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Description

Related Application

[0001] Thisapplicationis based upon prior filed copending provisional application Serial No. 60/518,106 filed November
7, 2003.

Field of the Invention

[0002] This invention relates to the field of real-time object location and tracking systems, and more particularly, this
invention relates to achieving time synchronized network performance in an object location tracking system or similar
network using unsynchronized receiver clocks.

Background of the Invention

[0003] Incommonly assigned U.S. patent nos. 5,920,287; 5,995,046; 6,121,926; and 6,127,976, and published patent
application numbers 2001/0030625, 2002/0118655, and 2002/0181565 a real time location system is disclosed using
a plurality of tag emission (signal) readers that are disbursed throughout a monitored environment, such as a manufac-
turing environment. The tag signal readers are operative with a location processor to determine which tag signals
transmitted from tag transmitters are first-to-arrive signals. The location processor conducts differentiation of the first-
to-arrive signals to locate a tag within the monitored environment.

[0004] These location and tracking systems provide asset management that not only addresses the need to locate
and track different components in the course of their travel through a manufacturing and assembly sequence, but also
addresses the more general problem concerning component and equipment inventory control and allow control con-
cerning the whereabouts of any and all assets of a business, factory, educational, military, or recreational facility. In
some systems, status information can be provided to a tag transmitter by means of sensors associated with the tag.
Typically, the tag signal readers are placed at known locations throughout the environment having the objects to be
located or tracked. The system uses time-of-arrival differentiation of repetitive spread spectrum, short duration pulse
"blinks" from object-attached tags. The system provides the practical, continuous identification of the location of each
and every object within the environment of interest, irrespective of whether the object is stationary or moving.

[0005] Much of the disclosure in these incorporated by reference patents and published patent applications rely on
differential time-of-arrival (TOA) applications that receive a transmitted signal at multiple physical locations corresponding
to the receiver to spatially locate the tag transmitter. Normally, the clocks at each receiver are synchronized so that
differences in the indicated time-of-arrival closely approximate the actual time-of-arrival difference. In order to establish
this system, each receiver is operative as a network node and must understand and adjust to a synchronization signal.
Those disclosures, however, do not adequately describe techniques to determine differences in signal arrival times, for
example, if the receivers are unsynchronized. US patent application No. 2002/059535 discloses a method for synchro-
nizing internal clocks of receiving stations of a locating system, in which a beacon transmits reference data packets to
the receiving stations and a linear polynomial curve using correlated packet reception and actual timings of each receiving
station is drawn to synchronize reception timings.

Summary of the Invention

[0006] In view of the foregoing background, it is therefore an object of the present invention to provide a real time
location system that is operative for locating an object associated with the tag transmitter even when receivers as network
nodes have unsynchronized clocks.

[0007] Itisyet another object of the present invention to provide a system and method that achieves time synchronized
network performance using unsynchronized network nodes, for example, receiver clocks.

[0008] In accordance with the invention, a system for time synchronizing a network according to claim 1 is provided.
Particular aspects of this system are defined in dependent claims 2 to 12. In accordance with the invention, a method
for time synchronizing a network according to claim 13 is also provided and particular aspects thereof are defined in
dependent claims 14 to 27.

Brief Description of the Drawings

[0009] Other objects, features and advantages of the present invention will become apparent from the detailed de-
scription of the invention which follows, when considered in light of the accompanying drawings in which:
[0010] FIG. 1is a block diagram showing unsynchronized receivers that receive an RF signal from a tag transmitter
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and forward information to a processor operative as a time service in accordance with the present invention.

[0011] FIG. 1A is a block diagram showing the general architecture of a tagged object tracking and location system.
[0012] FIG. 2 is a block diagram similar to FIG. 1, but showing the time-of-arrival information that is forwarded to the
processor as a time service, including the processing of a known propagation and processing delays.

[0013] FIG. 3is a high level flowchart showing a clock tracking loop that can be used in the present invention.
[0014] FIG. 4 isanexample of a location system having a network that is partitioned by two buildings into two networks
or islands.

[0015] FIG.5isablock diagram similar to FIG. 3, but showing the two independent time networks or islands connected
by a time bridge.

[0016] FIG. 6 is a block diagram of one example of a circuit architecture that can be modified for use as a receiver of
the present invention.

[0017] FIG. 7 is a high level block diagram of one example of the circuit architecture that can be used within the
processor for the correlation based, RF signal processing.

Detailed Description of the Preferred Embodiments

[0018] The presentinvention will now be described more fully hereinafter with reference to the accompanying drawings,
in which preferred embodiments of the invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements throughout, and prime notation is used to indicate similar elements
in alternative embodiments.

[0019] The presentinvention will now be described more fully hereinafter with reference to the accompanying drawings,
in which preferred embodiments of the invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements throughout, and prime notation is used to indicate similar elements
in alternative embodiments.

[0020] The present invention provides a time-synchronized system that can, in one aspect of the invention, use
receivers as nodes having clocks that are unsynchronized, but still provide for synchronization and tagged object location.
This invention, in one aspect, is particularly useful in differential time-of-arrival (TOA) applications, such as disclosed in
the above-identified and incorporated by reference patents and published patent applications. A differential time-of-
arrival location system receives a transmitted signal at multiple physical locations in order to locate the tag transmitter
and associated object. Normally, clocks at each receiver are synchronized so that differences in the indicated TOA
closely approximate the actual TOA difference. In order to do so, each receiver must understand and adjust to some
special synchronization signal. The system and method of the present invention accurately determines the differences
in signal arrival times without requiring the receivers to recognize or adjust to any special signal, i.e., network synchro-
nization.

[0021] For purposes of description, a location system operative with the present invention will be described with
reference to FIG. 1A, followed by a detailed explanation of the invention. As shown in one non-limiting example of FIG.
1A, a location system 10 includes a number of objects 12 having wireless tag transmitters 14 associated therewith. A
number of signal readers 16 as receivers are contained within the monitored environment 18, for example, a manufacturing
floor, and act as tag signal readers (receivers) for receiving signals from the wireless tag transmitters 14. Each signal
reader 16 of a receiver includes a receiver clock 16a, which can be unsynchronized in some cases.

[0022] Inone aspect of the present invention, the tag signal readers 16 could be associated with an access point base
station of a wireless local area network transmission. The signals transmitted by the wireless tag transmitters 14 are
wideband, spread spectrum signals and, in one aspect, a timing marker could be appended a predetermined time in
front of the wideband, spread spectrum signal for indicating the presence of the wideband, spread spectrum signal. A
location processor 20, which could be operative as the time service of the invention, is operatively coupled to the tag
signal readers such as by a wireless communication system or a wired connection, for detecting the timing markers of
signals. Whether a timing marker is used or not, the processor correlates a signal as a first-to-arrive signal and conducts
differentiation of first-to-arrive signals to locate a wireless transmitter. If a timing marker is used, it could be timed about
80 to about 120 nanoseconds in front of the wideband, spread spectrum signal.

[0023] Much of the technology and detection capability as associated with the system and method of the present
invention can use circuitry and algorithms described in the commonly assigned and incorporated by reference patents
and published patent applications listed above. The circuitry described in these references can be modified for use with
system and method for achieving time synchronized network performance even when receiver clocks are unsynchronized.
[0024] A database 21 could be accessible by a personal computer 22 or other workstation, and be used for providing
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data updates, control over the system or viewing the operation of the system. For example, the computer workstation
tool as disclosed in the 6,366,242 patent could be used.

[0025] Although operation of tag transmitters can vary depending on the type of circuitry chosen by those skilled in
the art, in one aspect of the invention, a tag transmitter transmits wideband (spread spectrum) pulse of radio frequency
energy that is encoded with information, such as that representative of the identification of the object, and other object-
associated information stored in a memory. A timing marker could precede the pulse as a preamble.

[0026] Each tag transmitter 14 can have a unique internal identification number that is transmitted via radio frequency
and could also be read with a bar code scanner, if necessary. This could allow seamless integration of a bar code system
with a location system. The tag transmitter could include a memory having a read/write memory that acts as a portable
data file to carry data between various environments and provide a field accessible, distributed database. The frequency
range can vary, but as one non-limiting example, it could be about 2.4 to about 2.483 GHz. The typical read range can
range from about 350 feet to greater than 1,000 feet in some instances, and even greater depending on the type of
system and transmitter.

[0027] The tag signal readers or receivers 16 can be operative as network nodes, and include an active receiver and
antenna array in some examples that capture spread spectrum radio signals from the tag transmitters. They are typically
installed in a grid pattern to provide complete coverage to a site. They can be mounted from as little as 250 feet apart
to as much as 750 feet apart and even greater distances.

[0028] Although mutually diverse antenna are illustrated, it is also possible that an omnidirectional, circularly polarized
antenna could be used as noted in some of the aforementioned patents and published patent applications. This would
allow a tag signal reader to receive signals from any direction and provide hemispherical coverage within an environment
to maximize response to the horizon and diminish response by several decibels to signals arriving from a vertical
(downward) direction, which could be advantageous in some cases. The use of mutually diverse antennas, on the other
hand, obviates some multipath based fades and nulls. It is also possible to incorporate configuration and/or sensitivity
diversity into the antennas, such as by using orthogonally polarized antennas.

[0029] The system and method of the presentinvention determines the relationship between unsynchronized receivers
16 by having the receivers observe the same radio frequency (RF) signal. There may be nothing special about this RF
signal or it could include a unique characteristic, for example, sent from a known location. In either case, the receivers
16 would not have to perform special processing for this RF signal.

[0030] Each receiver 16 determines the signal’s time of reception noting its own clock 16a and sends its clock infor-
mation to the central processor 20, which is also operative as a "time service" of the invention. These signals can be
sent by any convenient means, i.e., over a wired or wireless Local Area Network (LAN).

[0031] Inthisexample, clocks 16ain each receiver 16 are free running, i.e., completely unsynchronized. The processor
20 is operative as a time service and discovers relationships between these clocks 16a and adjusts indicated arrival
times appropriately, creating the illusion of time-synchronized receivers 16. Using these common observations, the
processor 20 learns how to relate the times indicated by each receiver clock to every other receiver’s clock.

[0032] Consequently, rather than synchronizing each receiver 16, the processor adjusts the indicated TOA's to reflect
what would have resulted if the clocks 16a had been synchronized. These adjustments are reevaluated as often as
necessary to preserve the required accuracy of the time relationships.

[0033] FIG. 2 is another view similar to FIG. 1, but showing the implementation of this technique with details as to
what parameters could be used. The tag transmitter 14, in this non-limiting example, is permanently placed in a known
location, thus becoming a reference signal. Both receivers 16 time-stamp the received signal with respect to their
unsynchronized local clock.

[0034] If the difference in propagation and/or processing delays are known, as illustrated, the processor operative as
a time service can use the two time stamps to determine a pair of clock indications, for example, a clock A value and a
clock B value corresponding to the same time. Additionally, two time-separated transmissions allow determination of
differential clock rate and three transmissions indicate differential rate change. Consequently, the processor builds and
maintains a model of the relationship between the two clocks.

[0035] The relationships between the receiver clocks 16a can be derived from common observations of an event, e.g.,
receptions of the same signal at multiple receivers. These events as signals may or may not be specially created for
timing purposes.

[0036] Fundamental relationships for this description are:

T, = time of signal transmission by reference

(actual time; unknown)
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T. = propagation delay to + processing delay of

receiver A (known)

Ty = propagation delay to + processing delay of

receiver B (known)

TOA, = time of arrival at receiver A (as indicated

by clock A; measured)

TOA, = time of arrival at receiver B (as indicated

by clock B; measured)

[0037] If propagation delay is small enough, which is often the case in some applications, it is known that at time T,
the clock in receiver A indicates (TOA, -T,) and the clock in receiver B indicates (TOA,, - T,).

[0038] Relating T, to actual time requires additional information. However, relative knowledge is sufficient for the
processor as a time service to determine time-of-arrival differences for other signals, i.e., to be located, if the clocks
count at the same rate. By observing a second reference transmission some time later, the processor as a time service
can determine the difference in clock rates between both receivers A and B.

[0039] By making N transmissions spaced in time, the time server is able to determine an (N-1)st order polynomial
relating the two independent clocks. By making the process continuous, every transmission after first N allows the
processor as a time service to update its clock relationship equation. This continually tracks the changes in the clock
relationships over time.

[0040] Repetitive receptions of a signal transmitted from a known location allows the processor to determine an
equation relating one receiver’s indicated time (clock) to another receiver’s indicated time (clock) and track changes in
that relationship over time.

[0041] In some cases, it is desirable that a reference tag transmitter be at a position where the propagation delay to
multiple receivers is constant and known. Typically this means the tag transmitter is located at a known location and
has direct line-of-sight propagation to the receivers.

[0042] Tag transmitters can be used, however, even if their location is unknown. Fixed location tags are referred to
as reference tags. One technique is to use a pair of tag transmitters with known differential propagation delay to multiple
receivers. This still requires line-of-sight propagation to the receivers but removes the requirement of knowing their
location. An additional benefit is that knowing the receiver processing delay is no longer required. Instead, the value can
be essentially constant from receiver to receiver.

[0043] A particularly useful implementation is when the tag transmitters are co-located with the receivers. In this case,
the only requirement is that propagation is reciprocal, that is, the propagation delay from the transmitter at receiver A to
receiver B is the same as the propagation delay from the transmitter at receiver B to receiver A.

[0044] Itis possible that the processor as a time service can operate with no fixed reference signals by exploiting over-
determination. A general differential time-of-arrival (DTOA) location solution may require K observations to solve in K-
1 physical dimensions. When more than K receivers detect the signal, the additional information can be used as if the
transmitter were a reference signal. An over-determined location system can maintain the time service function without
any signals generated specifically for system timing.

[0045] It is also possible to avoid quadratic computational complexity. For example, a system having M receivers
usually maintains M*(M-1)/2 clock pair relationships, which rapidly becomes computationally prohibitive as system size
grows. Itis possible to avoid having the number of tracking loops, maintained by the processor as the time service, grow
quadratically with the number of receivers in the system. This is accomplished by defining a system time.

[0046] Each clock can be tracked with respect to a system time. This results in a linear relationship between time
service complexity and system size. System time has little meaning relative to measuring TOA differences, but has
greater significance in making implementation of a time service feasible.
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[0047] System time can be imaginary. It only needs to be close enough to actual time that the difference is indistin-
guishable over a typical signal propagation delay. One possibility is to define system time as the mean or median of all
receivers’ clocks. System time can also be significant because it can be made to correspond to some time standard.
For example, system time can be defined to be whatever a particular receiver’s clock indicates. Another example is to
equate it to a local reference clock, perhaps internal to the time service’s host. Alternatively, it may be tied to an external
standard such as GPS. Relating receiver clocks to an arbitrary system time makes time service complexity grow only
linearly with respect to system size.

[0048] The processor astime service creates and maintains a function that describes how the clocks in two independent
units are related to each other. Itis a straightforward extension to relate all clocks to each other and provide the relationship
between clock pairs. This can be accomplished by a clock tracking loop, such as shown in FIG. 3.

[0049] The information provided as inputs to the loop are pairs of times (t;, t), which imply that when the ith clock
indicated time t; the jth clock indicated time ti. This information comes from measuring the time-of-arrival (toa,) of a signal
(generated from a known location) at both sensor i and sensor j. In this example, since the location of a tag transmitter
and both sensors are known, the time required for the signal to propagate to each sensor (p,) can be determined. Thus,
at the time the signal was generated, the clock in sensor i indicated time toa;-p; and the clock in sensor j indicated time
toa-p;, producing the desired (t;, tj) pair as (toa;-p;, toaj-pj).

[0050] There is a functional relationship. For example, it is possible to assume a cubic function as an example of a
clock relationship, f;(), that is:

fij(t) = C3 t3+ Co t2+C1t+Co

[0051] The four equation coefficients, c,, can be determined after four time pairs have been received. The tracking
loop shown in FIG. 3 shows how these coefficients may be refined (updated) as the relationship between the individual
clocks varies.

[0052] Every time a (t;, ) pair is measured the loop is iterated. The loop is considered to be locked if the relationship,
fij (), is defined. If not locked, the loop simply collects a number of measurements sufficient to determine the relationship.
If locked, the expected value for t (denoted as T in FIG. 1) is computed. The tracking error (tj - rj) is determined and
compared to a threshold. If the error is overly great, the loop is considered to have become unlocked. Otherwise, the
error is used to refine f;(), that is, to track the changes in the clock relationship that occur naturally over time.

[0053] The flowchart of FIG. 3 illustrates this logic. Inputs (t;, t;) (block 50) are input and a decision is made whether
the state = locked (block 52). If not, the estimate f;() is made (block 54). A decision is made whether f;() is defined (block
56). If not, the loop returns. If yes, the state is set to lock (block 58) and the loop could then later repeat. If at block 52
the state is located, rj:fij(ti) (block 60), a decision is made whether T and 4 match (block 62). If not, the state is set to an
unlocked position (block 64). If yes, refine fij() (block 66).

[0054] It is also possible to achieve time synchronized network performance with receivers that are positioned such
that some form a loosely connected network, for example, as shown in FIG. 4.

[0055] The system and method of the present invention can achieve useful characteristics of a time-synchronized
system using nodes, e.g., receivers or signal readers, which are unsynchronized, e.g., include unsynchronized clocks,
when at least part of the network is loosely connected to another part of the network. For example, a plurality of receivers
are positioned in the monitored environment and arranged in a plurality of receiver networks, for example, the two
illustrated networks in FIGS. 4 and 5. Receivers in each network are tightly coupled to each other allowing a timing signal
that is received by receivers in one network not to be received in the other loosely coupled network.

[0056] A large network formed of receivers 16 such as those receivers illustrated in FIG. 2 could appear as "sets" of
tightly connected nodes. For example, nodes or receivers are tightly connected if a timing signal received by one node,
or receiver, is likely to be received by each of the other receivers. Nodes or receivers could be considered to be loosely
connected if most of the timing signals received by one receiver or node cannot be received by the other receiver or node.
[0057] FIG. 4 illustrates two groups of tightly connected nodes 16 that are loosely connected to each other because
of the presence of two metal buildings 70, 72, which divide a first or left parking lot 74 as an Island or network 1, and a
second or right parking lot 76 as an Island or network 2. Any source, for example, a tag transmitter located in the left
parking lot 74 (Island 1) will be received by the six receivers 16 in that island but will not be received by any of the six
receivers 16 in the right parking lot 76 (Island 2) because of signal blockage from the metal buildings 70, 72.

[0058] The processing and time service technique described previously may have some operational difficulty with
loosely connected networks. The system tends to form two independent “islands" or networks that compete with each
other. The loose connection between these islands results in excessive tracking errors for one island or the other.
[0059] This problem can be addressed in accordance with the present invention by weighing the timing links in a
fashion that is derived from the network topography. This makes loosely connected nodes respond more aggressively
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to the signals to form loose connections.

[0060] Itshould be recognized that the system separates itself into "islands" or networks, which individually are stable.
The processor as a time service can treat each island as an independent network and avoid the apparent competition
between the islands. The processor defines an "island" or network time for each island or network and tracks the
relationship between each receiver clock and the corresponding island or network time. This could result in uncontrolled
inter-island time discontinuities, which could be unacceptable in some instances.

[0061] Because the system includes network nodes as islands, not just individual receivers, these time discontinuities
can be eliminated. A system-level time service treats islands as its basic unit and tracks the relationship between the
island or network times of each. As described previously, the system independently defines a "system time" and tracks
its relationship to each island or network time. The timing signals used to determine these relationships form network
bridges that connect islands or networks to each other. A network bridge must include at least one node 80, for example,
a tag transmitter, from each network or island it is connecting as shown in FIG. 5.

[0062] Tightly connected sets of receivers that form networks and are loosely connected to other receivers, for example,
another network, are best accommodated by a processor as a time service that treats these sets as independent islands,
each with their own time reference. A higher, system-level service uses the network bridges to track the relationship
between each network or island’s time and the global system time.

[0063] It is evident that the system and method of the present invention provides a useful system and method for
relating time between sets of nodes as receivers that are loosely connected to each other. It is possible to use a tiered
time service. The lower level treats each tightly connected set of nodes as an independent system, for example, called
a network or island. The higher level relates the networks or islands to each other, using normal timing concepts applied
to network bridge links. Although the description concerned a two-level time service, it should be clear that the invention
extends to an arbitrary number of levels or tiers.

[0064] FIGS. 6 and 7 represent examples of the type of circuits that can be used with modifications as suggested by
those skilled in the art for tag signal reader or receiver 16 circuitry and a processor 20 circuitry to determine any timing
marker, set up a correlation algorithm responsive to any timing marker or other RF signal, determine which tag signals
are first-to-arrive signals, and conduct differentiation of first-to-arrive signals to locate a tag or other transmitter generating
atag or comparable signal. It should be understood that the processor could be formed as separate circuits, for example,
for different functions. Other details of representative circuits that could be used with various modifications suggested
by those skilled in the art are shown in the above-identified and incorporated by reference patents. The processor circuitry
would include other circuitry for determining clock timing indications for each clock at a respective receiver.

[0065] Referring now to FIGS. 6 and 7, a representative circuit and algorithm as described in the above mentioned
patents are disclosed and set forth in the description below to aid in understanding the type of tag signal reader and
processor circuitry that can be used for determining which signals are first-to-arrive signals and how the processor
conducts differentiation of the first-to-arrive signals to locate a tag transmitter. These circuits can be modified for use
with the invention as described above.

[0066] FIG. 6 diagrammatically illustrates one non-limiting example of the circuitry configuration of a respective archi-
tecture for "reading" associated signals or a pulse (a "blink") used for location determination signals, such as signals
emitted from a tag transmitter to the tag signal readers as receivers. This circuit can be associated and modified for use
with the receiver of the present invention. An antenna 210 senses appended transmission bursts or other signals from
the tag transmitter and associated object to be located. The antenna in this aspect of the invention could be omni-
directional and circularly polarized, as noted before, and coupled to a power amplifier 212, whose output is filtered by
a bandpass filter 214. Naturally, dual diversity antennae could be used as noted in some of the incorporated by reference
patents or a single antenna, as also noted in some of the patents. Respective | and Q channels of the bandpass filtered
signal are processed in associated circuits corresponding to that coupled downstream of filter 214. To simplify the
drawing only a single channel is shown.

[0067] A respective bandpass filtered I/Q channel is applied to a first input 221 of a down-converting mixer 223. Mixer
223 has a second input 225 coupled to receive the output of a phase-locked local IF oscillator 227. IF oscillator 227 is
driven by a highly stable reference frequency signal (e.g., 175 MHz) coupled over a (75 ohm) communication cable 231
from a control processor. The reference frequency applied to phase-locked oscillator 227 is coupled through an LC filter
233 and limited via limiter 235.

[0068] The IF output of mixer 223, which may be on the order of 70 MHz, is coupled to a controlled equalizer 236, the
output of which is applied through a controlled current amplifier 237 and preferably applied to communication cable 231
through a communication signal processor, which could be an associated processor as described before. The commu-
nication cable 231 also supplies DC power for the various components of the tag signal reader by way of an RF choke
241 to a voltage regulator 242, which supplies the requisite DC voltage for powering an oscillator, power amplifier and
analog-to-digital units of the receiver.

[0069] A 175 MHz reference frequency can be supplied by a communications control processor to the phase locked
local oscillator 227 and its amplitude could imply the length of any communication cable 231 (if used). This magnitude
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information can be used as control inputs to equalizer 236 and current amplifier 237, so as to set gain and/or a desired
value of equalization, that may be required to accommodate any length of any communication cables (if used). For this
purpose, the magnitude of the reference frequency may be detected by a simple diode detector 245 and applied to
respective inputs of a set of gain and equalization comparators shown at 247. The outputs of comparators are quantized
to set the gain and/or equalization parameters.

[0070] Itis possible that sometimes signals could be generated through the clocks used with the global positioning
system receivers and/or other wireless signals. Such timing reference signals can be used as suggested by known
skilled in the art.

[0071] FIG. 7 diagrammatically illustrates an example of the architecture of a correlation-based, RF signal processor
circuit as part of a location processor to which the output of a respective RF/IF conversion circuit of FIG. 6 can be coupled
such as by wireless communication (or wired in some instances) for processing the output and determining location
based on the information from various tag signal readers. This receiver data could also be GPS based because receivers
are fixed at fixed, known locations using GPS coordinates. The correlation-based RF signal processor correlates spread
spectrum signals detected by an associated tag signal reader with successively delayed or offset in time (by a fraction
of a chip) spread spectrum reference signal patterns, and determines which spread spectrum signal is the first-to-arrive
corresponding to a location pulse.

[0072] Because each tag signal reader can possibly receive multiple signals from the tag transmitter due to multipath
effects caused by the signal transmitted by the tag transmitter being reflected off various objects/surfaces, the correlation
scheme ensures identification of the first observable transmission, which is the only signal containing valid timing infor-
mation from which a true determination can be made of the distance.

[0073] For this purpose, as shown in FIG. 7, in this non-limiting example, the RF processor can use a front end, multi-
channel digitizer 300, such as a quadrature IF-baseband down-converter for each of an N number of receivers. The
quadrature baseband signals are digitized by associated analog-to-digital converters (ADCs) 2721 and 272Q. Digitizing
(sampling) the outputs at baseband serves to minimize the sampling rate required for an individual channel, while also
allowing a matched filter section 305, to which the respective channels (reader outputs) of the digitizer 300 are coupled
to be implemented as a single, dedicated functionality ASIC, that is readily cascadable with other identical components
to maximize performance and minimize cost.

[0074] This provides an advantage over bandpass filtering schemes, which require either higher sampling rates or
more expensive analog-to-digital converters that are capable of directly sampling very high IF frequencies and large
bandwidths. Implementing a bandpass filtering approach typically requires a second ASIC to provide an interface between
the analog-to-digital converters and the correlators. In addition, baseband sampling requires only half the sampling rate
per channel of bandpass filtering schemes.

[0075] The matched filter section 305 may contain a plurality of matched filter banks 307, each of which is comprised
of a set of parallel correlators, such as described in the above identified' 926 patent. A PN spreading code generator
could produce aPN spreading code (identical to that produced by a PN spreading sequence generator of a tag transmitter).
The PN spreading code produced by PN code generator is supplied to a first correlator unit and a series of delay units,
outputs of which are coupled to respective ones of the remaining correlators. Each delay unit provides a delay equivalent
to one-half a chip. Further details of the parallel correlation are found in the incorporated by reference '926 patent.
[0076] As a non-limiting example, the matched filter correlators may be sized and clocked to provide on the order of
4x1068 correlations per epoch. By continuously correlating all possible phases of the PN spreading code with an incoming
signal, the correlation processing architecture effectively functions as a matched filter, continuously looking for a match
between the reference spreading code sequence and the contents of the incoming signal. Each correlation output port
328 is compared with a prescribed threshold that is adaptively established by a set of "on-demand" or "as needed" digital
processing units 340-1, 340-2, ... 340-K. One ofthe correlator outputs 328 has a summation value exceeding the threshold
in which the delayed version of the PN spreading sequence is effectively aligned (to within half a chip time) with the
incoming signal.

[0077] This signal is applied to a switching matrix 330, which is operative to couple a "snapshot" of the data on the
selected channel to a selected digital signal processing unit 340-1 of the set of digital signal processing units 340. The
units can "blink" or transmit location pulses randomly, and can be statistically quantified, and thus, the number of potential
simultaneous signals over a processor revisit time could determine the number of such "on-demand" digital signal
processors required.

[0078] A processor would scan the raw data supplied to the matched filter and the initial time tag. The raw data is
scanned at fractions of a chip rate using a separate matched filter as a co-processor to produce an auto-correlation in
both the forward (in time) and backwards (in time) directions around the initial detection output for both the earliest (first
observable path) detection and other buried signals. The output of the digital processor is the first path detection time,
threshold information, and the amount of energy in the signal produced at each receiver’s input, which is supplied to
and processed by the time-of-arrival-based multi-lateration processor section 400.

[0079] In this non-limiting example, the processor section 400 could use a standard multi-lateration algorithm that
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relies upon time-of-arrival inputs from at least three readers to compute the location of the tag transmitter. The algorithm
may be one which uses a weighted average of the received signals. In addition to using the first observable signals to
determine object location, the processor also can read any data read out of a memory for the tag transmitter and
superimposed on the transmission. Object position and parameter data can be downloaded to a database where object
information is maintained. Any data stored in a tag memory may be augmented by altimetry data supplied from a relatively
inexpensive, commercially available altimeter circuit. Further details of such circuit are found in the '926 patent.

[0080] Itis also possible to use an enhanced circuit as shown in the incorporated by reference '926 patent to reduce
multipath effects, by using dual antennae and providing spatial diversity-based mitigation of multipath signals. In such
systems, the antennas are spaced apart from one another by a distance that is sufficient to minimize destructive multipath
interference at both antennas simultaneously, and also ensure that the antennas are close enough to one another so
as to not significantly affect the calculation of the location of the object by a downstream multi-lateration processor.
[0081] The multi-lateration algorithm executed by the location processor 20 could be modified to include a front end
subroutine that selects the earlier-to-arrive outputs of each of the detectors as the value to be employed in a multi-
lateration algorithm. A plurality of auxiliary "phased array" signal processing paths can be coupled to the antenna set
(e.g., pair), in addition to any paths containing directly connected receivers and their associated first arrival detectors
that feed the locator processor. Each respective auxiliary phased array path is configured to sum the energy received
from the two antennas in a prescribed phase relationship, with the energy sum being coupled to associated units that
feed a processor as a triangulation processor.

[0082] The purpose of a phased array modification is to address the situation in a multipath environment where a
relatively "early" signal may be canceled by an equal and opposite signal arriving from a different direction. It is also
possible to take advantage of an array factor of a plurality of antennas to provide a reasonable probability of effectively
ignoring the destructively interfering energy. A phased array provides each site with the ability to differentiate between
received signals, by using the "pattern” or spatial distribution of gain to receive one incoming signal and ignore the other.
[0083] The multi-lateration algorithm executed by the location processor 20 could include a front end subroutine that
selects the earliest-to-arrive output of its input signal processing paths and those from each of the signal processing
paths as the value to be employed in the multi-lateration algorithm (for that receiver site). The number of elements and
paths, and the gain and the phase shift values (weighting coefficients) may vary depending upon the application.
[0084] Itis also possible to partition and distribute the processing load by using a distributed data processing archi-
tecture as described in the '976 patent. This architecture can be configured to distribute the workload over a plurality of
interconnected information handling and processing subsystems. Distributing the processing load enables fault tolerance
through dynamic reallocation.

[0085] The front end processing subsystem can be partitioned into a plurality of detection processors, so that data
processing operations are distributed among sets of processors. The partitioned processors are coupled in turn through
distributed association processors to multiple location processors. For tag detection capability, each reader could be
equipped with a low cost omni-directional antenna, that provides hemispherical coverage within the monitored environ-
ment.

[0086] A detection processor filters received energy to determine the earliest time-of-arrival energy received for a
transmission, and thereby minimize multipath effects on the eventually determined location of a tag transmitter. The
detection processor demodulates and time stamps all received energy that is correlated to known spreading codes of
the transmission, so as to associate a received location pulse with only one tag transmitter. It then assembles this
information into a message packet and transmits the packet as a detection report over a communication framework to
one of the partitioned set of association processors, and then deallocates the detection report.

[0087] A detection processor to association control processor flow control mechanism equitably distributes the com-
putational load among the available association processors, while assuring that all receptions of a single location pulse
transmission, whether they come from one or multiple detection processors, are directed to the same association proc-
essor. Other circuits included and explained in the above-identified and incorporated by reference patents and published
patent applications can be modified and used in accordance with the present invention.

[0088] This application is related to copending patent application entitled, "LOCATION SYSTEM AND METHOD
THAT ACHIEVES TIME SYNCHRONIZED NETWORK PERFORMANCE USING UNSYNCHRONIZED RECEIVER
CLOCKS," which is filed on the same date and by the same assignee and inventors.

[0089] Many modifications and other embodiments of the invention will come to the mind of one skilled in the art having
the benefit of the teachings presented in the foregoing descriptions and the associated drawings. Therefore, it is under-
stood that the invention is not to be limited to the specific embodiments disclosed, and that modifications and embodiments
are intended to be included within the scope of the appended claims.
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Claims

1.

10.

11.

12.

13.

A system for time synchronizing a network comprising :

a plurality of receivers (16) arranged in a plurality of loosely coupled networks such that receivers in each
network are tightly coupled to each other allowing a timing signal that is received by receivers in the same
network not to be received by receivers within the other loosely coupled network;

a tag transmitter (14) positioned within the monitored environment (18)at a known location and operative for
transmitting an RF signal to receivers belonging to different loosely coupled networks; and

a processor (20) operative with receivers within each network for defining clock timing for each network from
said timing signal, a system time for all networks from said RF signals, and tracking the relationship of the
system time to the clock timing for each network for time synchronizing all receivers.

A system according to Claim 1, wherein the processor (20) is operative for determining clock timing relationships
between each clock (16a) at a receiver (16) based on one of at least the propagation or processing delays in the
receivers.

A system according to Claim 1, and further comprising a pair of tag transmitters (14) which transmit RF signals to
receivers with known propagation delay.

A system according to Claim 1, wherein the processor (20) is operative for processing two time separated signals
for determining a differential clock rate.

A system according to Claim 4, wherein the processor (20) is operative for processing three time separated signals
to indicate differential rate change.

A system according to Claim 5, wherein the processor (20) is operative for maintaining a model of timing relationships
of clocks (16a) at the receivers (16).

A system according to Claim 1, wherein said receivers (16) are positioned at known locations.

A system according to Claim 1, wherein said RF signal includes data identifying an object (12) to be located and
associated with the tag transmitter (14).

A system according to Claim 1, wherein said RF signal further comprises a pseudo random spread spectrum RF
signal.

A system according to Claim 1, wherein said processor (20) is operative for forming a tracking loop to track clock
relationships that occur naturally over time.

A system according to Claim 1, wherein the processor (20) is operative for determining an equation relating the
indicated time of one clock (16a) at a respective receiver to another clock at another receiver and tracking changes
in that relationship over time.

A system according to claim 1, wherein the processor (20) is operative for conducting differentiation of time-of-arrival
signals received from a tag transmitter (14) to locate an object (12) associated with the tag transmitter.

A method for time synchronizing a network which comprises :

transmitting an RF signal from a tag transmitter (14) positioned at a known location and operative for transmitting
an RF signal to receivers (16) belonging to different loosely coupled networks formed from a plurality of receivers
contained in the monitored environment (18) and arranged such that receivers in each network are tightly
coupled to each other allowing a timing signal that is received by receivers in the same network not to be
received by receivers within the other loosely coupled network; and

receiving RF signals from the receivers and defining a clock timing for each network from said timing signal, a
system time for all networks from said RF signals, and tracking the relationship of the system time to the clock
timing for each network for time synchronizing all receivers.
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A method according to Claim 13, which further comprises determining clock timing indications for each clock (16a)
atareceiver (16) based on one of at least the propagation or processing delays in the receivers to adjust an indicated

arrival time of RF signals at each receiver.

A method according to Claim 13, which further comprises transmitting RF signals from a pair of tag transmitters
(14) to receivers (16) with known propagation delay.

A method according to Claim 13, wherein the processing delay within each receiver (16) is substantially constant
with each other.

A method according to Claim 13, which further comprises receiving two time separated signals for determining
differential clock rate.

A method according to Claim 17, which further comprises receiving three time separated signals to indicate differential
rate change.

A method according to Claim 18, which further comprises maintaining a model of timing relationships of clocks at
the receivers.

A method according to Claim 13, which further comprises positioning the receivers at known locations.
A method according to Claim 13, which further comprises associating a tag with an object (12) to be located.

A method according to Claim 13, which further comprises transmitting an RF signal from the at least one tag having
data identifying the object (12) to which the tag is associated.

A method according to Claim 13, which further comprises transmitting a pseudo random spread spectrum RF signal
from the at least one tag.

A method according to Claim 13, which further comprises processing first-to-arrive RF signals at each receiver (16).

A method according to Claim 13, which further comprises forming a tracking loop to track clock relationships that
occur naturally over time.

A method according to Claim 13, which further comprises determining an equation relating the indicated time of one
clock (16a) at a respective receiver (16) to another clock at another receiver and tracking changes in that relationship
over time

A method according to Claim 13, which further comprises conducting differentiation of the time-of-arrival signals
received from a tag transmitter (14) to locate an object (12) associated with the tag transmitter.

Patentanspriiche

1.

System zur Zeitsynchronisierung eines Netzwerkes umfassend:

eine Vielzahl von Empfangern (16), die in einer Vielzahl von locker gekoppelten Netzwerken derart angeordnet
sind, dass die Empfénger in jedem Netzwerk untereinander eng gekoppelt sind, so dass ein Zeitgebersignal,
das von den Empfangern in dem selben Netzwerk empfangen wird, nicht von den Empfangern innerhalb der
anderen locker verbundenen Netzwerke empfangen wird;

einen Kennzeichenlbermittler (14), der innerhalb des Uberwachten Umfeldes (18) an einem bekannten Ort
angeordnet ist und zur Ubermittlung eines RF-Signals an die Empfanger betrieben wird, die zu unterschiedlichen
locker verbundenen Netzwerken gehdren; und

einen Prozessor (20), der mit den Empféangern innerhalb jedes Netzwerkes zur Definition einer Uhrzeitgebung
fur jedes Netzwerk aufgrund des Zeitgebersignals, einer Systemzeit fiir alle Netzwerke aus den RF-Signalen
und zur Nachverfolgung der Beziehung der Systemzeit zu der Uhrzeitgebung fiir jedes Netzwerk fiir die Zeit-
synchronisierung aller Empfanger betrieben wird.
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System nach Anspruch 1, in dem der Prozessor (20) zur Bestimmung der Uhrzeit gebenden Beziehungen zwischen
jeder Uhr (16a) an einem Empfanger (16) basierend auf mindestens einer Ausbreitungs- oder Verarbeitungsverzo-
gerung in den Empfangern betrieben wird.

System nach Anspruch 1, ferner umfassend ein Paar von Kennzeicheniibermittlern (14), die RF-Signale zu den
Empfangern mit bekannter Ausbreitungsverzégerung tbermitteln.

System nach Anspruch 1, in dem der Prozessor (20) zur Verarbeitung zweier zeitlich beabstandeter Signale zur
Bestimmung einer differentialen Uhrrate betrieben wird.

System nach Anspruch 4, in dem der Prozessor (20) zur Verarbeitung dreier zeitlich beabstandeter Signale zur
Angabe einer differentialen Ratenveranderung betrieben wird.

System nach Anspruch 5, in dem der Prozessor (20) zum Pflegen eines Modells der zeitlichen Beziehungen der
Uhren (16a) an den Empfangern (16) betrieben wird.

System nach Anspruch 1, in dem die Empféanger (16) an bekannten Orten positioniert sind.

System nach Anspruch 1, in dem die RF-Signale Daten beinhalten, die ein Objekt (12) identifizieren, um geortet
und mit einem Kennzeichentibermittler (14) assoziiert zu werden.

System nach Anspruch 1, in dem das RF Signal ferner ein pseudo-zuféllig verteiltes Breitband-RF-Signal umfasst.

System nach Anspruch 1, in dem der Prozessor (20) zur Ausbildung einer Nachverfolgungsschleife betrieben wird,
um Uhrbeziehungen nachzuverfolgen, die sich mit der Zeit auf natlrliche Weise ergeben.

System nach Anspruch 1, in dem der Prozessor (20) zur Bestimmung einer Gleichung, die die angezeigte Zeit einer
Uhr (16a) an einem entsprechenden Empfanger in Beziehung zu einer anderen Uhr an einem anderen Empfénger,
und zur Uberwachung von Anderungen in dieser Beziehung mit der Zeit betrieben wird.

System nach Anspruch 1, in dem der Prozessor (20) zur Durchfiihrung einer Differenzierung der Ankunftszeitsignale
(time-of-arrival signals) betrieben wird, die von einem Kennzeichenibermittler (14) empfangen werden, um ein
Objekt (12) zu orten, das mit dem Kennzeichentbermittler assoziiert ist.

Verfahren zur Zeitsynchronisierung eines Netzwerkes, welches umfasst:

Ubermittlung eines RF-Signals von einem Kennzeicheniibermittler (14), der an einem bekannten Ort angeordnet
und zur Ubermittlung eines RF-Signals an Empfanger (16) betrieben wird, die zu unterschiedlich locker gekop-
pelten Netzwerken gehéren, die aus einer Vielzahl von Empfangern gebildet werden, die in einem Uberwachten
Umfeld (18) derart angeordnet sind, dass die Empfanger in jedem Netzwerk untereinander eng gekoppelt sind,
was einem Zeitgebersignal erlaubt, das von den Empfangern in demselben Netzwerk empfangen wird, nicht
von den Empfangern innerhalb eines anderen locker gekoppelten Netzwerkes empfangen zu werden; und
Empfangen von RF-Signalen durch die Empfanger und Definieren einer Uhrzeitgebung fur jedes Netzwerk aus
dem Zeitgebersignal, einer Systemzeit fiir alle Netzwerke aus den RF-Signalen und Uberwachung der Bezie-
hung zwischen der Systemzeit und der Uhrzeit fir jedes Netzwerk zur Zeitsynchronisierung aller Empféanger.

Verfahren nach Anspruch 13, welches ferner eine Bestimmung der Uhrzeitgebungseinfliisse fir jede Uhr (16a) an
einem Empféanger (16) umfasst, basierend auf mindestens einer der Ausbreitungs- oder Verarbeitungsverzégerun-

gen in den Empfangern zur Anpassung der angezeigten Ankunftszeiten der RF-Signale an jedem Empfanger.

Verfahren nach Anspruch 13, ferner umfassend das Ubermitteln von RF Signalen von einem Paar von Kennzei-
cheniibermittlern (14) an Empfanger (16) mit bekannter Ausbreitungsverzégerung.

Verfahren nach Anspruch 13, indem die Verbreitungsverzégerung innerhalb jedes Empfangers (16) im Wesentlichen
zueinander konstant ist.

Verfahren nach Anspruch 13, welches ferner das Empfangen zweier zeitlich beabstandeter Signale zur Bestimmung
einer differentialen Uhrrate umfasst.
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Verfahren nach Anspruch 17, welches ferner das Empfangen dreier zeitlich beabstandeter Signale umfasst, um
eine differentiale Ratendnderung anzuzeigen.

Verfahren nach Anspruch 18, ferner umfassend die Pflege eines Modells der zeitlichen Beziehungen der Uhren an
den Empféangern.

Verfahren nach Anspruch 13, welches ferner die Positionierung der Empfanger an bekannten Orten umfasst.

Verfahren nach Anspruch 13, welches ferner die Assoziierung eines Kennzeichens mit einem Objekt (12), das
geortet werden soll, umfasst.

Verfahren nach Anspruch 13, welches ferner die Ubermittlung eines RF-Signals von mindestens einem Kennzeichen
mit Daten, die das Objekt (12), das mit dem Kennzeichen assoziiert ist, identifizieren, umfasst.

Verfahren nach Anspruch 13, welches ferner die Ubermittlung eines pseudo-zufillig verteilten Breitband-RF-Signals
von mindestens einem Kennzeichen umfasst.

Verfahren nach Anspruch 13, welches ferner die Verarbeitung der zuerst ankommenden RF-Signale an jedem
Empfanger (16) umfasst.

Verfahren nach Anspruch 13, welches ferner die Ausbildung einer Uberwachungsschleife umfasst, um die Uhrbe-
ziehungen zu Uberwachen, die naturlicherweise mit der Zeit entstehen.

Verfahren nach Anspruch 13, welches ferner die Bestimmung einer Beziehung, die die angezeigte Zeit einer Uhr
(16a) an einem entsprechenden Empfanger (16) mit einer anderen Uhr bei einem anderen Empfanger in Beziehung
setzt, und die Uberwachung der Anderung in dieser Beziehung mit der Zeit umfasst.

Verfahren nach Anspruch 13, welches ferner die Durchfuihrung einer Differenzierung der zuerst ankommenden
Signale umfasst, die von einem Kennzeichenuiibermittler (14) empfangen werden, um ein Objekt (12) zu orten, das
mit dem Kennzeichenlbermittler assoziiert ist.

Revendications

1.

Systéme pour synchroniser un réseau dans le temps, comprenant :

une pluralité de récepteurs (16) disposés dans une pluralité de réseaux partiellement connectés ou couplés de
maniére lache, de sorte que les récepteurs dans chaque réseau soient étroitement couplés les uns avec les
autres, permettant a un signal de cadencement, qui est recu par les récepteurs dans le méme réseau, de ne
pas étre regu par les récepteurs dans l'autre réseau partiellement connecté ;

une balise ou étiquette émettrice (14) située dans I'environnement surveillé (18) au niveau d’une position connue
et qui est apte a émettre un signal de radiofréquence vers des récepteurs appartenant a différents réseaux
partiellement connectés ou couplés de maniére lache ; et

un processeur (20) opérant avec les récepteurs dans chaque réseau, afin de définir un cadencement horaire
pour chaque réseau a partir dudit signal de cadencement, un horaire de systéme pour tous les réseaux a partir
desdits signaux de radiofréquence et poursuivre la relation de I'horaire de systeme par rapport au cadencement
horaire pour chaque réseau, afin de synchroniser tous les récepteurs dans le temps.

Systéme selon larevendication 1, dans lequel le processeur (20) est apte a déterminer des relations de cadencement
horaire entre chaque horloge (16a) au niveau d'un récepteur (16), en fonction de I'un au moins parmi la propagation

ou les retards de traitement dans les récepteurs.

Systeme selon la revendication 1, comprenant en outre une paire de balises émettrices (14), qui émettent des
signaux de radiofréquence vers des récepteurs avec un retard de propagation connu.

Systéme selon la revendication 1, dans lequel le processeur (20) est apte a traiter deux signaux séparés dans le
temps pour déterminer un taux horaire différentiel.
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Systéme selon la revendication 4, dans lequel le processeur (20) est apte a traiter trois signaux séparés dans le
temps pour indiquer un changement de taux différentiel.

Systéme selon la revendication 5, dans lequel le processeur (20) est apte & maintenir un modele des relations de
cadencement d’horloges (16a) au niveau des récepteurs (16).

Systéme selon la revendication 1, dans lequel lesdits récepteurs (16) sont situés au niveau de positions connues.

Systéme selon la revendication 1, dans lequel ledit signal de radiofréquence comprend des données qui identifient
un objet (12) qui doit étre localisé et est associé avec la balise émettrice (14).

Systeme selon la revendication 1, dans lequel ledit signal de radiofréquence comprend en outre un signal de
radiofréquence a étalement de spectre pseudo - aléatoire.

Systéme selon la revendication 1, dans lequel le processeur (20) est apte a former une boucle de poursuite afin de
poursuivre les relations d’horloge qui surviennent naturellement dans le temps.

Systéme selon larevendication 1, dans lequel le processeur (20) est apte a déterminer une équation mettant I'horaire
indiqué par une horloge (16a) au niveau d'un récepteur respectif, en relation avec une autre horloge au niveau d’'un
autre récepteur, et a poursuivre les changements de cette relation dans le temps.

Systeme selon la revendication 1, dans lequel le processeur (20) est apte a accomplir une différentiation de signaux
d'instant d’arrivée en provenance d'une balise émettrice (14), afin de localiser un objet (12) qui est associé avec la
balise émettrice.

Procédé pour synchroniser un réseau dans le temps, comprenant les étapes consistant a :

émettre un signal de radiofréquence depuis une balise ou étiquette émettrice (14), qui est située au niveau
d’une position connue et qui est apte a émettre un signal de radiofréquence vers des récepteurs (16) appartenant
a différents réseaux partiellement connectés ou couplés de maniére lache, qui sont formés par une pluralité de
récepteurs contenus dans I'environnement surveillé (18) et sont configurés de sorte que les récepteurs dans
chaque réseau soient étroitement couplés les uns avec les autres, permettant a un signal de cadencement, qui
est recu par les récepteurs dans le méme réseau, de ne pas étre regu par les récepteurs dans I'autre réseau
partiellement connecté ; et

recevoir des signaux de radiofréquence en provenance des récepteurs et définir un cadencement horaire pour
chaque réseau a partir dudit signal de cadencement, un horaire de systeme pour tous les réseaux a partir
desdits signaux de radiofréquence et poursuivre la relation de I'horaire de systéme par rapport au cadencement
horaire pour chaque réseau, afin de synchroniser tous les récepteurs dans le temps.

Procédé selon la revendication 13, qui comprend en outre I'étape consistant a déterminer des indications de ca-
dencement horaire pour chaque horloge (16a) au niveau d’'un récepteur (16), en fonction de I'un au moins parmi la
propagation ou les retards de traitement dans les récepteurs, afin d'ajuster un horaire d’'arrivée indiqué des signaux
de radiofréquence au niveau de chaque récepteur.

Procédé selonlarevendication 13, qui comprend en outre I'étape consistant a émettre des signaux de radiofréquence
a partir d’'une paire de balises émettrices (14) vers des récepteurs (16) avec un retard de propagation connu.

Procédé selonlarevendication 13, dans lequel le retard de traitement dans chaque récepteur (16) est essentiellement
constant I'un part rapport a l'autre.

Procédé selon la revendication 13, qui comprend en outre I'étape consistant a recevoir deux signaux séparés dans
le temps pour déterminer un taux horaire différentiel.

Procédé selon la revendication 17, qui comprend en outre I'étape consistant a recevoir trois signaux séparés dans
le temps pour indiquer un changement de taux différentiel.

Procédé selon la revendication 18, qui comprend en outre I'étape consistant & maintenir un modéle des relations
de cadencement d’horloges au niveau des récepteurs.
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Procédé selon la revendication 13, qui comprend en outre I'étape consistant a situer les récepteurs au niveau de
positions connues.

Procédé selon la revendication 13, qui comprend en outre I'étape consistant a associer une balise avec un objet
(12) a localiser.

Procédé selon la revendication 13, qui comprend en outre I'étape consistant a émettre un signal de radiofréquence
depuis la au moins une balise possédant des données qui identifient I'objet (12) avec lequel la balise est associée.

Procédé selon la revendication 13, qui comprend en outre I'étape consistant a émettre un signal de radiofréquence
a étalement de spectre pseudo - aléatoire depuis la au moins une balise.

Procédé selon la revendication 13, qui comprend en outre I'étape consistant a traiter, au niveau de chaque récepteur
(16), les premiers signaux de radiofréguence a arriver.

Procédé selon la revendication 13, qui comprend en outre I'étape consistant a former une boucle de poursuite afin
de poursuivre les relations d’horloge qui surviennent naturellement dans le temps.

Procédé selon la revendication 13, qui comprend en outre les étapes consistant a déterminer une équation mettant
I'horaire indiqué par une horloge (16a) au niveau d'un récepteur (16) respectif en relation avec une autre horloge
au niveau d’un autre récepteur, et a poursuivre les changements de cette relation dans le temps.

Procédé selon la revendication 13, qui comprend en outre I'étape consistant & accomplir une différentiation des

signaux d’instant d’arrivée en provenance d'une balise émettrice (14), afin de localiser un objet (12) qui est associé
avec la balise émettrice.

15



EP 1682921 B1

RECEIVER A
(0K ]

\lbu
/‘]6

RECEIVER B
(K]

\160

OTHER
RECEIVERS

—

| PROC.
TIME
SVC

e

FIG. T

KNOWN
PROPAGATION
DELAY

RECEIVER A
(K]

TAG

//,<—16
 RECEIVER B
(K]

'Kl6n '

KNOWN
PROCESSING
DELAY

F16.2

16

TOA

/_—)

TOAy,

PROC.
TINE
SIC




T

EP 1682921 B1

14
14 A6
SO
< o
12 Y ., 14

PROC.

e
AR .
s | -/20
/ PROCESSOR 1Y

18 MANUFACTURING @ 12

FLOOR

17



EP 1682921 B1

(e S s - = ety S e . . s T S, . i s D . s e Wt D O . W7

STATE=
LOCKED ?

54

1B 7 5 Ay
¥ . Y 64 Y
REFINE 66 SET STATE SET STATE 58
i) 10 UNLOCKED T0 LOCKED

18



EP 1682921 B1

o, ® ° ®
~OE A bnome 2
peog (METAL)
s II \\ \\ o~
o ,/I_ RS ® % °
/g AL RECEIVER
¢ ! e o
fIG.4
80
. | ~— N
) ‘ / ° . o\
BUILDING 2
(METAL) ~— BRIDGE
pd
TOR -
o<1 T SQURCE 1o .
Bl?rkEDTItI\qS] | RECEIVER
ol \ o/- ' j
. \
ISLAND 1. ISLAND 2

FIG. 5

19



EP 1682921 B1

VOLTAGE
¥ 1| REGULATOR
TOWA T
PO =
LNA - A/D
MIXER223 /236 237
EQUAL-
/l IZER
/ 225 1
214 A,
CNTRL

GAIN & EQUALIZER
SELECT

e
: | DEH T

=

~

_______________

20

P R ]

15 _n_

X

REFERENCE
SIGNAL

RF LEVEL
CONVERTER

FIG. 6.



EP 1682921 B1

[

‘SA10HSTUHL JALLVAY

I : \z.mm-: ......... _
o | L
NIL < LN dSQ < T30 GIHLYWI
D —— .n 1 " . .nlnn\h.. . “ A "
1 “ = | “ \“
NoLLYInONYIAL [« S LNR 450 [ = Fomrlyand QIHOLVWIS
SNLYLS SW < LINNSO (<=1 7T |ua0ni @)L
VYOS " T “ i . s
PPy A T

VOO0 00y~ L0 e 7 10F S0 g

08¢ /

0l€

Y371I910 TANNVHD-TLINW

O~
o

[ =]

SANO)
NMmod
11/48

21



EP 1682921 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« WO 60518106 A [0001] « WO 20010030625 A [0003]
«  US 5920287 A [0003] « WO 20020118655 A [0003]
«  US 5995046 A [0003] « WO 20020181565 A [0003]
+  US 6121926 A [0003] «  US 2002059535 A [0005]

e US 6127976 A [0003]

22



	bibliography
	description
	claims
	drawings

