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POSITIONING SYSTEM AND;METHOD

This invention relates in general to posrttonlng o ocatlon systems and, in partlcutar o
" to such a system as utilized to locate objects within an interior space or shielded

environment. More specificaily, but without restriction to the particular embodiments
hereinafter described in accordance with the cui‘rent best mode of practice, this
invention relates to a location positioning system for use in a shielded environment that
utitizes GPS-type signals.

The art of proximity detection and position location has been contributed to by a
number of proposed devices and systems. These include for example, the device
discussed in U.S. Patent No. 5,311,185 to Hochstein et al. which is directed to a
proximity detection device relying on a transponde'r_:;'that periodically transmits status
signals. Transceivers are fixed at locations about a structure for receiving and
transmitting signals. U.S. Patent No. 5,363,425 to Mufti et al. incorporates an
identification badge having a radio frequency (RF) transmltter Radio frequency (RF)
receivers are located in telephones in various rooms of a structure. The location of the
identification 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

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 proxrmrty devrces, therefore !ack
the ability of precisely measuring the location of an object S P

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

of precise location. Such an existing system is known as the Giobal Posrtlomng System o

(GPS). This system includes a number of satellites in"orbit around the Earth. Each

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

component having a number of orbital parameters . assocrated 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,

view" relative to the receiver. This means that no obstructcon 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

~ and altitude. One critical limitation of the GPS is that it. requires the satellitestobe"in
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brick, and various other materials which cause deflection:;of the signal. The GPS signal
is optlmally employed in an environment such as a ﬂat desert or on the high seas.
Thus while the GPS has many important uses in wide open spaces, it is not currently
available for use within interior spaces or shielded environments.

In addition to the U.S. patents discussed above, other related references dsal
exclusively with outside signals. Such references include, for example, U.S. Patent No.
5,051,741 to Wesby; U.S. Patent No. 5,334,974 to 'Simms etal.; and U.S. Patent No.
4,918,425 to Greenberg et al.

Positioning systems are becoming widely recognized as being more important in
today's society. There is a current need in business and industry to precisely locate
and/or track the movement of people and material assets such as inventory or capital
equipment. Structures such as the World Trade Centet or large factories, which can
employ thousands of people, currently desire the ability to locate people who may
require assistance in reaching their intended destina_tibn. This is also true for large
theme or amusement parks and other expansive tourist areas. In addition, this current
need generally applies 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.

" 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

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 ...

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. -

An additional object of the present invention is to precisely locate by use of a GPS
signal, an object positioned within a shielded environment. _

Another object of this invention is to increase the number of situations in thCh &
.GPS-based position location system may be utilized.
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-Yet a further object of the present invention is to precisely locate as a function of
time, an object positioned within an interior space by use of a GPS-type signal.

- tis yet a further object of the present invention to remotely detect the precise
location of an object or person positioned within the interior of a large structure such as
a multi-floor office building, a factory or warehouse, a manufacturing or processing
facility such as a shipbuilding yard or oil refinery, or also so positioned in a sea going
vessel or space craft. . :

Yet another additional object of this invention is to remotely detect the precise
location of a person moving about within a theme park, amusement park, or other
expansive tourist area that may be shrelded from standard GPS signals to thereby assist
the person in reaching a desired destination. :

Stili yet another object of the present invention is to utilize pseudosateliites to

broadcast a corresponding GPS or GPS-type signal within an interior space or a

shielded environment.

It is yet still another additional and further object of the present invention to
precisely locate by use of a GPS or GPS-type signal, an object or person moving
between an interior space or shielded environment and unobstructed open space.

These and other objects are attained in accordance with the present invention
wherein there is provided a location positioning system for use in a shielded environ-
ment. The system includee a GPS receiver for receiving GPS signals and transmitting

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

reconstructing an accurate clock signal, a computer processing unit for receiving the.
accurate clock sxgnat and the navrgatlonat data, and at least four pseudosatellites -

positioned within the shletded envrronment One of the at least four pseudosatethtes is

non-coplanar retatrve to the others The computer processing . umt generates a

and the respectwe GPS—type slgnal contains. new orbltal parameters for each - -

B .correspondmg pseudosatelhte Accordmg toone aspect of this invention, the GPS-type
._signals are transmitted into the shlelded environment to. be recewed by areceiverdevice .
" located therein. The recelver devnce is capable of transmlttmg a location srgnal in onhe

particular tmplementatron of thts lnventlon there is further provided a computeranda
location receiver associated therewith. The location receiver is positioned within the
shielded environfient to receive the location signal from the receiver device so thata - -

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

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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- According to another embodiment of the presené_ -invention.there is provided a
personnel location and tracking system for use in a work-place environment. This
" embodiment includes a GPS receiver for receiving GPS signals and transmitting
navigational data; a clock recovery unit for receiving the navigational data and

- reconstructing an accurate clock signal; a computer processing unit for receivinglthe

accurate clock signal and the navigational data; at least four pseudosateliites positioned
within the work-place environment, one of the at iea_ét four pseudosatellites being non-
-coplanar relative to the others, wherein the computer processing unit generates a
respective GPS-type signal corr_esponding to each of the at least four pseudosateliites,
the respective GPS-type signal containing new orbital parameters for each correspond-
ing pseudosatellite; a receiver device carried by an individual moving within the work-
place environment, the receiver device capable of transmitting a location signal, the
GPS-type signals being transmitted into the work-place environment to be received by
the receiver device; and computer means having a location receiver associated
therewith, the location receiver being positioned within the work-place environment to
receive the location signal from the receiver device so that a precise position of the
individual carrying the location receiver may be deten‘niried-by the computer means by
processing the location signal.
In accordance with another embodiment of this mventlon there is provided an
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 pseudo_satemtes positioned
within the warehouse storage facility, one of the at least four pseudosateliites being non-

the respective GPS-type signal containing new orbital parameters for each correspond-

... ing pSeudosateliite; and a receiver device attached to a respective item of inventory in .
30

warehouse storage facility. 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

* ‘having a location receiver associated therewith, the Iocatlon receiver being positioned
- within the warehouse storage facility to receive the locatson signal from the receiver

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.



10

15

20

WO 97/38326 5 : PCTIUS97!01486

'_ According to yet another embodiment .of the .bresent invention, there is also
"p'rovided a personal communications and iocation system for use in an indoor

~ environment. This system similarly includes a GPS receiver for receiving GPS signals
~ and transmitting navigational data; a clock recovery unit for receiving 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
pseudosatelliites positioned within the indoor environment, one of the at least four
pseudosatellites being non-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
parameters for each corresponding pseudcsatetlite; a receiver device in combination
wrth a cellular phone carried by an individual moving within the indoor environment, the
recsiver device capable of transmitting a location signal, the GPS-type signals being
transmitted into the indoor environment to be received by the receiver device; and a
computer having a location receiver associated therewith. The location receiver is
positioned within the indoor environment to receive the location signal from the receiver
device so that a precise position of the individua! 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.

_In still yet a further embodiment 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 ,satelhtes in orbit around the Earth each of the global positioning satellites broadcasting
a standard GPS srgnat a first GPS receiver for receiving the standard GPS signals and
25

__transmrttrng navrgatrcnal data a clock recovery unit for receiving the navrgatronal data
and reconstructnng an accurate clock signal; a computer processing unit for receiving

the accurate clock srgnal and the navrgatlonal data at least four pseudosatellites
B posrtroned wrthm the shrelded envrrcnment one of the at least four pseudosatellites
_ being non-ccplanar relatwe to. the_others,. wherem the .computer processing unit

35

generates a respectwe GPS-type srgna! correspondlng to each of the at least four
pseudosatethtes the respective GPS~type signal containing new orbital parameters for
each correspondrng pseudosatellite; a recenver devrce attached to the moving object,
the receiver device capable of transmrttmg a location: srgnal the GPS-type signals being

transmitted into the shielded environment to be- recewed by the receiver device;anda”
* computer having a location receiver associated therewrth the location receiver being

po_smoned within the shielded environment to receive _the_ location signal from the
receiver device so that a precise indoor position of the moving object having the location
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receiver may be determined by the computer means- by processing the location stgnal
when the object is within the shielded environment. Thls embod|ment is also provided
with a second GPS receiver attached to the  moving object the second GPS receiver for
receiving the standard GPS signals when the object is in the unobstructed open space

- -so that a precise outdoor position of the moving object having the second GPS receiver

may be obtained.

Yet another embodiment of this invention is dlrected to an interior positioning
system having a GPS receiver for receiving GPS signais and transmitting NAVDAT
data, a clock recovery unit for receiving NAVDAT data an_d reconstructing an accurate
clock signal, a computer for receiving the accurate clock signal and the NAVDAT data,
the computer capable of calculating pseudcsatelhte data for at least four
pseudosatellites, and the pseudosate!mes capable of transmnthng pseudosatellite data
signals from the pseudosateliite data, wherein the pseudosatellite data signals are used
for determining interior position. This embodiment may further include a second GPS
receiver for receiving the pseudosatellite data signals, the second GPS receiver being
capable of using the pseudosatellite data signals to determine the interior position of the
second GPS receiver, and a fink for communication between the second GPS receiver
and the computer. This link may be implemented as a duplex system capable of
relaying the position of the second GPS receiver to the computer and capable of
relaying information from the computer to the second GPS receiver.

According to another aspect of this invention, the'r_e 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 -

data sugnais usmg the reconstructed clock ssgnal and orbltal parameters for at least four

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 pseudosatellites, and adding offsets to the NAVDAT information

35

-~ when calculating the orbital parameters, as well as delaymg the reconstructed clock
30

signal to account for different prcpagatnon time to each of the pseudosateliites.
In accordance with yet another aspect of this invention there is provided an interior
posmonmg system havmg pos:tnonal 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,

and a transmitter in communication to the computer for trqnsm:ttlng pseudosatellite data
signals derived from the pseudosatellite data. This emb_odiment may further include a
second GPS receiver for receiving the pseudosatellite data signals, the second GPS
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receiver being capable of using the pseudosa_te!l‘rte data signals to determine its interior
position. In one particular implementation of this embodiment, there is further provided
a link for communication between the second GPS receiver and the computer. This link
may take the form of a duplex system capable of relaying the position of the second

_ GPS receiver to the computer and capable of relaying information from the computer '

to the second GPS receiver. .
According to yet another embodiment of the method of this invention the following

steps are practiced. First, providing positional information regarding at least four

pseudosatellites, then providing an accurate time signal, also calculating pseudo-

'_ satellite data for each pseudosatellite by using the position information, and further

transmitting the pseudosatellite data and the accurate time signal, the transmitting of the
accurate time signal being delayed for each pseudosateliite to account for propagation
delay.

Further objects of the present invention together with additional features
contrrbutlng thereto and advantages accruing therefrom will be apparent from the follow-
ing description of certain preferred embodiments of 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

Fig. 2 i is a graphical representatron of one embodiment of the mtenor positioning
system accordmg to the present invention,; S

Flg 3 is a graphical representation of another embodrment of the interior positioning

) system according to this invention;

35

Fig. 4 is graphrcal representation of yet another embodrment of the interior
posrtromng system accordmg to the teachmg of the present invention; ,
Flg 5 is a block diagram of hardware employed in conjunction with the interior

. - positioning system of this invention;

Frg 6 is a flow chart of software used in conjunction wrth the present interior

posmomng system e e - e
O
" interior positioning system according to this invention;

Fig. 7 is a block dragram showmg the overall structure of one embodrment of the

Fig. 8 is a detailed block diagram. further rllustratrng the clock recovery unit

" discussed in conjtinction with Frg 7;
. Fig. 9 is -a- detailed- block dlagram directed to the modulator as employed in

connection with the present invention; :
- Fig. 10 is a detailed graphical representation of the structure having an interior
positioning system accord_ihg to this invention as presented in Example 1 below; and
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Fig. 11 is a block diagram similar to that of Fig. 7, ' showing the overall 's'tructure of
' another embodiment of the interior posxtromng system accordmg to this invention.

Refemng now to the drawmg and rmtrally to F|g 1, there is shown a global
positioning system 10 according to the prior art. The system 10 is illustrative of the

. currently operating NAVSTAR Global Positioning Systern which includes many satellites

represented by satellites 12-26 orbiting the Earth 28. _A total of twenty-four (24) are

- actually used. The orbiting satellites 12-26 communicate or broadcast signals 30-44,
" respectively, to the Earth 28. The signals 30-44 contain two types of information. The

first type of information i is precise time encoded rnformation and the second is extremely
accurate encoded position information. A GPS receiver located at position 45, for
example, is able to determine its exact location by measunng the difference between
any four GPS signals and calculating the spatial distance or range to each sateliite. The
receiver then uses this data and the known position of each satellite to determine its
own position in space, or on the surface of the earth. The NAVSTAR Global Pasitioning
System is more fully described in Aviator's Guide to GPS by Bill Clarke and The
NA![SIAB_QIQb_aLEg_sﬂQng_Sy_s_tgm by Tom Logsdon, the teachings of which are
herein recognized to comprise part of the prior art related hereto. The current GPS
system, however, does not function in many situations. Such situations include, for
example, locations within a building structure, inside an urban environment having a

“variety- of tall structures, under water, inside dense forests, and underground.

Turning now to Frg 2, there is shown one embodlment of an internal. posmomng

' system 48 according to the present invention. The illustratton of Fig. 2 shows a building

47 having a first room 48, a second room 50, and a_thtrd voom 52. Three different uses
of the interior positioning system 46 are illustrated in Fi'g ‘2. These different uses will

" “be briefly described before further drscussmg m detarl the speclﬁc components of the
" " interior positioning System 46.

In the first use, a badge 64 is enabled to determme rts mtemal posmon The badge

- B4 may- be provided with-an optional transmitter (not shown) to report the badge
pcsrtton Inthe second use; a pointer 66 is enabled to relate its internal pcsmcn tothe -
* 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 wrth precise accuracy and
use that location rnformatron to beneficial advantage.
~ In connection with the third lise drscussed above it ns currently contemplated that
satellites will soon be able to perform spot beam searches for specific phones in specific
“celtular regions. For such an advanced roaming cellutar phone system to function
appropriately, a cellutar phone must be able to determine its position and communicate
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this information when activated in an entirely dlfferent area. In this manner, a l.os
Angeles based cellular phone could be used in New York City. The cellular phone 70

"~ is herein currently enabled to functlon in this manner When the self-locating cellular

phone 70 is activated in New York City, the cellular phone 70 reports its interior or
exterior position and thereby activates a new local-area. There are thus proposed

._herein various conﬁgurations of internal positioning system receivers according to the
~ present invention. . The cellular phone 70, for example contains a standard GPS

" receiver which is prowded with an interface to the cellular phone function. The badge
o _.64 and the pointer 68 may contain a more specialized receiver which responds to

10

15

20

‘multiple messages conialned in the GPS-type signal descnbed below. These messages
_ can contain speclallzed information, such as street address Zip codes, area codes and

the like, to enable more specific system functions.

. With continuing reference to Fig. 2, the GPS satellites 16-22, for example, direct
GPS signals 34-40,. respectlvely. toward the building 47. The signals 34-40 are
communicated to a reoelvmg and distribution system 54. The 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 iliustrated.

The embodiment of the interior positioning system 46 shown in Fig. 2 employs four

~ channels which transmit new RF GPS-type srgnals modulated with orbital data

correspondmg to the actual location of pseudosatellites 56-62. The form of the

.. modulation is identical to_the form of a standard GPS signal. The specific data

: _oontamed is developed lntemally by the intemal pos:tlomng system 46. The receiving
... ..and distribution system 54 makes appropriate changes to each of these signals to allow
s ;. for positional offset. An example of posmonal offset is discussed below in conjunctlon

”wMﬁgm

- The rooms 48-52 are preferably eleclromcally |solated from each other. This

-_'::':ensures that interior posltlonmg system signals from any one room do not transmit into

5 _. an other room. When,the rooms 48-52 are not electromcally isolated from each other,

_only one set of pseud

ellltes 56-62 is required. Altematwely, it is contemplated to

h share a pseudosatellite.or any combination thereof between two or more different

o rooms This aspect 0 '_he present invention is lllustrated by pseudosateliite 62 being

“shared between the two rooms 50 and 52, as illustrated in Fig. 2. This type of sharing

-

- ls possible even. when the two rooms are electronically isolated from each other. The
e mtemal positioning system 46" may be implemented in-any single or multiple room
~ structure as long as the RF carrier frequency, or other: ‘carrier frequency, can penetrate

' thewalls. in addition, the four pseudosatellites are preferably positioned in the room in

.opposite diagonal corners to maximize the dlstances therebetween SO as to in turn,
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maximize the accuracy of the positioning capabilities of the internal positioning system
46. . T
As shown in Figs. 2 and 3, the badge 64 and cellular phone 70 are enabled to

 determine their interior position using a standard GPS receiving antenna 78, and the

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

receiving and distribution system 54 as next described 'in detail.

The distribution system 54 is provided with a computer processing unit 55 that
converts each of the standard GPS signals 34-40 into a correspondmg or interior GPS-
type signal that includes the GPS time component and a position component with new

‘orbital parameters. This processing will be described in _futther detail below. The GPS-

type signals generated by the processing unit 55 are each hard-wired into a respective
and corresponding pseudosatellite. Thus, the new orbital_;parameters generated by the
processing unit 55 relate to the exact physical location of each corresponding
pseudosatellite relative to the room in which it is posi_tfoined. The present internal
positioning system 46 requires a minimum of four GPS satellites each emitting a
standard GPS signal, and a related minimum of four cotresponding pseudo- satellites
each receiving over hard wire, a modulated GPS-type signal provided by the processing
unit 55. Of the minimum of four corresponding pseudo satsllites required by the internal
positioning system 46, one pseudosatellite thereof mustfb"_e non-coplanar relative to the
others. This requirement is illustrated in Figs. 2 and 3 by pseudosatellite 62 being
positioned in non-coplanar relation to the pseudosatellit'eé__ 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,
59,61, and 63. The badge 64 and cellular phone 70 are in turn enabled to transmnt their

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 may: be printed-out or displayedon -

a monitor 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 zonee__,:eecter_s_, o__r_ other.;:hartm_g or

“surveying coordinates. Thus in this use, an operatof‘af"t'ﬁe compliter system 72 can

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 the_m on an individual basis.
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ltistobe understood that the present invention is not limited to use with the badge
64 or cellular phone 70, but rather may be used in conjunctlon with a pager, a portable
computer, a personal digital assistant, a watch, a robot, inventory, or numerous other
stored objects or items customarily carried by indiw)iduals moving within a particular
environment. In addition thereto, it should be appreciated that not every room requires
a computer system 72. In the embodiments wherein the rooms are electronically
isolated, each such room is provided with a receiver 73. In this situation, all of the
receivers 73 are connected to a single computer system 72 which may be placed in any
desired location--even locations miles or hundreds of miles away from the building or
environment in which the internal positioning system 48 is installed.
~ Referring now to Fig. 4, the pointer 66 is shown in relationship to the television 68
in greater detail. Prior hereto, various devices have been proposed for interactive use
with a television. Such devices include touch sensitive screens, mouse-type control
devices, remote control devices, and others. This use of the internal positioning system
46 relates the pointer 66 to the television 68. The pointer 66 is preferably a receiver
with orientation determining capabilities provided, for.example, by a gyroscope. By
determining the location of the television 63 and the pointer 66 in the manner described
above, a pointed-to-location 80 can be realized. This pomted—to-!ocatlon can be
advantageously used in mterfacmg with television images.

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

_ channels for demodulation, decoding, and calcuiation of time and navigational data .
(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

35

GPS reference recewer 112 is used to perform d:fferenttal GPS calculations in any

S embodiment of the inter nal POSlthmng system 46 that may be in relative motion to the -
30

Earth 28. Higher resol_u_tlon and accuracy can be realized through use of differential
.GPS over time. According 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

'_ cbmputer processing unit 55, includes computing and multiplexing the positional offset,
- 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



10

15

20

25

30

35

WO 97/38326 L PCT/USS7/01486

12

posrtlomng system 46. The preferred processing. software is shown in the flow chart of

Fig. 6. Additional aspects of Fig. 5 will be dxscussed in further detail below in..

conjunction with Fig. 7.

'With reference now to Fig. 6, one embodiment of software used to run the internal
positioning system 46 is shown. It should be understood that various other features and
embodiments of the software are possnble for use with the internal posmomng system
46, and that the following embodiment is an illustrative, non-limiting example thereof.
In this embodiment, the processing starts with the lmtrahzatlon block 122. The GPS
receiver 84 and differential GPS receiver 112 are initialized and calibrated in blocks 124
and 126. A report status software block 128 accepfs the status from the GPS receiver
84 and the differential GPS receiver 112, and then collaborates data and interacts with
a file holding information regarding previous history files of a particular badge 64 or
cellular phone 70. A boot history file 132 contains updated positions on transition
activity that has taken place since the report status was last generated. A poll control
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 biock 138 interacts with a 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

record changes to a history file on the internal posrt_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 SR

112. A transmit 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 havmg o

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

in comunchon with Figs. 1 and 2. Each of the satelhtes 16—22 broadcasts its own unique _
coded message continuously. The correspondmg satellrte signals 34-40 each havea -

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 usmg binary phase shift keying, or- BPSK by the pseudorandom code

assigned to each of the satellites 16-22. The pseudorandom code is a fixed seriesof |

binary bits having a length of 1,023 bits. Each sate!lrte 16-22 broadcasts using an
assigned and specific code algorithm. The code algor_rthms are well defined in GPS
related Iiterature. |
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The second of the three basic components of the standard GPS signal is. .a

* Precision code stgnal or P code. The precision code is BPSK modulated at 10. 23 MHz.
~This precision codeis a pseudorandom code and is significantly long containing speclﬁc

satellite xdenttﬂcatson data similar to the C/A code.
Lastly, the third basic component of a GPS signat is satellite data. This sateliite

| data modulates both the precision code and the coarse acquisition code at 50 bits per

second, again using BPSK modutation. The satellite data includes several information
categories, the most pertment being ephemeris data for each GPS sateliite. Ephemeris
data describes the orbital path of the satellite in terms defined by the Inertial Coordinate
System. The inertial Coordinate System is based.on Earth's center of gravity or COG,
in which the North Celestial pole defines a Z axis through the COG, and the plane of the
Celestial Equator is perpendicular to the Z axis and intersects the COG. The orbital
parameters of the satellite are defined in terms of right:._ ascension, inclination, argument
of perigee, semi-major axis, and eccentricity, as well as specific parameters of time and
mean anomaly. Almanac data for all satellites is also included in the satellite data.
The GPS receiver 84 as shown in Fig.7, computes precise location information by
using the sateliite signals'34~40 The GPS receiver 84 computes its own location using
data from at least four satelhtes 16- 22. Additional sateliites which are in view, however,
will necessarily add to the data from which the GPS can select the minimum of four

_signals. The GPS recerver 84 determmes the pseudorange to each sateliite and solves
* for.the user, a posrtxon in terms of latitude, longitude, and altitude. The pseudorange

measurement has two_pr__lncapal sources of inaccuracy. _.'!_'hese include the clock timing - TN

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 -

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 o
- With continuing reference now to Figs. 5 and 7, a clock recovery umt 106 receives

'NAVDAT data s:gnal 164 whach mcludes a coarse trme signal and a receiver-clock =

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

of this invention is 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 "pseudoe,ate!htes" since the standard GPS signal has been modified
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to contam new orbital information relating to the orbit of each pseudosatellite around the
Earth The physical offset and time offset, which are covered in greater detail in
drscussron relating to Fig. 10 are added by the computer processing unit 55. GPS-type
srgnals 168, 170, 172, and 174 are, respectively, the coarse acquisition code, the
precrsron code, and the satellite data for each of the pseudosatellite 56, 58, 60, and 62.

A modulator 86 combines these signals using BPSK modulation and regenerates the
RF carrier. Pseudosatellite data signals 176, 178, 180 and 182 are the respective
driver signals for the pseudosateliites 56, 58, 60, and 62.

The clock recovery unit 106 employed in conjunction with the present invention is
shown in greater detail in Fig.8. The clock recovery unit 108 receives the NAVDAT data
srgnal 164 from the GPS receiver 84. The clock reeovery unit 106 generates the
precision clock signal 166 which has an accuracy equivalent to the atomic clock
standard. The clock recovery unit 106 provides frequency synthesis at 10.23 MHz using
a conventional phase lock loop. Several commercially'available GPS accessories will
perform the functions required by the clock recovery unit 106. The Hewlett Packard
58503A, for example, will provide the precision clock srgnal 166.

Further aspects of the modulators 86 will now be described in detail with reference
to Fig. 9. The computer processing unrt 55 generates the- GPS-type output signals 168,

- 170, 172, and 174 which contain coarse acquisition code, precision code, satellrte data,
20

and the precision clock signal 1686. The precision clock srgnal 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 exclusrve-OR

crrcurtry 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 modulater 196 to produce a signal

198. The BPSK output signal 194 and a phase shifted signal stemmrng from slgna! 184,
are combmed in an RF modulator 197 to produce signal 200. As shown in Fig. 9, the

srgnals 198 and 200 are summed to produce the pseudosatellrte data driver signal 176
correspondang to pseudosatellite 56. Satellite data contamed in this GPS-type signal

e contains ephemeris data which describes the orbit of the ‘pseudosateliite in terms that
30

the standard GPS receiver can use in its calculations. Addrtronally. the satelhte data
contains any special messages required for the specrﬁc 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 posrtromng system 46 in
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 paraliel north,
southfeast, and west, and uses the interior positioning system 46 having coaxial cable
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with a propagation velocity of 0.6. In this example, the' latitude, longitude, and altitude
coefficients for pseudosatemtes 56, 58, 60, and 62 as well as the trme delay will be
calculated. Pseudosatellite 56 is a distance of 5 meters south of the receiving and
distribution system 54 in the upper portion of the southwest comer of room 204 and on
the same altitude with the GPS receiving and drstnbutron system 54. Pseudo-satellite
58 is located a distance of 295 meters north of the GPS receiving and distribution
system 54 and a distance of 20 meters therebelow._ The coaxial cable attached to
pseudosatellite 58 is 315 meters long. Pseudosatellite 60 is a distance 295 meters
north, 200 meters east, and level with respect to GPS receiving and distribution system
54. Pseudosatellite 60 has a coaxial cable of 495 meters connecting it to the receiving
and distribution system 54. Pseudosatellite 62 is 5 meters south, 200 meters east, and
20 meters below the feceiving and distribution system 54. Pseudosateliite 62 is
connected with a 225 meter coaxial cable. The length of antenna cable 206 does not
affect the operation of the interior positioning system 46 because the resulting uniform
clock bias which appears on each channel is canceled. Thus the NAVDAT from the
GPS receiver 84, Fig. 5, contains the correct antenna'iecation Since the GPS receiver
84 is directly below the antenna 78, no additional tatxtude or longitude correction is
required. For the antenna 78, being herein posutroned 30 meters above the receiving
and distribution system 54, there is rmposed a fixed altltude offset of -30 meters on each

pseudosatellite 56, 58, 60, 62. The pseudosatelhtes 56 58, 60, and 62 are displaced
in three dimensions expressed in terms of latitude, Iongrtude, and altrtude with reference - - -
 tothe antenna 78. These actual distances are readr!y measured “The angular offsets

.are used to catcutate orbit parameters which are transmltted in the satelhte data_ _
emanating from pseudosatellrtes 56-62. These angular offsets are cea ol)culated using a

conversion to angular measure. Furthermore the time delay is calculated with 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 mstance the trme delay for a 200

" meter coaxial cable will be tonger than that for a 100 meter coaxial cable of the same = =
' type.’ In th:s case, the computer processing unit 55 transmrts the data frame for the 200~~~

meter coaxial cable earlier than that for the 100 meter coaxral cable. The time delay for
use of various lengths of each element of coaxial cable i rs snmrlarly trme-controlled by the
computer processrng unit 55. The specific offsets for the hypothetlcal room 204 of Frg
10 are set out in Table 1 be|ow

82
-0.000548
lf Longitude, minutes o arc 0] 0| 0002646 | 0.002646

Latitude, mrnutes of arc
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174825 | 274725

Based ‘upon these offsets, the computer formulates the parameters for each

5. pseudosatelhte 56, 58, 60, and 62 by a specific method This method includes the
i followmg steps:

10

15 .
Q system . 46 will be discussed in detail. In this embodiment, the GPS receiving antenna
;i 78, the power amplifier 82, and the GPS receiver 84 are eliminated. In place of using
~the siendard GPS signals 30-44, the posmons of each pseudosatelhte 56, 58, 80 and
- B2is mputted directly to the computer processing unit 55 in terms of latitude, longitude,

~ and altrtude This data may be derived, for example, from suiveyor's measurements.

The clock recovery unit 106 would be replaced by a precision clock. Standard precision

1. Convert latitude, longitude, altitude, and time to mtemal positioning system
. ephemeris data format;

2. Store data in allocated registers for delayed retransmission to outputs;
Assign pseudorandom code numbers and compute orbital parameters;

4. Add other internal positioning system formatted data, including telemetry,

. hand over word, as required by each conventional receiver; and

5. Assign additional data to each pseudosatellite data word for specialized

" receiver functions.

With reference now to Fig. 11, another embodiment of the internal positioning

clocks such as an atomic clock, a WW\V clock, or United States Naval Observatory

| - based clock may be used. In this embodiment without the GPS receiver 84, the
o computer operator supplies the positional data to the computer processing unit 55

. directly. The remaining operations for the processing unit 55 and the pseudosatemtes R

- 56-62 are the same as described above.

Whnle this invention has been descnbed in detail wuth reference to certain

preferred embodlments it shoutd be appreclated that the present invention is not limited

"to those’ precise embodiments. Rather, in view of the present disclosure which

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

a departu}g from the 'scope and spirit of this invention. The scope of this invention is,

- . therefore, indicated by the following claims rather than by '_the foregoing description. All
. changes, modifications, and variations coming within the meaning and range of
: equivaléncy of the claims are to be considered within their scope.

35
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1. A location pos:taonmg system for use in a sh:elded environment, said system
comprising: : SR >

a GPS receiver for receiving GPS signals and transmlttmg nawgat:onal data;

a clock recovery unit for re_cew_mg said navigational data and reconstructing an
accurate clock signal; :

a computer processmg unit for recemng sa:d accurate clock signal and said
navigational data; and _ | _ - :

at least four pseudosatellites positioned within the shielded environment, one of
said at least four pseudosatelfites being non-coplanar relative to the others, wherein
said computer processing unit generates a respective GPS-type signal corresponding
to each of said at least four pseudosatellites, said respective GPS-type signal
containing new orbital parameters for each correspond_ih'g pseudosatellite.

What is claimed is:

2. The location positioning system according to claim 1 wherein said GPS-type
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.

3. The location positiening system according to claim -_qurther including computer -

means and a location receiver. associated thereWith,_.i-ééid 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 locatiéh sié;ial; o

4. The location P°s""°m"9 system accordmg 13 clalm 2 wherem sald location” "

device includes a cellular phone

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

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

6. A personnel Iocatnon and tracklng system for use n };work-place envnronment _ :

said system comprising: . - .
a GPS receiver for recelvmg GPS slgnais and transm ting navugat:onal data;
a clock recovery unit for receiving said nawgatlenal data and reconstructmg an
accurate clock signal;
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a computer processing unit for recervrng said accurate clock signal and said
__navigational data;

at least four pseudosatellites positioned within the work-place environment, one of
said at least four pseudosateliites being non-'coplarlar relative to the others, wherein
said computer processing unit generates a respective 'G'ﬁ"S-type signal corresponding
to each: of said at least four pseudosatellites, said respectwe GPS-type signal
contarnmg new orbital parameters for each correspondrng pseudosatellrte

a receiver device carried by an individual moving within the work-place environ-
ment, said receiver device capable of transmitting' a loéation signal, said GPS-type
signals being transmitted into the work-place environment to be received by said
receiver device; and

computer means having a location receiver assccxated therewith, said location
receiver being positioned within the work-place environment to receive said location
signal from said receiver device so that a precise position of the individual carrying said
location receiver may be determined by said computer means by processing said
location signal.

7. A combined positioning system for locating an object moving between a shielded
~ environment and unobstructed open space, said system ccmprrsrng '
' pluralrty of global posrhomng satellites in orbit around the Earth, each of said global

- - positioning satellites broadcasting a standard GPS signal;

25 o

~.a first GPS receiver for recelvrng the standard GPS sighals and transmitting
navrgatrona! data; - '
a clock recovery unit for recelvmg sald navigational data and reconstructmg an
accurate clock signal; - - - -

a computer processing unit for receiving said accurate clock signal and said

navrgatronal data;

30
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--at least four pseudosatellites positioned within the shre!ded environment, one of

‘said at least four pseudosatellites being non-coplanar re!at__rve 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 orbrtal parameters for each correspondmg pseudosatellrte

a receiver device attached to the movrng object said receiver device capable of
transmitting a location signal, said GPS-type signals being t__ransmrtted into the shielded
environment to be received by said receiver device; o




10

16

-20. .

U [T —

computer means having a location receiver associated therewith, said location
receiver being positioned within the shielded envxronment to receive said location signal
from said receiver device so that a precise indoor posrtlon of the moving object having
said location receiver may be determined by said computer means by processing said

. location signal when the object is within the shielded environment; and

a second GPS receiver attached to the moving objéct said second GPS receiver
for receiving the standard GPS srgnals when the object is in the unobstructed open
space so that a precise outdoor positton of the moving object having said second GPS
receiver may be obtained.

8. A method for providing an interior pos:tromng system comprising the steps:

receiving GPS signals;

reconstructing an accurate clock signal from the GPS signals;

calculating orbital parameters for at least four pseudosatellites; and

transmitting pseudosatellite data signals using the reconstructed clock signat and
orbital parameters for at least four pseudosatellites.

9. The method for prdviding an interior positioning system of claim 8 further
comprising the steps:

generating NAVDAT information from the received GPS signals; :

using the NAVDAT mformatron for calculating the orbltal parameters for the

pseudosatellites; and - - . -

adding offsets to the NAVDAT mformatnon when calculatmg the orbrtal parameters

10. - The method for provrdlng an rntenor posmomng system of claim 9 further

"~ comprising the step of delaying the reconstructed clock signal to account for drfferent_ |

~ propagation tsme to each of the pseudosatelhtes




