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SYSTEM AND METHOD FOR DESTRIBUTING ACCURATE
TIME AND FREQUENCY OVER A NETWORK

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority from United States Provisional Patent Appli-

cation Serial No. 60/985,036 filed November 2, 2007.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates generally to systems and methods for distributing accu-
rate time and frequency for networked receivers and, in particular, to systems for dis-
tributing time and frequency through the use of radiated “signals of opportunity,”

such as Jocal radio or television signals.

Background Information

Timing is critical for networks, for example, in high speed wireless networks
in which handoffs occur. Another example of network in which timing is critical is a
city power distribution network in which high voltage direct current (DC) transmis-
sion lines are used to transfer power over long distances between power generation
facilities, such as hydroelectric dams, and consumers. The high voltage DC power
signals must be converted to low voltage AC power signals before distribution to
businesses and households. Cities generally have a number of power transformer sta-
tions that are interconnected on power grids to do the conversion. The interconnected
power transformer stations must be producing the low voltage AC power signals in
exactly the same frequency and phase before the signals can be distributed across
common low voltage transmission lines. Accordingly, the power transformer station

operations must be synchronized in time and frequency. There is thus a need for ac-
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curate time determination as well as accurate frequency determination at distributed,
or remote, locations within the network.

GNSS receivers at the remote locations can provide timing and frequency in-
formation, as long as the antennas at the remote locations have sufficiently clear
views of the sky. However, remote locations that are within cities often do not have
such views of the sky, and there is thus a need for providing timing and frequency in-

formation at the remote locations.

SUMMARY OF THE INVENTION

A method and system for providing timing information at distributed, or re-
mote, receivers uses radiated signals of opportunity, such as, AM and FM radio sig-
nals, television signals, signals from geo-stationary communications satellites and so
forth, that can be received simultaneously by the base and remote receivers, to deter-
mine time and frequency offsets from the time and frequency determined at a base
station, where the source of the time and/or frequency to be distributed is located.
Based on the measured offsets, the remote receivers determine their relative time and
frequency differences from the base station and take appropriate action such as cor-
recting their clocks to more closely align in phase and frequency to that of the clock at
the base station.

The base station and remote receivers know their respective locations and the
location of the signal of opportunity transmitter (referred to herein also as the “SOP
transmitter”). The base station, which has an accurate time clock that is synchronized
to the reference clock to be distributed, such as GNSS or UTC time, takes a series of
samples of the broadcast signal of opportunity, determines the time of transmission
based on the time delay associated with transmission over the known baseline be-
tween the base station and the SOP transmitter, and time tags the samples. The base
station then transmits the time tagged series of samples.

During overlapping time periods, the remote receivers store samples of the
broadcast signals. The remote receivers then correlate the time tagged series of sam-
ples with the stored signal samples, and determine a time of transmission of the saved
signals that correspond to the series, taking into account the delay over the known
baselines between the respective remote receivers and the SOP transmitter. The re-
mote receivers determine their phase clock errors from the time difference between
times of transmission calculated at the respective remote receivers and the base re-
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ceivers. The remote receivers thus maintain time within microseconds of the base re-
ceiver time, which may be tied to the reference time such as GNSS or UTC time.

For tighter timing and in particular frequency requirements, the base station
monitors the frequency of the broadcast signal of opportunity and determines an asso-
ciated phase error, that is, the phase differences between the registered broadcast fre-
quency of the SOP transmitter and the actual broadcast frequency. The base station
utilizes its reference frequency control, and thus the base station determines the phase
differences between the actual frequency of the broadcast signal and the reference
frequency. The base station transmits the phase error information to the remote re-
ceivers, which use the phase error information to phase lock to the reference fre-
quency. The frequency synchronization precision over the network using the com-

mon signal of opportunity source, can then be accurate to within nanoseconds/second.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention description below refers to the accompanying drawings, of

which:

Fig. 1 is a functional block diagram of a system constructed in accordance

with the invention; and

Fig. 2 illustrates a snapshot of a signal of opportunity.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE
EMBODIMENT

Referring to Fig. 1, a reference, or base station 20 (referred to hereinafter as
"the base receiver") and remote receivers 22;...22, are connected to a communication
network 24, such as, for example, the internet, or a private network. Each of the re-
ceivers simultaneously receives a signal broadcast from one or more high power ra-
diators 26 with known locations, i.e., AM/FM radio transmitters, Beacon or Loran
transmitters, television station transmitters, geo-stationary communications satellites,
and so forth, with respective service areas that cover all or part of the network. The

broadcast signals, which are selected due to their quality of signal, known transmis-
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sion locations, and continuous broadcast, are "signals of opportunity”, that 1s, signals
that are broadcast at various frequencies and for purposes such as the transmission of
random conversation or dialog. This is in contrast to GNSS signals, for example,
which are broadcast at the same frequencies by the GNSS satellites and carry particu-
lar codes. Further, in contrast to known systems, the current system does not utilize
the data or content of information modulated onto the broadcast signals, that is, does
not, for example, utilize transmitted time of day information contained in the broad-
cast signals. The terrestrial radiator is referred to hereinafter as the “SOP transmitter.”

The base receiver 20 in one embodiment uses a GNSS receiver to provide the
reference time and frequency for the network. Because of the use of GNSS receiver,
the base receiver 1s located such that it has a sufficiently clear view of the sky to de-
termine GNSS time using GNSS satellite signals. The base receiver 20, operating in a
known manner, then synchronizes its clock 21 to the GNSS or UTC time based on the
GNSS satellite signals. Preferably, the base receiver has a sufficiently clear view to
also determine its position using the GNSS satellite signals. Otherwise, the X, Y, Z
position coordinates of the base receiver must be known by, for example, GNSS satel-
lite information obtained from a hand held GPS receiver during installation of the
base receiver, through a survey, and/or through use of topological maps.

The locations of the remote receivers 22; ...22, are also known. In certain ap-
plications, the street addresses of the remote receivers are sufficient. For more precise
applications, the locations must be known to within tighter tolerances by, for example,
GNSS satellite information obtained from a hand held GPS receiver during installa-
tion of the remote receivers, through survey, or through the use of topological maps.

The location of the SOP transmitter 26 is usually known or can be readily de-
termined from the information provided by a registration authority, such as, for exam-
ple, the U.S. Federal Communications Commission or the FCC. The information may
be available, for example, over the internet. The network 24 may provide the base
and remote receivers with a list of usable local signals of opportunity, or the system
may select a particular signal of opportunity, for example, for the stability of its car-
rier frequency, its modulated frequency content and based on the field strength of the
signal at the respective receivers. In addition, for redundancy, the signals from more
than one SOP transmitter may be utilized.

Notably, the broadcast signals are of sufficiently low frequency to have excel-

lent building penetration. Thus the remote receivers need not have particularly good

SUBSTITUTE SHEET (RULE 26)



WO 2009/055931 PCT/CA2008/001927

10

15

20

25

30

5

views of the sky, but instead must have relatively good reception of the selected
broadcast signals of opportunity. Further, the use of such low frequency signals al-
lows the receivers to scan with configurable front end filters, such as charged capaci-
tor filters or digital FIR filters, to find the best signal of opportunity candidates.

The base receiver 20, with its position known or determined using the GNSS
satellite signals, can readily determine a baseline to the selected SOP transmitter 26.
Similarly, the remote receivers 22, ...22,, using their known locations, can readily de-
termine respective baselines to the selected SOP transmitter. If the SOP transmitter is
far away with respect to a baseline between the base and remote receiver, the direc-
tion vector may be utilized instead of the baseline between the receivers and the SOP
transmitter. From the base lines, the SOP signal propagation or travel times between
the broadcast antenna and the receivers can be calculated and used to further improve
the time synchronization as described below.

Referring also to Fig. 2, the base receiver 20 takes a series of samples 200 of
the broadcast signal of opportunity and time tags the samples. The series may be a
fraction of a second long or longer, for example, 1/4 second long. The base receiver
may take the samples continuously or at predetermined times, as appropriate.

To time tag the samples, the base receiver determines their respective times of
transmission. The base receiver thus subtracts the time delay associated with the
transmission of the signal from the SOP transmitter 26 to the base receiver from the
time provided by the clock 21 for receipt of the samples and time tags the samples
with the broadcast time. The receiver may, for example, time tag each of the samples
of the series. Alternatively, the base receiver may time tag the first sample of the
snapshot, or certain of the samples of the series. The base receiver 20 then transmits
the time tagged series of samples to the remote receivers 22;...22, over the communi-
cation network 24. As appropriate, the base receiver may compress the information
for ease of transmission over the communication network.

The remote receivers 22;...22, are similarly saving and time tagging samples
of the broadcast signals of opportunity based on their local clocks 23;...23,. To time
tag the samples, the remote receiver subtracts the time delay associated with the
transmission from the SOP transmitter 26 to the remote receiver from the time the
corresponding signal was received at the remote receiver, to determine the broadcast
time. The remote receivers may save samples of signal segments that have the same

length or are slightly longer than the series of samples, as appropriate, to ensure cap-
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ture of corresponding signal samples. A given remote receiver 22; correlates the se-
ries of samples received from the base receiver, with the saved time-tagged data such
that the signal samples align. The time difference between the broadcast time of the
series according to the remote receiver and according to the base receiver is the clock
error, or time offset, at the remote receiver.

Using the time offset, the remote receiver 22; aligns its time with the base
time, 1.€., the time determined at the base receiver, which may have its clock synchro-
nized to GNSS or UTC time. The base receiver continues to send time-tagged series
to the remote receiver, to ensure continued time alignment to within one or a small
number of microseconds.

The remote receivers 22;...22, determine the time offsets using received series
of samples 200 that have diverse frequency content, such as series that correspond to
a change in the broadcast signal that is distinct from the background signal and is not
regularly repeated, such as, for example, a particular bit of conversation. These series
represent “modulation events,” and the alignment of the saved and received modula-
tion events produce a correlation function that has an essentially triangular shape, that
1s, a correlation function with a single correlation peak. The series that correspond to
repeating sounds, such as, for example, certain musical segments, are not utilized to
determine time offsets because the associated correlation function has multiple peaks
and a time offset can thus not be determined with sufficient accuracy.

The remote receiver 22; sequentially correlates the received series of samples
200, or modulation event, with the saved time-tagged signal sample data and selects
the saved data that produces the highest correlation value. The remote receiver then
determines the time offset as discussed above. The time offset value is verified by
repeating the process with subsequent modulation events provided by the base re-
ceiver 20.

The samples taken at the base receiver 20 and a given remote receiver 22; may
be taken at slightly different times, since the samples are taken with respect to the re-
ceivers’ clocks. Accordingly, the accuracy of the time alignment with a correlation
process that relies on the best fit, i.e., selecting the highest correlation value, is essen-
tially limited by the sampling rate. For increased accuracy, fine adjustments may be
made to the phase of the demodulation sample collection process, to drive the sam-

pling times at the remote receiver closer to the sampling times at the base receiver.
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The remote receiver 22; determines if the correlation values on either side of
the correlation function peak, that is, earlier and later correlation values, are essen-
tially symmetrical. If not, the remote receiver shifts the phase of the sample collec-
tion process, that is, a sample clock, in the direction of the larger of the earlier or later
correlation values. The remote receiver may shift the phase by a predetermined
amount each time it performs the analysis. Alternatively, the remote receiver may
shift the phase by an amount that corresponds to the magnitude of the differences in
the earlier and later correlation values. Before determining if the earlier and later cor-
relation output values are essentially symmetrical, the remote receiver 22; may filter
the correlation output values by, for example, averaging them over successive series,
before making the comparisons.

The accuracy of the alignment depends on the broadcast modulated frequency
content and bandwidth of the selected signal of opportunity, the broadcast signal to
noise ratio and the filtering bandwidth of the early and late correlation parameters.
Using, for example, a typical AM radio talk-show broadcast with 5kHz of bandwidth
and average noise as the signal of opportunity, and sampling at a rate of 10KHz the
remote receiver 22; can, with the fine adjustment of the phase of the sampling collec-
tion process, align the remote receiver time to within 1 microsecond of the base re-
ceiver time, that 1s, with the reference time such as GNSS or UTC. If a television
broadcast with 100kHz of bandwidth and average noise is instead selected as the sig-
nal of opportunity, the remote receiver may align its time with absolute time to within
less than 1 microsecond.

For applications with even tighter frequency synchronization requirements, the
base receiver 20 may instead or in addition provide the remote receiver 22; with phase
information associated with the broadcast signal of opportunity, such that the remote
receiver can phase lock to the base reference frequency. To do this, the base receiver,
operating in a known manner, uses its chosen reference frequency source, such as
GPS satellite information, to determine a true clock frequency. The base receiver
then phase locks to the broadcast signal of opportunity and continuously integrates the
apparent frequency of the SOP carrier. Periodically, at for example every 1 second,
the base receiver measures the value of the accumulating frequency integration, to
provide an SOP phase measurement that includes integer and fractional carrier cycle
components. The phase measurements are made at predetermined intervals, such as at

second intervals with respect to the reference time and frequency.
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The fractional cycle component can be measured accurately, however, the in-
teger cycle component has an arbitrary start value, which must be assigned by the
base receiver. The base receiver 20 has used its clock 21, which may be GNSS-tied
frequency control, to determine the timing of the phase measurements, and thus, the
phase measurements are based on the reference frequency to be distributed. The base
receiver provides phase information, which includes the integer and fractional carrier
cycle components to the remote receivers 22,...22,, the time of the measurement, and
information identifying the SOP transmitter, such as station identifier, nominal station
frequency and so forth. In addition, the base receiver may send information relating
to the quality of the signal and/or the base receiver tracking operation such as signal
to noise ratio, number of seconds from acquisition, last lock break, or cycle slip and
so forth.

A given remote receiver 22; similarly phase locks to the broadcast signal of
opportunity, and similarly continuously integrates its perceived SOP carrier fre-
quency, and similarly periodically samples the phase of the SOP frequency integration
process at a sample rate derived from the reference frequency of the remote receiver.
The remote receiver compares its SOP phase measurements with that of the base re-
ceiver to establish the frequency difference between the base and remote receivers.
Based on a first count received from the base receiver, the remote receiver sets its in-
teger cycle count to the count set by the base receiver and adjusts the frequency of its
clock such that the phase measurements at the remote are the same as at the base. The
remote receiver determines frequency error as the rate of change between the phase
measurements made at the base and at the remote receiver, based on subsequent phase
measurement received from the base receiver. The remote receiver then synchronizes
its clock frequency to the frequency of the base receiver clock, that is, to the reference
frequency, using the calculated frequency errors.

The system may operate to determine synchronous frequency over the net-
work, with or without determining absolute time. The remote receivers may, for ex-
ample, not require absolute time and use instead less accurate time determined from
another source or an arbitrary time. If the remote receivers are also synchronizing to
the reference time, the base and remote receivers can use carrier cycle counts to iden-
tify the modulation events from which synchronization to absolute time is determined.
Providing the correlation method utilizing the series of samples 200 is able to syn-
chronize the times between the base receiver and the remote receiver to better than 1/2
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wave length of the SOP carrier, the integer ambiguity of the cycle count of the re-
mote receiver can be resolved and set to exactly match the base. When ambiguity re-
solved carrier is used to make the clock and frequency adjustments, the time and fre-
quency accuracy at the remote receivers can be maintained within nanoseconds and
nanoseconds/second of the reference time and frequency, such as GNSS or UTC time.

With information from the base receiver relating to the quality of the tracking
operations at the base, the remote may further improve its time synchronization by,
for example, using only the highest quality pairs of measurements, that is, measure-
ments that are of high quality at both the base and the remote receivers. Alternatively
or in addition, the remote receiver may weight the measurement differences by the
quality of information in a least squares solution based on redundant measurements.
Further, the quality information may cause a remote receiver that is tracking a single
SOP signal to switch to another SOP signal.

The system described herein has the advantage of accurate time and frequency
transfer between a base receiver and remote receivers utilizing broadcast signals of
opportunity. The communication network may be wired or wireless. The known lo-
cation of the SOP transmitter may be a trajectory rather than a fixed location. For ex-
ample, the SOP transmitter may transmit from a moving platform such as an automo-
bile, aircraft, ship or satellite, provided that the location and the velocity vector of the
transmitter can be determined by the system. For a satellite transmitter, for example,
the orbital ephemeris parameters must be readily available. One or more of the re-
mote receivers may also receive GNSS satellite signals and determine position. The
GNSS remote receivers may be mobile or fixed-position receivers. The base and re-
mote receivers may determine phase error measurements by downconverting the re-
ceived signal of opportunity to base band using the nominal registered frequency for
the transmitter or to some other lower frequency, determining a residual frequency
offset, and integrating the down converted frequency offset to calculate the phase er-
ror measurement. The remote receivers then determine a frequency offset based on
the differences in the phase measurements made at the base receiver and at the remote
receiver. By downconverting to determine the phase measurements, the integer cycle
count values do not grow as large and therefore are more efficient to process and re-

quire less bandwidth to communicate to the remote receivers.

What is claimed is:

SUBSTITUTE SHEET (RULE 26)



WO 2009/055931 PCT/CA2008/001927

11

12

13

15

16

17

18

19

10

CLAIMS

1. A system for transferring time over a network utilizing signals of opportunity
transmitted by one or more transmitters with known locations, the system com-
prising:

a base receiver with a clock synchronized to a reference time that
samples the signals of opportunity, time tags the samples with a calculated
time of broadcast, and sends a series of the time-tagged samples over a com-
munications network;

abremote receiver that receives information over the communications
network, the remote receiver

saving and time-tagging samples of the signals of opportunity,

correlating the time-tagged series of samples received over the
communications network with the saved time-tagged samples,

calculating a time of broadcast of the saved time-tagged sam-
ples that correspond to the received series of samples,

determining a time offset as a difference in the time of broad-
cast calculated at the remote receiver and the time of broadcast calcu-
lated at the base receiver, and

determining the time with respect to the reference time at base

receiver based on the time offset.

2. The system of claim 1 wherein the base receiver calculates the time of broadcast
based on the time of receipt of the signal that corresponds to the series of sam-
ples and a time delay associated with a base line from the transmitter to the base

receiver.

3. The system of claim 2 wherein the remote receiver calculates the time of broad-
cast based on the time of receipt of the signal that corresponds to the series of
samples at the remote receiver and a time delay associated with a baseline from

the remote receiver to the transmitter.

4. The system of claim 1 further including
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the base receiver synchronizing clock frequency to a reference source,
determining carrier phase measurements associated with the broadcast signals
of opportunity and providing phase information to the remote receiver, and

the remote receiver having a clock and determining carrier phase meas-
urements associated with the broadcast signals of opportunity, the remote re-
cetver determining a frequency offset of the clock from the base receiver clock
frequency by the differences between the phase measurements of the base and
remote receivers, and

the remote receiver usingr the frequency offset measurements to adjust

and align its clock frequency to that of the base.

5. The system of claim 4 wherein

the base and remote receivers determine the phase measurements by phase
locking to the broadcast signals of opportunity and integrating the frequency to
produce a wave count that represents an accumulating phase of the broadcast fre-
quency associated with the transmitter and measuring the wave count at predeter-

mined times according to the reference frequencies of the respective receivers.

The system of claim 4 wherein
the base and remote receivers determine the phase measurements by down-
converting the broadcast signals of opportunity using a down converting fre-
quency source generated from the respective receivers reference frequencies and
integrating the residual frequency to produce wave counts that represent the fre-
quency offset of the signal of opportunity from the down converting frequency as

measured at predetermined times according to the reference frequency.

The system of claim 1 further including additional remote receivers that deter-

mine a relative time as time offsets from the base receiver time.

The system of claim 1 wherein the base and remote receivers utilize signals of

opportunity from a plurality of the transmitters.
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The system of claim 1 wherein one or both of the base and remote receivers in-
clude configurable front end filters that scan the broadcast signals to select one

or more signal of opportunity for use.

The system of claim 1 wherein the communication network provides a list of us-
able signals of opportunity and one or both of the base and remote receivers se-

lects one or more signals of opportunity from the list for use.

The system of claim 1 wherein the remote receivers adjust a phase of a sample
clock based on non-symmetrical earlier and later correlation values determined

during correlation of the series of samples to the saved signal samples.

The system of claim 11 wherein the remote receivers filter the earlier and later

correlation values before making the adjustment.

. A method for transferring relative time over a network utilizing signals of oppor-

tunity transmitted by one or more local transmitters with known locations, with
signal service areas covering all or a portion of the network, the method compris-
ing the steps of
synchronizing a clock to a reference time scale,
saving series of samples of the signals of opportunity at the base re-
ceiver, time tagging the series with a time of broadcast calculated using the
base receiver clock, and providing the time tagged series of samples to a re-
mote receiver;
saving samples of the signals of opportunity at the remote receiver and
correlating the received series of samples with the saved signal samples;
calculating a time of broadcast of the signal samples that correspond to
the series of samples and determining a time offset as a difference in the time
of broadcast calculated at the remote receiver and the time of broadcast calcu-
lated at the base receiver, and

determining the relative time difference between the remote and base receivers

based on the time offset to determine time at the remote receiver.
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14. The method of claim 13 wherein the base receiver synchronizes its clock

to a global reference;

15. The method of claim 14 wherein the base receiver synchronizes its

clock to one of GNSS or UTC time.

16. The method of claim 13 wherein the step of calculating the broadcast time
at the base receiver includes calculating the time based on the time of receipt of the
signals at the base receiver and a time delay associated with a base line from the

transmitter to the base receiver.

17. The method of claim 13 wherein the step of calculating the time of broad-
cast at the remote receiver includes calculating the time based on the time of receipt
of the signals that correspond to the series of samples and a time delay associated with

a base line from the remote receiver to the transmitter.

18. The method of claim 13 further including

determining phase measurements associated with the carrier frequency of the
broadcast signals of opportunity at the base receiver and providing phase measure-
ment information to the remote receiver, and

determining phase measurements associated with the broadcast signals of op-
portunity at the remote receiver and determining a frequency offset for which the
phase measurements determined at the remote receiver correspond to the phase error
determined at the base receiver, and

aligning the frequency of the clock at the remote receiver with a clock at the

~ base receiver based on the frequency offset.

19. The method of claim 18 wherein

the step of determining phase measurements at the base and remote receiver
includes phase locking to the broadcast signal of opportunity, integrating the received
carrier frequency of the signal of opportunity and periodically sampling the integrat-

ing value based with a time interval derived from the reference frequency.
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1 20. The method of claim 18 wherein
2 the step of determining the phase measurements at the base and remote re-

3 ceiver includes downconverting the broadcast signal of opportunity to a lower fre-

4 quency using a down converting frequency signal derived from the respective receiver
5 reference frequencies integrating the down converted frequency and periodically

6  sampling the integrating value based on a time interval derived from the respective

7 receiver reference frequencies.

1 21. The method of claim 13 further including additional remote receivers per-
2 forming the steps to determining relative time synchronization from time offsets from

3 the base receiver time.

1 22. The method of claim 13 further including utilizing signals of opportunity

2 from a plurality of transmitters at the base receiver and the remote receiver.

1 23. The method of claim 13 further including one or both of the base and re-

2 mote receivers scanning the broadcast signals to select a signal of opportunity for use.

1 24. The method of claim 13 further including one or both of the base and the
2 remote receiver selecting the signals of opportunity for use from a list of usable sig-

3 nals of opportunity.

1 25. The method of claim 13 wherein the step of sampling the signal at the re-
2 mote receivers includes adjusting the phase of sampling based on non-symmetrical
3 earlier and later correlation values determined during correlation of the snapshot to

4 the saved signal samples.

1 26. The system of claim 25 wherein the step of adjusting includes filtering the

2 earlier and later correlation values before making the adjustment.

1 27. A system for transferring frequency between two or more receivers over a

2 network utilizing signals of opportunity transmitted by one or more transmitters at
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15

known locations, with signal service areas covering all or a portion of the network, the
system comprising:

a base receiver with a clock synchronized to a reference frequency that
phase locks to the signal of opportunity, makes phase measurements at prede-
termined intervals, and sends the phase measurements over a communications
network;

a remote receiver that has a clock and receives information over the
communications network, the remote receiver

phase locking to the signal of opportunity and making phase
measurements,

determining a frequency offset of the remote receiver clock as
arate of change in the phase measurements made at the base receiver
and at the remote receiver, and

adjusting the frequency of the remote receiver clock to remove

the measured offset.

28. The system of claim 27 further including additional remote receivers that
are synchronized in frequency based on frequency errors determined using phase

measurements received from the base receiver.

29. The system of claim 27 wherein the base and remote receivers utilize sig-

nals of opportunity from a plurality of the transmitters.

30. The system of claim 27 wherein one or both of the base and remote re-
ceivers include configurable front end filters that scan the broadcast signals to select a
signal of opportunity for use.

31. The system of claim 27 wherein the communication network provides a
list of usable signals of opportunity and one or both of the base and remote receivers

selects one or more signal of opportunity from the list for use.

32. The system of claim 27 wherein
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2 the base and remote receivers determine the phase measurements by phase

3 locking to the broadcast signals of opportunity, integrating the frequency to produce a
4 wave count that represents an accumulating phase of the broadcast frequency associ-
5 ated with the transmitter and measuring the wave count at predetermined times ac-

¢  cording to the reference frequencies of the respective receivers.

1 33.  The system of claim 27 wherein

2 the base and remote receivers determine the phase measurements by down-

3 converting the broadcast signals of opportunity using a down converting frequency
4 source generated from the respective receivers reference frequencies and integrating
5 theresidual frequency to produce wave counts that represent the frequency offset of
6  the signal of opportunity from the down converting frequency as measured at prede-

7 termined times according to the reference frequency.
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