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METHOD AND SYSTEM FOR DETERMINING ABSOLUTE POSITIONS OF MOBILE
COMMUNICATIONS DEVICES USING REMOTELY GENERATED POSITIONING
INFORMATION

CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Application No.
60/402,963 filed August 13, 2002, assigned to the assignee of this application and
incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates generally to determining positions of objects and,
more particularly, determining absolute positions of a plurality of wirelessly networked
mobile communications devices at the mobiles themselves using positioning
information signals transmitted from a remote location and the wireless
communications capabilities of the mobiles.

BACKGROUND OF THE INVENTION

Groups of individuals, such as police officers, firefighters, rescue workers or
soldiers, often need to conduct operations in built up urban areas. While operating in
such areas, the individuals often find it difficult or impossible to maintain accurate and
updated knowledge of one another’s locations because the structures in an urban
area block visual contact between the individuals. As a result of the inability to
establish visual contact, soldiers in urban environments often become casualties of
friendly fire. Similarly, police officers, firefighters and soldiers are not able to assist
fallen comrades who may be nearby, yet cannot be visually observed.

Current electronic position location systems do not provide a satisfactory
solution to the problem of providing an individual, who is part of a group of individuals,
with current information as to the absolute positions of other individuals in the group
when the individuals of the group are located in an urban environment where visual
contact among and between individuals of the group is difficult or not possible. For
example, the well known global positioning system (“GPS"), which includes orbitting
GPS satellites that transmit positioning information signals for receipt by a GPS
enabled communications device on land, provides that a GPS enabled
communications device can compute its absolute position (“GPS fix"), in terms of
latitude, longitude and altitude, based on receipt of GPS information signals
transmitted from the GPS satellites. Based on currently available GPS fix



10

15

20

25

30

WO 2004/025319 PCT/US2003/025077

computation techniques, however, a GPS enabled communications device can
compute its GPS fix only if it can receive GPS information signals transmitted from at
least four GPS satellites.

In urban areas, an individual carrying a GPS enabled device often moves to
locations that do not permit the GPS enabled device to receive GPS information
signals transmitted from at least four GPS satellites. For example, natural terrain or
man-made structures in an urban environment often attenuate or block signals
transmitted from GPS satellites. Therefore, a group of individuals, each carrying a
GPS enabled device, cannot always rely upon the computation of a GPS fix at each
individual of the group, and the communication of the GPS fix from one individual to
other individuals of the group, such as by wireless means, to ensure that each
individual of the group continuously is aware of the absolute positions of other
individuals in the group.

Therefore, a need exists for system and method for determining the absolute
positions of individuals who are members of a group, where none of the individuals of
the group can receive remote positioning information signals transmitted from a
sufficient number of remote positioning information signal transmission sources, such
as GPS satellites, to permit a communications device carried by an individual of the
group to determine its absolute position solely based on the remote positioning
information signals that it can receive.

SUMMARY

In accordance with the present invention, where each of first and second
mobile communications devices cannot receive positioning information signals
transmitted from a sufficient number of positioning information signal transmission
sources, which are located remotely from the first and second mobiles, to determine
its absolute position in the absence of any other positioning information, the first
mobile determines its absolute position and the absolute position of the second mobile
based on (i) information obtained from wireless communications between the first and
second mobiles, and (ii) the first and second mobiles, in combination, receiving
positioning information signals transmitted over a predetermined number of line of
sight (“LOS") communications signal reception paths that are established with remote
positioning information signal sources which are visible to the first mobile or the
second mobile. The first mobile wirelessly communicates the computed absolute
positions of the first and second mobiles to the second mobile, such that individuals
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carrying the first and second mobiles, respectively, are aware of their respective
absolute positions.

In accordance with a first aspect of the present invention, a first mobile
communications device computes its absolute position and the absolute position of a
second mobile communications device where (i) each of the first and second mobiles
has global positioning system (“GPS”) and wireless communications signal receiving
capabilities, a time of day clock and data and signal processing capabilities; (ii) the
first and second mobiles, in combination, can receive GPS information signals
transmitted from as few as three GPS satellites; (iii) the first and second mobiles can
establish at least five LOS paths to the as few as three GPS satellites; and (iii) the first
and second mobiles, using their wireless communications capabilities, can determine,
or obtain information representative of, their relative positions.

In accordance with a second aspect of the present invention, a first mobile
communications device computes its absolute position and the absolute position of a
second mobile communications device, where (i) each of the first and second mobiles
has GPS and wireless communications signal receiving capabilities, a time day of
clock and data and signal processing capabilities; (i) the first and second mobiles, in
combination, can establish, using their wireless communications capabilities, LOS
communications paths to at least six GPS satellites; (ii) each of the first and second
mobile, using their wireless communications capabilities, can determine the distance
(“range”) separating each other; and (iii) the first or second mobile can determine their
relative clock bias.

in a preferred embodiment, a GPS enabled mobile includes a position
processing module coupled to a wireless data transceiver module and a GPS and
wireless communications signal ranging transceiver module. The ranging transceiver
module communicates wirelessly with the ranging transceiver module of a second
GPS enabled mobile, which is preferably a part of the same wirelessly networked
group, to obtain information for computing the range between the mobiles. In addition,
the ranging transceiver module establishes LOS paths with each visible GPS satellite
and receives GPS positioning information signals transmitted from the GPS satellites
on these LOS paths. The wireless data transceiver module receives relative position
information or, optionally, range information obtained from wireless communications
with the second mobile, from the data transceiver of the second mobile. The position
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The position processing module computes its absolute position (“GPS fix") and also
the GPS fix of the second mobile, based on the stored GPS satellite orbital
information, positioning information obtained from the received GPS signals and at
least one of the range and the relative position information for the second mobile.

In a preferred embodiment, the mobile wirelessly transmits the computed GPS
fixes to other mobiles of the group or to a remote communications device.

DETAILED DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention will be apparent from
the following detailed description of the presently preferred embodiments, which
description should be considered in conjunction with the accompanying drawings in
which like references indicate similar elements and in which:

FIG. 1 is an illustration of a geometric shape defined by rénges measured
between a GPS enabled mobile communications device and three GPS satellites.

FIG. 2 is an illustration of the geometric shape of FIG. 1 including a fourth GPS
satellite and indicating the effect of the assumed GPS clock bias on the assumed
position of the GPS mobile.

FIG. 3 is a functional block diagram of a GPS enabled mobile communications
device in accordance with a preferred embodiment of the present invention.

FIG. 4 is an illustration of two GPS enabled mobile communications devices, in
accordance with the present invention, positioned so that LOS paths can be
established to only five GPS satellites.

FIG. 5 is a flow diagram for computing GPS fixes for two respective GPS
enabled mobile communications devices, in accordance with the present invention,
where the relative positions of the two GPS mobiles are known.

FIG. 6 is a flow diagram for computing GPS fixes for two respective GPS
enabled mobile communications devices, in accordance with the present invention,
where the two GPS mobiles can determine the range between each other and their
relative GPS clock bias.

FIG. 7 is an illustration of a configuration including first and second GPS
enabled mobile communications devices, in accordance with the present invention,
where the first mobile can establish LOS paths to four GPS satellites and the second
mobile cannot establish LOS paths to four GPS satellites.
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FIG. 8 is an illustration of the configuration of FIG. 7 highlighting ranges used to
compute GPS fixes for the first and second mobiles, in accordance with the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

For purposes of highlighting the features of the present invention, a summary of
the prior art technique for computing the absolute position (*GPS fix") of a
communications device having GPS signal receiving capabilities, based on GPS
positioning information signals received at the device from at least four GPS satellites,
is initially described below in connection with FIGs. 1 and 2.

FIG. 1 illustrates an exemplary GPS configuration 10 including a GPS enabled
receiver A positioned so that it can establish LOS paths to three GPS satellites 11, 12
and 13. For ease of reference, the symbols used to identify the positions of GPS
mobiles and GPS satellites that are shown in the drawings discussed below are the
same as the reference numerals used to identify the GPS signal receivers and the
GPS satellites themselves. As is well known in the art, each of the GPS satellites 11,
12, 13 includes a time of day clock and transmits known pseudorandom (“PN")
patterns at respective predetermined times of day. For simplicity, it is assumed that
the clocks of the GPS satellites 11, 12 and 13 are sufficiently synchronized to one

. another so that they can be considered to be exactly synchronized. The GPS receiver

A includes orbital ephemeris data in its memory from which it can compute, with great
accuracy, the orbital positions of the GPS satellites 11, 12 and 13 at predetermined
times. The GPS receiver also includes a time of day clock, and expects to receive a
predetermined PN pattern at a predetermined time from a particular GPS satellite.
The GPS receiver A correlates the expected PN pattern and the received PN pattern
to determine precisely when the PN pattern was received from the GPS satellite. 1f
the respective time of day clocks in each of the GPS satellites and in the GPS receiver
are exactly synchronized, the propagation delay for the GPS signal transmitted from
each of the GPS satellites 11, 12 and 13 to the GPS receiver A can be readily
computed. As radio frequency signals travel at a constant velocity, the range from
each of the GPS satellites 11, 12 and 13 to the GPS receiver A can be computed from
the propagation delays using well known techniques. The three measured ranges, A-
11, A-12, and A-13, always define a unique point A. As the GPS receiver A can
compute the known orbital positions of the GPS satellites at predetermined times
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satellites 1, 2 and 3, respectively, and the GPS receiver A can be represented as the
tetrahedral configuration 10 shown in FIG. 1.

In reality, however, an unknown offset error or bias exists between the clock of
the GPS receiver A and the clocks of each of the GPS satellites 11, 12 and 13. FIG. 2
illustrates a configuration 20, which includes the GPS receiver A and the GPS
satellites 11, 12 and 13 and indicates the effect that clock bias has on the
configuration 10 of FIG. 1. Referring to FIGs. 1 and 2, the position of the GPS
receiver A, which constitutes the vertex of the tetrahedron 10, is displaced by some
unknown amount from the true GPS receiver A location at A’, based on the clock bias.
Referring to FIG. 2, if the GPS receiver A can establish an LOS path to a fourth GPS
satellite 14, such that the range from the GPS receiver A to the GPS satellite 14 can
be determined, this measured range, in general, will not be an exact match for the
distance that can be computed between the known position of the GPS satellite 14
and the unique location of A defined by the ranges to the GPS satellites 11, 12, and
13. As is known in the art, least squares techniques can be used to compute the
estimated GPS receiver A position (¢, y, z) and the clock offset s that produces the
best fit, in a least squared error sense, with the set of the four range measurements.
In general, as ranges to more GPS satellites are added to the calculation, the best fit
continues to improve. It is noted that a set of only four range measurements is
needed to compute a useful estimate of the position the GPS receiver A.

Thus, the absolute position of an object having GPS receiving and data
processing capabilities, such as an individual carrying the GPS enabled receiver A,
can be computed using GPS positioning information signals, which permit
measurement of the range (distance) between a GPS satellite, which orbits the earth,
and a GPS receiver, which is positioned on or near the surface of the earth, based on
determination of the time that it takes for a radio signal to propagate from the GPS
satellite to the GPS receiver. The GPS receiver computes the measured distance for
each satellite 7, or the measured pseudorange, as

o=ty —ty)+5+e M
where c is the speed of light, 1, is the time that the satellite / transmits a GPS signal,
t, is the time that the GPS receiver receives the signal transmitted by the satellite i

and s is an error due to offset between a clock at the GPS satellite and a clock at the

GPS receiver. Based on the assumption that the GPS satellite is located at some
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the distance to position and computes calculated pseudoranges for each of the
satellites i from the following equation:

Pi =\/(xi —x)* +(y; -y +(z,—2) +s @)

If the distance p, and positions (x,y,,z,) are known for at least four different GPS
satellites, the GPS receiver can solve for the GPS receiver position (x,y,z) and clock
offset error s based on the system of equations obtained from the Equation (2) for i=1,
2, 3,and 4.

As solving systems of nonlinear equations, such as produced by the Equation
(2) for i=1, 2, 3, 4, tends to be very difficult, Equation (2) is usually linearized by
assuming values for x, y, z, and s and performing a Taylor series expansion of
Equation (2) about the point (x,y,z,s) to yield ‘

op; = 0, 6%+, 6y + @, 0z + Is (3)
where
P =S pP;— s pP;—s

The linearized system of equations then can be represented in matrix form as

p=ad ()
where

.

p=[dn p, o]

d=[6x oy 6z 6&s]

o, @, @, I

az| B G O]

aNx aNy aNz 1

The GPS receiver solves the linearized system of equations for the four unknown
values (x, y, z, s) using an iterative approach, such as described below.

First, the GPS receiver assumes a nominal starting position (x, y, z) and clock
offset error s and initially sets all four of these values to zero. The GPS receiver
computes an estimated range, »;, from each GPS satellite visible, i.e., for which a LOS

path can be established, to the GPS receiver using correlation of PN patterns and
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estimation of carrier phase. The GPS receiver then computes a pseudorange from
each GPS satellite to the assumed GPS receiver position as

P =G =3 + (=) +(5,—2)" +s (6)
where(x,, y,,z,) is the position of the GPS satellite i.

To solve for four unknowns, a system of linearized equations must include at
least four equations. The four equations can be obtained when the GPS receiver can
establish an LOS path with at least four GPS satellites. In such circumstances, the
GPS receiver then can form the range delta vector A as

a=[a, - AT
where

A =p -

1

and use Equation (4) to form the o matrix

6KI\’:: aNy aNz 1

Then, the GPS receiver computes the position correction vector d=[6x 6y &z 5s]T
using the well known normal equation
d= [uTu]_l a'A (7

and computes the root mean square (‘RMS”) error as

5v=\/5x2 +6y* +62° + 557

if the GPS receiver determines that the RMS error is less than some predetermined
threshold, then the GPS receiver accepts the current (x, y, z) values as the final
estimated position of the GPS receiver. If the RMS error is larger than the threshold,
then the GPS receiver updates the assumed values (x, y, z, s) by adding the
corrections (8x,8y,6z,8s), and then repeats the iterative process starting from the step
of computing a pseudorange using Equation (6).

It is noted that when there are exactly four equations, the system of linearized
equations can be solved by finding the inverse of a and using

d=a’p

it is further noted that when the GPS enabled receiver can establish LOS paths with
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iterative approach yields the least squares solution for Equation (5). When more than
four satellites are visible, and hence more than four pseudorange equations can be
generated, the system must be solved by using Equation (7) which implicitly finds and
uses the pseudoinverse of a.

In accordance with the present invention, where a group of GPS receivers
collectively can receive GPS information signals from a predetermined number of
GPS satellites, although not one GPS receiver of the group can receive GPS
information signals transmitted from a sufficient number of GPS satellites such that
the GPS receiver, solely based on the received GPS information signals, can compute
a GPS fix, GPS fixes can be computed at two of the GPS receivers if relative position
or range information with respect to the two GPS receivers is available.

In accordance with a preferred embodiment of the present invention, each GPS
enabled mobile communications device (“GPS mobile”) of a wirelessly networked
group including a plurality of the GPS mobiles can compute its GPS fix and the GPS
fix of another GPS mobile of the group, where none of the mobiles of the group can
establish LOS paths with more than three GPS satellites, based on (i) receipt of GPS
positioning information signals transmitted from a predetermined number of GPS
satellites visible to either of the two GPS mobiles, and (ii) determining or exchanging
range or relative positioning data with another mobile of the group using the wireless
communications capabilities of the mobiles. For ease of reference, a GPS enabled
mobile communications device of a group of networked mobiles, in accordance with a
preferred embodiment of the present invention, is referred to generally as a mobile
101 and individual mobiles of the group are referred to as mobiles 101A, 101B, etc.,
and modules within the respective mobiles also are referred to using the suffixes A, B,
etc.

FIG. 3 illustrates a preferred embodiment of the mobile 101 in accordance with
the present invention. Referring to FIG. 3, the mobile 101 includes a GPS and
wireless ranging transceiver module 102, a data transceiver module 104, a position
processing module 105 and a position display module 106. The data transceiver
module 104 is coupled to the ranging transceiver module 102 and the position
processing module 105. The position processing module 105 is coupled to the
position display module 106 and the ranging transceiver module 102. The ranging
transceiver module 102 is coupled to an antenna 120 and the data transceiver module
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the inventive mobile 101, which are described below as performing data processing
operations, constitutes a software module or, alternatively, a hardware module or a
combined hardware/software module. In addition, each of the modules suitably
contains a memory storage area, such as RAM, for storage of data and instructions
for performing processing operations in accordance with the present invention.
Alternatively, instructions for performing processing operations can be stored in
hardware in one or more of the modules. Further, it is to be understood that, in
accordance with the present invention, the modules of the mobile 101 can be
combined, as suitable, into composite modules. Also, the antennae 120 and 122,
which are conventional devices well known in the prior art, can be combined into a
single integral antenna, as is also well known in the art.

The ranging transceiver module 102, which includes a conventional wireless,
such as a radio frequency (“RF”) signal, receiver and transmitter, collects data for
determining the distance between the mobile in which it is contained and another of
the other mobiles in the networked group. In addition, the ranging transceiver module
102 includes a time of day clock and GPS satellite data from which the orbital
positions of GPS satellites, at any time of day, can be accurately computed. Further,
the ranging transceiver module 102 receives and processes the GPS information
signals transmitted from the GPS satellites visible to the mobile 101 in accordance
with well known GPS techniques, which involve using the current time of day indicated
at the clock of the ranging transceiver module 102. The transceiver module 102 then
routes the time-indexed, processed GPS information to the position processing
module 105.

In a preferred embodiment, the transceiver module 102 establishes, via the
antenna 120, a wireless radio ranging link 107 between itself and the transceiver
module 102 of another mobile of the group. Based on the radio raging links, the
transceiver 102 measures the signal transit time between itself and the ranging
transceiver module of the other mobile. From the signal time transit data, the ranging
transceiver module 102 at either of the mobiles can readily compute the range
between the two mobiles using well known techniques.

In a preferred embodiment, the ranging transceiver module 102 uses an RF
carrier modulated by a high rate pseudorandom (“PN”) pattern for ranging to another
mobile. In another preferred embodiment, the signal used for ranging is an
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infinite frequency diversity, thus ensuring that the ranging signal can penetrate a wide
variety of common building materials; (2) UWB signals have a low probability of
detection and intercept; (3) the narrow pulse widths (500 psec) used in UWB allows
for ranging accuracies to less than one foot; (4) and UWB signals can be used
anywhere in the world without having to fit into or coordinate with local civilian and
military frequency allocation plans.

The data transceiver module 104, which includes a conventional wireless, such
as an RF signal, receiver and transmitter, wirelessly exchanges, via the antenna 122,
information between itself and the data transceiver module of another mobile of the
group. The data module 104 transmits its relative position with respect to the other
mobile to the other mobile via a wireless data link 108 established between itself and
the data transceiver module of the other mobile. The relative position may have been
determined as discussed in “METHOD AND SYSTEM FOR DETERMINING
RELATIVE POSITIONS OF NETWORKED MOBILE COMMUNICATION DEVICES”,
U.S. Serial No. ____, filed August 11, 2003, assigned to the assignee of this
application and incorporated by reference herein. In addition, the data transceiver 104
transmits computed GPS fix information to the other mobile, or any other mobile of the
group, as suitable, over a wireless data link 108 established between its data
transceiver module and the data transceiver module of the other mobiles.

The position processing module 105 retrieves the GPS information data and
any ranging data from the ranging transceiver module 102, and any range and or
relative position data received at the data transceiver module 104, and uses the
retrieved data to compute, as discussed in detail below, a GPS fix for itself and also
for the other mobile to which the ranging or relative position data pertains.

The position display module 106 displays the absolute position of the mobile in
which it is contained, and which was computed at the position processing module 105
of the mobile, and also the absolute position of another mobile that the position
processing module 105 computed or which was received on a data link 108
established with the data transceiver module 104. In a preferred embodiment, the
module 106 includes a display unit resembling an oversized ruggedized PDA. In a
further preferred embodiment, the module 106 is not included in selected mobiles of a
group.

In a preferred embodiment, the mobile 101 includes a first component
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of a cordless telephone handset and is configured to be worn on or attached to an
article of clothing. The antennae 120 and 122 are embodied as a second component
structure, preferably readily attachable to a shirt collar. The first and second
component structures of the mobile 101 are electronically coupled to one another. In
a further preferred embodiment, the component structures of the mobile 101 are
configured to be carried in a holster to provide for easy removal for use.

In accordance with a first aspect of the present invention, each of GPS
enabled mobiles 101A and 101B, by cooperatively using its wireless
communications signal capabilities, computes a GPS fix for itself and a GPS fix for
the other mobile when (i) the mobiles 101A and 101B, in combination, can receive
GPS information signals transmitted from as few as three GPS satellites; (i) at least
five distinct LOS communications paths can be established between the mobiles 101A
and 101B and the as few as three GPS satellites; and (iii) the mobiles 101A and 101B
can determine or obtain information representative of their relative positions.

In a preferred embodiment of the first aspect of the invention, the relative
position information is stored in the memory of the position processing module 105A
and expressed in the form of values x,05, y408 and z4os, such that

Xp =X+ X 0p

Yg=Yat+Vaios (8

Zp =Z,4 % Z,08

Assuming that the mobile 101A can receive GPS information signals from
several GPS satellites and the mobile 101B can receive GPS information signals from
several GPS satellites, for either of the two mobiles 101A and 101B, a total of five
unknowns exist. The unknowns are the three unknown position coordinates, (x4, y4,
z4) for the mobile 101A, or (xz, ys, zg) for the mobile 101B, and, as the clock biases of
the two mobiles 101A and 101B are independent, the two additional unknown clock
biases, s; and s3.

With reference to the above discussion of prior art GPS computation
techniques, to solve for five unknowns, five pseudorange equations are required, such
that an inverse for a can be computed. One pseudorange equation can be generated
from each LOS path established between either of the mobiles 101A and 101B and
one of the visible GPS satellites. In a preferred configuration which includes two GPS
mobiles and three GPS satellites that are visible to the combination of the two GPS
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being visible to one GPS mobile and two GPS satellites being visible to the other
mobile. The two groups, however, do not have to be distinct. For example, the first
mobile can establish LOS paths to three satellites and the second mobile can
establish LOS paths to two of the same GPS satellites to which the first mobile can
establish LOS paths. Although, in an alternative preferred embodiment, the first
aspect of the invention permits computation of the GPS fixes for a configuration where
the first mobile can establish LOS paths to four GPS satellites and the second mobile
can establish an LOS path to only one GPS satellite, this configuration permits the first
mobile to compute a GPS fix using prior art techniques as discussed above.

Accordingly, for each GPS satellite from which the mobile 101A can receive
GPS information signals, the position processing module 105A constructs a linearized
equation in the form of Equation (3) as follows

0P 4 =0y 0% 4+ aAiyayA +0,;,02,+0s, €]
where
X —X Ji—Y Z—z :
@ i = 4 iy = 4 Qg = 4 (10
Pi— Sy Pi — Sy i — 54

The position processing module 105A, using Equation (8), constructs, for each GPS
satellite from which the mobile 101B can receive GPS information signals, a linearized
equation of the form

S0y = Qg 0% 4 + Oy Oy 4 + 0y, 52, + S (11
where
X, —X,05 —X Vi=Yion—Y Z,—Zop—Z
X~ X408 Xy _Yi=Yaop ~ Va4 _Z;7Zyop 2y
Qe = Ay, = qpi, = - (12
P —Sp P —5p Ppi —Sp

If the mobile 101A can receive GPS information signals from N GPS satellites and the
mobile 101B can receive GPS information signals from A GPS satellites, then the
mobile 101A can use Equations (9) and (11) to form a system of N +M equations
having the five unknowns x4, y4, z4, s4 and sz. For all cases in which N+ M >5, this
system can be solved using an iterative approach.

In a preferred embodiment, an estimate of the bias between the clocks that the
mobiles 101A and mobile 101B use for GPS ranging can be computed in accordance
with well known prior art techniques for determining the relative positions of the

mohilas 101A and 1N1R  Rasced nn this hias esfimate the nnsitionina nrocessing
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module 105A can expressly relate the GPS clock biases of the mobiles 101A and
101B to reduce the total number of unknowns from five to four. Consequently, GPS
fixes can be computed for two GPS mobiles, where relative position information is
available, when the two GPS mobiles, together, can receive GPS information from as
few as three satellites and at least four LOS paths can be established between the
two GPS receivers and the three GPS satellites.

FIG. 4 illustrates an exemplary configuration 120 of the mobiles 101A and 101B
separated by a blocking structure 115 and GPS satellites 121, 122,123, 124 and 125,
positioned in relation to the mobiles 101A and 101B and the blocking structure 115,
such that the mobile 101A can establish LOS paths only to the GPS satellites 121,
122 and 123 and the mobile 101B can establish LOS paths only to the GPS satellites
123, 124 and 125. Thus, for the configuration 120, each of the mobiles 101A and
101B cannot, based solely on received GPS information signals, compute a GPS fix
using prior art GPS techniques, because neither of the mobiles 101A and 101B can
establish LOS paths to at least four GPS satellites.

FIG. 5 illustrates a preferred process 150 for computing a GPS fix for the
mobile 101A and a GPS fix for the mobile 101B in accordance with the first aspect of
the invention, where the mobiles 101A and 101B are positioned with respect to each
other and the GPS satellites 121-125 in the configuration 120 as shown in FIG. 4,
based on the relative positions of the mobiles 101A and 101B and the GPS
information signals that the mobiles 101A and 101B can receive from the GPS
satellites 121, 122, 123, 124 and 125. In a preferred embodiment, the mobiles 101A
and 101B wirelessly communicate with each other, using their respective data
transceiver modules 104, to establish direct communication links 108, which can
include an indirect communication link via a relay site, through which information
representative of the positions of the mobiles 101A and 101B relative to each other
can be obtained. In a preferred embodiment, the mobile 101A preferably determines
its position relative to the mobile 101B, or the mobile 101B wirelessly transmits the
relative position information to the mobile 101A.

Referring to FIG. 5, in step 152 the position processing module 105A assumes
a nominal starting position (x,,»,,z,) for the mobile 101A and clock offset errors s,

and s, for the clocks included in the respective ranging transceiver modules 102A and

102B. In step 154, the position processing module 105A computes an assumed
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in step 156, following usual and well known prior art techniques for GPS
receiver implementation, the position processing module 105A, using results of
correlation of PN patterns received at the ranging transceiver module 102A with
expected PN patterns and the estimated carrier phase at the mobile 101A, estimates
the range, r,;, between the mobile 101A and each of the GPS the GPS satellites 121,

122 and 123, which are visible to the mobile 101A. In addition, following usual and
well known prior art techniques for GPS receiver implementation, the position
processing module 105B, using results of correlation of PN patterns received at the
ranging transceiver module 102B with expected PN patterns and the estimated carrier
phase at the mobile 101B, estimates the range, r,; , between the mobile 101B and

each of the GPS satellites 123, 124 and 125, which are visible to the mobile 101B.
In step 158, the mobile 101B communicates the estimated ranges r; to the

mobile 101A by establishing a link 108 between the respective data transceiver
modules 104A and 104B.

In step 160, the position processing module 105A, for each GPS satellite to
which a LOS path can be established with the mobile 101A, namely, the GPS
satellites 121, 122 and 123, computes a pseudorange between the visible satellite and
the assumed position of the mobile 101A as

Pa =G =% + (= 2,) + (5~ 2,)" +5, (13
Further in step 160, the position processing module 105A, for each GPS satellite to
which a LOS path can be established to the mobile 101B, namely, the GPS satellites
123, 124 and 125, computes a pseudorange between the visible satellite and the
assumed position of the mobile 101B as

p};j=\/(xj’“x3)z+(yj“y3)2+(Zj_ZB)2 +8p (14

In step 162, the position processing module 105A forms the range delta vector
A as

where

Ai=Ps=Tu

Ay =Py — 15
Further in step 162, the position processing module 105A, in accordance with
Equations (10) and (12), forms the o matrix
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and computes the position correction vector d=[6x 5y &z ch]T using the well known

_normal equation

d= [otToz:l_1 a'A

In step 164, the position processing module 105A computes the RMS error as

Sv=1\[6x> +5y* +62° +55°
In step 166, the position processing module 105A determines if the RMS error

is less than a predetermined threshold, such as one foot. If yes, then in step 168, the
position processing module 105A accepts the current position values (x,,y,,z,) as the

final estimated absolute position of the GPS mobile 101A and proceeds to step 172. If
no, then in step 170 the position processing module 105A updates the assumed
values (x,,5,,z,,s,) for the mobile 101A by adding the corrections (6x,8y,6z,6s) and
proceeds to step 160.

In step 172, the position processing module 105A computes (xs, ¥, zg) by
substituting the final absolute position values (x,,y,,z,) for the mobile 101A into

Equation (8), and then the data transceiver module 102A transmits the computed GPS
fixes for the respective mobiles 101A and 101B to the data transceiver module 102B.

In a preferred embodiment, the first aspect of the invention also is applicable to
a circumstance where there are more than two GPS mobiles so long as the relative
positions of all of the GPS mobiles are known and can be provided to all of the GPS
mobiles, which ensures that only three unknown position coordinates exist regardless
of the number of GPS mobiles involved. Each additional GPS mobile, however, adds
an additional unknown clock bias, such that the minimum number of LOS paths
(“Nimis”) between the GPS receivers and GPS satellites must be three more than the
number of GPS receivers (“Nya,”) OF

Nijgs = Ny +3

Although the first aspect of the invention can be applied to any number of GPS
enabled mobiles. no additional value is obtained when there are more than three GPS
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mobiles in a configuration. In a configuration having two GPS mobiles, the number of
LOS paths can be split 3-2 or 4-1 between the two GPS mobiles. The 4-1 split
permits computation of the GPS fix using the prior art technique, such that the first
aspect of the invention adds value only in the case of the 3-2 split. Ina configuration
having three GPS mobiles, the number of required LOS paths is six and can be split
2-2-2 or 3-2-1. The split 3-2-1 corresponds to the 3-2 split for the two GPS mobile
configuration with an extra GPS mobile added that can establish an LOS path to only
one GPS satellite. The GPS fix can be computed using only the two GPS mobiles
that account for five of the LOS paths. The 2-2-2 split adds value in configurations
where each GPS mobile can establish LOS paths to two GPS satellites and none can
establish LOS paths to three or more GPS satellites. In the configuration of four GPS
mobiles, the required number of LOS paths is seven and can be split 3-2-1-1 or 2-2-2-
1. There is no added value in this four GPS mobile configuration, as the 3-2-1-1 split
can be solved as in the two GPS mobile configuration with a 3-2 split, and the 2-2-2-1
split can be solved as in the three GPS mobile configuration with a 2-2-2 spilit.

In accordance with a second aspect of the invention, although each of first and
second GPS mobiles 101A and 101B can be in a configuration where each mobile
cannot compute its GPS fix using prior art techniques requiring that at least four GPS
satellites are visible and where each mobile does not have information as to and
cannot compulte its position relative to the other mobile, each of the mobiles 101A and
101B, working cooperatively using their respective wireless communications
capabilities, can obtain a GPS fix for itself and a GPS fix for the other mobile when (i)
at least six LOS paths can be established between the mobiles 101A and 101B and
visible GPS satellites, and (i) each of the mobiles 101A and 101B can compute the
distance (range) between each other and the relative clock bias between the mobiles
101A and 101B.

In a preferred embodiment, the position processing module at one of the
mobiles 101A and 101B computes the range, rup, between the mobiles 101A and
101B based on measurement of propagation times of communications signals
transmitted between the ranging transceiver modules of the respective mobiles 101A
and 101B. The position processing module 105A preferably computes the range r4;
based on the average of the apparent propagation times from the mobile 101A to the
mobile 101B and from the mobile 101B to the mobile 101A as follows:
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+ :
i =crﬁ2_7_134; (16

The propagation times are averaged to attempt to remove the affect of any clock bias
between the mobiles 101A and 101B. The position processing module 105A

computes the clock bias, 443, as one half the difference between the mobile 101A-to-
mobile 101B propagation time and the mobile 101B-to-mobile 101A propagation time,

or:

Tpgp—T
by =480 (17

The relative bias error s, =b,,c is used to express sz in terms of 54, or:
Sp=S,+58, (18
Thus, the propagation time measurements for the mobiles 101A and 101B provide that
the clock bias of the mobile 101B can be expressed as a function of the clock bias of
the mobile 101A, such that there is only one unknown for clock bias.
As the relative positions of the mobiles 101A and 101B are not known, there
are six unknown position values x4, y4, z4, X8, yz and zg in addition to the unknown clock
bias sz. Therefore, a total of seven unknown values need to be determined, which
requires a minimum of seven pseudorange equations to be created. The
pseudorange equations are obtained as follows. For each GPS satellite to which the
mobile 101A can establish an LOS path, the position processing module 105A
generates a linearized equation following the form of Equation (3) as follows:
0Py =04 0%, + 0y 0y, + .02, + 035, (19
In addition, for each GPS satellite to which the mobile 101B can establish an LOS
path, the position processing module 105A generates a linearized equation following
the form of Equation (3) as follows
8Py = Oy OXg + 0y, 6V + 0y 675 +5, +5 4p (20
where

Xj—Xp Yi— Vs Z;—Zp

Op = Oy = Cp;, =
Pr —54= S48 P —S4—S4p P84S

The position processing module 105A also constructs a supplemental equation of the
form

Pap = Cyp 0%, +Qup OV, + Uy yOZ 4 + O 4y pOXp + Oy pOY + Oy 02 (21

where
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X, —X Y=y z,—z
_X4™ X _ Vi~ Vs _Z4"%p
Cypeq = @ ypys = & ypon =
P Pap Pas
Xp—X Yp—¥ Z,—z
_Xp— X, _ Y~ Va4 _Zp—Z,
& ypep = P QA ypyp = P @ 43 = o
4B AB 4B

If the mobile 101A can establish LOS paths with N GPS satellites and the mobile 101B
can establish LOS paths with M GPS satellites, then the mobile 101A, based on
Equations (19), (20) and (21), can form a system of N +M +1 equations having seven
unknowns, where the unknowns are x,, v4, z4, X5, ¥, z5, and s4. Referring to Equation
(21), which is a pseudorange equation that is not created based on an LOS path that
is established with a GPS satellite, the two mobiles 101A and 101B only need to
establish LOS paths with at least six GPS satellites. For'all cases where N+ M 26,
the system of equations can be solved for the unknowns using an iterative least
squares approach.

FIG. 6 illustrates a preferred process 200 for computing GPS fixes for each of
first and second GPS mobiles, in accordance with the second aspect of the invention,
based on the measured range between the two mobiles, which is determined based
on wireless communications between the two mobiles, where the two mobiles can
establish at least six LOS paths with GPS satellites and neither of the two mobiles can
establish LOS paths with at least four GPS satellites. For purposes of highlighting the
features of the second aspect of the present invention, the process 200 is described
below with reference to a configuration 190 as shown in FIG. 7. Referring to FIG. 7,
the configuration 190 includes GPS mobiles 101A and 101B positioned in relation to
GPS satellites 121-124 such that (i) the GPS mobile 101A can establish LOS paths to
each of the GPS satellites 121-124, which provides that the mobile 101A can compute
its GPS fix using prior art GPS techniques; (ii) the GPS mobile 101B is located within
wireless communications proximity of the GPS mobile 101A, such that each of the
GPS mobiles 101A and 101B can compute the range between the mobiles using
conventional RF signal ranging techniques; and (iii) LOS paths only can be
established between the GPS mobile 101B and each of the GPS satellites 121 and
124, such that the GPS mobile 101B cannot determine its GPS fix using prior art
techniques which require receipt of GPS information signals from at least four GPS
satellites.
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Referring to FIG. 6, in step 202 the position processing module 105A assumes
nominal starting positions (x,,y,,z,) and (x;,y;.z;), respectively, for the mobiles 101A

and 101B and a clock offset error s, for the clock in the ranging transceiver module

102A. In step 204, the ranging transceiver modules 102A and 102B, using any
suitable prior art wireless ranging technology, respectively measure the time that it
takes for a signal transmitted from the mobile 101A to reach the mobile 101B, or the
propagation time z,, and the time that it takes for a signal transmitted from the mobile

101B to reach the mobile 101B, or the propagation time z,, .

In a preferred embodiment, the ranging transceiver module 102A transmits a
time encoded wireless signal, such as an RF signal, to the ranging transceiver module
102B. Based on this transmission, the ranging transceiver module 102B can
determine the time that it took for the RF signal to propagate from the mobile 101A to
the mobile 101B.

In step 206, the data transceiver module 104B retrieves the propagation time
data, r,, from the ranging transceiver module 102B and routes this data on a

wireless link 108 to the data transceiver module 104A of the mobile 101A. The data
transceiver 104A then routes the received propagation time information to the position
processing module 105A for storage therein. Thus, the mobile 101A includes in its
memory measurements of RF signal propagation time between the mobiles 101A and
101B, where the measurements have been made at the mobile 101A and the mobile
101B. In other words, the mobiles 101A and 101B, in steps 204 and 206, operate
cooperatively to collect the propagation time data necessary for determining the range
between each other.

In step 208, the position processing module 105A computes the range to the
mobile 101B as

= 22
rAB C 5 (
and the relative clock offset error s45 as
5= AB T8 ;’BA (23

In step 210, the position processing module 105A performs the same
computations and actions as set forth in steps 156 and 158 of the process 150 for
computing estimated ranges r,, andr, and for transmitting the estimated ranges
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In step 212, the position processing module 105A computes a pseudorange
between each GPS satellite to which the mobile 101A can establish an LOS path,
namely the GPS satellites 121-124, and the assumed position of the mobile 101A as

P =G =%, + 0=y + (5 =2, +s, (24
5  Further in step 212, the position processing module 105A computes a pseudorange
between each GPS satellite to which the mobile 101B can establish an LOS path,
namely the GPS satellites 121 and 124, and the assumed position of the mobile 101B
as

ij=\/(xj—xB)2+(yj_yB)2(Zj_ZB)2 +8,+ 8, (25
10 In step 214, the position processing module 105A computes a pseudorange

between the assumed position for the mobile 101A and the assumed position for
mobile 101B as

P =\/(x,4 _xB)z + (x4 _xB)Z +(x, _xB)z (26
In step 216, the position processing module 105A computes a range delta
15 vector A as

T
Az[AAl Ay Ay o Ay AAB] (27
where

Ay=py—ry
Ay=py—Ty

Ap =P~

20  Further in step 2186, the position processing module 105A, using the Equations (10)
and (21), forms the o matrix as

e aAly aA]z

Opy C@py Op; (28

and computes the position correction vector d=[6x &y oz §s]T using the well known
normal equation

25 d= raTaTl a'A
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In step 218, the position processing module 105A computes the RMS error as

Sv=+/6x* + 6y + 62" +65°
In step 220, the position processing module 105A determines if the RMS error

is less than a predetermined threshold. If yes, then in step 222, the position
processing module 105A accepts the current values for (x,,y,,z,) as the final absolute

position of the GPS mobile 101A and proceeds to step 226. If no, then in step 224 the
position processing module 105A updates the assumed values (x,,y,,z,,s,) by adding

the corrections (8x,8y,8z,6s) and proceeds to step 212. In step 226, the position

processing module 105A computes (xs, ys, zz) by substituting the final values

(x,,7,.2,) for the mobile 101A into Equation (8), and then the data transceiver module

102A transmits the computed GPS fixes for the respective mobiles 101A and 101B to
the data transceiver module 102B.

Thus, referring to FIG. 7, the second aspect of the invention provides that, for
first and second GPS mobiles, GPS fixes for the respective GPS mobiles 101A and
101B can be computed where the GPS mobile 101A can establish LOS paths with
four GPS satellites, such that there is a 4-2 split in LOS paths for the configuration
120, and only information as to the range between the mobiles 101A and 101B, and
not the relative positions of the mobiles 101A and 101B, is available or can be
computed.

In an alternative configuration where two GPS mobiles 101A and 101B have a
5-1 split in LOS paths, such that the actual position of the 1 LOS path GPS mobile
cannot be determined using prior art GPS techniques, adding a third GPS mobile
101C results in two new GPS mobile-to-GPS mobile pseudorange equations for pc
and ppcand three new unknowns (x, y. and z.), such that one additional LOS path
would be needed for computing the GPS fixes of each of the three GPS mobiles.
Thus, the absolute positions of three GPS mobiles can be computed if at least seven
LOS paths can be established for the three GPS mobiles, where the LOS paths can
be split 3-3-1, 3-2-2 or 4-2-1. If a fourth GPS mobile 101D is added to the three GPS
mobiles 101A, 101B and 101C configuration, three new pseudorange equations for
pap» pap @nd pepresult and three new unknowns (xp, yp and zp) are introduced.
Consequently, no further LOS paths are required to compute the GPS fixes for each
of the four GPS mobiles of the composite group, because the GPS fix of the GPS
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mobile 101D can be computed solely from the ranges to the GPS mobiles 101A, 101B
and 101C using well known prior art techniques.

Referring to FIG. 7, the second aspect of the invention is illustrated based on
the ranges that the mobiles 101A and 101B can compute. Although the ranges
between the GPS mobile 101A and the GPS satellite 121, the GPS mobile 101B and
the GPS satellite 121, and the GPS mobile 101A and the GPS mobile 101B can be
determined, such that a triangle having lengths 101A-121,101B-121 and 101A-101B
is defined, the position of the mobile 101B cannot be computed solely from this range
information. When the triangle 101A/101B/121 is swung around the axis that
passes through 101A and 121, the mobile 101B traces out a circle CL and the actual
location of the mobile 101B is anywhere on the circle CL. Center, X, of the circle CL is
not at point 101A, but rather, at the end of the line perpendicular to 101A-121 that
passes through the point 101B. In other words, a fixed distance from the GPS
satellite 121 defines a sphere centered at the GPS satellite 121, and a fixed distance
from point 101A defines a sphere centered at point 101A. The intersection of the two
spheres is the circle CL.

Referring to FIG. 8, which illustrates further range measurements for the
configuration 190 of FIG. 7, as the mobile 101B can determine its range to the GPS
satellite 124, the points 101A, 101B, 121 and 124 are vertices of a tetrahedron with
six known edge lengths and three fixed known vertices. The tetrahedron defines a
unique location for the GPS mobile 101B which is the fourth vertex of the tetrahedron.
Thus, if two GPS mobiles are separated by a known distance, the absolute positions
of both of the GPS mobiles can be determined if at least six LOS paths can be
established between the two GPS mobiles and four GPS satellites.

In a preferred embodiment, the GPS mobile 101 continuously computes its
absolute position and the absolute position of another mobile of the group and
displays these absolute positions on a handheld device that resembles a large PDA.

In a further preferred embodiment, the mobile 101 of the present invention
includes long-haul radio communication capabilities at the data transceiver module, as
known in the art, and communicates the computed absolute position information to
another communications device, such as a remotely located communications device

or another mobile in the group.
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Although preferred embodiments of the present invention have been described
and illustrated, it will be apparent to those skilled in the art that various modifications
may be made without departing from the principles of the invention.
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CLAIMS
1. A method for determining absolute positions of respective first and second
mobile communications devices, wherein each of the first and second mobiles cannot
receive positioning information signals transmitted from a sufficient number of visible
remotely located positioning information signal sources to determine its absolute
position solely based on the received positioning information signals, the method
comprising:

obtaining first-second mobile position information based on wireless
communications between the first and second mobiles;

establishing at least a predetermined number of line of sight (‘LOS”)
communications signal reception paths between the first mobile or the second mobile
and remotely located positioning information signal sources visible to the first mobile
or the second mobile; and

computing the absolute positions of the respective first and second mobiles
based on the first-second mobile position information and positioning information
signals transmitted over the predetermined number of LOS paths by the sources
visible to the first mobile or second mobile and received at the first mobile or the
second mobile.
2. The method of claim 1, wherein the first-second mobile information includes the
position of the first mobile relative to the second mobile, wherein the first and second
mobiles in combination (i) can receive positioning information signals transmitted from
as few as three visible remote positioning information signal sources, and (ii) can
establish at least five LOS paths to the as few as three visible remote sources.
3. The method of claim 1, wherein the first-second mobile information includes
range and relative clock bias between the first mobile and the second mobile, and
wherein the first and second mobiles in combination can establish at least six LOS
paths to remote positioning information signal sources visible to the first mobile or the
second mobile.
4. A method of determining absolute positions of respective first and second
global positioning system (“GPS”) mobile communications devices, wherein each of
the first and second mobiles cannot receive GPS positioning information signals
transmitted from a sufficient number of visible GPS satellites to determine its absolute
position solely based on the received GPS positioning information signals, the method

AAmnricinm:
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(a) providing that the first and second mobiles in combination can receive
GPS information positioning signals from as few as three visible GPS satellites and
that at least five line of sight (“LOS”) communications signal reception paths can be
established between the as few as three GPS satellites and the first and second
mobiles;

(b) at the first mobile, obtaining first-second mobile relative position
information based on wireless communications between the first and second
mobiles;

(c) at the first mobile, assuming a position for the first mobile and
computing an assumed position for the second mobile based on the relative position
information;

(d)  computing GPS range estimates at each of the first and second
mobiles based on the GPS positioning information signals transmitted on the five
LOS paths;

(e)  wirelessly communicating the GPS range estimates computed at the
second mobile to the first mobile; and

H computing absolute positions of the respective first and second GPS
mobiles using a system of pseudorange equations including at least five
pseudorange equations, wherein the five equations respectively correspond to the
five LOS paths and include the assumed positions of the respective first and second
mobiles.

The method of claim 4 further comprising:

(g0 computing a root mean square error (‘RMS") associated with the
estimated absolute position of the first GPS mobile;

(h)  updating the assumed values for the first mobile if the RMS error
exceeds a predetermined threshold; and

0] repeating steps (d), (e) and (f).

The method of claim 4 further comprising:

(@)  computing a root mean square error associated with the estimated

absolute position of the first GPS mobile; and

(h)  communicating the absolute positions of the first and second mobiles

from the first mobile to the second mobile if the RMS error does not exceed a
predetermined threshold.
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7. A method of determining absolute positions of respective first and second
global positioning system (“GPS”) mobile communications devices, wherein each of
the first and second mobiles cannot receive GPS positioning information signals
transmitted from a sufficient number of visible GPS satellites to determine its absolute
position solely based on the received GPS positioning information signals, the method
comprising:

(a) providing that the first and second mobiles together can establish at
least six line of sight (“LOS”) communications signal reception paths with visible
GPS satellites;

(b)  assuming nominal positions for the respective first and second
mobiles and a GPS clock offset for the first mobile;

(c)  atthe first mobile, measuring signal propagation time between the first
mobile and the second mobile based on transmission of wireless communications
signals from the first mobile to the second mobile;

(d) atthe second mobile, measuring signal propagation time between the
first mobile and the second mobile based on transmission of communications
signals from the second mobile to the first mobile and wirelessly transmitting the
measured propagation time at the second mobile to the first mobile;

(e)  atthe first mobile, determining range between the first and second
mobiles based on the signal propagation times measured at the first and second
mobiles;

H computing GPS range estimates at each of the first and second
mobiles based on the GPS positioning information signals transmitted on the six
LOS paths;

(@)  wirelessly communicating the GPS range estimates computed at the
second mobile to the first mobile; and

(h)  computing absolute positions of the first and second GPS mobiles
using a system of pseudorange equations including at least six pseudorange
equations, wherein the six equations respectively correspond to the six LOS paths
and include the assumed positions of the respective first and second mobiles.

8. The method of claim 7 further comprising:

(i) computing a root mean square (“RMS”) error associated with the

estimated absolute position of the first GPS mobile;
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)] updating the assumed values for the first mobile if the RMS error
exceeds a predetermined threshold; and
(k)  repeating step (h).
9. The method of claim 7 further comprising:
() computing a root mean square (“RMS”) error associated with the
estimated absolute position of the first GPS mobile; and
1)) communicating the absolute positions of the first and second mobiles
from the first mobile to the second mobile if the RMS error does not exceed a
predetermined threshold.
10.  The method of claim 7, wherein step (h) further comprises, at the first mobile:
computing pseudoranges (1) between each GPS satellite visible to the first
mobile and the assumed position of the first mobile and (2) between each GPS
satellite visible to the second mobile and the assumed position of the second mobile;
and
computing a pseudorange between the assumed position of the first mobile and
the assumed position of the second mobile.
11. A system for determining absolute positions of at least two mobile
communications devices, the system comprising:
at least first and second mobile communications devices each including a
ranging transceiver module coupled to a position processing module, wherein the
ranging transceiver module of each of the first and second mobiles cannot receive
positioning information signals transmitted from a sufficient number of visible remotely
located positioning information signal sources to provide that the position processing
module in each of the first and second mobiles can determine its absolute position
solely based on the received positioning information signals;
wherein each of the first and second mobiles includes a wireless data
transceiver module coupled to the position processing module and for receiving first-
second mobile position information carried on wireless communications signals
transmitted between the first and second mobiles;
wherein the ranging transceiver module of each of the first and second mobiles
is for establishing at least a predetermined number of line of sight (‘LOS”)
communications signal reception paths between the first mobile or the second mobile

and remotely located positioning information signal sources visible to the first mobile

nr tha earnnd mnhila: and
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wherein the position processing module of each of the first and second mobiles
is for computing the absolute positions of the respective first and second mobiles
based on the first-second mobile position information and positioning information
signals transmitted over the predetermined number of LOS paths by the sources
visible to the first mobile or second mobile and received at the first mobile or the
second mobile.
12. The system of claim 11, wherein the first-second mobile information includes
the position of the first mobile relative to the second mobile, wherein the ranging
transceiver modules of the respective first and second mobiles in combination (i) can
receive positioning information signals transmitted from as few as three visible remote
positioning information signal sources, and (i) can establish at least five LOS paths to
the as few as three visible remote sources.
13.  The system of claim 11, wherein the ranging transceiver module of each of the
first and second mobiles includes a time of day clock, wherein the first-second mobile
information includes range and relative clock bias between the respective clocks of
the first mobile and the second mobile, and wherein the ranging transceiver modules
of the respective first and second mobiles in combination can establish at least six
LOS paths to remote positioning information signal sources visible to the first mobile
or the second mobile.
14. A system for determining absolute positions of at least two global positioning
system (*GPS") mobile communications device comprising;

at least first and second GPS mobiles each including a ranging transceiver
module coupled to a position processing module, wherein the ranging transceiver
module of each of the first and second GPS mobiles cannot receive GPS positioning
information signals transmitted from a sufficient number of visible GPS satellites to
provide that the position processing module in each of the first and second mobiles
can determine its absolute position solely based on the received GPS positioning
information signals;

wherein the ranging transceiver modules of the respective the first and second
GPS mobiles in combination can receive GPS information positioning signals from as
few as three visible GPS satellites and can establish at least five line of sight (“LOS")
communications signal reception paths between the as few as three GPS satellites
and the first and second mobiles;
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wherein the first and second GPS mobiles each include a data transceiver
module coupled to the position processing module and for receiving first-second
mobile relative position information carried on wireless communications transmitted
between the first and second mobiles;

wherein the position processing modules of the respective first and second
GPS mobiles perform the following processing steps:

(@)  the position processing module at the first mobile obtains the first-
second mobile relative position information based on wireless communications
between the first and second mobiles;

(b)  the position processing module at the first mobile assumes a position for
the first mobile and computes an assumed position for the second mobile based on
the relative position information;

(c) the position processing modules at the respective first and second
mobiles compute GPS range estimates based on the GPS positioning information
signals transmitted to the ranging transceiver modules of the respective first and
second mobiles on the five LOS paths;

(d)  the data transceiver module at the second GPS mobile wirelessly
communicates the GPS range estimates computed at the second mobile to the data
transceiver module of the first mobile; and

(e)  the position processing module at the first mobile computes absolute
positions of the respective first and second GPS mobiles using a system of
pseudorange equations including at least five pseudorange equations, wherein the
five equations respectively correspond to the five LOS paths and include the assumed
positions of the respective first and second mobiles.

15.  The system of claim 14, wherein the position processing module of the first
GPS mobile computes a root mean square error (‘RMS”) associated with the
estimated absolute position of the first GPS mobile and updates the assumed values
for the first mobile if the RMS error exceeds a predetermined threshold; and

wherein the position processing modules of the respective first and second
GPS mobiles repeat steps (c), (d) and (e).

16.  The system of claim 14, wherein the position processing module of the first
GPS mobile computes a root mean square error associated with the estimated
absolute position of the first GPS mobile, and
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wherein the data transceiver module of the first GPS mobile communicates the
absolute positions of the first and second mobiles from the first mobile to the second
mobile if the RMS error does not exceed a predetermined threshold.
17. A system for determining absolute positions of at least two global positioning
system (“GPS") mobile communications devices comprising:

first and second GPS mobiles each including a ranging transceiver module
coupled to a position processing module, wherein the ranging transceiver module of
each of the first and second mobiles cannot receive GPS positioning information
signals transmitted from a sufficient number of visible GPS satellites to provide that
the position processing module in each of the first and second mobiles can determine
its absolute position solely based on the received GPS positioning information signals,

wherein the ranging transceiver modules of the respective first and second
mobiles include time of day clocks and together can establish at least six line of sight
(*LOS") communications signal reception paths with visible GPS satellites:

wherein the modules of the respective first and second GPS mobiles perform
the following steps:

(a)  the position processing module at the first mobile assumes nominal
positions for the respective first and second mobiles and a GPS clock offset for the
first mobile;

(b)  the position processing module at the first mobile determines signal
propagation time between the first mobile and the second mobile based on
transmission of wireless communications signals from the ranging transceiver
module of the first mobile to the ranging transceiver module of the second mobile:

(c)  the position processing module at the second mobile determines
signal propagation time between the first mobile and the second mobile based on
transmission of wireless communications signals from the ranging transceiver
module of the second mobile to the ranging transceiver module of the first mobile,

(d) the data transceiver module of the second GPS mobile wirelessly
transmits the propagation time determined at the second mobile to the data
transceiver module of the first mobile;

(e)  the position processing module at the first mobile determines range
between the first and second mobiles based on the signal propagation times
measured at the first and second mobiles;
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(f) the ranging transceiver modules at the respective first and second
GPS mobiles compute GPS range estimates based on the GPS positioning
information signals transmitted on the six LOS paths;

(g) the data transceiver module at the second mobile wirelessly
communicates the GPS range estimates computed at the second mobile to the data
transceiver module of the first mobile; and

(n)  the position processing module at the first GPS mobile computes
absolute positions of the first and second GPS mobiles using a system of
pseudorange equations including at least six pseudorange equations, wherein the
six equations respectively correspond to the six LOS paths and include the
assumed positions of the respective first and second mobiles.

18.  The system of claim 17, wherein the position processing module the first GPS
mobile computes a root mean square (“RMS”) error associated with the estimated
absolute position of the first GPS mobile, updates the assumed values for the first
mobile if the RMS error exceeds a predetermined threshold and again performs step
(h).
19.  The system of claim 17, wherein the position processing module of the first
GPS mobile computes a root mean square (“RMS”) error associated with the
estimated absolute position of the first GPS mobile; and
wherein the data transceiver module of the first mobile communicates the
absolute positions of the first and second mobiles from the first mobile to the second
mobile if the RMS error does not exceed a predetermined threshold.
20. The system of claim 17, wherein the position processing module at the first
mobile in step (h):
computes pseudoranges (1) between each GPS satellite visible to the first
mobile and the assumed position of the first mobile and (2) between each GPS
satellite visible to the second mobile and the assumed position of the second mobile;
and
computes a pseudorange between the assumed position of the first mobile and

the assumed position of the second mobile.
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