A dRlalgAloR RIRAR #2 RaERY ViBiaNiRWIRE the points,

the user may at any time switch to a 3D representation, where the marker indicating the user is seen
from a perspective vieWa&&3BFass through corridors. This tool allows the incident commander to
assess the sfuationsofIthi: bearfanidegivictehthriren S2Heat CludbetiisSi idkaikmion less than a threshold

the Segment is considered to be possibly on a corridor. Also, if the INU Hall Flag is true,
the segment is definitely considered to be on a corridor. The corridor checks are not
performed however if the entire segment lies inside a large room, i.e. on white space on a
floor plan.

20 o For each point, if the Segment is already matched to a hall, the direction is kept aligned to
the chosen hall; if not, the heading is decided to be the gyro angle subject to all previous
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.

25 e 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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WO 2008/108788PCMiS2007ma039 1NU-UPS OUTDOOR FUSION ALGORITHM The system
also tracks personnel outdoors. To achieve outdoor tracking, it is useful to utilize UPS. However, GPS
is often not accurate. Often, satellites are not available which causes erroneous location values to be
provided by GPS units operating without assistance. In addition 5to indoors, satellites are often not

available in urban canyons, and very close to buildings, causing GPS errors.C'TI'o com lgor}§ate for UPS
errors during outdod¥9EHHBASHve have developed a location method basedOn the fusion of UPS and

NU data. UPS - NO Fugjgn s AR RBIaRs-ARFlBiiaizalian dOTRs:ouidRas pathiagpersonnel can

be plotted, for example, on outdoor mang such as GIS maps and Satellite Imagery such as Google
Earth and Live Locals SPESSIONRETISEIIOMER (i 4isianse Feneled ctbrptblingis 898 SR8 AUPS (or other
position sensor) must preifdia &iMiabhtiamateiamned (ntiaroafrentaaoontinatek pndscale factor)

so that position data can be fu eﬁ% In this embodiment, the calculated trajector ofljlh sonnel is
15measured in metér offSEYs g)fff’g [Ece@roé'rtl"c)gl BTy ﬁ{llg (giﬁ?cé%néegﬁln&}% ed to be the starting
point of a personnel's tajddigapdbiitischangrb il argnpoimt ippsitien (aukivey et ensewiiered aved®hmon

reference point or all igrsqne AN SAIRMIAISH, Hano aURIR S ARMSRIGRAINN IS Aquclate the

INU rectangular coordinate tracking data to the UPS degree convention. The sf%zgm can_ use the GPS
coordinate of a vehicle opehasipnee exiilep prdssre. chp desu b s PRsSorsAlYe i B8RS s is
unavailable, the systenygassgatthe diksuffpeas ie s/ i e tatshorteidpemeany ndlitg, uickmghe UPS

Reference Point, Once.the UPS Reference Pointis s tjﬁs wn meter bé;\se%orffﬁ{ rg;)%tgeg}eters South
and, 0 meters East. Ea’éﬂgﬂ‘%fﬁ% g[qtcailcg |o?r)1°fs° tto tealﬁsé%ﬁ:‘ﬂ é”fﬁ’ uﬂlsclﬁ)épg;tr%anﬁl néo?]\?enf%on, as offsets south

and east in riteters fromeathelutRSoRe dremuebiroifflofslistittatSoaléeernaentsd gitiidetis i e the area
are then calculated usigg the ZalAfivee ARG IREOH SIS phibmbl the WRIBIRGGS Eatatdramdi following

equations. These scales are used to measure meter distances of incoming points from the reference.
LatiturleScale = 560* CoSRemskiRcePUhifRTE™ s r 9ons pokyng i&%‘*f%)"‘ﬂ’&ﬁ@?ﬂ%&?&gs
LatitudeScale * Cos(Refamare|atitisiest tRiwkll 80We floor is found and the personnel’s current point is

corrected to the stairwell exit point. The WINDING later on serves to help resolve floor
15 changes for other personnel. Floor changes close to known stairwells in the WINDING
direction mean the personnel is going upstairs, and winding in the opposite direction
indicates downward motion.
e After all corrections and checks are performed, the difference in the Map direction and
gyro prediction is calculated to obtain the current rotation to be used for the next point.
20 e Using the GPS references of the map, the current point on the floor plan is converted go a
GPS latitude and longitude to be used for display on the GIS map, and for Indoor/Outdoor

transitions.

MAP-BUILDING ALGORITHM

25 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 discovered (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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WO 20081108788PCTRIS2007/013039 Storing and Converting (3PS and ENO Points to Common
Units A UPS point (GPSPoint) latitude and longitude degrees received from personnel
communication modules is first converted to meter offsets from the GPS Reference Point using 5the
following equations delta at = ReferenceLatitude GPSPointLatitude; delta_lon = Referencelortgitude
GPSPointliongRude; GPSPointMetersS = delta jai * LatitudeScale; GPSPointlVietensk = -1 * deltaJon
* LongitudeScale; 190 2008k0818dU Tracking Point is an Offset in X and Y froPAiTi82&4apt39éint, say

INI_X"raw, INILY ravv Figure 40 Shows the NU Coordinate System. Figure 41 shows the
Display Map 15(‘3’6&&%%1‘@@%?@???“ ha“dFB‘i‘:ber‘iQ’é’ﬁdtl’?éW@R?ﬁg points to a mapping convention a 2D

rotation (-90) can be appigdhtanyytkht Xpsavhmine IRtk gmtgﬁhaﬁnbﬁgmmddiwmv (INU_X
WILY] =0 1] X [INU_X raw | 20&10 Li11 LY, rawl OR INU X Y rawand INLJ_Y = -
INU_X_raw 25INU positiBiiaheioges Mrsdipireatatng sof—eps SR Hgﬁ?‘f&’rmaostance) can
be determined for this Buirpeseoneohepermapiel i ooriieicahte ifrastiomar mackicp didhadensuanseigtite

direction of tzavel can e uised to detarmine siepenah ARsdiSRBRe Favalad. Aliasatively. linear or

nonlinear filtering technq(a1 es that can reduce the accumulation of error caused by, for example, noisy
measurements or othefFhRARS AFhiel iR &abigs At fiRgmgTehit not limited to Kalman

o Each time floor changes on new stairwells are determined, the location of stairs are
recorded, with their winding, start and exit points, and used to match floor changes for
other personnel depending on proximity of stair detection to existing stairwells.

10 o Events that are hard to resolve such as a short corridor are noted and confirmed by other
personnel discovering and confirming the existence of the feature under question.

e Distance calculated by the INU is based on stride length as described above. Because there is inherent error
in the stride length determination, a correction should be made for long distances. When a command station
receives position information from many users walking the same path, user trajectories should vary slightly.

15 The “beaten path” algorithm performs an averaging function on these trajectories to determine the most
probable pathway.
Figure 36 shows the Sentinel System Map Building for a Building with Stairwell

Information. Figure37 shows a Sentinel System Map Building for a building created by tracking

the movements of four personnel.

20
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
25 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.

30  3-D Building Views



WO 20081108788PCT/US20071013039 filtering can be used to determine step length and distance
traveled. In addition, a scale factor determined heuristically that varies as a function of individual height
can be used to determine step length and distance traveled. After convening the INU points into a
mapping convention, they can be converted to meter based units for direct comparison to the OPS
meter offsets. INILX and EMILY are in terms of INV units which can be converted to meters by
multiplying by scal&R¥1%87fh as an INUUnit2MeterScaleFactor. This SCAEEAYEY¥4h be
determined for & persqp olay a0 eIcl i s B TRBIALY SIS AUR P ARG or

variations in height an additional HeightScalefFactor can be included to account for the fact that taller
people take largrckesys-aneizbove s itep edarstea by Lin sAvmetssReseRtngfie YPILPIFBIGR Bca given
person to the aviRiReR; eighd asadiociRieiine shadabd it Metaniratemprio feanmeinged to

determine the Scale Factor for each given persgn. Therefqre, TLX...meters INQ
INUUnitZMeteré’é'é?éih—aéﬁP@F Wﬂ%ﬁgﬁ?&%&ﬁ#ﬁ%(%‘f‘%@ﬁﬁ ﬂ?%&ﬁi%rtg]r)s' XJ HBK&%N@&%%@%rScaIeFaetor
* HeightScale Factom@PSanyN ideRwiiditod GOritpresditeti Bawbe St onakanibsticeting hoeewitbean Outdoors
INU-GPS fusiongig il ARG R b ASihlGlR BHOLIPA RESALNEl R EFRtndhe
DIU-GPS information can be 20transmitted from the INU-CSM units to the base station in the node
report. This infofPritRshibafiteasionmh thripes s gidethemir ASEaR RS SHEMIEPS and NU, depending on
the data available. If GPS points am coming in without INU Data the best estimate of a person's
(animal's or assets') position can be obtained by track smoothing and best-fit lines through the GPS
points using the number of satellites, satellite locations, and dilution of precision 25indicators to assign
reliabilities to the GPS If an INU point comes in, the current magnitude can be convened 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 WO 2008/108788PCIMS2007,1013039
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personnel is not turning. The compass angle is corrected for the Magnetic Declination of the area to
align with GI'S directions, or e the gyro angle subject to all rotations of the previous point if personnel
is turning or coinpass in not reliable The step magnitude (INTL X meters, INUJinmeters) aand
direction can be used to determine the new location from the previous point. If UPS is available with
the current NU information, the algorithms looks back to the last GPS and NU came in together,
compares the metelAEMEHE from both estimates computed individually®odSteiine®a ups

feedback factor. dQ7.ApkermedicH fhesensievRAtEwIthin a threshold validates the UPS data to be
accurate and the new position calculated based on the INU data is pulled towards the UPS data by the

GPS feedback factor. VWhERFRASREKTRETEVH SIS 19 ADISSr SUiferT A8r 18 1415958 3sion position
is used to find thetitike<@RS. dmitadteGPS i OoftthardtacupianCitem kiadiliesaamanatihbigwbickctiebe st

L5rotation ang'ee%%%&‘%'?o@ﬁoﬁh%ﬁé‘g ﬁi{; tri?%vri‘d %Qgﬂr?xﬁﬂ%ﬁg%tn DA Qi giveARARRICNING an

initial direction since map matching tollow e gy gle wi itial rotation due to Inaccurate

compass dafa in@dafeorsyyiielitetsonisa nebrii eldeimubreanians. st ¢pin g WRe Miasa@YsEEormed,

and when persogypgl rits thae dupiging RVEsAUidaehs: e Aisdthe wWaaesidyidga the last known
20map-matching13poi,nt is used as the restart of the Omd’%ﬂi Igorithm and the last known heading from

MapMatching is GSEIPIG0 prsed on36 Fusip et and heading. After leaving the building, the

compass reliability improves once away from the building and takes over the heading, and UPS

reliability improv?ggﬁqﬁ)ﬁ&g J}lqﬁtgsaag n§%ﬁglﬁss%semﬁ?a§i%%ﬁ/isible unobstructed by the building. 25
g ] ;

The first step of the algorithm can be Initializing the start point. In the presence of a high precision UPS

unit on a triék or vehicleepdenirath pi@gsearishens| beopletietniare trmpeam petsieRemspe seh iMiSRigh

precision UPS infppnaficsachi: Bedsedrf ihesastimrindiinadaianaable, the first UPS point
reported by the CSM can be ysed. Since some reports co %‘U%d%fﬂ&%%ypo\é{i%n sensor)

t
2008/108788PCTRIS 206 PGSy mates for the trajectory for the
must put in to similar reference frame (initial reference coordinates and scale factor) so that

position data can be fused. In this embodiment, the calculated trajectory of the personnel is
15  measured in meter offsets from a GPS Reference Point. This point does not need to be the
starting point of a personnel’s trajectory but is an arbitrary point in the tracking area to serve as a
common reference point for all personnel paths calculated. Using a meter convention also helps
correlate the INU rectangular coordinate tracking data to the GPS degree convention.
The system can use the GPS coordinate of a vehicle for example, equipped with GPS as
20 the GPS Reference Point. If this is unavailable, the system can use the first reported GPS
coordinate from any mobile unit as the GPS Reference Point. Once the GPS Reference Point is
set its own meter based offsets are 0 meters South and, 0 meters East. Each tracking location is
then calculated using a map convention, as offsets south and east in meters from the GPS
Reference Point. A Latitude Scale and Longitude Scale for the area are then calculated using the
25 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 * PI1/90 + PI) + 111130)
LongitudeScale = LatitudeScale * Cos(ReferenceLatitude * (P1 / 180))
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and some both, it is desirable to sync the UPS and Dal using a report which contains both. For each
person (animal or asset), if CPS data is being reported without any INU data the GPS-INU Fusion
Algorithm can switch to a UPS only algorithm, if INU data is coming in and no UPS has been received,
a GPS-INEI sync can be awaited or tracking points can be calculated using 5external UPS data source
(e.g., from the vehicle). Once the first GPS and 1NU tracking point pair are available in the same
report, the first Fusi®i® PO#EEH be determined by making the meter offset8 GF HEEUEHA Point the
same as that of the current UPS Point. Also, the INU tracking points can be rotated from their actual

direction, so each Fusion Point can record a lleadingDifferenceMapRaw which holds the angle
difference betwe8iering arbBoansirpHRst e INbRoEE o @emmAan Sinlisset) and the LNU direction.

Once UPS and 1NU pointppeisioessdi) thedisshi usiahRantaacbsveetainpegshnthe algorithm can
build the new Fusion Paint usin tte ,n%w UPS%rhd KU oirﬁts bgseqhorégﬁeg%eviou}%ﬁgi%n Point,
There can be a FGSE}B'H'\%FBT}W‘&%%% SRIBHTH PR NP PSR ERREY 6Y A 5the BAse Station. The

using the distance fom& &elg{g%@fép&}&tgﬁﬁﬁgJNHSB&MEﬁRﬁJhe raw heading or direction can be
obtained by finding the slope of the segment. In case of frect}uenE reporting, the raw heading is

expected to he close téleha logn 5 Refrirnesl ameitide- GRREpin Bit since the points are based on
the gyro_angle. If they gpemigiNieanily=Cifricht ¢a.atithdeakit signifies either longer periods in
between two reported s.or fast turns, |n either case th h taken by the person (animal or asset)
cannot be assumed to egél)os'ffta@’ﬁetrﬁné' bletv(\}gie}:ani e t\i/‘v%'ﬂg‘fﬁ?g. Hese 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 gomaaesangleddhe £Q0mRass Sata Brrslianed imcompassielability factor is
less than the 25 COMPASS_RELIABLE__ THRESHO ID), and if the personnel are not performing (The
amount of turninbeé‘ﬂetermined 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
_RAVICANGLEIDIFF _THR OLD a . This threshold.can he reliakilit ve which the
compass_angie is not—gl':glggggsrgl%wgéh ggiflrgl) ?653??560 F\&I.nlit léué%%f/se %%?ﬂ%'ﬁa:ighsgig cf:‘)ﬁr%gt WO
20081108783PCIaut&age 3ekB039 hold, the direction can be assumed to be the gyro_angle with all
the rotations of the previous point applied to it. The rotation of the previous point from the gyro_angle
can be determined the HeadingDifferenceMapRaw associated with the previous point. Once the map
direction of the current JAPRYETIRESTAFTNEPHNLS IPBIRBPR RIS ARG R 670 Cep s PRt can be
Scalculated as the mnylE diesanmebEMween e MaNUikehomMaNd the gyro_angle. The magnitude can
then be applied in the jrection by ':Eu uatigns: FusionMeterskE FusionMetersE_prev
+FusionMagnitudecos[@us&ﬁ%ﬂ;ﬁw@) 83%1!@4%? ‘:rﬁ‘—@;ionMetersN_prev
FusionMag@ftude*sin(Fusiontleading) [-1 01 Y _raw]

OR

INU_X =INU_Y_raw and INU_Y =-INU_X_raw
25 INU position can be determined by counting steps and a step length (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. Altemnatively,
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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LOUse of UPS 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 1NU prediction.
The next step can be to validate the Fusion Point if the UPS point is available to adjust the location
estimate. If no UPS information is available, the next tracking information is awaited by the system. 15
The validity of a UPS location can be performed by several methods, for example: 1) Using GPS
parameters such as\HIERWBHEFPrecision (HOOP), Number of Satellites usetf; HYER TR WP atellites

used, and signal giiengthebsalRiieRLseR 2RKEAMARALINRLRS G SR eRiAbrNARYESIHUPS with

incremental chané;?es over the same 20time period in the INU since the INU is more accurate in the
short term. 3) DofSgBYMrEHss st Rabvasies anfirstips PON Hamt Leightimbe ed SRENERITVS points
or all points in thetwpdtipheas diatmexaavpkal. UPS tests performed going in and out of buildings,

standing outdoors very ose 1o buil%ng&,@nd nea{ovi\i/indows inside.bui{ﬁén S gan be ys tcci) to analyze

the UPS qualifiers. The f’ﬁ%‘}&ﬁ‘“&anebe réjp())bnrttsela a2 BRbn cé’?‘éeﬁgiolné expected 10 be above a

threshold whén tivetespsedarityfasdirsosrautiyiserportet iR o ofeaiiNiAK @GRINBbIKmaere noted for
good HOOP readings of 9.5 GBRSIR fe b SHuiosAlldhe R paints et ol HORR seadings are

found to be inaccurate, and a HDOP above a threshold can be used to disqualify a UPS point. In

addition, the HOOP WA NS rieFapiny Thie Realsc arier AR RetseeaRine G oatiBemietf perasiitéivent from
WO 2008/1087 88K D71 3 géind1AIBORA 8 ida0tS 5001066 0Fsr Vahatiohy niRsighk satdlitRambserved for
accurate UPS pajnts or ahove and preferrably 5 or.6..A n the UPS was very close to, or
on one side of a 81%1\:%%1%%%5%%8‘3"%“%5% %ﬁﬁoe‘%stggrg}%fﬁﬁ?gﬁt\gg %rypﬁﬂ)gl%ﬁiﬁallﬁrgf?iset m%f% bias to
that side anéPpochertarrsaiitake smallitisigpn The ortiest WP Bighints il acrsen towsristige hsightllite bias.

Therefore, S5poorgzindhiakdistieiotehanielites andad b Red RCRIAAiIHOME XA 588INg only
satelites south of a reciever can yeild disqualified or invalid UPS points. UPS Sensor Parameters

Qualifiers and UB% s

Therefore,
INU_X_meters = INU_X * INUUnit2MeterScaleFactor * HeightScaleFactor
15 INU_Y_meters = INU_Y * INUUnit2MeterScaleFactor * HeightScaleFactor

GPS - INU Fusion Algorithm
The Base Station can be equipped with an Outdoors INU-GPS fusion algorithm to
determine the best possible location for personnel outdoors. The INU-GPS information can be
20  transmitted from the INU-CSM units to the base station in the node report. This information can
contain only GPS data, only INU data or both GPS and INU, depending on the data available.

o If GPS points are coming in without INU Data the best estimate of a person’s (animal’s
or assets’) position can be obtained by track smoothing and best-fit lines through the GPS
points using the number of satellites, satellite locations, and dilution of precision

25 indicators to assign reliabilities to the GPS

o 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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Using a combination of the above studied metrics, the UPS can be deemed inaccurate. if 10 the
HDOP is above a certain preshold, 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 UPS can be deemed inaccurate. By keeping the thresholds slightly less
strict, accurate UPS corrections can be enforced by adding a UPS memory. Generally, good UPS
points come in succévs%iz\(/’g*fﬁ}o\?vﬂsen the person (animal or asset) is 15in an oﬁ@ﬁ%‘g’g\ the satellites

are not obstructed and inacciaignhPS pibm R THSUHMIesRivat afislaighRAGRHIate UPS sensor

parameters are noted, and cantinues to be so for some time. This appears to be the case because

even after the parameters impISUBHGH A eAmRo#EP VS 415EHRIRGT the first few UPS points are
almost always inaccurate ioregpegtivangié thbjecatual middédOIP trigrebhmigiaireifthestiRd icaffeagion can
be made dependant on the IagftcmSgQ?A A per of UPS points being qualified as accurate GPS
points, resulting in a waiting period to follow UPS after the UPS is deemed to be inaccurate. UPS
comparison with thr2i Afesterstingpithde SBASOF qurstii sl tNemtsrermshdabdistantbepredioted by the new

UPS 25point from the |aglefaite ROl fRRiBR fesiad peanRpHg. INLI increments predicted between the
same two points. Since both incremental distances can be convened to meters, they can be tested to

see if the change in tncletidrt Aradpeaniteie sueey DL rRyRatiamtha deariber daksngkingtetzshge in the
increment an orthogonaineti@eSian (g cameast)igemithitvihRareamankivenbrldent iom tieh Nimigekelatively
accurate for short dista RS.incr nts (readin f within. 75% of WO
2018/108788PCTIUSZ(%Q;E%%&@QV% ‘leﬁi?%r Fé%‘é’fﬁ&ac%%gt?‘ée}?{éaﬁqéri}rae“ Th order to feed back the UPS
point into théONU-GPS AgrsiaresiiofchieseinctementstivéhiiRShpshatdoatidetesi grais dandaigxicpaind of the

trajectory can be taken @ e ths, M@ ¥ RHR P HES Rl Had ans iHsinh Rk i ingsthigugh the

CPS points for track smoothing can help in increasing the number of UPS points used to correct the
path. 5 Feedback uPs RS ddhtdd s ®nccurate When the UPS point is found to be both

accurate in sensor paravheigigsoanel iHocarBRanisie fb\ndRs! bllathBve -t 38Y6H bsiRndasedggdback
control techniques thaté:%r} be used co]gltjiol the s%%e;éi? 8?li:;n(i;onver%ence of the Fusion Point toward the
(

he CIOSES( 3 IBEaies gpam eI 9ag KGRI o

UPS point. These includ® but are noctimted to’N
adaptive coh¥rol. In thisaabrotghdrtvi@nike choosalitectioeaah gychegniiled sartipartibnali contpol. A

percentage of the difteignge gl siRn RRGLGAIGH RS SEIRIoHEME A Ikt IFI SRRty from the

smoothening UPS point can be fed back to the Fusion Point, nction pu e Fusion
Point towards UPS poiffetphiuse taesialg crrerasiidataindorips correct the track when the NU has

caused the trackingsto Wiilingpersyniial Esnahsenesosf MMl feadhark BA aRteh &R Bl RegONStant

such as 0.2 times the 15distance of cgtn]ge made adaptive on the basis of how long the UPS has
been accurate by personnel exits the building, moves outdoors to indoors, the closest Exit to the last known

20 map-matching point is used as the restart of the outdoor algorithm and the last known
heading from MapMatching is used to give the outdoors algorithm its current heading,
After leaving the building, the compass reliability improves once away from the building
and takes over the heading, and GPS reliability improves once both North and South
satellites are visible unobstructed by the building.
25
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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mcreas_ing feedback when UPS is found to be accurate over a long period of time to achieve fast
corrections. FasionPointMeterskE = FusionPoiniMetersk + (GPSPointMetersE -FuionPokulieter
SE) .GPS_FFEnBACK_K; 20 FusionPointhletersS FusionPoin(MetersS + (OPSPointMetersS
FusionPo tMetersS) GPLYEEDBACK K; Where GPS_FEEDBACK IC is thepercent of error
from UPS_to be fed back for 25 correction Other embodiments are within the scope and spirit of
the invention. For eyamigiodie to the nature of software, functions descrifsd/HH8VE 8% be
implemented using software, hardware, firmware, hardwiw, ar combigqyti]o s of agybg{hg e,

Features implem@MteIoetidHS dabir s uhesilR i report which contal

eat . ocated BPVarious positions, including being

g!;sftrlbutedhsuch thadh pasianmivia\dasADB CPSSEBSPEIE IREI BB AtBAS daretimBR-iEHted at
ifferent physical locatigns. . er. ile ipti the i '

description may H‘éﬁiﬁ’aeg Erjﬁ%r?%l%%aﬂ s&"ﬁté\ﬁlg?/aeét?gn%qgg{éﬁg%%ﬁpm8ﬁv%/?1gil$é$%LA gl&)){@ﬂ&l@psﬁhﬁ

pauseEvent. Mait@aeGcailreadiBfRpi syvasmmihsapaited or trackingpeiesy ¢aphe guculatcd using

dataloader.GetRayRateds 40 {taRafse. IFomiheivBirad) rolaiahs agnesef)ind INListcRiagablegsige>
readMessaoes = new List< DataMessage>Qn; ) )
are available in the same report, the first Fusion Point can be determined by making the meter
offsets of the Fusion Point the same as that of the current GPS Point. Also, the INU tracking
points can be rotated from their actual direction, so each Fusion Point can record a
HeadingDifferenceMapRaw which holds the angle difference between the map direction of the

10  person (animal or asset) and the INU direction.

Once GPS and INU points are synced up, the first Fusion Point can be determined. The
algorithm can build the new Fusion Point using the new GPS and INU points based on the
previous Fusion Point. There can be a Fusion Point associated with each INU Point received by

15  the Base Station. The magnitude of the segment joining the current INU Point to the previous
INU point can be obtained using the distance formulae on the meter-based INU Points and the
raw heading or direction can be obtained by finding the slope of the segment. In case of frequent
reporting, the raw heading is expected to be close to the gyro_angle associated with the INU
report since the points are based on the gyro_angle. If they are significantly different (e.g. 10%),

20 it signifies either longer periods in between two reported points or fast tums. In either case the
path taken by the person (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

25 COMPASS_RELIABLE_THRESHOLD), and if the personnel are not performing many tums
(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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if (Paree(toParse, reedNessages)) foreach (nataNassage toProcess In readMessages)
StoreDataMessage(toProoess); 20FitoNodeCodatetoProcess); 25 public void
StoreDateMessage(DataMessage toStore) { lastCommunication = DateTime.Now; 30Boolean
GPSincluded/aMessacre = false; 2oolean INCIncluded/nMessage = false; //Process, Update And
Store DataMessage lock (dataMessages) 35 toStors.PointNuMber = dataMessages.Count;
toStore.ControiNodé¥e 2888/1¢88%ore. plotPoiut = new PlotPoint(O, 0, this, toSteF&)$2007/013039

detaMessages AfglioSIofe. A0RR ITMlees ToSIRMIL = ARIOMPRFRSSSCONY; AL RdaR,Vollace,
et B opuligos]

Temp, Inside/OntsI arm Information CurrentCocation = toStore./NSIDE_OUTSIDE

toStore.insidaValpeiniesiplied triiJis rattoref kisaurvicgLRpein firalihg eYre Swsls sambedetssudied etvalue

-1, CurrentTemp RdRRASRIIGREDRIV BsdRARMEIE e IMicui QSR O ARMhY dessiRrARrMValue :

false; 50r/ Create, Process And Store GPS Information. If Available if (toStore.GPS
current point is determined the HeadingDif}erenceMapRaw lgor the(current point car? be

5  calculated as the angle difference between the map direction and the gyro_angle. The magnitude
can then be applied in the map direction by the equations:
FusionMetersE = FusionMetersE_prev + FusionMagnitude*cos(FusionHeading)

FusionMetersN = FusionMetersN_prev + FusionMagnitude*sin(FusionHeading)

10 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.

15
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
20 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
25 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 gopod 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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CPS_Date toAdd = new GPSData(toStore); alGPSDATAPOINTS,AdditoAdd); 55if
1ValidateGPSDatattoAdd) } GPSLOCKED toStore.GFS_VALID = true; FormatGPSData(toAdd).
toAdd.LoadGPSPoint(); toAdd.PointNumber = GPSDataPoi ts.Co GPSIncludedinMessage = true; lock
(GP_SDataPoints) GPSDataPoints.Add(toAdd); 10 // Create, Process And Store INU Information h:
Available if (2toStore.INU) MissedINUPoints++; 15else (toStore.INU) MissedINUFoints = 0; INUData
tsOASj?: = r_1ewA INllJIIF))am(m(tﬁmms SuildMeterBasedPoints(toAdd); FormatiNUEHESESRHS

uildFusionAnglePoints(tq d% Add.LoadMeterBa | RN
|NUData(toAddi)?‘§%°ﬂ’i\‘Pdf%% I%Ug?gb Biéga t&ﬁﬁﬁs%%gﬁ»%é?ﬁi%fﬂwdd%ﬁ%%?%?ﬁ >
toAdd. StillFlag; 3atopdetBjritNuim BowhsiUBERP viRft¥e0sse o, or on one side of a building, the

satellites in half of the sky are blocked by the building yielding a bias to that side and poor
triangulation, resulting in incorrect GPS points displaced towards the satellite bias. Therefore,
5  poor azimuthal distribution of satelites around a GPS receiver, for example, seeing only satelites

south of a reciever can yeild disqualified or invalid GPS points.

GPS Sensor Parameters Qualifiers and GPS memory
Using a combination of the above studied metrics, the GPS can be deemed inaccurate. If
10  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
15  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
20  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
25  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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toAdd.PloorNumber = this,CurrentFloor; toAdd,GPSValid = GPSIncludedinMessage;
(toAdd.CPSValid) 35toAdd.RelatedGPSData = CurrentGP5Pos io-; lock (INUDataPolnts)
INUDataPoints.Add(toAdd); 40 INUIncludedinMessage = true; 45// Create, Process And Store
FUSION Information if Available ProccessGPSINOFusionAlcorithm(); 1,/ Create, Process And Store

MAP MATCHING | ' Available if (CurrentLocation == Inside &&
mapMatcher.MapMna‘?t%;kr1I(J=§ilr%!2£()edga7 ¥) 50 ProccessGPSINUFusionAlgorithm(); TC™/US2007/013039

nodelnformation@eptel ehashatedn fermatien () oaker W 2808 14088 8R: Tl 2RARTIGASARRYVhat is

R T PR P R
from the INU only. Due to GPS fluctuations, using a best fit line through the GPS points for
track smoothing can help in increasing the number of GPS points used to correct the path.

5  Feedback GPS when qualified as accurate
When the GPS point is found to be both accurate 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

10 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

15  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;
20
FusionPointMetersS = FusionPointMetersS + (GPSPointMetersS - FusionPointMetersS) *
GPS_FEEDBACK _K;

Where GPS_FEEDBACK_K is the percent of error from GPS to be fed back for

25 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

30  also be physically located at various positions, including being distributed such that portions of
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generate ace The inertial navigation unit including at least one accelerometer adapted to 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 10accelerometer data, said gyroscope data,
and said compass data to produce real time position information about said mobile person or object
and to send said regl fime position information [, said accelerometer data, i Qysp559R¢ data, and
said compass data] to said portable data transceiver, said portable transceiver being adapted to send
said real time pdstitaoniniempliarrded brdiikeamginitan tataidransceiver; 15A base station including a
computer coupled fo 2:pa3¢ SRR Ra bARPaRYELS0 ReTRSIRtiehEala-IANAGRIYRICRAING adapted
to communicate with sal porta’b?e ata transceiver and to receive said real time position information
from said portatfROGARaNPAREVENOR. 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 20the mobile person or object, 2. The system according to claim | wherein the
inertia] navigation unit includes at least two sets of predefined gate motion information, and said
microprocessor includes software 25 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. 30
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public void Run{()
{
while (!_Abort)
{
pauseEvent .WaitOne();
Thread.Sleep(_WaitTime) ;
byte[] toParse = dataLoader.GetRawData();
if (toParse != null)
{
FireUpdateProgress();
List<DataMessage> readMessages = new
List<DataMessage> () ;
if (Parse(toParse, readMessages))
{
foreach (DataMessage toProcess in readMessages)
{
StoreDataMessage (toProcess) ;
FireNodeUpdate (toProcess) ;

}
}

public void StoreDataMessage (DataMessage toStore)
{
lastCommunication = DateTime.Now;

Boolean GPSIncludedInMessage = false;
Boolean INUIncludedInMessage = false;

//Process, Update And Store DataMessage

lock (dataMessages)

{
toStore.PointNumber = dataMessages.Count;
toStore.ControlNode this;
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
InsideQutsideStatus.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) '
{
GPSData 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 (GPSDataPoints)

{

}

GPSDataPoints.Add (toAdd) ;

}

PCT/US2007/013039

// Create, Process &nd Store INU Information If Available

if (!toStore.INU)
MissedINUPoints++;
else (toStore.INU)
{
MissedINUPoints = 0;
INUData toAdd = new INUData(toStore);

BuildMeterBasedPoints (toAdd) ;
FormatINUData (toAdd) ;
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.

77



