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  eLoran will be implemented 
  Need to cost effectively upgrade older transmitters 

  Lower purchase cost 
  Lower operation and maintenance costs 
  Must meet all eLoran signal requirements 

  Alternative technology solutions should be investigated 
  Historical Loran transmitters 

  Based upon so called half‐cycle generators 
  Design approach has remained essentially the same 

  tube amplifiers (c1950) ‐> solid‐state transmitters (1970s) ‐> new solid state 
transmitters (c2000) 

  Recently, advances in AM broadcast technology appear to allow 
alternative system designs for high power transmitters 

  Nautel proof‐of‐concept Loran transmitter 
  Derived from traditional EER AM band transmitters 
  Alion, in support of USCGA, conducted evaluation at CG LSU, Wildwood, NJ 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  Loran‐C Tests 

  eLoran Tests 
  Future Concepts 



Specification Notes 
Pulse Leading Edge (specs 
1, 2) 

Attempts to measure how good the pulse shape is along the leading edge (from 0 to 65 µsec into the 
pulse) which is the most important part of the pulse for a receiver 

1. Half-cycle Peak 
Amplitudes Ensemble 
Tolerance 

Ensures that the average distance of the half‐cycle peaks from the ideal amplitudes are less than 1% of 
the peak value 

2. Half-cycle Peak 
Amplitudes Individual 
Tolerances 

Ensures that the distance of any single half‐cycle peak from the ideal amplitude does not exceed the 
threshold of 3% of the peak value for the first 8 half‐cycles and 10% of the peak for the next 5 half‐
cycles. 

3. Pulse Trailing Edge Attempts to measure the current in the tail of the pulse to ensure that the pulse has been sufficiently 
attenuated in the tail. The current after 500 µsecs must be less than .14% of the peak value. 

4. Zero-Crossing Times and 
Tolerances within Pulse 

Ensures that the individual zero‐crossing times are at strict 5usec intervals. The category 1 tolerances 
vary from ±1000ns to ±50ns depending upon which zero crossing it is. The reference point is the third 
zero crossing at 30 µsec. 

5. Pulse-Group Phase 
Coding 

Ensures that the transmitter is adhering to the correct plus‐minus phase code sequence. This is 
currently a two group long sequence with different codes for master and secondary stations. 

Uniformity of Pulses within 
Pulse Group (specs 6,7,8) 

Ensures that the pulses within a group are uniform. 

6. Pulse-to-Pulse Amplitude 
Tolerance 

The amplitude of the smallest peak in the group must be within 5% of the amplitude of the largest peak 
for a single‐rate station or within 10% for a dual‐rate station. 

7. Pulse-to-Pulse ECD 
Tolerance 

This accounts for the pulse‐to‐pulse leading edge differences and the pulse‐to‐pulse zero‐crossing 
differences. The ECD of any single pulse must not differ from the average of the ECD over all pulses in 
the PCI by more than 0.5 µsec for a single‐rate station and by more than 0.7 µsec for a dual‐rate station. 

8. Pulse-to-Pulse Timing 
Tolerance 

Ensures that the pulse spacing is uniformly 1000 usec with a tolerance of 25 ns for single‐rate and 50ns 
for dual‐rate. This is measured at the third zero‐crossing and referenced to the first pulse of the group. 

9. Spectrum 99% of the total energy must be within the 90‐110 kHz band; no more than .5% above the band and no 
more than .5% below the band.  



Test # Description GRIs (Rates) Xmtr Load 

1 Single Rate High  5930 Both Simulator 

2 Single Rate Low  9960 Both Simulator 

3 Dual Rate  5930/8970 Both Simulator 

4 Searchlight Dual Rate 9610‐W/9940‐Y Both Simulator 

5 LSU Single Rate Low 9960‐T Nautel Antenna 

6 LSU Dual Rate 5030‐M/9960‐T Nautel Antenna 









  Some questions and concerns about RAIL 
  Very little documentation 
  At times conflicting results observed 

  Does not measure all of the Loran‐C specifications (3 and 
9 are not measured)  

  Does not have the capability to do any eLoran 
specification measurements 

  Some of the specifications themselves are not 
clearly defined from a testing perspective 



  Replacement for the aging LORDAC  
  Based on Matlab code running on a Windows PC with an A/D 
card running at 20 MHz 
  Samples two channels (Loran signal and MPT) at 20 Msps 
  Data capture started with a trigger signal from the TFE PCI strobe 
  Data is captured 1 PCI at a time and analyzed and optionally stored to 
disk 

  Multiple PCIs are captured in succession to allow for statistical 
analysis.  

  Perform analysis of all specifications listed in Table 1 – 
including the spectrum occupancy and tail current 
  MPT signals used to locate each pulse and the pulse timing can be 
relative to the MPT rather than the first pulse. This corrects  

  Analysis is conducted on each pulse 
  Statistics computed based upon the entire batch of PCIs 
  Results written to a file as well as displayed on a GUI 





Test # Description GRIs (Rates) Load 

1 Single Rate Secondary  5930‐S with 9th pulse Simulator 

2 Single Rate Master  5030‐M with 9th pulse Simulator 

3 Dual Rate  5030‐M / 8090‐S with 9th pulse Simulator 

4 Dual Rate 5030‐M with 9th pulse / 8090‐S Simulator 

5 Single Rate Secondary 9960‐T with 9th pulse Antenna 

6 Dual Rate 5030‐M / 9960‐T with 9th pulse Antenna 

  Primary change in the eLoran specification is the addition the LDC 
  Tests to verify transmitter performance of this 
  Test the generation of the 9th pulse through all 32 symbols on both 

Master and Secondary rates 
  Procedure 

  Capture the sequential 9th pulses 
  Ensure that all 32 symbols were at the correct delay from the 8th pulse as per 

the LDC specification [4] 
  Variety of rate combinations to see any transmitter variations.   







  Prototype eLoran transmitter performed well 
  Met almost all existing specs 

  The one not met could be met with minor changes to the defined 
pulse shape 

  Production version of the transmitter is expected to have 
numerous improvements based upon what has been learned 
from the prototype 

  Was not impacted by dual‐rating, having consistently good 
performance across all tests 

  Performed well on the eLoran tests (9th pulse modulation)  
  Successfully tested with a 10th pulse (a possible addition to 
the eLoran Specification) 

  Flexibility of the transmitter enabled us to test out some 
different concepts 



  Advantages 
  Smaller footprint 
  High efficiency (currently about 60% with the production 
transmitter to be as high as 70‐75%) 
  lower electrical load 
  very little heat generated so lower AC demand 

  Further refinement needed for LORDAC II software 
as well as new transmitter testing procedures  
 Will be reported on in the future 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