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Abstract 

Now that GPS has entered the Selective Availabil- 
ity (SA) era of intentional degradation of the 
time and frequency stability of its signals, 
renewed possibilities for Loran-C exist. For 
frequency control purposes Loran-C, where avail- 
able, is clearly superior to GPS under SA. This 
paper addresses the possibility that Loran-C 
might offer comparable time transfer accuracy and 
stability as well, if compliance with Public Law 
100-223, Section 310 concerning synchronization 
of Loran-C to UTC is achieved and adequate 
propagation modeling is employed. 

This paper presents Time of Arrival (TOA) data 
taken on Loran-C groundwave transmissions from 
the Southeast U.S., Great Lakes, West Coast U.S. 
and Northeast U.S. chains received at Austron, 
Inc. in Austin, Texas during the fall of 1990. 
These TOA observations are referenced to UTC via 
common view GPS observations with the USNO, and 
are corrected for receiver delays and propagation 
delays using three different mixed-path models. 
The antenna ambient temperature was logged during 
the duration of the data taking in order to 
assess its correlation with TOA. 

Analysis of the data via linear regression on 
time and antenna temperature is performed on the 
individual transmitters as well as the ensemble, 
and these results are presented graphically. 
Unfortunately, gross (5 us) timing errors still 
exist between the chains, making it necessary to 
;pgly corrections to the data from the Southeast 

. . and Great Lakes chains in order to obtain 
meaningful statistics. 

Introduction 

Since the advent of GPS satellite based time and 
frequency transfer the role of Loran-C in this 
application has been greatly diminished. The 
capabilities of undegraded GPS are indeed superi- 
or to those of the Loran-C system in most re- 
spects including coverage, absolute timing 
accuracy, and ease of use. However potential 
GPS drawbacks to the time and frequency user 
exist, such as higher cost, more complex hardware 
and non-civilian control of the system. This 
last has brought us the specter of Selective 
Availability (SA), an on again/off again, inten- 
tional degradation of the accuracies obtainable 
from the GPS. Though not the focus of this 
report, it should be noted that the medium term 
(2=780 seconds) frequency stability of the Loran- 

C transmissions, for reasonably close transmit- 
ters, is almost two orders of magnitude better 
than that of the GPS transmissions observed under 
SA--reason enough to keep Loran-C in mind for 
frequency control purposes. 

This paper surveys the absolute time setting 
performance achievable from seven distinct 
transmitters in four North American chains via 
the Loran-C Time of Coincidence (TOC) with UTC 
synchronization technique. Motivation for this 
undertaking consisted of both frustration with SA 
and strong curiousity about how well the propaga- 
tion path of the Loran-C signals could be modeled 
and how well the transmitters are synchronized to 
UTC as a result of the enactment in 1987 of 
Public Law loo-223 [Ref 21 requiring synchroniza- 
tion at the 100 nS level. Navigation users 
desiring to combine GPS with Loran-C to enhance 
the overall reliability of their systems would 
prefer to treat the Loran-C signals analogously 
to those from the satellites, i.e. as pseudo- 
ranges rather than as time differences (TD's), 
the input to the traditional Loran-C hyperbolic 
navigation solution. Multi-chain Loran-C naviga- 
tion is also facilitated by absolute time syn- 
chronization as well. 

The propagation modeling techniques applied in 
this study were intentionally limited to those 
which could be implemented in a modern, low cost 
microprocessor based instrument and therefore do 
not include the terrain inclusive, full wave 
integral approach. The results presented here 
support development of a new Loran-C timing 
receiver with internal propagation path correc- 
tion and multiple chain capability offering time 
setting precision at the 500 nS level. While 
this performance is just comparable to that of 
GPS under SA for absolute timing, the frequency 
stability is far superior and the equipment cost 
is much less. 

Approach 

The equipment for the experiment consists of an 
Austron Model 2201 GPS Timing and Frequency 
receiver, an Austron Model 2100T Loran-C Timing 
receiver, an HP-85 desktop computer for control- 
ling the 2100T receiver, an antenna ambient 
temperature recorder and various PC's for pro- 
cessing and presenting the data. The 2201 GPS 
receiver is operated in the NIST/USNO time 
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