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Objeciives

« Long-term objective:

d Transmit time information by using broadcast TV signals
ASignals are transmitted at high power and undetected jamming and spoofing are difficult

AMethod can be independent of signals from GPS and other satellite systems
d Increasing number of jamming and spoofing attacks on satellite signals

AMuch of the infrastructure is already available 8 modest non-recurring costs
A Small additional recurring costs

« Current study:
d Compare one-way and common-view transmissions methods

d Evaluate the magnitudes of contributions to the error:budget for a prototype
service based on.each method

d Design receiver reference hardware and analysis method to mitigate
atmospheric degradation of transmitted data
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The eneway method

« Transmitter is synchronized to reference time scale
0 Optical fiber circuit or communications -satellite link
d Time information embedded in transmission format
d Accuracy depends on calibration of transmitting system
« Signal transmitted to receiver delayed by propagation delay and'atmospheric
effects
d Significant impact and difficult to evaluate
A Often makes the largest contribution to the error budget
+ Receiver parses transmitted message, extracts time data
0 Receiver generates output signal based on timing data
0 Received data are used to discipline a local clock

Astrabillity depends on o0Oaveragingé of received |ldat
d Accuracy depends on calibration of receiving system
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The commoxview Methad

Transmitter is not modified
d Significant savings in cost

Two (or more) stations receive signal from transmitter

Receivers identify a unique pattern in the transmitted signal but need
not parse the entire broadcast message
0 Method largely independent of format details

Receivers measure the time of a local clock when the unigue pattern:is
received

Receivers exchange these measurements and subtract them to-estimate
the difference in the times of the clocks at the two receiver sites

o Particularly useful for.evaluating noise contributions when the difference is
known: from other data
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The pathidelayl

«» Geometrical distance is about 30 km (18 miles)

d Transit time is about 90 1:s (delay is 31:s/km)

A Geometrical distance known to < 1% for microsecond-level service
d Distance uncertainty < 300 m (about 1000 feet)

« Atmosphere adds about 27 ns to path delay
0 Increases effective signal path by 9 m (about 30 feet)
d Can be neglected for microsecondlevel service
d May cancel in common-view measurements

« Delay estimate improved with ancillary data:
d Precision surveying of path length

0 Measurements of temperature and pressure to calculate atmospheric
contribution

AMeasurement only at transmitter might be good enough
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Multipath delayi- 1

« Signals reflected from ground or from object combine with direct signal
« Does not cancel in.common view, systematic error, cannot be averaged

Moving or
Stationary object

/\

Ground swing
Ampl ~ 100%




Multipath if Transmitterenimountain

.

Cool air

warm air \

Indirect path may have shorter delay
Partially cancelled in common view
Effects are local, diurnal, and seasonal




A commonview studytetweentiming laboratories

Time difference between receivers known from other data
Transmitters need not be modified or changed in any way

Accuracy of data depends on difference of receiver calibrations

d ldentical receivers at both sites eliminates this contribution

Time difference accuracy and stability dominated by geometric delay and
atmospheric effects

0 Some fraction of this contribution is common -mode and cancels in the difference
d A common-view study is a best-case configuration

A Results set a/lower bound on what a service that used TV signals could provide
Test locations:

o0 NIST Boulder to NIST station in Fort: Collins
A Some preliminary measurements completed

d NIST Gaithersburg, MD to Naval Research Laboratory, Washington, DC

=)

=)

5

=

5

Judah Levine, NIST, WSTS, 5/2024:8




Summary

«+ One-way delay method
d requires modifications to transmitters
0 Requires estimate of full path delay
0 Requires calibration of receiving system

» Common-view method
0 No modifications to Transmitters
d Path delay partially cancelled in common view subtraction
o Calibration of receivers not needed if same receiver used at both ends

d Sensitive to characteristics of path delay, which will dominate the error budget
of the service

d Useful for test when time difference between receiving sites known
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