; e3enr k46Tr HP. WD 02/ 052296 PCT/ USOL/ 43802 METHOD AND APPARATUS FOR A
PCSI TI ONI NG SYSTEM AND AUGVENTATI m LD OF THE I NVENTION 5 (0001]
The presegip dpeRki on rel ates gen "mmmmﬁmm ﬁ field of p@@rrmsgmjggz syst ens
and, nore particularly, to a nmethod ap pparat us for an independent
positioning system and augnentation of a gI obal positioning system (GPS).
BACKGROUND OFMEEIODVEND AP AFATOOPOR LPOSRTIONING BYSTEM ANIRNY devi ces
today that utilize the technol ogy of the global positioning system The
gl obal positioning system ( GEESMENTATION OF 6HShg syst em based on
twenty-four orbiting satellites that broadcast a precise data signal to a
nunmber of GPS receivers. A single GPS receiver can calculate its position
(latitud&lEd)OFditi INMEYTION ti t ude, vel ocity, heading and precise tine of
day using data signals fromat |east four 15 GPS satellites. Thus, these
. GPS réceilil can Thsquesenttimentie whatss awwﬂéﬁcetheﬁekdw&ppﬂlmmgsyite)mm] Each
satellite transmts two signals, an L1 signal and an L2 signal. The L1
si gnal i gndyehue Bﬂtl“@‘éjllwyswatlmh%@@dnpaﬂféﬂﬁcfemlhoﬂ@end?oﬂmltlonlheS}piteot ected code
and the course/acquisition (C A code. Each satellite has its own unique
pseudo- r ahdigiameiatien efoarobabpasitioning syséen Gd#tSon receivers only use the ¢/ A
code on the L1 frequency. In a 20 positioning device that utilizes the GPS,
a GPS receiver nmeasures the tinme required for the sig "”uyw wmmmm-| fromthe
satellite to the recel ver. This done by the GPS recei g its own
pseudo- r SdddeRiRGURY HE INVENTIGN to the satellite' s codeoeaid precisely .
synchroni zi n? the two codes to determne how |long the satellite's code took
to rdlch[0Mal GPs rlewemilsrtherapie nasy devdess tadsy Bar wtiliselthsdechupledy adthel east four
satellites so that any error in 25 the calculation of position and tine is
mi ni mi zeglobal ppsiowing osERD [Hheptobpl nogiipringsam (G5S) b apssitionippovieh A
positioning device utilizing GPSis an effective tool in finding a | ocation
or det er pr¥¢A QY MeenBoEIE prbﬁlncﬁmléltﬁéﬁhat@%ﬁ@we@rqu Hate pigiep] rmnueber plany
limtations. One significant limtation is that GPS is generally unsuitable
for i ndo&PSyeesiversort Figelafpplirecatveineg cglPtH@,t@ lt%tp‘éﬁtWé&aUW%deP“&“H@ﬂ)GDS
satellites is not available. Therefore, is desirable to have an
i ndependéHF“‘bo‘éqlqcﬂ%rheﬁ@“%%dt@‘f”ﬁ“i?tti“}eiOfid%“sﬂf@(%ﬁcﬁlqﬁ'@? fomaleastfa t he GPS or
wor ki ng in conjunction with GPS that |s functional indoors and in other
| ocatlPon&Ritrateditespdhps thegy CPirrceiveshean, oqa@dbwsewﬁ&ewerﬁroaﬁmhw th GPS
systens is that many types of errors, may occur if the information sent to
the GPS M#98] vers Eaghéﬁ‘tFl&jfﬁtrapSmWeakgaﬁlﬁ an b signgland A b2 sigpple i errors
are errors cause&’g &rawtatldonal pull.s on the satelll(iaqes fromthe noon,
P

sun, and St2hd ping 8 e psgrdoriapdom 1ol coddtell PrASEH Sodrqnd e + he

IR AR L AL IR R e R N RO
§I .tef‘.t t n§%|e:2cﬁ£§%%@“r?§a E@%ﬁ?m%{t&ﬁl?nsde\xﬁ% %f%at axe;irﬁgif%i' ﬁ%{n%?:y;m
ti e Zina PoREoReiF A RaE R BetRalEh, ad%f’ Fec TSR TTB s TREDE s ent
our te;Ost'n?lﬁé'tré“i%ﬂlaéﬁwﬁéitwf‘%w FgSearn i e B0 bRt st at es
AR AR L1
[0810] Fis ?j"tﬁl}'éoni?lqglt LG ca?fj‘ésstogﬁteéﬁﬂ 4RASRE Hleg %?%ossclo eté’r?(ﬁoglegmq@em [0011]

Fi gure 5 jédlﬁ r%%“e?‘.t ”?l'?ls grogésg‘gsrcarl e fa with ttle%gtrfgﬁr th%lli?épgg ﬂla{‘ﬁ{}ten&f n

transceil

25  the calculation of position and time is minimized.



WO U2/ 052291~ PCT/ 115111/ ~38112 [0012] Figure 6 illustrates a bl ock

di agram of an alternative enbodi nent of a transceiver; [0013] Figure 7
iIlust rata;i)@of,%ﬂyv chart of a process of determ ning a posicthai/@dseR
transcei ver 5 [0014) Figure 8 illustrates a flow chart of an
alternative process of determning a position of a transceiver. DETAILED

DESCRI PTI m %]0015] Aa?cgﬁfomﬂg dees @tnlzﬁi@WSq'é bSettRfiva@ol iN$@RRBE Rthtidrosi ti oni ng
system and 10 augnmentation of a gl obal positioning system (GPS) are

descri bede, ddgerinfieng é)ﬁdsf?i‘édl NHoweteRi d Rdics 885 gt P Pikhs Many Mighilfi@8E Ohe | NVent i on,
nunerous specific details are set forth in order to provide a thorough

. under st andi, g gk hﬁqﬂ@nowl?ﬁ‘ﬁmm e AR unsHRYR 8 inddok pWditidnidge apparent to one
skilled in"the art that the present invention may be practlced wi t hout

these s peﬁﬁﬂlk&udﬁ%ﬁéé anlrel:tnwé@ BBtht GPEaneRiRs iRt hvaBSIMNTREfE] ises and
devices are shown in block 15 diagramform rather than in detail, in order

to aVOF d QOSGHE tdighvE Qﬁm@é&ﬁﬁ’éﬂt bﬂ%ﬂmﬂ's?ﬂem TSRy t@élﬁmﬁ)@?’ efhet thﬁh dterent ways
to imp ement an independent 0oSi tioning system- Several enbodiments are

descri bed 3peraR ivdrkiddOnRYE inctibh §4it@ GHSRLA i@ Act10BM SndobitanwidiBerhecagfiRar ent to
one skilled in the art that may be practiced w thout specific details.
[0016] Thepneridmeds andumpsdiat us di scl osed herein may be integrated into 20
advanced Internet- or network-based know edge systens as related to
i nfor mat i pgpoSEt ri evadother PloBleiBkitlOOPS Xjsteattis B, manydymp 08 érr@nmanoccanswer
systens. Figure 1 illustrates an exanple of one enbodi nent of a conputer
system Thghs isdramticinentio FRSGES REawesis Slighll inacaigit. eFortinstamch epheh@®?ic Al so
shown coupled to the bus 102 is a nenory 103 which nmay contain instructions
104. Agddi tireRale ¢RANRALS cRRRNTENEIGUNS eltht catéllies Bus HORoaT, supabthst or age
device 105 (such as a hard drive, floppy drive, CO-ROM DVD-ROM etc.), an
3 WO 02/ 8kolaPalilakise. | Tesd@firs fdcnipei satel Bi¢iseebill QBthéistmohs s eaiskeyboar d,
nouse, |ight pen, bar code reader, scanner, m crophone, joystick, etc.),
and an outapgPs eRviv&avittOFis ¢ yie off irdsimatit sy ese thigmfdrination ®pekidees, etc.). O
course, an exenplary conputer system could have nore conponents than these
or a subsegbsififn dldeinronoBentractirsdye Theipdt:] #is dehieabietothade dlpssiioningd above can
be. stored in the nenory of a conputer system (e.g., set top box, video
r ecor der s,sysém ujilizg wcimelgpin donphetiontwithi3PS thatiseppdice eugneuitatias dathiown by way
of exanple in Figure 1. In addition, the instructions to performthe nethod
descr ijged halpayrs reqiNets @irearenats tiraimay lpecis frorated lating tinkend fooativs. of
machi ne-readabl e nmedi a, including magnetic and optical disks. For exanple,
the nethod of the present invention 10 could be stored on machi ne-readabl e
medi a, such as magnetic disks or optical disks, which are accessible via a
di sk drive (or corrput er-readabl e rredl umdrive). Further, the instructions

j QOA : a data network in a form of

conpi |l ed and I[nked ver5|on
[0006] The present invention s illustrated by way of example, and not limitation,

in the figures of the accompanying drawings in which:

20  [0007] Figure 1 illustrates an example of one embodiment of a computer system;
[0008] Figure 2 illustrates an embodiment of an independent positioning system;
[0009] Figure 3 illustrates a block diagram of an embodiment of a transceiver;
[0010] Figure 4 illustrates an embodiment of a positioning system;

[0011] Figure 5 illustrates a diagram of an alternative embodiment of a transceiver;



[0018] Alternatively, the logic to performthe nethods as di scussed above,
could 15 be inplenented in additional conputer and/or machi ne readabl e
medi a, sugly @RsshogCr et e hardware conponents as | arge-scal @diisggshed
circuits (LSI's), application-specific integrated circuits (ASIC s),
firmvare such as electrically erasabl e programmbl e readonly nenory
( EEPROM s0012nd el ddgure € dlustrangstai bialc disgcmust ancdtkrnathe eotbhéimehiorfias  of
propagated signals (e.g., carrier waves, infrared signals, digital signals,
etc.). 20trqd&ied; Figure 2 illustrates an enbodi nent of a stand-al one
positioning system 200. The positioning system 200 conpri ses at |east one
. transcei vi#013110 andigtre V dhistratesndlaw e ol & pexcesd 20detdrmifingrupeit@n obae
transcei ver 210 and four transmtters 220 are shown. The transceiver 210
det er m newanstegvgyomidt i on rel ative to the four transmitters 220. In
alternative enbodi nents, nore than four transmtters may be used. The
transnitt 0841220 ndjigure 8 Abistragsadldwchanof ah dlethating prheaseoff determing asyst em 200
to function. An exanple of such an 4 WD 112/0S2291 PC T/ U Sl 1/ ~3802
appl i cat i position ofiaimangcdivery t hat has four transmitters installed in the four
corners of the building. As a transceiver noves around the building, the
position of that transceiver can be calculated relative to the
transmtters. In another exanple, autonobiles equipped with a transceiver
and a tr aREFAIRED DESCRIBRTION i sh a rel ative positioning franmework with
respect to one another. This would establish a "virtual bunper'' where the
"virtual WdkfHer" préowicthed aztpnappaatas fos an sdopeadent pebitioatls syssem ende, and each
vehi cl e can avoid collision by using the virtual bunper and distance
i nf or Mt | sigmentatipeobr glebal pesitioaingsystgrp (FBT) ar dpgeribed Injtheifllpwings an
enbodi nent of a transceiver. The transceiver 310 includes a radio frequency
uni t 322, dejeilsd slessaintionpeicheresenignyantion, Bpmeroghipeeifie detpils|azg w5t fosBdn 10 The
radio frequency unit 322 and the baseband processing unit 324 are a part of
a short reMedomrqvidecstoroughinderstandingef the praseat gvaion.ofloweysr itvdldeei ver 310.
The transceiver 310 receives a first code 345 froma transmtter 340 via
t he shor t anparegetoving skibledsin theramihat dhetirepast isreaieramay Bomactivedwithqusthegode 345 i's
recei ved by the radio frequency unit 322 of the transceiver 310. The
t r anscei venecifie gelgdn clnspme ingtarcss ovedl-leewa stretvey e slevers areoshewn imideck j r st code
345. In one enbodinent, the first code 345 and the second code are noise
codes !5 | ndiggremy faepirgiberd s Heipih i ordera axejd aascigng thergsest WEstioype of signal .
The correl ator 330 on_the transcei ver 310 uses both of these codes to
det er m neTharpagseyeral diffesmt wagstto implpaend jay ddepepdent gosifiqning sysemnatverdl ansmi tt er
340. [0021] In one enbodinent, the correlator conpares the two codes by
cal cul at i pabediments argwescrpgd hepsa. iRrevenh Ehers 3re pthelgvays étﬁHWfﬂHg bearpaieat code. The
correlator does _this by nmultiplying the two signals together, and
det er ni ni PO skillpdinghe &t tatpayrbeipsg 'WW?SWEC&WEM is sent to a circuit
that shifts the two codes intime to determine a tine shift between the
codes. ThB®M¢lhe shiFhe methadendianpgrathsdiseipsdeherainmay g iffseeteddiifeen t he
transceiver and the transmtter. The transceiver can use three first codes
t r ansA? t t adyapspdJaterngt- eengtvarkdasediapeleges sysiers ?ﬁrﬁ@teﬁf%m A si onal
position with respect, to the three WO 02/ 15229& Oﬁ?CT/ hJShJ 1 /-138U2
transmtt Bféeva {Ragion gxtragtion; 4dqupsiign apd ansYPIFERF-JHEYE A SHEEE 4ty woul d
be greater if at_ l|eas (;,our tfransm'tters a,li,e us the transceiver to

odt t %l

ed
det er mi neS¥WIgfane eghodinglof AR SYFER 'Stg’i“rsg W RS epraoEshihct to t he
time neasurenents used the transcej yer n ternativ odi nent s,
ot her t ypggl “uped It%ﬁg‘é& ]i%gn AE@PW&%&‘?}‘ fathe b‘ésdl%{z & %@?‘E?%ﬁﬂg&?ﬁg
transceiver's position,relative.to the transmtter. 022J) In.one
bhhod meney AR atsarions LA oaa OB SR T Fublet T o 102 28
Bl uet oot hTM st andard.. Bl uetoot hTM i § a pr.ot -range (10 neter
fr equ%ﬁcy“ﬂ‘@ﬁ‘ba‘ﬁ@“er]g’éi(ﬁmﬁ P?ﬁ(haﬁ‘ggr\%eﬁo@é'\%ir ‘c‘,‘%@k‘)ﬁxﬁ@%ﬁfﬂﬁaﬁa I l(.let oot hTIVI)
standard elimnates the need for wires and cables while allow ng for data
and voi ce conmmuni cation interaction 3



10 between that device and anot her device using the Bl uetoothTM st andard.

Bl uet oot hTM t echnol ogy supports point to nmultiple point connections so that
up to sevfiy @a¥iwes can be set to communicate with one cophigalshRyssfevi ce
and with each other. This is called a piconet and several of these piconets
can be established and |inked together to formscatternets to allow

conmuni catil RNJAMRNGs (65 & LIRYHd4 htfube Neht pkd) bande rdagel] srifer, 15 sever al
transcei vers using the Bl uet oot hTM st andard can determ ne position.

i nformat i g)cBYhdne THIREE atd )NghdinlohtpEKkeTcal 01 (sadhsa¥iatphiafes, nfdnor, uhltds, t he
Bl uet oot hTMCls%ﬂénd’ard and v?n th eacrlljﬁot her . (%023) I'n an alternative

. enmbodi menfe yt g oS bn E)éﬁ\%@dl%dlﬁét@é%ﬁ@&mm At RRScopipanehay War thesan | EEE
802.11 b standard. The | EEE 802.11 b standard is a wireless | ocal area 20

networ k ( lepNkuistiidrcdngeratsoped, by the Institute of Electrical and

. Electronic Engineering (IEEE) commttee in order to specify an "over the
air" int er[é(ﬂqF bet WERmahyd defdrRes advk edit beastiledin iasBemd @ iof ®Bomputeccess
point, as well as anong wireless clients. A wreless LAN (WAN) is a data
transm ssispfierd Y&k 0% BpSoLReRo k& oRleBYételPad st itsniuiitap enistasxbouts aor k access
bet ween conputing devices by using radio waves rather than 25 a cable

i nf rast r ughsweby Wiy SNaRplRedrER@tl. Ii hlitohaths aBirkeioas ©eatfomuthe methed | EEE
802.11 b 6 V1' O (12! (1;2291 PCT/115111/~38(12 standard to communi cate

wi th transidibed soovs taigd hlkenatifEirbSaared b othtefothay of nedetinwirdalialdaatdiat her to
determ ne position relative to the transmtters. (0024] Figure 4 :
i1l ustr at gfclading@hb@en@bid/épticaTaads. i kxanfpld teasdtiddasfitiecpresysttieventiokhi s
positioning system 400 i ncorporates a gl obal positioning system (GPS) with
an i ndgpengdeltbe BREIdtdnGchie SaabiRemedilSugnsintdgoeticniisks psomical4idds, odighr | ses at
| east one transceiver 4|0, a nunber of transmtters 420, and a nunber of
GPS sat el ldrd £3es4BR vid Ndisk Qtives odlconfpater-rdatabtsmedite dsiven dufticr thaGPS satel | i tes
are shown. The transceiver 410 determnes its position relative to the
transm tt ghgruééhs anibd dwevilaGedsiatoad doinpetngdldfice bver aldae matiorlvia adadpoeli nent s,
any nunber of transmtters and GPS satellites may be used by 10 the

t ranscei vejoniplledi@iddmiedrecréitrs posi tion. An exanple of this type of
application would be a plurality of buildings that have transmtters
instal | ed [peusach buitkickingly, elsge totpeeforel the gethiodhasalisensedawvaepuldoul d be
able to visit each building and determ ne the position of the transceiver
by using itfimpheaichea if additiohatchmpiter dndanmathitcerslabladnediresucPss disgreit | i t es. As
the user travels outside with the transceiver, the GPS satellites may be
used to deffaedwiri€nigoaertSad lagedsiabninefratel eir¢uita s \applicatipsbpteifieach bui | di ng,
the location of the transceiver may be determ ned using the position

cal cul at edinwigtatedicirtuwitsABI@E), fimpmare hieh GRGecsigally plasable pipRrameMbIE fiafg t hat
position with information fromthe transmtters in that building. This
woul d al | couly lmembrygd BEBROWES); tral ebstrizhl, putisalaacensiicplomi othenfosns ¢the transcei ver
within that building. Thus, the user is able to determne a new position
whi | e t r avebpagetet sipmae(e.2Gatigi Wevengafrared signals, digital §ig8ale$tPdli | di ng, and this
is done using both the GPS and the independent positioning system [0025]
Fi gur e26 i j0D1t r at eFigare 2ilbsitaven embediment ohnsand-glaye posiyionifg sysiemg200.

enbodi nent, certain conponents of a short-range conmuni cati ons standard

t r anscei veTheReitianidg sysERE2Maoaipiisss ablawt aredrapssiyPheld and af 63t 8fent a
positioning systemthat uses 25 both a GPS system and an ent

I ) i ndepe

posi ti oni nmamsmistee P20. Thdigateds onerteanspsiver 2 apd Squr fragpsyraiters %’@Iﬂ/“ig@'i’ﬁf the3g( 12
transceiver 210 determines its position relative to the four transmitters 220. In alternative
embodiments, more than four transmitters may be used. The transmitters 220 may be

25  manually installed anywhere for this system 200 to function. An example of such an



communi cations standard transceiver 520 conprises a radio frequency (RF)
unit S22, an analog to digital unit S24, and a baseband processing unit
526. The Q@Smﬁ jver S40 conprises a radio frequency (RF)P( id/P6 an
analog to glyta unit 534, and a baseband processing unit glﬂ’Gs” I'nthe
enbodi ment shown in Figure 5 parallels may be drawn between these units in

order t Ona{pB ?Htlgﬁl% AYUBESE BlaV §ls Bl PrandniBR&S thshatieHih Shbrobd doWitd &tugs an

enbodi e a positioning systemthat incorporates a GPS systemand a

| ndependenf;  pRsiak 'a%@hgagavéxﬁémhlton@é the D&k, &@95%@&9% GARSIMNAGAS | Ons
standard. The~transcei ver O conprises a radio frequency (RF) unit 622, a

. baseband @%&%&f&d nélatWé & th@ %%nsnﬂﬂg s AInGAbMHE! &hfple S3Ebmobi1&s e%qﬁ%@cp@ith( er 610

receives a Irst co e 645 froma transmtter 640 via e short-range

wirel ess OIS aid %sﬁhﬁpgﬁ{gtablﬂﬂ% rEl'aﬁ@tpoﬁﬂgﬁn ﬂﬁnéﬁmk%ﬁﬁ'ré’sﬁ%tby t he

. radio frequency unit 622 of the transceiver he transcei ver 610
gener &f es;,3nsecand tRIG LA CQth'Sl'Isﬁ%p‘antqaltBanlth&twhfeiert% “Gageo@dsr The

correlator 630 on the transcei ver 610 uses of these codes to determ ne

the posi t}8pq6fant %tofgdf@tyafo%h&e&ch%qclé eina%acmem@lekmvotd@msssmntbtyer 640.
Simlarly, the transceiver receives a first noise code 655 froma

GPS sat el lhélﬁgethéﬁﬁualmﬁp&ram%%veeﬁafo%&uﬁ%ﬂﬁfe%&sv@n@@cond noi se code to
correspond to the noise code 655 and uses these codes to determne the

posi ti Onngi)zé jhe tr @ £ N1Q5traekQn ebadiiné® of @ trhiee @S TE@trastived 36650. - [ 0027]
I n one enbodi nent, e correlator conpares each set of codes, the first

code to tiﬂ@lua@scaqa&loﬁ@qiﬁnmlttm,ébdsaiandlpﬂos&sxﬁg)dnﬂt 120, iihe: @erelid 38@i se code,
by calculating a 20 tine shift between the respectlve codes. The correl ator

does {{i sTRYr, amélﬁtet,wnyy fdt TRGRA IWbasBEIES PRBM\GitGd ek o pageif Betior-and
determining if there 1s a correlation peak. The output is sent to a circuit

that shiff.g @@ﬁaegs\e@mﬁ]qmeaﬁmadmm TOWGE theitfandckiver 310. TRé eimstéierBhe tine
shift. The %lma shift is used to deternmi ne the di stance between the

transcei VRkeio&sth fir El_%oaef ARt & Bhnstighr Bh@vid kistsBncanbetweless the transcei ver
and the GPS satellite. The transceiver 25 can use three first codes

transm tt gghinié Ao 3ND.t TRY Srst RdEI®L5EE Fackieed BysthSradion®sagéemepahit V1' O
112/11S229C PCT/ US( 11/ ~38(12 position with respect to the three

transm tt g1Sof t tnk@vey3 10 e tiiaARSi0& M 6 lzebdlestiecdnt ked: tnobis@patides
transmtted by three GPS satellites to determne its 3-di nensional position
Wi th 1espget filscoif®4s h efe R IsRém thd fisiscodt-Biseand the sasindgioddwrs nbigpe of

cal cul ation, the accuracy would be greater if at least four transmtters
and at | eagdes.f BulterlBe2abodilichgsthac@esimegbdanothhetype afisigrel. Ve t o deter mine
its position. This would correct any errors with respect to the tine
measur ene pérfelateesd 0 by tHeh@nice osTi®i vserhoth of thds¢ erdasitoi determeimb debi positionsof ot her
types of cal cul ation nethods may be used to determ ne the transceiver's
posi tion et @drssetvet 810 IBRLIVE @NBaNittahisatiterdntl GPS satel lites. [0028] In one
enbodi ment, augnentation data may al so be exchanged between the 10 GPS
syst em anghoa1phor t -Ifi amgembwidinedng Ike @emlaton cantaranise twotceddsdyealowlating a
transceiver. This information can include, but is not limted to

di f f epent tifk shifirbemetn Ho Sirst whdbeand tieseaud wedet dhe oorrdatetdons (WAXS) correcti ons,
satellite epheneris data, doppler shift estinmates, satellite snapshot data,
and t er r aimmltiphyisg thd hissignapaogethenpgideteratiniog if dlerais myrr@lamcm/pe@lh eller anscei ver
to track weaker signals fromthe transmtters of the stand-al one 15

posi ti oni pgpsyisteamoasineit thatshiftsike twognddsdn fime t detesmi@Ps tirabift i t es. [ 0029]

I n one enbodi nent, the positioning system may be conbined with ot her

net wor ks eémytstfnemies ATheemmminiiemisedth|dstemypsathgﬂlstamemehmendw is a
positioning systemconbined with an Inertial Navigation System (INS).

Gener al | y trameib&i@nd the adssittem The tramsoeieer aeit e dhronbisesodes wppsoisied pes, and/ or

i nclinoneter sensors. A positioning systemin 20 conbination with I NS may
det er b ne thréetrpesitierson dgérntitreits I-dimsosonabposiioh mithiresbeat tathe dWes r om t he
transmtters as well as following the trajectory of the transceiver as it
noves. In one enbodi nent, the transceiver can reinitialize its position
when the transceiver is close to another transceiver to avoid errors
created by the INS. [0030] Figure 7 illustrates a flowhart of a process of
determ ning a position of a 25 transceiver. Step 710 includes sending a
first code froma transmtter to a transceiver via a



WO 02/(1,22")(i PCT/USI/~3802 short-range w reless comuni cati ons standard.
In steps 720 and 730, the transceiver generates a second code to correspond
to the figglones8;and conpares the first code with the segperdsspdRe: Step
740 involves calculating a distance between the transmtter and the
transceiver. Step 750 is determining a position of the transceiver relative

to the transMidetLHoRedR! Rhe tiISypobEdlAlafbh, BleSlaRES RRIVRER 4GS T ansni tter
and the transceiver. [0031]1; Figure 8 illustrates a flowhart of an

al t er nat i g RSP G8Sifdrs S8 LBy MthndeReSoldeRANBE itdpdsitANS FRisWRuId St ep 810
i ncl udes processing a nunber 0f first codes sent by a plurality of

_transm tt ghRcf My drrbfisNHGEIPY&G o thSHBR PR QirdritUBESbPIO GRKE4I0&G, & nunber  of
second codes generated by the transceiver. Each second code corresponds to

a first cggghatil®efibRPSents oyl s &A€atoh diRANEBELY B%d BY RE8HERIhaA Nunber
. of first noise codes sent by S satellites to the transceiver and a nunber

of secondyiRtERIePIaGoIRREISh ek hinsihier.t ranscei ver. The second noi se codes
correspond to the first noise codes. A position of the transceiver relative

to the trmosy tter 9n ancentiddinsent Bk bidre@ngeSwitkadse cohmneslcdtionsitaladi®a 1 n step
860, augnentation data is exchanged between the transceiver and the GPS to

det er m negf,BEothd sﬁzﬁﬁllrntd' Wl\.ieﬁfotﬁmﬁ atpg&&:%ggf & @lort!r8l @1 MBeth fleh@nby-ansm tters

and GPS satellites. [0032] A nethod and an apparatus for a positioning
system and au t of GPS have been i bady QU resent

i nvention H&% '-“g%cggﬁ ﬁ@é@%‘r"?ﬁeﬁ?ﬁ % 2\ ‘r?eé’*cg(r%% ne g%@t %:kos %e c?té!déltaee;ll g rrlfaal%a%ﬁlglfp

enbodi nents, it wll be evide t.ha riops.nodifications, and changes may
be rmde. ¢ Be s b RS e Aot tor B R T P b B s B8 i 11t 20
and scope, of the invention. Accordingl he i f.icatjon drawi ngs are
to be?(?eg?;\ert%l'é‘ﬂ’ tﬁ?ﬁ dgyicq qnd foptherdevige ?séf?grfﬁé BEW‘?E?H%Q\P ﬁiaé’g?r‘réi ?ﬁ‘ie\tf)é)%ggnse. 25 10
V1' O 02/ 05229h PC~'/1JS01/ ~3§i{1% CLAIM5S What is claimed.is: - 1. An

appar at us'CEHIPRSY SPRgITs Boipkig mudtiple paint canTieghlons §o that yn tp S§veR davces b,
transmtter via a short-range w rel ess conmunicat i on@,s_t anﬁlegrd, t he
transcei vt tRoRBRUNGaRgVish Qe cepftplisiiruice gpywih cach othst RS 6RllsgR t he

transcei ver that uses the first and second codes t(g finpd t?e di st ance

bet ween t Pionet aiMsERerlt thesepiconsts cambrsssiaplished apd linked fogenel ! forsi ng t he

di stance to determ ne a position of the tqrm%nscei ver rel a%i e to the
transmi t t &atterpets tgalloyipomnupisatiopranong fhese CoRREYTaRQRSt HgPng e g%@fs%r recei ves
first codes from10 at |east_four different transmtters, the transceiver
usi ng 1§ hesavpiaktransesivess ysingdhs Biupiopia™ stapdarl cagpteamine pasitioinEraptian by el at i ve
to the four transmtters. 3. The apparatus of claim1l wherein the

t ranscei vesmrumitdtiag withrspvera gsnsanitteasialep using the Bluetooth™ standard and with

each other.
[0023] In an alternative embodiment, the short-range wireless communications
standard is an IEEE 802.11b standard. The IEEE 802.11b standard is a wireless local area
20 network (LAN) standard developed by the Institute of Electrical and Electronic
Engineering (IEEE) committee in order to specify an "over the air" interface between a
wireless client and a base station or access point, as well as among wireless clients. A
wireless LAN (WLAN) is a data transmission system designed to provide location-
independent network access between computing devices by using radio waves rather than

25  acable infrastructure. In one embodiment, the transceivers could use the IEEE 802.11b

6



frequency unit with a radio and a baseband processing unit. 4. The

apparatus of claim3 wherein the radio frequency unit of the 15 transceiver
receives (Wigofdshsl code sent by the transmitter. 5. The agpan@l)\ysadb claim
3 wherein the baseband processing unit processes a noise code received from
a satellite in a global positioning system (GPS), the transceiver using the

noi se COd@caﬁdalcﬂ%E%ﬁﬁhﬂl@at@“msﬂahénqae@tmﬁ etmrﬁzmquwanaa% akd Wn daen t he
satellite. WO (12/(1S229( PCT/| 1 /-438112 6. The apparatus of

claim5s V"Gtﬁézecb'aethlﬂﬁné ﬁ&ﬁ%ﬁ%léﬁﬁfe b ﬂﬁltl'dﬁisﬁaﬁtt@}s short-range wirel ess
communi cation interface to exchange augnentation data with the GPS. 7. The

. appar at usgghqic! ai Mpgy ekt aﬁ%ﬁfﬁ@%ﬁﬁob&ﬂwﬂﬁif@ pbSitisRhESLesl. from the
group con3| stl ng of differential corrections, w de area augnentation system

(WAAS) 5 gk ﬁ)@ﬁttldn(ﬁ{gss;yst&ﬁt@b hdcbﬁaoﬁama%@wbhﬁm@mbﬁ sierpl @psyithtn est i mat es,
Th

. satellite snapshot data, and terrain naps. e apparatus of claim1

wherei 5 t hRe et pcssﬂnﬁhﬂlf\@iygt@meiﬁe f&mm@ﬁs&dﬁom hiphidalablichs o uet oot hTM 9.
The apparatus of claim 1 wherein the short-range w reless comuni cati ons 10

standard st 4862 nhidder HArandhiGedBRARAY d'furier 6f @PFkdlelMREAR. Mnt he fir st
and second codes are noi se codes. 11. A systemconprising: a transmtter to

transmt gighiel £ fouf BERNGRITE SROORAGPDsatellittd e SHoMAS Thé tr@fscditdrago @ short 15
range w rel ess communi cations standard; a transceiver having a radio

f requency géB¥minddhits hostidd reRtil@@itRe rAshRERIZE aldWBe GPEShteiRd@30.tihe transcei ver
generating a second code; a baseband processing unit on the transcelver

t he basebafgnR#ee8ssiinents Rh} nRfiBF 85 GARARIHAH TPSGOURItd: ARG bEaskdlb:
satellite in a global positioning 20 system (GPS); and 1 V1% 02/ 052290

PCT/ U$3 1 142 &iver 16 Abfehiat RE p@Rtioh N Antek@nsic off tR typetof epptiesticdlvaful beusi ng t he
first and second code to determne a first distance between the transceiver
and the tpansdlitt $@uildinBEthat have transmitters installed in each building. A user traveling
with a transceiver would be able to visit each building and determine the position of the
transceiver by using information from both the transmitters and the GPS satellites. As the
user travels outside with the transceiver, the GPS satellites may be used to determine the
15  location of the transceiver. Inside each building, the location of the transceiver may be
determined using the position calculated with information from the GPS satellites and
combining that position with information from the transmitters in that building. This
would allow the transceiver to establish a new position of the transceiver within that
building. Thus, the user is able to determine a new position while traveling between
20  buildings as well as in each building, and.this is done using both the GPS and the
independent positioning system.
[0025] Figure 5 illustrates an embodiment of a transceiver 510. In this
embodiment, certain components of a short-range communications standard transceiver

520 and a GPS receiver 540 are combined to implement a positioning system that uses

25  both a GPS system and an independent positioning system. The short-range



correlator determining a first position of the transceiver relative to the
transmtter, and the correlator determ ning a second di stance between the 5

transcei v@Jo @ndrfohe satellite in order to determne a secopqd,Resiishen of
the transceiver relative to the satellite. 12. The systemof claim11l

wherein the transcei ver receives first codes fromat |east four different

transm t t @nfnudid¥@okd HAIHE bMReeiVsi N0 cbRfrises & FldiccRABSIcY RE)aI@rNENA a position
of the transceiver relative to the four transmtters. 10 10 13. The system

of cl ai m dnhiogheamits 1BAGH, bh PN BLEDME PrdceS R \IER 5SS THRGRE 66346 r om at | east
four different satellites, the transceiver using the GPS noi se codes to

. det er m neccinPRE 4 la@ib fiRhudhE\e(RF) anis §31, W nall (M taligitdl un@ sBMeind @Whsebidel | it es.
14. The systemof claim|3 wherein the transceiver includes a short-range

Wi rel ess sopatRg Gat 5380 14 M embodiMehtQheXE MamgRe SUAREBK alay 0B dehaina Wi th the
. GPS. 15 15 15. The system of claim 14 wherein the augnentation data is

sel ected batReBnith@e GRHIRUR oRlBNSifsi 612 t@hscdiveil BoeNnt i al corrections, wi de area
augnent ati on system (WAAS) corrections, satellite epheneris data, doppler

shift estjoopéles, SFigkd 6 liastRAREBObodakR of aPOsifididgaysteaps. 16. The system
of claiml1l | wherein the short-range w reless comunications 20 standard is

Bl uet oot hihbbrpdidtes a GYO sPnmrPDihddpendddGhobitiodBE ddtehythatllzes Symitamgel claim 11
wherein the short-range w rel ess conmuni cations standard is | EEE 802. 11 b.

18. The sysfiminiediosd indard 1 Thhesrstdivdr 680 Ednipisesnddis gequedc e dgsni@r e noi se
codes. 19. A nethod conprising; 5 sending a first code froma transmtter
to a transrxhvaskbatdpraesimgihit 624)gad a correlator 630. The transceiver 610 receives a
10 first code 645 from a transmitter 640 via the short-range wireless communications
standard. The first code 645 is received by the radio frequency unit 622 of the transceiver
610. The transceiver 610 generates a second code to correspond to that first code 645.
The correlator 630 on the transceiver 610 uses both of these codes to determine the
position of that transceiver 610 relative to that transmitter 640. Similarly, the transceiver
15 610 receives a first noise code 655 from a GPS satellite 650. The transceiver 610
generates a second noise code to correspond to the noise code 655 and uses these codes to
determine the position of the transceiver 610 relative to the GPS satellite 650.
[0027] In one embodiment, the correlator compares each set of codes, the first
code to the second code and the first noise code to the second noise code, by calculating a
20 time shift between the respective codes. The correlator does this by multiplying each two
corresponding codes together, and determining if there is a correlation peak. The output is
sent to a circuit that shifts each two corresponding codes in time to determine the time
shift. The time shift is used to determine the distance between the transceiver and the

transmitter and the distance between the transceiver and the GPS satellite. The transceiver

25  can use three first codes transmitted by three transmitters to determine its 3-dimensional



wirel ess communi cations standard; generating a second code to correspond to
the first code; conparing the first code with the second code; cal cul ati ng

a di st ancgg,oq?y‘wégp the transmtter and the transceiver; apgrARofgkes M ning

c & I . .
a position of the transceiver relative to the transmtter using the

cal cul ated di stance between the transmtter and the transceiver. 20. The

met hod of , ¢lal, Wik edpbltt DBk 1FPIbSIHRE. ShRiISHOMS udfsceiv@eai Welged i r st codes
fromat l'east four different transmtters; and determining a position of

the transgaiVehesBhdhitkg by SrdetPsf QdNitdsta as@iniheEkss3-dikensddnalositibhe met hod of

claim 19 turther conprising the steps of: sending noise codes froma
. satelli tewltﬁ'heép&{ Qhal RS BRIIRG. $WeN (EH3his bype bheldulpiosars ver; and

processi ng the noise code to determ ne a position of the transceiver

rel ative §Q,lLRewsal ek bichRr ifdbledst for tranditld2d £A32PREst RuT GPE sditilifes re13802 22.
_ The nethod of claim2I wherein the step of processing the noise code is

done by %Q@%ﬁaﬁﬂﬁnﬁ&%%ﬂeﬁﬁniﬂ@iﬂ pdftich NEhis N RICeHY@ Bay &ibrs Whie et hod of
claim?21 further conprising the steps of: receiving noise codes from at

| east fouUfesSil Blthd &R me@NEbnRnd QEQALYItR Rbhsédier PRsithadveembblimentsanscei ver
relative to the four satellites. 24. The nethod of claim23 further

conpri si Ngmthepes lo@ PalflatfuGhuanbas Mgy BAIGHIE RS @dtér@imedind tlanbiveeepositva GPS and a
short-range wirel ess conmunications interface on the transceiver. 25. The

met hod of kRt B R4 nwheligdrhadd@PydgmRes ati on data is selected fromthe 10
group consisting of differential corrections, w de area augnentation system

(WAAS) cofgogst | 0ns,In%aé ehbddirgengRbgREttion dataanaydip bk exchsiped betestr that es,
satellite snapshot data, and terrain maps. 26. The nethod of claim 19

wher eijp t BPSSPAh 2A@H FRrVWhERIvEREsC QI eaibhoinerfatcandardsceveB Thet oot hTM 15
15 27. The nethod of claim19 wherein the short-range wreless

comuni caldremetion edmdagiodd, butlibREliBR2d thlliffere@Bl coffeatiametwidelared cl ai m 19
wherein the first and second codes are noi se codes.
augmentation system (WAAS) corrections, satellite ephemeris data, doppler shift
estimates, satellite snapshot data, and terrain maps. This type of augmentation data may
allow the transceiver to track weaker signals from the transmitters of the stand-alone
15  positioning system as well as the signals from the GPS satellites.
[0029] In one embodiment, the positioning system may be combined with other
networks or systems. An example of this type of combination is a positioning system
combined with an Inertial Navigation System (INS). Generally, an INS inc‘;ludes one or
more accelerometers, gyroscopes, and/or inclinometer sensors. A positioning system in
20  combination with INS may determine the position of the transceiver using information
from the transmitters as well as following the trajectory of the transceiver as it moves. In
one embodiment, the transceiver can reinitialize its position when the transceiver ié close
to another transceiver to avoid errors created by the INS.

[0030] Figure 7 illustrates a flowchart of a process of determining a position of a

25  transceiver. Step 710 includes sending a first code from a transmitter to a transceiver via a



15 w0 (12/0S2291 29. A nethod conprising: PCT/USII 1/ ~38112 processing a
nunmber of first codes sent by a plurality of transmtters to a transceiver;

processi nggpgr of second codes generated by the trangeqh gl ssgach
second code generated to correspond to each first code; processing a nunber

of first noise codes sent by a nunber of satellites in a global positioning

syst em ( Gihgk-rhfbetWiRidsd ARSRG1IMRHRs PHASES B fMps 22BN, At 1&REQRY noi se codes
generated by the transceiver, each second noi se code generated to

correspo ngkntsﬁte@ag&om Esde t@@élﬁt@p&]@@&the &g cddd aﬂ@&&ﬁﬁﬁré@itlﬂwﬁ@ ®Rashithon of the
transceiver relative to the transmtters and the GPS. 30. A

. machi ne-r gadaBh@c ik ORRPG4MBILNE LaRNMALRS ¥ diSARRBKIWAE) theIRANAREANE fhe
i nstructions executable by the machine to performa nethod, the nethod

conpri si ngénsé’éi&h@.e%g NS0 R deiRRIng @fpodilisSdr ROEiRScehRNeldiVe B thE Hidhitly Of
.transmtters to a 15 transceiver; processing a nunber of second codes

gener a§ edydy, tho LIl ANPERENR betvRBEIle BRI GREIMe BBAREREECD to correspond to
each first code; processing a nunber of first noise codes sent by a nunber

of satellites in a global positioning system (GPS) to the transceiver; 20

processi ngoaijnunberrigie §apordesidichehaosn ajenahetpesteyofdbterniniagscei ver,
each second noi se code generated to correspond to each first noise code;

and det er pasition@®f @ trR8eiver018tepf8 10 I ludespreasdivgeds nubseAbf fitet dodestshst byansmi tters
and the GPS. 16 . A .As. A % As. Ae. A Ae. Ay. Ase. AL A". A As. A. As. AsCcz"y@
plurality of transmitters to a transceiver. Step 820 includes processing a number of second
codes generated by the transceiver. Each second code corresponds to a first code. In steps
10 830 and 840, the transceiver processes a number of first noise codes sent by GPS satellites
to the transceiver and a number of second noise codes generated by the transceiver. The
second noise codes correspond to the first noise codes. A position of the transceiver
relative to the transmitters and GPS satellites is determined in step 850. In step 860,
augmentation data is exchanged between the transceiver and the GPS to determine the
15  position of the transceiver relative to the transmitters and GPS satellites.
[0032] A method and an apparatus for a positioning system and augmentation of
GPS have been described. Although the present invention has been described with
reference to specific exemplary embodiments, it will be evident that various modifications
and changes may be made to these embodiments without departing from the broader spirit

20  and scope of the invention. Accordingly, the specification and drawings are to be

regarded in an illustrative rather than a restrictive sense.

25
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2. The apparatus of claim 1 wherein the transceiver receives first codes from
10  at least four different transmitters, the transceiver using the first codes to determine a

position of the transceiver relative to the four transmitters.

3. The apparatus of claim 1 wherein the transceiver further comprises a radio

frequency unit with a radio and a baseband processing unit.

4. The apparatus of claim 3 wherein the radio frequency unit of the

15  transceiver receives the first code sent by the transmitter.

5. The apparatus of claim 3 wherein the baseband processing unit processes a
noise code received from a satellite in a global positioning system (GPS), the transceiver

using the noise code to determine a position of the transceiver relative to the satellite.

11
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8. The apparatus of claim 1 wherein the short-range wireless communications

standard is Bluetooth™.

9. The apparatus of claim 1 wherein the short-range wireless communications

10  standard is IEEE 802.11b.

10.  The apparatus of claim 1 wherein the first and second codes are noise

codes.

11. A system comprising:

a transmitter to transmit a first code corresponding to the transmitter using a short-
15 range wireless communications standard;
a transceiver having a radio frequency (RF) unit with a radio to receive the first
code, the transceiver generating a second code;
a baseband processing unit on the transceiver, the baseband processing unit
processing a noise code received from a satellite in a global positioning

20 system (GPS); and

12
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least four different transmitters, the transceiver using the first codes to determine a

position of the transceiver relative to the four transmitters.

10

10 13.  The system of claim 11 wherein each transceiver receives GPS noise codes
from at least four different satellites, the transceiver using the GPS noise codes to
determine a position of the transceiver relative to the four satellites.

14. The system of claim 13 wherein the transceiver includes a short-range

wireless communication interface to exchange augmentation data with the GPS.

15

15 15.  The system of claim 14 wherein the augmentation data is selected from the

group consisting of differential corrections, wide area augmentation system (WAAS)
corrections, satellite ephemeris data, doppler shift estimates, satellite snapshot data, and

terrain maps.

16.  The system of claim 11 wherein the short-range wireless communications

20 standard is Bluetooth™.
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17.  The system of claim 11 wherein the short-range wireless communications

standard is IEEE 802.11b.
18. The system of claim 11 wherein the first and second codes are noise codes.

19. A method comprising:
5 sending a first code from a transmitter to a transceiver via a short-range
wireless communications standard,;
generating a second code to correspond to the first code;
comparing the first code with the second code;
calculating a distance between the transmitter and the transceiver; and
10 determining a position of the transceiver relative to the transmitter using the

calculated distance between the transmitter and the transceiver.

20. The method of claim 19 further comprising the steps of:
receiving first codes from at least four different transmitters; and

determining a position of the transceiver relative to the four transmitters.

15
15 21. | The method of claim 19 further comprising the steps of:
sending noise codes from a satellite in a global positioning system (GPS) to the
transceiver; and
processing the noise code to determine a position of the transceiver relative to the
satellite.
20

14
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22.  The method of claim 21 wherein the step of processing the noise code is

done by a baseband processing unit of the transceiver.

23, The method of claim 21 further comprising the steps of:
receiving noise codes from at least four satellites; and

5 determining the position of the transceiver relative to the four satellites.

24, The method of claim 23 further comprising the step of exchanging
augmentation data between the GPS and a short-range wireless communications interface

on the transceiver.

25.  The method of claim 24 wherein the augmentation data is selected from the
10 group consisting of differential corrections, wide area augmentation system (WAAS)
corrections, satellite ephemeris data, doppler shift estimates, satellite snapshot data, and

terrain maps.

26.  The method of claim 19 wherein the short-range wireless communications
standard is Bluetooth™.

15
15 27.  The method of claim 19 wherein the short-range wireless communications

standard is IEEE 802.11b,

28. The method of claim 19 wherein the first and second codes are noise

codes,

15
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10 determining a position of the transceiver relative to the transmitters and the GPS.

30. A machine-readable storage medium tangibly embodying a sequence of
instructions executable by the machine to perform a method, the method
comprising:

processing a number of first codes sent by a plurality of transmitters to a

15 transceiver;

processing a number of second codes generated by the transceiver, each second
code generated to correspond to each first code;

processing a number of first noise codes sent by a number of satellites in a global
positioning system (GPS) to the transceiver;

20 processing a number of second noise codes generated by the transceiver, each
second noise code generated to correspond to each first noise code; and

determining a position of the transceiver relative to the transmitters and the GPS.
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