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devi ces useidentification tag is determined to be the room with the nearest phone. Anders et al. in
U.S. Patent No. 4,656,463, propose a passive hansoeiver tag which is sensed by an
active transceiver. This proximity control system forms the basis for a location,

identification, and measurement of movement of mventory system, commonly referred

20 to as a LIMIS system.

Prior devices and systems, as exemplified by those discussed above, have been - - :
directed to the use of proximity detection. Typically, these devices use a radio

frequency (RF) transponder and a radio frequency (RF). receiver. Proximity is measured
by detection of a signal or by signal strength. Current proxnmrty devrces, therefore !ack
25 the ability of precisely measuring the location of an object R :

of precise location. Such an existing system is known as the Giobal Posrtlomng System
(GPS). This system includes a number of satellites in"orbit around the Earth. Each

. sateliite produces a continuous signal which carries both atime component and a space -

30 component having a number of orbital parameters assocxated therewith. A GPS
~ receiver, employed in conjunction with an appropnately programed computer, is used .
to receive at least four of the satellite signals and therefrom determine a precise location

of the receiver. This location information is typlcally presented as longltude latitude, E

One current type of location position system does ‘however, offer the advantage o

~ and altitude. One critical limitation of the GPS is that it. requires the satellitestobe"in

35 view" relative to the receiver. This means that no obstructron can exist between the
minimum number of satellites and the receiver. The standard GPS, therefore, will not
function inside a building since the GPS signal is blocked by glass, metal, fohage sorl
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di scussed above, ot ate referen
need generally applees to people, objects, and inventory whether they may be located

indoors, out-of-doors, or moving therebetween. The pnor art devices and systems
discussed above do not meet these needs because they lack precision or are currently
_ incapable of operating within shielded environments or interior spaces.
20 Thus, prior to the present invention disclosed herein below, there has not been
proposed a positioning system that precisely locates an object or person by utilizing
GPS or GPS-type signals in an interior space or shielded environment. o
It is, therefore, an object of the present invention to improve position location
. systems : _
25 Another object of this invention is to increase the number of situations in thCh a - -
- .. GPS-based position location system may be utilized. |
it is a further object of the present invention to employ GPS S|gna|s in a position
location system which is not limited to use in only open and unobstructed areas.

Stﬂl another object of the present invention is to employ GPS-type signalsina ...

30 posmon location system. : _
~ ltis still a further object of the present invention to precisely locate by use of a GPS
signal, an object positioned within an interior space.
_ Yet another object of the present mventlon is to prec:sely locate a stationary or
 moving object contained within a shielded environment’ by use of a GPS-type signal. -
35 An additional object of the present invention is to precisely locate by use of a GPS
signal, an object positioned within a shielded environment. _



exclusively -with outside signals. Such references include, for exanple,
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Sinmms et al.; and U S. Patent No. 4,918,425t 0 G eenberg et al.
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space. wherein there is provided a location positioning system for use in a shielded environ-

20 ment. The system i_nclude§ a GPS receiver for receiving GPS signals and transmitting

navigational data, a clock recovery unit for receiving the navigational data and

reconstructing an aécdfafé__;clbck signal, a computer processing unit for receiving the.

accurate clock signa! and the navigational data, and at least four pseﬁdos_atellites :

| positioned within the shieldéd environment. One of the at least four pseudosatellitesis

25  non-coplanar reiative to the others.. The. computer. processing .unit generates.' a _

respective GPS-ype signal 6orrésporiding to each of the at least four pSeuddS’étellife's."'5-3—-“-- .

and the respéctive GPSAype éidnéi contains new - orbital -parameters .for each -

. corresponding pseudosatellite, According to one aspect of this invention, the GPS-type

.. signals are transmitted into the shielded environment to be received by a receiverdevice .

30 ' located therein. The receiver device is capable of transmitting a location signal. Inone

| particular implementation of this invention, there is further provided a computeranda
location receiver associated therewith. The location receiver is positioned within the

shielded environment tb 'rec_:eive the location signal from the receiver device so thata - -

precise position of the location receiver may be. determined by the computer by - - - -

35 processing the location signal. Accordingto a speciﬁ'c use of this invention, the location |
device includes a cellular phone or alternatively a badge capable of being attached to
a person moving within the shielded environment. '
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15  therewith, the location receiver being positioned within the work-place environment to
receive the location sighal from the receiver device so that a precise posmon of the
individual carrying the location receiver may be detemuned by the computer means by
processing the location signal.
In accordance with another embodiment of this mventlon there is provided an
20 inventory location and tracking system for use in a warehouse storage facility. This
~ embodiment includes a GPS receiver for receiving GPS signals and transmitting
 navigational data; a clock recovery umt for recemng the navigational data and
reconstructing an accurate clock signal; a computer processing unit for receiving the
accurate clock signal and the navigational data; at least four pseudosatellites positioned
: ..25_ - within the warehouse storage facility, one of the at least fo_ur pseudoéatell’xtes being non-
-5 coplanar relative to the others, wherein the computer processing unit generates a
- respective GPS-type signal corresponding to each of the at least four pseudosatellites,
the respective GPS-type signal containing new orbital patameters for each correspond-
e inG pSeudosatellite; and a receiver device attached to a'r'espective item of inventory in
30 warehouse storage faclhty This receiver device is capable of transmitting a location
signal and the GPS-type s:gnals are transmitted into the warehouse storage facility to
be received by the receiver device. This embodlment further includes a computer
' havxng a location receiver associated therewith, the Iocatlon receiver being positioned
=" within the warehouse storage facility to receive the locatson signal from the receiver
35  device so that a precise position of the respective item of inventory having the location
' receiver may be determined by the computer means by processing the location signal.
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at tached ! Qositioned it #HinBBYF Sfittinrbrt th'6csill He'BLafibl SERATFSH the receiver
PCT/ US97/ O tiegice so that a precise position of the individual carrying the location receiver may be
' determined by the computer by processing the location signal. The cellular phone thus
providing a personal communication link with an operator of the computer.

20 _In still yet a further embediment of this invention. there is provided a combined-
posmomng system for locatmg an object moving between a shielded environment and .
unobstructed ‘open space. This system includes a plurality of global positioning

B ,satelmes in orbit around the Earth each of the global positioning satellites broadcasting
~ astandard GPS s:gnat a first GPS receiver for receiving the standard GPS signals and |
25 f__“f_transmlttmg na\ngatlcnal data a clock recovery unit for receiving the navigational data-
' and reconstructnng an accurate clock signal; a computer processing unit for receiving
K the accurate clock sngnal and the navngatlonal data at least four pseudosatellites
B posutroned wrthm the shlelded envrrcnment one of the at least four pseudosatellites
. being non-ccplanar relatwe 1o the_others,. wherem the .computer processing unit .

30 generates a respective GPS-type 5|gnal correspondlng to each of the at least four
pseudosatelhtes the respective GPS~type signal containing new orbital parameters for
each correspondlng pseudosatellite; a recenver dewce attached to the moving object,
the receiver device capable of transmlttmg a location: s:gnal the GPS-type signals being

transmitted into the shielded environment to be- recewed by the receiver device;anda”

35  computer having a location receiver associated therewath the location receiver being
posmoned within the shielded envsronment to recetve the location signal from the
receiver device so that a precise indoor position of the moving object having the location



4 Accordi ng to another enbodi nent of the present invention
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pr ocedsi ndelaying jon-fram the computer to the second GPS receiver. o
According to another aspect of this invention, there is provided a method for
- providing an interior positioning system. “This method includes the steps of receiving
GPS signals, reconstructing an accurate clock signal from the GPS signals, calculating
orbital parameters for at least four pseudosatel!rtes, and transmlttmg pseudosatellite -
25 - datasignals using the reconstructed clock ssgnal and orbital parameters for at least four
o pseudosatellites This method may further include generatmg NAVDAT information from
" -the received GPS signals, using the NAVDAT lnformatlon for calculating the orbital
-~ parameters-for the pseudosatelhtes and adding offsets to the NAVDAT information
—when calculating the orbital parameters, as well as delaymg the reconstructed clock
30  signal to account for different propagation time to each of the pseudosateliites.
In accordance with yet another aspect of this invention there is provided an interior
posmonmg system havmg posmonal data regarding the physucal position of at least four
. pseudosateihtes a clock unit for providing an accurate clock signal, a computer for
" . calculating pseudosateliite data derived from the posmonal data and the clock signal,
35 and a transmitter in communication to the computer for trqnsm:ttlng pseudosatellite data
signals derived from the pseudosatellite data. This embodiment may further include a
second GPS receiver for receiving the pseudosatellite data signals, the second GPS
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respective S aasaiiftion SF 8brtdiR Préfdiél eRBYdHnBhisbf the present invention which are
shown in the accompanying drawing with like reference numerals indicating like
components throughout, wherein:
Fig. 1 is a graphical representation of a prior art Giobal Positioning System
20 Fig. 2 i is a graphical representatron of one embodiment of the mtenor positioning
system accordrng to the present invention,; , :
- Flg 3 is a graphical representation of another embodsment of the interior positioning
) system according to this mventron .
' Fig. 4 is graphrcal represenietron of yet another embcdrment of the interior
25 . posmcmng system accordmg to the teachmg of the present invention; ,
- ..:.Fig. 5 is a block diagram of hardware employed in conjunction with the interior
E -"-posrtromng system of this invention; :
- Fig. 6 is a fiow chart of scﬂware used in con;unct:cn with the present interior
.,___j__'-_posmomng system e SRR
30 Fig.7isa block dragram showmg the overall structure of one embodiment of the
o ‘interior positioning system according to this invention;
Fig. 8 is a detailed block diagram. further |llustratmg the clock recovery unit
" discussed in conjtinction with F|g 7;
. Fig. 9 is -a- detailed- block dlagram directed to the modulator as employed in
35  connection with the present invention; .
- Fig. 10 is a detailed grabhical representation of the structure having an interior
positioning system according to this invention as presented in Example 1 below; and
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GPS nﬂfﬂ) \aecufate encoded positior informetion. (RSBSg?cEBJeMGba}Ed dt Fakitio " Iﬁo HBPtbr
ot 222t OWRanitl. 35 i 18 REITAY RE et locafibn b TBghlihd e BErdiie Sctieen
pr ocessi n@nyrfour GBS signals andgalculating the spatial distance or rangegoaach satalite. The
Tho Ohi o R84eiler errbsd Pl dabl hnd ¥ NSNS of pach sHOETIG 6 Mptetind'd
bei ng non-avappesition inspace; oeon the smfaneﬁrtbe earnts; é'he NAVSB'AR)Glaba! E’osmemngng
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pseudosat Qidreherecégﬁﬁedltbeéorﬁﬁﬁse? paﬁtéfaﬁbqshdrcari FélatEd hérete)PiTe! current GPghe
< anal o bEVRIST, hoWaYRE, dies BakTuRGlon i iar i, Such bitsatians ipekude; for
signals b n
recei ved lexantple/ iocations withiri aduikding etn’i&ure dnsideterT uiban evirorimentt having a
AT A, A, O b VR oA e, e g e
recei ver devi turning now todFigr 2cthereiis Shownpme embodimentaf amintespabppsitioning
havi ng t he LAGRUE Yecording to the present invention. The illustration of Fig. 2 shows a building
47 having a first room 48, a second room 50, and a thlrd Toom 52. Three different uses
of the interior positioning system 46 are illustrated in an 2. These different uses will
25 " "be briefly described before further dlscussmg ln detall the speclﬁc components of the
* " interior positioning System 46.
In the first use, a badge 64 is enabled to determme lts mtemal posmcn The badge
- B4 may- be provided with-an optional transmitter (not shown) to report the badge
pcsrttcn Inthe second use; a pointer 66 is enabled to relate its internal pcsmon tothe -
30  position of another known object such as a television set 68. By establishing the relative
- position of two objects, a pointing"vect'or' may be determinéd In the third use, a cellular
phone 70 is shown as being enabled to determine its locat!on Wlth precise accuracy and
use that location mformatnon to beneficial advantage.
-7 In connection with the third tise dnscussed above it ns currently contemplated that
35 sateliites will soon be able to perform spot beam searches for specific phones in specific
“celtular regions. For such an advanced roaming cellutar phcne system to function
appropriately, a cellutar phone must be able to determine its position and communicate
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PCT/ US97/ Owt957/38326 receiver may be determ ned by the conpRCIVUSIAL#Ss by
processi ng the | ocati-on sjgnal when t fe obj ct is wthin the shielded

environment . This enbodiment is also provided -~ with a second GPS :
recei ver at thisHatermationewhsn adivatedin an: ertirslycdifferentareac ciny this manner, a Los

ot ¢ng ! PhgRle el EElliar hohe cURTbe DSed ki Rew Yerk Oity. Thi ARl iR 70
vt gt he. L bermin gudant snabled fo Rindig indh3ismantier, When the sellosating celluar

anot her' enmbptionen?0 ¢ activatednineNewoYorks City) thel eslidlar ?ﬁmhélw ::é;forﬁﬁié idt%ﬁbr“&r

t avi ng, a, GPS r.gcei ver., for, recgi ving GPS si gnhal s d transmttin
NAVDAT 5 extefiof posifion apd, thetrhy Solivates ,PewJoeH aTks- \EMeIRTat: hsa pfoposed
reconst r uct hegeinvagiousrcunfigbfations ofditerngpisitioning spsteni rédé"lvérg('a%bﬁil'dﬁ% d'the

S e
and the’ psevecsiverhhichds pmpwéd withfart interfavet toithg ﬁbﬂﬂhﬂ nggg{fie!ﬁtﬁrg agg\teabadge
Si gnal o ar o B afid B SR a ridiy Ehhfin 4 e dpegRuBSa (R0STaF whisk seshrais to
may f urther muitiplednessagesaontaifad ifthe@P84ype signal described bglowicThese meslsaeges
o usi ng.  neap e A spefficad oAty SHclas yEBEbifiest i Soes, arsp totes and
posi tion of thedbke, to enaﬁememdfwstun,fuadibm.l i nk for communi cation
e . 52 WHh SRS force f RS, WGP Wil 1572, PVt
the second GRS gigaalPe ,_t,mp@eﬁ:ﬁ!y.etom thephildingr420 The wignala 34-40 are
I'nfor myg on chhfifishibatedton ieteiving hhia ditABRION $y3térf B Vitie receiving and distribution
~ system 54 distributes corresponding GPS-type signals to internal antennas or pseudo-
. satellites 56-62, one of each being positioned in each of the rooms 48-52 as illustrated.
The embodiment of the interior positioning system 46 shown in Fig. 2 employs four
_ ~ channels which transmit new RF GPS-type signals modulated with orbital data
20 comesponding to the actual location of pseudosatellites 56-62. The form of the
e rr_;p_d_uiétion_ is identical to_the form of a standard GPS signal. The specific data
g g _cdngair;ed is developed internally by the intemal positioning system 46. The receiving
. .' and distribution system '-54-makes appropriate changes to each of these signals to allow
- . for positional offset. An example of positional offset is discussed below in conjunction
-:-_:-_ -~ The rooms 48:52_a_re preferably electronically isolated from each other. This
-, : ensures that interior positioning system signals from any one room do not transmit into
.......... another room. Wheri the rooms 48-52 are not electronically isolated from each other,
_..only one set of pseudosateliites 56-62 is required. Altsmatively, it is contemplated to
~ share osatellite .or any combination thereof between two or more different
. .rooms. This aspect of the present invention is illustrated by pseudosateliite 62 being
" shared between the two rooms 50 and 52, as illustrated in Fig. 2. This type of sharing
- i possible even.when the two rooms are electronicallyisolated from each other. The
"f--:--~3-i'?-"--"iﬁfe'|'_'h'al' positioning system 46 may be implemented '_-j:n_;any single or multiple room
35 structure as long as the RF carrier frequency, or othericarrier frequency, can penetrate
“ " thewalls. In addition, the four pseudosatellites are preferably positioned in the room in
‘opposite diagonal cornei_s_f_to maximize the distances therebetween so as to in turn,




According to another aspect of this invention, there is provided a nmethod
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dat ? si gnpbsitioninde system 46 tequiresea rﬁfmmum dPCféu:t GPB éa'fel;ﬂilgﬁ &aéH bﬁ\i*tﬁ’rﬁ

| nt ere 1 s er rovi

For a8mm SrRrd onS sl S ATeleteq naR I of o comsponing pRsucor Seteihtss

li nk each receiving over hard wire, a modulated GPS-type signal provided by the processing
unit 55. Of the minimum of four corresponding-pseudo set_e_llstes required by the internal
positioning system 46, one pseudosatellite thereof must be non-coplanar relative to the
others. This requirement is illustrated in Figs. 2 and 3 by pseudosateliite 62 being

20  positioned in non-coplanar relation to the pseudosatellites 56, 58, and 60.

~ In continuing description of the internal positioning system 46, each of the
pseudosatellites 58, 58, 60, and 62 produces a respectwe signal 57, 59, 61, and 63
which is transmitted into a respective electronically |solated room. The badge 64 and
cellular phone 70 are each provided with a receiver capable of recewlng the sxgnals 57,

25 59,61,and63. The badge 64 and cellular phone 70 are in tum enabled to transmlt their

~ exact position back to a computer system 72 equipped with a receiver antenna 73, The  ~ ~

computer system 72 is provided with processing soﬁware capable of computing the

precise location of the badge 64 or the cellular phone 70 relatwe to its localized internal

~"or shielded-environment. This location information maype. printed-out or displayed on . . -

30  amonitor in any desired form such as floor and room number. In addition thereto, it is
herein contemplated that a customized grid for each spec!ﬁc envuronment building, or
area canbe developed and programed into the computer system software so that output
jocation data might be presented in terms of known zones, sectors, or other charting or

‘surveying coordinates. Thus in this use, an operator of the compuiter system72can’ 7

35  determine the location of people internal to a buxldnng who are equipped with either the
badge 64 or the cellular phone 70. In the case of an mdwsdual carrying the phone 70,
the computer operator may rapidly communicate with them on an individual basis.




may take the formof a duplex system capable of relaying the position of
the secondwo®3ss¥S receiver to the corrputer and capabl e of PeTAEITE486

i nformati on fromthe conputer to theétksecond GPS recei ver.
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anot her emgreaswt dejgil; Psior heatomamma devices\have been pyspasedifor intdraddivease
this invenyhgng television.. Lf:}élgie\ﬂcéss inghith diich & ﬁlﬁeﬁr éb%&n@ks%ﬁép@%ﬂﬂgf

enbodi nent the interior osl t1oning sys e€m accor

t eaching o Wlﬁ@spfeé%%tﬁt \ﬂ@#ﬁ and others. This yse of the intesnakpositioning.aystem
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f thi t u
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7 is a bl odetshiging'the ksuaition of e televisioh 63t thersbifter 66 EAGBP e stritede
above, a pointed-to-location 80 can be realized. This pomted—to-!ocatlon can be
advantageously used in mterfacmg with television images.

20 Fig. 5 shows the hardware for the receiving and distribution system 54. The

_ _',______anténna_ 78 is used for receiving the .GPS signals 30-44. The antenna 78 then

y _communicates with a power ampilifier 82 which is used to amplify and retransmit the

- signals to a receiver 84. The receiver 84 is used to select the appropriate GPS
A channels for demodulatlon, decoding, and calcuiation of time and navigational data .
25 .'_' (NAVDAT) The GPS receiver 84 is used to determine the position of the receiving ™.

-~ antenna 78. The computer processmg unit 55 is used to manage the signals froma

" multiplexer 96, a frequency converter 98, and a frequency divider 102. A differential
GPS reference recewer 112 is used to perform d:fferenttal GPS calculations in any

. .. embodiment of the mternal posmomng system 46 that may be in relative motion to the =~

30 Earth 28. Higher resolutlon and accuracy can be realized through use of differential
_GPS over time. Accordmg to this method of operation, the position of each system is
~compared and the sum of the comparison of a larger number of measurements

averages out to g:ve a more accurate reference position.’
-+ - - The processing accomplished in the receiving and distribution system 54 by the

35 '_ computer processing unit 55, includes computing and multiplexing the positional offset,
R registering movement, and recording a history of each badge 64 or cellular phone 70.

This processing also mc!udes dtfferentlal GPS mformatxon when required by the internal
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diagram directed to the nodul ator as enployed in 35 connection with the
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15  panel function block 134 drives a data display number 136 which functions as an

operator control monitoring station that displays positio;n_aI location of various objects.

A registered movement tag file block 138 interacts wntlfa file block 140 to continuously
monitor position locations. A look-up software module 142 interacts with the operating
system of the computer processing unit 55. Software blocks or modules 144 and 146

20 record changes to a history file on the internal pos:t_l_omng system 46. This system
history file is preferably maintained so as to determine location. Block 148 is optional =~ -

and used for differential GPS processing of information received form the differential

receiver 112 when employed as required by a specific system implementation. A

receive update block 150 receives an updated positioh from differential GPS receiver -

25  112. Atransmit data block 152 transmits the processed data to a desn‘ed locatxon

Referring to Fig. 7, there is shown a particular group of the sateliites 16-22 having

the corresponding standard GPS satellite signals 34 36 .38, and 40 as discussed above

in comunchon with Figs. 1 and 2. Each ofthe’ satellites 16—22 broadcasts its own unique

coded message continuously. The correspondmg satelhte signals 34-40 each havea -

30 message structure containing three basic components

The first of these three basic components is a Coarse Acquisition cod lgnal or .

C/A code. This-coarse acquisition code signal-is a 1 023 MHz carrier the s phase o
modulated using binary phase shift keying, or. BPSK by the pseudorandom code L
assigned to each of the satellites 16-22. The pseudorandom code is a fixed senes of

35 binary bits having a length of 1,023 bits. Each sate!l:te 16-22 broadcasts using an
assigned and specific code algorithm. The code algonthms are well defined in GPS
related Isterature
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must be abj G- eoniGt Rt fiGr baéllﬁé?‘lé-ﬁ ABditibRATB4ILAiRSSvhich are in view, however,

will necessarily add to the data from which the GPS can select the minimum of four
20 signals. The GPS recerver 84 determines the pseudorange to each sateliite- and solves

* for.the user, a posrtxon in terms of latitude, longitude, and altitude. The pseudorange - - -
measurement has two principal sources of inaccuracy. . These include the clock timing =~

error and propagation variations. The GPS receiver 84 oisfputs a NAVDAT data signal

164 via an RS422 serial data port. The NAVDAT data signal 164 contains navigational -

25 data and GPS almanac data. This navigational data includes latitude, longitude,

 altitude, and time of day. The GPS almanac data :nciudes GPS week number, satellrte

health, and almanac ephemens data :
- With continuing reference now to Figs. 5 and 7, a clock recovery umt 106 receives

- .. NAVDAT data srgnal 164 whach mcludes a coarse trme signal and a receiver-clock =
30 oscrllatlon srgnal The c!ock recovery unit 106 outputs a precision clock signal 166 at_ o

10.23 MHz clock wh:ch has a precision equwalent to the atomxc clock standard.
The computer processmg unit 55 utilizes the preclsmn clock signal 166 and the

NAVDAT data signal 164 in addition to data supplied by an operator. This additional

data assists in defining the physical offsets of each pseudosatemte location. One aspect
35 ofthis inventionis to transmit the GPS—type srgnal of satelme information from each of

the pseudosatellites or antenna 56-62. In view thereof these antenna are herein

considered to be "pseudee,ate!htes" since the standard GPS signal has been modified
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54 nakes dp(igd.i hhe compuierprocessingunit 55igenerates the SPSstypeloutput signals 168,
~ 170, 172, and 174 which contain coarse acquisition code, precision code, satellite data,

20 andthe precision clock signal 1686. The precision clock s:gnal 166 is multiplied by the
- number 154 in the multiplier block 184 to produce an L1 camer signal 186. The P code,

' satelhte data code, and coarse acquisition code are processed through excluswe-OR
clrcuntry 190 to produce BPSK output signals 192 and 194. The BPSK output signal 192

and the L1 carrier signal 186 are combined in an RF modulator 196 to produoe a signal

25 - 198. The BPSK output signal 194 and a phase shifted s:gnal stemmmg from slgna! 184,

are combmed in an RF modulator 197 to produce signal 200. As shown in Fig. 9, the -:

sxgnals 198 and 200 are summed to produce the pseudosatemte data driver signal 176
correspondang to pseudosatellite 56. Satellite data contamed in this GPS-type signal
- contains ephemeris data which describes the orbit of the ‘pseudosatellite in terms that. —
30 ° the standard GPS receiver can use in its calculations. Additionalty. the satelhte data
contains any special messages required for the specnﬁc system |
Asspecific example of the internal positioning system 46 will now be presented and
described with reference with Fig. 10.
- EXAMPLE 1. Fig. 10 shows a detailed example of the mtenor posmomng system 46 in
35 a hypothetical room 204 having a width w of 200 meters_ a length | of 300 meters, and |
* a height h of 20 meters. This hypothetical room 204 has walls which parallet north,
southfeast, and west, and uses the interior positioning system 46 having coaxial cable



for positional offset. An exanple of positional offset is discussed below"
i n conjunctiowy3ds2e with Fig. 0. The roons 48-52 are pref er abiCy/uUs9?/01486
el ectronically isolated fromeach other. Thos .. ensures that interior

ositionin stem sigpal s fro roomdo n transmt into anot her
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in turn,
PCT/ USHl/ 0 15¥36Pseudosatellite 60 has a coaxial cable of 485 meters connecting it tothe receiving

oal 1 o negnd GBiEn Yysigh 540 e RBeAb e €Tk hefets Bhuihl 200 HhéeREyest, and

badge 64 ardP dueless helpwothe reraiviag cand distribytion systemt%& niRseudosateliite 62 is
interior pogj d'Hith 225 maeresd ﬁcélsee'rﬁ eﬁ a cab 506 dogs not
I St em, g esc
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The di st ri RAffetthe ppemtion rd&ﬁmﬁﬁlﬁgéym F@ﬁ}lmﬁﬂ ynifgrm
that 15 clock bias which appears on each channel is cancelgd Thus the NAVDAT from the

GPS receiver 84, Fig. 5, contains the correct antenna'lbc'atlon Since the GPS receiver
84 is directly below the antenna 78, no additional latxtude or longitude correction is
required. For the antenna 78, being herein posutloned 30 meters above the receiving
and distribution system 54, there is lmposed a fixed altltude offset of -30 meters on each

20 pseudosatellite 56, 58, 60, 62. The pseudosatelhtes 56 58, 60, and 62 are displaced
in three dimensions expressed in terms of latitude, longltude, and altrtude with reference - - -

 tothe antenna 78. These actual distances are readlly measured “The angular offsets
.are used to calculate orbit parameters which are transmrtted in the satelllte data

emanating from pseudosatellxtes 56-62. These angular offsets are ca ollculated using a o
25 conversion fo angular measure. Furthermore the time delay is calculated wnth respect
 to cable length and propagation coefficient. The time delays are used to control the time

that the computer sends each frame of data For lnstance the tlme delay for a 200
" meter coaxial cable will be longer than that for a 100 meter coaxlal cable of the same

' type.’ In thls case, the computer processing unit 55 transmlts the data frame for the 200~~~

30  meter coaxial cable earlier than that for the 100 meter coaxlal cable. The time delay for
use of various lengths of each element of coaxial cable i rs srmllarly trme-controlled by the
computer processmg unit 55. The specific offsets for the hypothetlcal room 204 of Flg
10 are set out in Table 1 below
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Pseudosatelllte | s | s |- . 62
Latitude, minutes of arc 1:. 0.0323 | -0.000548
lf Longitude, minutes o arc 0] 0| 0002646 | 0.002646




converts each .:of the standard GPS signals 34-40 into a correspondi ng or X
I nterior type signal that includes the GPS tine and a.
posi tion gg’%@”eznt wi th new orbital 4garanmeters. This W@&q#g Wil |
be described i:n further defail below The GPS- 10 _.type signal s generated
by the proceSS| ngf} éﬁ 55-are caci N i ; and

correspondi ng pse '?e Thus, rat ed

by the - ‘pf OCl i~ on of
each correspondl Ng———=—=treRTreserte et ettt dam ich it

i s positioned.. The present I nter naI p05| t [ on| ng syst em 46 requires a
mi ni mum oBa‘sedruﬁlS thesel bifsets, ctheh cemputendommifates then afailnéiB& Sof f‘@éch
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Thi's requirenent ap&remenasdatatfeunat: Figs. 2 and 3 by pseudosatellite 62
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posi t #®ni ng sy§t Hasign pseudprandemecode ﬂlm'\bg&uﬂbd sompute orbitd passmetsds; and
62 produces a BeyRRFéihep irﬁéﬁi&ﬁboﬁﬁamﬁ 1

transmtted into,a respective el ectro g i %ﬁ?ggtarég%@ﬂﬁﬁtégmdetgm
and - celll %MW&%WP@L}S@P& Sonventional seesiver; aﬂgpabl e of

recei ving the i guslign additidhal d4ta to@®acharsbuRidsafeife btk Wobd i shecidiizabar
phone 70-are in turn enﬁﬂ?ﬁd to transmt their exact position back to

a conputer syster’f?‘?@I BBwith a receiver antenna 73. The

Corrpuzsr syst eWifireferemcencie do Fig. mnernboaﬁnammmemcel llglbglrtiong:gne
(o10) utin

o Pel - gim 46 wi BE BcDEsad Rrtdidf, i enid'ritfitRe B i P wibiind Sedhi

| ocati on V8ftherpowenamplifies 82pand thel GRS receiviersip a;eaelhmma&:d Implaneuclfusmgw
any desi r&%é@ﬁ&%ﬂ’@bﬁghe@%mdthb SR 6! each p@iidoskidNb B8, 882 60/dnd °

herei n con cust om ze enviro

bui | di ng, 31'5 inputted giregtiy-tath smx@emeasmg ynﬂ@ﬁaw&rmsﬂfolmee longitude,
syst eppSOhhiaitRude, THA dAtEimsy be denvehof&téﬁihﬂét oy sil?&eﬁﬂ»s%sm%ﬁsbm@

t er ns- of: ones, - sect or or other charting or
%ﬂe%‘ooﬁ recovery unit 10% would be replacegl bya pl'eCISIOD clock. Standard precision
o clocks such as an atomic clock, a WWV clock, or United States Naval Observatory
- based glock may be used. In this embodiment without the GPS receiver 84, the

' cdmpufer operator supplies the positional data to the computer processing unit 55

.25 dlrectly ‘The remaining operations for the processmg unit 55 and the pseudosatemtes
- 56-62 are the same as described above.
“While this invention has been described in detail wuth reference to certain
preferred embodlments it should be appreclated that the present invention is not limited

30 descnbes the current best mode for practicing the present invention, many modifica-
' tions and variations would present themselves to those of skill in the art without
" departing from the scope and spirit of this invention. The scope of this invention is,
Sy therefofe, indicated by the following claims rather than by the foregoing description. All
. changes, modifications, and variations coming within é_the meaning and range of

35 - equivaléncy of the claims are to be considered within their scope.

"T'to thosé precise embodiments. Rather, in view of the present disclosure which



surveying coordinates. Thus in this use, an operator of the conputer system
72 can 35wogwseaeéri ne the |ocation of pegple internal to a IRONISHTSI4E60 are

equi pped with either the badge 64 &7 the ceI I uI ar phone 70. Tnthe
case of an indivjdual carrying the phone 70, g or
may rapi dWhatdsslaimediis: with them on an i ndivi. dual b jlmnmtlm”,m(mm)
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provi ded with eomputervprocessingnunibifer secei'a’m'gosaidaattcmﬁet tlock signal andi s&id s

73 are cogggﬁggﬂnée%%asgggl e conputer system 72 which may be placed in any

desired | tions nmles or hundreds of niles away fromthe
bui | diBg or ableastdour pseudnsatellitesi positioned witbinthie shielded erivirgnmenitcong @fi s

|1 ed
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televi'sio eﬁ&h i v ,@ﬁ;&m ﬁpﬁghgﬁe
cont r ol {b e\???éﬁstaeétehé)ut\déwcégf]t (?%gfé?:ﬁtbé §a§fot ers Thi s g'}ﬁ‘le
i nt er nal seatasmea.nqu eply nametﬂa r2agh-coTeRpPanging pseusio

tel eviigi on 68. The pointer 66 Is preferably a receiver W|th

g;,' entation get.ﬁgén' cation pi positi t'ulnlntg's%s nr'l%\é:'cgr&j ing ftg E:ialxamherem said %(!E‘gsco
signals are transmitted into the shielded environment to be received by a receiver

device located therein, said receiver device capable of transmitting a location signal.

20 3. The location positioning system according to claim 2 further including computer -~
means and a location receiver. associated thereWith,_.i-éa'id Jocation receiver being . - -~
positioned within said shielded environment to receive said focation signal from said = . -
receiver device so that a precise pbsi_tion of said Iocat_iqﬁ-_ receiver may be determined
by said computer means by processing said iocatiah siéﬁal; S

4. The location p°sm°m"9 system a°°°fdm9 tO clalm"'2 wherem sald locatnon""
device includes a cellular phone T :

5 The Iocatlon -positioning system. accordmg fo- clalm -2-wherein - sald locatlon S

30 devnce includes a badge capable of bemg attached to. a person movmg within the -
shielded environment. :

6. A personnel |ocatnon and tracklng system for use-in: };work-place envnronment _ :
said system comprising: _ . R
35 a GPS receiver for recelvmg GPS slgnais and transmlttmg navugatxonal data;
a clock recovery unit for receiving said nawgatlenal data and reconstructmg an
accurate clock signal;




deternini ng the Ioca”mmmuumt”ﬁﬁm” sion 63 and the pointer 66 in the
manner descri bed ed-to-location 80 can be realized.
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7. A combined positioning system for locating an object moving between a shielded
20 ° environment and unobstructed open space, said system compnsmg '
“~ plurality of global positioning satellites in orbit around the Earth, each of said global
. positioning satellites broadcasting a standard GPS signal;
~.a first GPS receiver for recelvmg the standard GPS sighals and transmitting
navngatlona! data; - : - '
25 .. a clock recovery unit for receiving said navigational data and reconstructing an -
accurate clock signal; - - - S
a computer processing unit for receiving said accurate clock signal and said
navsgat:onal data;

--at least four pseudosatellites positioned within the shxelded environment, one of

- 30~ sa_ld at least four pseudosatellites being non-coplanar re!at__uve to the others, wherein

said computer processing unit generates a respective GPS-type signal corresponding

1o each of said at least four pseudosatellites, said respectlve GPS-type signal
ccntalmng new crbntal parameters for each correspondmg pseudosatell:te

a receiver device attached to the movnng object said receiver device capable of

35 = transmitting a Jocation signal, said GPS-type signals being t__ransmttted into the shielded

environment to be received by said receiver device; -




12 positioning: s ferred processing software is shown-
in the @y eingsds of : Hﬂm”mgmgﬂm tional aspects of Fi BCTAuSYIM1484¢€ )
di scussed in further :detai9 Bel 88w fn* 18 conjunction with Fig. 7.
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25 L 10. - The method for provndlng an mtenor posmomng system of claim 9 further
T T comprising the step of delaymg the reconstructed clock szgnal to account for different
~ propagation tsme to each of the pseudosatelhtes




t he correspondi ng standard GPS satellite signals 34, 36, 38, and 40 as
di scussed éﬁ@\?é’:’%ﬁ in conjunction with Figs. 1 and 2. EachPOT/USYH01486
satellites 16-22 broadcasts its own uni que/11q coded nessage
continuously. The corresponding satellite Signals 34-40 each have a 30 -
message structure containi-ng three basic conmponents. The first
of these three basic congopents is a Coarse.Acquisition code signal, or
C/ A code. This -coarse a Sition code signal is a_1.023 Mdz.carrier that
i s phase - nndulated\y)\ng bi nary phase spTt keyMhNqg, or BPSK, by the
pseudor andom code N,,vas_ed to eaclof Ahe satellidgs 16-22. The
pseudor andom code i s*a fixaoQ;eries of 3p bi nary bits hgving a-l ength of
1,023 bits. Eachfsatellite‘~ 22 broadcasfs using an assi gned and
specific code al'§orithm The cdde al gorifhps: are wel,l defi g&d in GPS
rel ated Iiteratt:rqg. 8 FA 38326 |}’ » ‘g
. o ‘f
) 13

gard GPS gignal is a
#BPSK nmoYul at ed at
code and\is

PCT/ US97/ 01486

The second of th
Preci si on code si
10. 23 VHz. )

significantly |ong
simlar to the CA
GPS signal is satel

Heee basic congonerfts gf he st

or P code. e foreci(sig@p coog
preci sion code/is a?psagdor

Y ai ni ng specifj c ) 4
G" N O Ast | y{ t hen® hpasi ¢ conpdnent of a
ite O8ta. @is sahel Ifite gdat a mydul at e$ both the

N
A

preci sion code and the coarge gcquifsity -,; code ag¥50 bits |per second,
agai n usi ng BPSK nodul ati on. e spatel I\ ¥ dat a¢'ncl udes ever%

i nformation+y cat egori es, e pelti heny bei ng epheneriss Hata for
each GPS satd |ite. Epheneris =

oY . 0! 5

E’g .

ITUDE:

“LoNgTyD

Prior Art
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170, 172, an
satelllte da
cl ack signal’

bl ock 184 to produce an L1 carrier signal P. code satellite
dat'a code, andjcoarsg~acqul Sfit1on code are processet—thr-eugh—exclusive: OR
circuitry 190 jo pr e BP#K out put 'signals 192 and 194. The BPSK out pu
signal 192 carrier signal 186 are conbined in an RF
nmodul ator 196 [o dignal 25 198. The BPSK out put signal 194 and
a phase shifted s ing fromsignal 184, are conbined in ah
RF nodul ator 1P7 to i gnal 200. As. shown in Fig. 9, the
signals 198 and 200 ey, to produce the pseudosatellite data driver
signal 176 corriespondiing X0 pseudosatellite 56. Satellite data
contained in this GP4 type gi gnaN cont ai ns epheneris data which
describes the jorbit df the pseudosgtellite in ternms that 30 the standar|d
GPS recei ver n usefin itsjcal cul abNons. Additionally, the satellite ddta
contai ns any dpeci al jmessagé¢s requirey for the specific system
A specific exgnple off the i%ternal posiXi oning system 46 will now be
presented and describgd with referdoce with Flg“910 EXAVPLE 1.
Fig. 10 shows ja det aifl ed exfgnpl e of the in\erior p03|t|on|ng system 46 Wn
35 a hypotheticgi foom 204 having a width of 20 ters, a length I jof
300 neters, and wv» "a helght h of 20 neter ijs hypotietical room 204
has wal | s mhlch pgrafl el north, sout h, and wedt, and uses fhe
interior positi system 46 havi ng coaxi al WO 97/ 383p6
15 PCT/JJS97/ 01486 . wi t h aNpr opagati on vel oci t y} of
0.6. In this ¢xpnpl p, the lptitude, |ongitude, and '

o

ey
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coefficients for pseudosatellites 56, 58, 60, and 62 as mell_qswphgutjne
del ay wi | | wapo738326 cal cul ated. Pseudosatellite 56 is a di st argrnederoiEest ers - '

south of the receiving and distribq%ypp system 54 in the upper portion
of the southwest corner of room 204 and dn 5 the sane altitude with the
GPS receiving and distribution system 54. Pseudo-satellite. 58 is

| ocated a di stance of 295 reters north.ofthe.GPS receiving.and __
di stribution. system 54 and a di stance of 20 neters t-herebel-o " Hhe

coaxi al cabl el attached to pseudosatellite 58 is 315 neters |ond.
]

Pseudosatel lile O 15 3 4§EL4E¢£Wj ot pr s gast,
and level with rksgect jto rgcei vigg an ﬁis guti 0 154
Pseudosateﬁéile 60-has [a Zogki al} ¢abl &of 494 S t td the
receiving =3 | pndydigtr B io dyst &h 54. Pseggggate it 5 feters
south, 200Rfre}erf st | amtio 20 fBterq Rel Ihe hnd
distributi @ pys}e 54] Psefosatglli 62 |i g = C( h aj225
met er coaxgAl j ca Le _The—tangriT of —amremra cate—208-Tlges. _not ffect

t he operatﬁynlof the interijor posifioning system 46 because the resuljting
uni form 15¢» gl ock bias whijch appears on each channel is cancel ed. Thus the
NAVDAT fr GPS rlecei ver{ 84, Fig. 5, contains the correct gntenna
| ocati on. ‘ GPS _redej yver 84 is direcgtly below the anterjna 78,
no additi Iatgg de or_llongiftude correction iq égqui ed. For the

§

antenna 78,)bgin rein ifijongd 30 neters abcﬁ§2§f §§i i ng I and
distributi¢f Sys |54, 1§§ i{s ijmpos a—frKed atﬁtnLc%g flket of 430
meters on eac  {pseu &

litle 56] 286D, 4& Fe osatel liltes
56, 58 60, ahd ¢ ré&8d d iiEE%ree qinéﬁsioﬁ% exipr essed li n
terns of Iatilude, IongL i

]

t pe

nd lal ti}ueR8wif h refler ence to the

ces are(re:di.' meaqur ed. The angul ar |

| atle orbit [paraneterfs which are transifitted
natfi from pseudosdtel lites 56-62. Tlese
usijng a 25| convergion to angul ar negsure.
ay {i 2d Wi th respdct to cablejl th
el ays are uded to control theytj

antenna 78. These actu
of fsets { used t
in the satell]te data
angul ar of fsejshare calc
Furthernore thedid
and propagatip
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type. In this case, the conputer processing unit 55 transmts the data
frame for wigozZ9d2630 neter coaxial cable earlier than that PCOUSHE14800
net er coaxial cable. The tinme delay for use of various |engths of
edch el ement of coaxial cable is sinilﬁMhﬂtirmecontrolled by the -
canput er processing unit 55. The specific offsets for the hypothetical room

204 of Fig. 10 are set out in Table 1 bel ow.
Table 1 35 . : Pseudosatellite 56 .. 58
60 62 Longi tude, mnutes of arc -.000548 0.0323
0. 0323 - 0. 000548 Longi tude, m nutes of arc 0
0 0.002646 -0.0002646 WD 97/ 38326
PCT/ US97/ 01486 Al'titude, neters -30 -50
-30 -50 Time Del ay, nanoseconds 2.@75 174w825
274.725 124. 875 Based upqp theex offse%ﬁ_ the co ter f&ErruI ates
the parameters for each 5 pseudé¥sat eﬁlte 56+~~58, 60, apd 62 byt a
specific method. Thi Q.‘met hod |ncI “wdes t \3 owfng st eps:
1. Convert |atitude, - a&ltud %nd i tés) i fterngl posttjoning
system AQ Z:I’IS Jgj&IU ’- ’EO"Q' E '-<-z
= i <
5| |ZeE| |2~ 33| E8| 58
51 |1PW=t |18 E = ot
1 = [MEE2MS ~MeBeBriz s
o = 58\...: &= x| BT 35
i) ! D, oo awn| |8 S
= o e} S 0w
Ex | =] (85 |18 ] 18
Q
S &
w©
B 2 g
O \out =<t L
o~ ol~N \'2 olN
- \ < \
& .ak>~. g ' o)
) o !
3 = =l o|=
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~ S 5 2 I it
N <+ o0 o . (
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2. Store data in allocated registers for delayed retransm ssion to outputs;

10 3WQEI86 pseudor andom code numbers and conput e or bipcabuser/ni4ss :
par anet er s; 4. Add ot her internzz'gositioning system fornmatted N
data, including telenetry, 4 over word, as required by..
each conventional receiver, and 5. Assign additional data to

each pseudosatellite data mord-ﬁ%r #beciaﬂ%zedﬁ? Eg 2 §£ce§ger '

functions. 15 Wth referpnce-now tp Figr 11
the internal positioning ~ [
thi s enbodi ment, the GPS recei
and the GPS receiver 84 are elimnated.
GPS signals 30-44, the positions of eac
62 is inputted directly to the conputer
| ati tude, | ongitude, 20 and altitude.
exanpl e, from surveyor's nmeasurenen{s.
woul d be replaced by a precision clee gt and§ cé)-eci Sl
as an atom c clock, a WWVcl ock, or d Stakes> val
based clock may be used. In this enbofiggnt with the G
t he conput er operator supplies thegdositiop data t
processing unit 55 25 directly. The [&Hdi ning 3§§ ations
processing unit 55 and the pseudosat el = tles =6-62 ar
descri bed above. VWiile th #nvent i as bee
detail with reference to certain pk ef erred gnbodi nent
appreciated that the present invention s not lirfited

enbodi ments. Rather, in view of the prejse discloigre whi
the current best node for practicing t 3 esent |i R¥enti on,
tions and variations woul d present thens€l ves to Hose of

I'n pl ace
pseudosa
processinp unit 55

his data pmay be derjved, .
ock r &%

, It shoulid be .
to those grecise
hed0 desqribes
ny nodijf 2a-
Il in thelart

wi t hout departing fromthe scope agnd spirit jof this i 'he
scope of this invention is, t heref{Qre, Iijndi Cated Dby € 10 10
clainms rather than by the foregoi ng deser n. Al changes,
nodi fi cations, and variations com ng w Ehe peaning and range of 35
equi val ency of the clains are to be consi Bl thin their scope.
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WO 97/ 38326 1 '
PCT/ US97/ 013%397/38326 \What is clained is: 1. A | ocati opcpAasshomeé ng

system for use in a shielded environnent, squ system conprising: 5
a GPS receiver for receiving GPS signals an tpansnitting navi gati ona

dat a; . a clock recovery unit for receiving_said navigational data
and reconstructing an accufate clock si gnpl——————=—s—<anput er
processing unit for receiving shid accurate; signal and §did o
navi gati onal data;, and 10 al |east four|msé§dosatellites pdsitioned
wi thin the shielded environnment} one of and at | east folr}

pseudosatel | i tes bei ng non-copl pnar reIatiVa-Fﬁfthe others, wngrein

sai d conputer processing unit ggnerates a re ive GPS-typef qigna
correspondi ng to each of spid at_|east four pseudosatell|tes, said
respective GPS-type signal contji ni ng negeor bi t al ranet4rs for ea
correspondi ng pseudosatellite. 45 G@S’.he | ocatijon posi't i oni ng
system according to claim1 whefein jsaid : EYpe s§ gnal p ;are
transmitted into the shiel ded epnvironment tE recei vedt by a r’ecei ver
device |l ocated therein, said reteivefr device Capabl e of ransnﬂtting a
| ocation signal. 20 3. The |OCﬁFTOh postTTommgrsyst emy accor di ng

~——— 10.23 MHZ REFERENSE CLOCK

4
claim2 further including conpuler |
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nmeans and a location receiver associated therewith, said Iocation receiver
bei ng +} d within said shielded environnent to rec a

| ocation S|8ﬁ§ sald recei ver devige so that a preci %ﬁggp‘ﬁﬁn
of said |location receiver may be determ’ne@/P by sai d conputer neans by

174"

processing said |location signal. 25 4. The | gcation_positioning
system according to claim?2 whetein said | emation: ) devi i ncl @es a
cel lul ar phone.. w 5. ThEIfdgati on Pdsitioning tem ' to
claim2 wherein safd | ocation 30 vice jgcl udes a ba cap f g
attached to a pers noving withirn the shi el ded enViron
6. A personnel [oca |'(')'n"'a"n'd"'t"r'§(':m'ﬁ'g vs‘f' ML Oor usSeTn ajw
envi ronnent , ] said system conp a GPS rgce
receiving GPS sjgnals and transnittmng ) tlgggl dat aj - | a clog¢k
recovery unit fer receiving sai d3pal ) and cho1struct ng an
accurate cl ock flgnal 'Y :
PCT/ US97/ 01486 a coggut process] it Jfor }eceiving Sai d
accurate clock gignal and sai @ gaiH a§§; at} | east
four pseudosateflites p05|t|ong\ Wi thinfthe | gce ebvi onnent} one ¢f
g I D D S Y
& | ~ ] @
' . L ad y— y—
|| E |
]
iz !
= o |
l - - | @ |
| Pl |7 I
| ~l IR |
| s . |
i =3 . |
] - & [
| ENA '
| |
| 1Pmen |
l  © |
.- - !
l . S |
LJ
| 7] o | o w |
| ) T T F
: o _
] : g ]\ k \
13 2 ! '
N — &l |8 |8
J s o o we HE] |E] B
T a= =S < S= )12 o >
=29l 8m o= - Om S ] 8
I 1535 ~ = o < | = = =
L P ] I I ! ,{ L
: ————-—-—-— T chuty S CUmE S G S CEEn GAD SRS =D w— S _’ \
L = S
S
i O
6=
S E %
SO>S =
Bice L
CF




said at |east four pseudosatellites being non-coplanar relative-to the
ot hers, whewW@ 1/38%6 sai d conputer processing unit generates a FCIFOSTIOINE

GPS-type signal corresponding to eachuzy faid at | east four
pSeudosatel lites, said respective GPS-type |bnal contai ning new -
okbital paraneters for each correspondi ng pseudosatellite; a
recei ver device carried by an individual noving wthin the work-place

envi ron- . ment, said receiver device capable of .transm.tting.a |ocati.on
signal, said GPS-type 10 signals being transmtted into the work-place
environnment to be received by said recei ver device; and

conputer neans having a |location receiver associated therewith, said

| ocation- recei ver being positioned within the work-place environnent
to receive said |location signal fromsaid receiver device so that a
preci se position of the individual carrying said 15 |ocation receiver may
be determ ned by said conputer neans by processing said | ocati on

si gnal . éy. A.conbined positioning systemfor |oqehf ng an obj ect

novi ng bet ween a shoel gag
system conpri si ng:
orbit around the Eart
broadcasti ng a standg
receiving the standa
25 a cloc ecoveg
reconstructi ngyan
processi ng unit Mor,
navi gati onal dat a;
wi thin the shiel dgd

2@%PQvi ronmang a unobstructed o space, said
aIit'o gl 0Qal positioninggptellites in
e &ai d /gl oba positionin tellites

rst GPS receiVver for
navi gati onal dat a;

GPS &gr®d ; / a

GPS sigNals ghd transm\{ti

Einit for ecgiving said Naviyational data and
upiccurate cNJck signal; a conputer
e2i vi ng sai dfagcurate clock sgnal_and said

at | egst Kour pseudosateNit posi ti oned

envi ronnent, pne o
]
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30 said at |east four pseudosatellites being non-coplanar relative to the
others, whe@gR)éysgsrg Sai d conputer processing unit generates %éﬁﬁ&%ﬂ#e

GPS-type signal e€orrespondi ng to each if aid at |east fout
pseudosatel lites, said respective GPS—type‘l /é al - containing new
orbital paraneters for each correspondi ng pseudosatellite,; a

recei ver device attached to the noving object, said receiver device capable
of 35 transmitting a |location signal, said GPS-type signals being

transmtted into the shiel ded environment t.o be received by said
recei ver devi ce; WD 97/ 38326

PCT/ US97/ 01486 conputer neans having a |location receiver
associ ated therewith, said |ocation recei ver being positioned

wi thin the shielded environnment to receive said | ocation signal
fromsaid recei ver devicg s thaéa reci se indoor position . of the noving
obj ect - havi ng sad drhocaih oR~r ec e%nay%qe%iet erm ned by said

sai -5 | §Catiq gnal when the object
menty ‘
sg/d sepond/ CGPS |r eqki

a second GPS receiver
t he objject is ijn the unobstructed

conput er nmeans by processjn
is wthin the shielded enw
attached to the noving o
recei ving the standard GPS si
open space so that a Jprecise

for

havi ng sai d second GPS recei ver may bg obtai ngd 10
8. A nethod for providing anfingeriof p¢sitignirg sygqterphconprising the
st eps: recei vi nbedPS si paals;, |o= oz [reconstructing an
accurate clock signal fronet h® PSes Sn?l Sw |2 w [
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cal cul ating orbital parameters for at |east four pseudosatellitg
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| 67) Abstract

A positioning system for locating objects in places where standard Global Position System signals do not penetrate. A first embodiment
uses a GPS receiver and a clock recovery unit. A computer receives the positional information and accurate time information. The computer
calculates new orbital data for at least four psendosate]mes. The pseudosateliltes are antennas positioned in an interior or shielded space
and function to send psendosatellite data to a receiver. In a second embodiment, the positions of the psendosatellites are provided to the |
computer without the use of a GPS receiver. ‘An accurate clock signal is also provided. The computer calculates orbital data for each | -
pseudosatellite and transmits the time signal and ephemens data for each pseudosateilite. The time signal is delayed for each pssudosatellite |

to account for propagation delays due to different connecting cable lengths.




