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CHAPTER 1 INTRODUCTION 

Since 1990, Locus has been the in ternat ional leader  in  h igh-per formance digital Loran 
receivers for  navigat ion, t iming, and monitor ing applicat ions. Our  newest  DSP-based 
t iming and navigat ion receiver  elevates Loran per formance standards to unprecedented 
levels, mak ing the Locus SatMate/ CsSync receiver  the ideal complement  to GPS 
whenever  complete availabil ity, reliabil ity, and in tegr ity are requ ired. 

�� �� 	 
� �� 	 � 
 � � � �

·  Product  features 

·  Qu ick  star t  

·  Help system 

·  Using th is manual 
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1.1 PRODUCT FEATURES 

·  Advanced technology. Locus’ patented Linear  Averaging Digital (LAD) Loran 
technology provides simu ltaneous t rack ing of up to 40 Loran t ransmit ters with 
overall signal-to-noise improvement  at  least  20 dB bet ter  than convent ional 
receivers. 

Incorporat ing adapt ive fi lter ing, digital noise blank ing and DSP techniques, the 
SatMate/ CsSync receiver  provides hundreds of thousands more square miles of 
oceanic and air  space coverage and vir tually complete penetrat ion in to the most  
dense urban environments, regardless of ambient  weather  or  in ter ference 
condit ions. LAD-Loran technology is also available in  a modu le su itable for  OEM 
navigat ion and t iming applicat ions. 

·  Navigat ion and t iming applicat ions. Loran is the ideal complement  to GPS in all 
mar ine, aviat ion, ter rest r ial and t iming applicat ions, and eliminates the 
vu lnerabil it ies of a sole-means system.  

The modu le can be in tegrated with a GPS receiver  and controlled by a single user  
in ter face, mak ing operat ion cost -effect ive and t ransparent  to the user . Bu ilt -in  
Eurofix capabil ity means that  DGPS correct ions can be cont inuously supplied 
whenever  needed. 

1.2 PC QUICK START 

If you  are using the receiver  with a PC, and the receiver  has already been installed, you  
are ready to use the system. Take the following steps.  

You can refer  to the rest  of the in format ion in  th is manual as needed.  
For  example, if you  need help install ing the system, see the next  chapter , “Installat ion.” 
For  more detailed in format ion on how to begin using the system, see the “Get t ing 
Star ted” chapter .  

1. Turn on the power  switch at  the front  of the receiver . 

The receiver  operates with a ser ies of defau lt  set t ings, which shou ld be adequate for  
most  locat ions and users. The receiver  begins to search for  the Loran-C chains that  
are su itable for  your  geographic locat ion and applicat ion.  

2. If you  are using a PC with the receiver , type ECHO ON to display characters as they 
are typed. 

This visual feedback lets you t roubleshoot  problems caused by typing er rors. ECHO 
ON increases usabil ity if you  use the system manually. 

3. To enable a car r iage retu rn at  the end of each line of displayed data, type RETURN 
ON. 

Many terminal emulat ion applicat ions requ ire textual ou tpu t  to be format ted with a 
car r iage retu rn at  the end of each displayed line. Otherwise, the text  l ines wil l wrap 
around and become difficu lt  to read. 
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4. To check the communicat ion parameters, type BAUD and review the following 
factory defau lt  set t ings:  BAUD 9600, 8, N, 2 

The factory defau lts are adequate for  most  users. In  the above line, the baud rate is 
9600, the word length is 8, the par ity is none, and the stop bits are set  at  2. The 
receiver  is preset  from the factory to communicate at  9600 baud. 

5. If you  want  to view the Search List  and watch the acqu isit ion of Loran-C chains, 
type SEARCH. You can also watch the acqu isit ion  by repeatedly typing the ? 
command, which updates the display. 

1.3 HELP SYSTEM 

You can use the on-line help system with in the receiver  software to answer  quest ions 
about  its use. Use the following commands to see on-line help for  the following topics. 

·  Type HELP to see a br ief explanat ion of commonly used commands. 

·  Type HELP followed by a GRI number  to l ist  the selected Loran stat ion by chain, 
ou tpu t  power , posit ion, and geographic locat ion. 

·  Type HELP CHAINS to see a l ist  of Loran-C chains and locat ions wor ldwide. 

For  more details on these commands, see the SatMate/ CsSync Command Guide. 

1.4 USING THIS MANUAL 

·  SatMate and CsSync are very similar  receivers except  their  usage of the commands.  
If a reference is made to the SatMate, it  can often be in terpreted to mean the 
CsSync, unless fu r ther  defined for  navigat ion (SatMate) or  t iming (CsSync) 
situat ions. 

·  Chapter  2, Installat ion, helps you install the receiver  hardware and software. 

·  Chapter  3, Get t ing Star ted, explains how to begin using the receiver  software. 

·  Chapter  4, Navigat ion, explains navigat ional concepts and commands. 

·  Chapter  5, Product  Suppor t , offers possible solu t ions if you  have problems with 
your  receiver . 

·  Appendix A explains the basic concepts of the Loran-C radionavigat ion system. 

·  Appendix B explains the message st ructu re and message types of the Eurofix 
system. 

·  Appendix C lists the references used to develop th is manual. 

·  Appendix D explains the abbreviat ions and acronyms in  th is manual. 

·  Appendix E l ists the specificat ions for  the SatMate and CsSync receivers. 
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CHAPTER 2 INSTALLATION 

This chapter  explains how to install your  SatMate/ CsSync receiver . Before you begin 
the installat ion procedures, you  might  want  to read the ent ire chapter  to make sure you 
have all the necessary tools. 

�� �� 	 
� �� 	 � 
 � � � �

·  System requ irements and recommendat ions 

·  Antenna installat ion 

·  Receiver  mount ing 

·  Power  and cable connect ions 

·  Receiver  communicat ion  
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2.1 SYSTEM REQUIREMENTS &  RECOMMENDATIONS 

You can operate the SatMate/ CsSync receiver  with a personal computer  (PC) or  other  
device with an RS-232 ser ial por t . 

Before you install the receiver , check the following sect ions. They descr ibe usefu l 
software applicat ions and requ irements if you  plan to use the receiver  with a PC. 

� � � � � �� � � � � ��� � � � � � � � �� 
 
 �
� � � 
� � � �

If you  plan to use your  receiver  with a PC, you might  consider  using the following 
software applicat ions, especially when using the receiver  the first  few t imes. 

If you  plan to use the receiver  with a device (other  than a PC) that  has an RS-232 ser ial 
por t , you  can sk ip th is sect ion. 

·  If you  want  Locus to be able to provide the best  level of technical suppor t  and 
control the system remotely, consider  install ing pcANYWHERE 32 V11.0 (or  newer) 
software.  

·  pcANYWHERE is used to remotely t roubleshoot  receiver  funct ions and download 
software updates. The customer  and Locus must  have the same 
communicat ions software, and Locus uses pcANYWHERE. 

·  If you  want  to be able to configure the receiver  from a PC, install Procomm, 
HyperTerm, or  an equ ivalent  applicat ion for  PC-to-receiver  communicat ions.  
Procomm and HyperTerm are “dumb terminal” emulator  applicat ions. 

·  If you  want  to be able to send data, install a fi le compression applicat ion such as 
PKZip or  WinZip. If you  need to send a large data fi le to Locus, compressing 
(zipping) the fi le beforehand makes e-mail t ransmission faster . 

� � � � � �� � � �� � �� 
 � � � � 
� � �

If you  plan to use your  receiver  with a PC, and you want  Locus to be able to provide the 
best  level of technical suppor t  and control the system remotely, make sure the PC 
meets the following min imum requ irements before you install the receiver . 

If you  plan to use the receiver  with a device (other  than a PC) that  has an RS-232 ser ial 
por t , you  can sk ip th is sect ion. 

·  PC-compat ible computer , 486 or  bet ter  

·  16 Mb of system RAM (min imum) 

·  Microsoft  Windows 3.1, 95 or  98, XP (or  newer) operat ing system 

·  Bus mouse or  motherboard controlled mouse wh ich uses Inter rupt  Request  (IRQ) 2 
or  5 

·  Ser ial por t  A for  PC-to-receiver  communicat ions using IRQ 4 
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·  Ser ial por t  B for  the modem connect ion (either  in ternal or  external), using IRQ 3 

·  500-Mb hard dr ive (min imum). The hard dr ive must  be able to accommodate Loran-
C data fi les, Microsoft  Windows, and the software applicat ions l isted in  the previous 
sect ion. 

·  Nu ll modem ser ial cable that  connects the PC to the receiver  (if you  need to use an 
external modem, use a Straight-Through ser ial cable) 

·  14.4K in ternal or  external modem (min imum baud rate) 

� � � � � �� � � � 
� � � �� � � �� 
� 	 �� � � � � � �� � � 
� ��
 � � � �� � � 
� � �

The receiver  does not  requ ire a PC. If you  plan to use the receiver  with a device (other  
than a PC) that  has an RS-232 ser ial por t , the only hardware requ irement  besides the 
por t  itself is a power  sou rce. 

2.2 ANTENNA INSTALLATIONS 

You must  plan the antenna installat ion carefu lly. The per formance of the receiver  
depends on an opt imized antenna installat ion. 

This sect ion addresses each stage of antenna installat ion:  

·  Select  the site based on the 30-degree ru le. 

·  Mount  the antenna as planned. 

·  Establish a dependable ear th ground (if E-Field antenna). 

·  Test  the installat ion. 

� � � � � �� � �� � � 
� � �� 	 � �� � � � � � � �� 
� � �

Select ing an appropr iate locat ion for  the mounted antenna is cr it ical for  opt imum 
receiver  per formance. Consider  the following requ irements and recommended gu idelines 
when planning the antenna’s installat ion. Elect r ic and magnet ic antennas requ ire the 
same field-of-view considerat ion. 

The following requ irements must  be met  or  the receiver  wil l not  operate proper ly: 

No metal objects or  power  l ines above the antenna 

Use these gu idelines to opt imize receiver  per formance: 

·  Mount  the antenna 30 feet  or  more above the ground. 

·  Locate the antenna away from large conduct ive objects. 

·  Locate the antenna away from t ransmit t ing antennas. 

·  Provide a dependable ear th ground. 
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·  Locate the antenna away from st ructu res that  may obstruct  recept ion of the Loran-
C signal, such as bu ildings, br idges, and other  an tennas. 

·  Do not  mount  elect r ic field antennas in  any indoor  st ructu re, or  tunnels and caves 
for  either  E-Field or  H-Field antennas. 

Note: Line-of-sight  recept ion is not  requ ired for  Loran-C frequencies. 

2.2.1.1 30-DEGREE RULE 

In  general, the antenna must  be free of obst ruct ions in  all direct ions at  an angle of 30 
degrees above a hor izontal l ine theoret ically drawn from the top of the antenna. 

If bu ildings, mountains, t ransmit ters, br idges, or  other  impediments extend in to th is 
30-degree defined area, the recept ion of the Loran signal—and therefore the 
per formance of the receiver—may be degraded.  

The two antenna installat ions i l lust rated below follow the 30-degree ru le. The angle 
from the theoret ical hor izon line at  the top of the antennas to the top edge of the largest  
obstruct ion is less than 30 degrees.  

In  th is case, the mount ing mast  has been appropr iately placed with respect  to the 
br idge. 

 

Installation that conforms to 30-degree rule 

� � � � � � � � � � 
� � �� 	 � �� �� � � � 
� �� 
� �� �!" � � 
� �� #�� � � � � � � �

If your  applicat ion uses the E-field antenna, first  determine the proper  site, discussed 
above. You also need the following items: 

·  Copper  wire, insu lated or  uninsu lated, solid or  st randed. For  distances of up to 40 
feet  (12 m), use #14 ga. For  distances up to 100 feet  (30 m), use #12 ga. 

·  The hardware requ ired to ground the end of the ground wire to ear th 

·  A cr imping tool to cr imp-connect  an extending ground wire 

·  Mount ing mast  or  plat form 

·  A match, a l ighter , or  other  heat  source to heat-shr ink  the cr imp splice connector  to 
the ground wires 

<30°°°° 

Antennas 
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When mount ing the antenna, you can mount  it  to a mast  or  to a plat form. The following 
sect ions provide t ips for  both opt ions. 

2.2.2.1 GROUNDING CONSIDERATIONS 

The antenna installat ion  site must  provide a means to dependably supply a ground 
frame of reference for  the signal. The ideal grounding scheme is a direct  at tachment  of 
the green ground cable to a metal stake pounded in to the ear th. For  mobile 
applicat ions, at tach the cable to the vehicle’s chassis. 

Otherwise, a cor rosion-resistant  at tachment  may be made to a conduct ive metal 
st ructu re that  is itself ear th-grounded. 

DO NOT use the same ground as the ground path  used for  the st ructu re’s l ightn ing 
protect ion. 

2.2.2.2 MAST MOUNTING 

You have several opt ions for  mast  mount ing an E-Field antenna. Exist ing st ructu res 
such as rail ings may be su itable. When choosing the mast  hardware, you  can use 
piping or  tubing. 

The hardware can be round or  squared. If it  is round, the hardware shou ld be up to 2 
inches (50 mm) in  diameter . If it  is squared, the hardware shou ld be up to 1 and 7/ 8 
inches wide (47.5 mm). 

Note: If you  need to stabi l ize the antenna assembly, you  can inser t  spacers between the 
antenna bracket  and the mast . 

The antenna, as sh ipped, is at tached to a bracket  that  has been dr il led to allow 
mount ing to either  a hor izontal or  ver t ical mast . In  addit ion, 2-inch (50-mm) mount ing 
clamps have been included along with four  hex nu ts. The manufacturer  has 
successfu lly used the mount ing solu t ions shown in the following i l lust rat ion. 
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2.2.2.3 PLATFORM MOUNTING 

Instead of a mast , you  can use a hor izontal plat form to mount  the E-field antenna. You 
can mount  the antenna on any flat  sur face that  does not  collect  excessive snow or  rain. 

If you  use a plat form to mount  the antenna, you must  dr i l l  the mount ing sur face to 
conform to the hole pat tern on the base of the antenna bracket .  

The following i l lust rat ions are t rue, to-scale templates of the bracket ’s mount ing hole 
pat tern. Mount ing hardware for  plat form installat ion, other  than the bracket  in  which 
the antenna was shipped, is not  provided by the manufacturer . 

If you  want , you  can make copies of the next  two il lust rat ions and enlarge/ use their  
scales as templates to help you mount  the antenna to the plat form. 

 

 2.274 IN [57.76 MM] 
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� � � � � �$ � � � � � 
� � �� 	 � �� � � � � � � �

 

The E-field antenna is sh ipped with a shor t  grounding 
wire at tached. A cr imp splice connector  is at tached to 
the end of th is wire. It  is unlikely that  the final 
grounding to ear th can be accomplished with th is 
shor t  wire alone. Dur ing installat ion another  wire can 
be cr imp-connected to the factory-installed wire to 
extend it , as requ ired, for  each individual installat ion. 

Caution: DO NOT undo the bolt that holds the w ire.  
You might break the weatherproof ing seal. 

If you  need to extend the ground wire, follow these steps:

1. St r ip 1/ 4 inch of the insu lat ion of the extending 
wire from one end. 

2. Inser t  the str ipped end in to the connector  that  
terminates the manufacturer -supplied ground 
wire. 

3. Cr imp the wire in to the connector . 

The ends of the cr imp splice connector  (1 at  left )  
are made of a heat-shr ink  mater ial, so use a heat  
source to shr ink  the ends of the connector  to the 
wire insu lat ion. This step protects the splice from 
the environment . 

 

If the connect ion to ground is exposed to the elements, take the following steps to 
reduce the r isk  of cor rosion: 

1 
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·  Place the connect ion point  under  eaves. 
·  Install a rubber  flap over  the connect ion point . 

·  Spray a conformal coat ing over  the connect ion point . 

� � � �%� � � � � � 
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Magnet ic antennas, also called “H-field” antennas, offer  advantages over  elect r ic field 
(E-field) antennas in  some applicat ions. They have smaller  ver t ical dimensions and do 
not  always requ ire a ground reference. They are less suscept ible to noise caused by 
stat ic discharge, such as that  caused by charged precipitat ion (precipitat ion stat ic). The 
antennas wil l funct ion proper ly in  mount ing sites lower  to the ground as compared to 
an E-field antenna instal led at  the same locat ion. They wil l funct ion proper ly in  many 
applicat ions that  requ ire an in ter ior  installat ion. 

Locus magnet ic antennas are available packaged in  radome enclosures for  fl ight  
applicat ions as H-field-only antennas, or  as combined GPS/ H-field antennas. They are 
available as weather  t ight  NEMA enclosed H-field only units for  stat ionary installat ions. 
The user ’s Loran applicat ion wil l determine the choice of the enclosure.  

The method for  mount ing a radome to an aircraft  var ies significant ly and is dependent  
on the style of aircraft . Specific aircraft  installat ions are not  discussed in  th is manual, 
they are left  to the user . 

The following figures depict  a combined GPS/ Loran H-field antenna and the signal 
connectors. 

 

The Bendix-King H-f ield Antenna w ith Installed GPS Antenna 

 

 

The Locus radome enclosure version of the H-field antenna is shown in the graphic 
below. A combined GPS/ Loran H-Field antenna version is available. The antenna may 
be used as a free standing desktop unit , or  it  may be mounted on an antenna mast . 
Adher ing to the 30-degree ru le (see page 8) for  any Loran antenna installat ion wil l 
maximize the per formance of your  receiver . 
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The Locus H-f ield antenna 
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When you fin ish install ing the Loran antenna, test  the installat ion. As an  example, a 
good antenna installat ion site wou ld be one indicated by a st rong stat ion with signal 
st rength of 70/ 77 dB and a signal-to-noise rat io of +20. If necessary, adjust  the 
antenna mount ing to opt imize your  readings. When you are sat isfied, make any final 
adjustments to the antenna mount  and then make the placement  of the antenna 
permanent . 

2.3 RECEIVER MOUNTING 

Follow these steps to mount  the receiver . 

1. Unpack the receiver  and check it  for  damage. 

If you  find that  the receiver  is damaged, check the shipping container  for  damage. If 
the receiver  is damaged, call Locus at  (608) 270-0500. If the container  is damaged, 
contact  the shipper . 

2. Check the contents of the shipping car ton against  the shipping invoice. 

If something is missing, contact  Locus. 

3. Mount  and locate the SatMate/ CsSync receiver  on a tabletop or  a rack . 

For  tabletop applicat ions, use the rubber  feet  supplied. If they have not  been 
previously installed, apply the feet  to the bot tom cover  of the SatMate/ CsSync. 
Apply one foot  in  each corner . 

Opt ionally, you  can mount  the receiver  in a standard 19-inch rack .  Apply the 
opt ional rack-mount ing hardware (Locus Kit  #100-004100) to the SatMate/ CsSync 
chassis, w i t h  t h e ex t ensi on  on  t h e l ef t  si de of  t h e r ecei ver , and then install the 
SatMate/ CsSync in to the rack , as shown. A ground screw is provided; if you  use the 
rack  mount , you  might  need to at tach the screw to an ear th ground. 

Whether  you mount  the receiver  on a table or  a rack , you  must  operate the 
SatMate/ CsSync with in an ambient  temperature range of - 25°C to 60°C. 
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Receiver rack mount   

2.4 POWER AND CABLE CONNECTIONS 

Follow these steps to cable the receiver  to the necessary power  source, computer  
sources, t iming devices, and frequency devices. 

1.   Turn off front  panel power  switch. Connect  the DC power  supply to the receiver .     
(Power  specificat ions are in  Appendix E.) 

 

DC power cable 

 

Pin# Signal Wire Color  

1 Power + Red 

2 Power — Black  

3 Ear th  
Ground 

Green 

 
4 (Not used)  

DC connector pinouts 

2.   Plug in  the power  cable to the DC Input  por t  on the rear  panel of the receiver . 

Addit ionally, the SatMate/ CsSync includes an AC-to-DC power  conver ter , as shown 
in the following i l lust rat ion. The AC-to-DC power  conver ter  is an external box with a 
power  cord that  plugs in to the AC main supply; the conver ter  operates with a main 
supply of 90 to 260 VAC, 47 to 63 Hz. 

Pin #1 Pin #2 

Pin #3 Pin #4 
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AC-to-DC power converter 

Plug the DC connector  from the AC-to-DC power  conver ter  in to the DC Input  por t . 
This por t  is shown in the following i l lust rat ion. 

3.   Plug in  cables to the following por ts on the rear  panel of the receiver , proceeding 
from left  to r ight. 

Three por ts requ ire n ine-pin, male/ female connectors; these three por ts are the 
pr imary navigat ion in ter face. One por t  is for  the antenna and the other  two are for  
communicat ions. 

Two por ts, the 1PPS and Frequency Output , are the opt ional pr imary t iming 
in ter faces.  As such, they may not  be present  on your  unit . These por ts requ ire BNC 
connectors. 

Use the following i l lust rat ion of the rear  panel as a gu ide. 

·  DC input—The DC power  source was connected in  steps 1 and 2 of th is 
procedure. 

·  Ser ial por t  A—Attach the PC or  other  device with an RS-232 ser ial por t  to th is 
connector . This por t  handles the command and data flow act ivit ies needed to 
operate the SatMate/ CsSync. Commands and data are sent  and received via RS-
232C standard hardware at  standard PC data rates. Suppor ted ser ial por t  baud 
rates are 300, 600, 1200, 4800, 9600, 19,200, 38,400, 57,600, and 115,200 bits 
per  second. 

·  Ser ial por t  B—Attach the second PC or  other  device with an  
RS-232 ser ial por t  to th is connector . This por t  is for  ou tpu t  only; it  issues the 
NMEA 0183 and RTCM SC104 outpu ts from the SatMate/ CsSync. Data is 
received from the SatMate/ CsSync via RS-232C standard hardware. Suppor ted 
ser ial por t  baud rates are 300, 600, 1200, 4800, 9600, 19,200, 38,400, 57,600, 
and 115,200 bits per  second. 

·  1PPS Opt ion and Frequency Output  Opt ion—Attach the device that  needs TAI-
synchronized t iming to th is connector . 

·  Frequency ou tpu t  Opt ion—Attach the device that  needs Frequency coherent  
with TAI to th is connector . 

·  Ground—This is the ground lug provided to ground the SatMate/ CsSync 
receiver  chassis to ear th-ground. 

·  Antenna—Attach the Locus antenna cable to th is connector . NOTE: Only Locus 
antennas are su itable for  use with SatMate/ CsSync receivers. 
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Rear panel connections 

 

4.  When you have fin ished cabling, tu rn on the power  switch located on the front  panel 
of the receiver .  

If you  are using the AC-to-DC power  conver ter , tu rn on its power  switch as well. 

5.   In it ialize the receiver and use the command in ter face to set  the specific 
requ irements of each installat ion, as explained in  the next  chapter , “Get t ing 
Star ted.” 

2.5 RECEIVER COMMUNICATION 

The three front-panel LEDs serve as the only user  in ter face unless you use the ser ial 
por t  on the rear  panel to connect  to a PC or  another  device with a ser ial communicat ion 
por t . The rear  panel is i l lust rated in  the previous sect ion. 

If you  use a terminal emulat ion program, you can take advantage of the receiver ’s 
command in ter face to adjust  receiver  set t ings and display receiver  data. These 
commands are explained throughout  the manual; commands you can apply before 
using the receiver  are explained in  the next  chapter , “Get t ing Star ted.” 

For  connect ion to a PC, use a nu ll modem ser ial cable. 
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CHAPTER 3 GETTING STARTED 

Once you have installed the hardware, in it ialize the system software to meet  the specific 
requ irements of each installat ion. This chapter  explains the steps you per form and the 
in ter face commands you  use. 

�� �� 	 
� �� 	 � 
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·  Power  up the receiver  as descr ibed in  Sect ion 2.4. 

·  Set  the ECHO ON command to allow the display of commands as they are typed. 

·  Set  the car r iage retu rn, as requ ired by the terminal emulat ion applicat ion. 

·  Set  the communicat ion parameters. 

Note: Locus sets the receiver  to communicate at  9600 baud. Therefore, the device 
you use to set  at  least  the in it ial receiver  configurat ion set t ings must in it ially 
communicate at  9600 baud. You can change the receiver ’s baud rate later  using the 
BAUD command. The receiver  stores and retains baud rates that  have been changed 
from the defau lt  of 9600. 

·  Edit  the Search List  to accommodate your  geographic locat ion and the recept ion of 
available Loran t ransmit ters. 

·  Set  selected user  in ter face commands. 
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While per forming the in it ializat ion steps, you  use commands in  the following table. 

SOFT FAULT Enable or  disable the t rack ing status LED. 

ECHO Allow the display of typed commands. 

RETURN Add a car r iage retu rn to the end of each 
displayed line. 

BAUD Define baud rate, word length, par ity and stop 
bits. 

SEARCH Display the l ist  of Loran-C stat ions that  the 
receiver  wil l au tomat ically find and t rack . 

For  more details on these commands, see the following procedure and the Command 
Guide. 

To in it ialize the system software: 

1.   Turn on the power  switch at  the back of the receiver , and then check  the following 
LEDs on the front  of the receiver . 

 

LEDs on f ront panel 

·  Alarm LED—This LED indicates the status of the receiver ’s stat ion t rack ing 
process. The LED behavior  depends on the SOFT FAULT set t ing. To test  the 
t rack ing process, type SOFT FAULT at  the prompt  in  the receiver  software. A 
clock  coherency of 100 is considered adequate for  stable stat ion t rack ing; the 
LED blinks if coherency is below 100. 

·  Signal Lock LED—When you use the PLL command to phase-lock  a Loran-C 
t ransmit ter ’s signal as a t iming reference, the Lock LED is on. If you  use the PLL 
OFF command, the LED is tu rned off.  

·  Power  l ight—This l ight  indicates that  DC power  is on. 

2.   Set  the ECHO command. 

You can use either  the ECHO ON or  ECHO OFF command. 

When you use ECHO ON, characters are displayed as they are typed. This visual 
feedback allows you to t roubleshoot  problems caused by typing er rors. ECHO ON 
increases usabil ity if you  are using the system manually. 

The factory defau lt  set t ing is ECHO OFF. Use th is command when the terminal 
emulat ion applicat ion has its local echo set  to ON. Terminal emulat ion programs 
(such as ProComm, HyperTerm, etc.) generally can echo locally. If ECHO ON is set  
both at  the receiver  and with in the terminal applicat ion, all typed characters are 
echoed twice. 

3.   Set  the car r iage return. 

To enable a car r iage retu rn at  the end of each line of displayed data, type RETURN 
ON. To disable car r iage retu rns, type RETURN OFF. 

ALARM SIGNAL LOCK POWER
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Many terminal emulat ion applicat ions (such as ProComm, HyperTerm, etc.) requ ire 
textual ou tpu t  to be format ted with a car r iage retu rn at  the end of each displayed 
line. If retu rns are requ ired and the car r iage retu rn is not  set  to ON, the text  l ines 
wil l wrap around and be difficu lt  to read. Consu lt  the terminal emulat ion software 
documentat ion to determine if the car r iage retu rn must  be set . 

The defau lt  set t ing is RETURN OFF. 

4.   Set  the communicat ion parameters. 

For  example, type the fol lowing command to set  the communicat ion parameters to 
the factory defau lt  set t ings: 

BAUD 9600,  8,  N,  2 

The factory defau lts are adequate for  most  users. The above command sets the baud 
rate to 9600, the word length to 8, the par ity to none, and the stop bits to 2. 

You can also simply type BAUD to display the cur rent  communicat ion set t ings. For  
more details on th is command, see the Command Guide. 

Note: You can use the DEFAULT FACTORY and DEFAULT SETTINGS commands to 
retu rn most  receiver  set t ings to their  defau lts, h owever  nei t h er  comm and 
ch anges t h e baud r a t e. 

5.   Edit  the Search List  to accommodate your  geographic locat ion. 

The following sect ion descr ibes how to edit  the l ist , including all the commands you 
might  need. 

3.1 EDITING THE SEARCH LIST 

Each receiver  is configured to search for  the Loran-C chains that  are su itable for  your  
geographic locat ion and applicat ion. The Search List  contains the Loran-C chains that  
the receiver  is configured to find and t rack . Check  the Search List  for  su itabil ity 
whenever  you install a receiver  or  move it  from one geographic locat ion to another . 

To view the l ist , type the SEARCH command. When you do, the system response is 
similar  to the following. Each of the chains is ident ified by its GRI number . 

SEARCH 

auto search on, sequence: 

Chain  Rank 

8970 259 

9960  251 

9610  110 

8290  70 

5930  33 

7980  18 

9940  -5 

5990  -99 

end list  
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IMPORTANT: To ensure opt imal signal in tegr ity, assign as many chains as possible to 
the Search List , regardless of the receiver ’s u lt imate applicat ion. The Loran-C receiver  
works best  when all signif icantly  st rong Loran signals are t racked, including skywaves. 

You edit  the Search List  by successively delet ing unsu itable chains and adding su itable 
ones, using the commands descr ibed in  the next  sect ion. A chain is considered su itable 
if i ts Loran-C signals can be received with an acceptable signal-to-noise rat io (SNR).  

Locus considers +12dB to be a good SNR. This value takes in to account  a bu ilt -in  
tolerance for  the natural var iance of SNR. (For  a more complete discussion of SNR, see 
Appendix A, sect ion A.2.) 

Keep these recommendat ions in  mind when edit ing the Search List : 

·  Drop unsu itable stat ions first .  

·  The receiver  is l imited to eight  (8) chains in  the search l ist . Assign up to the eight  
closest  (st rongest) chains. Even if the data from all eight  chains is not  requ ired for  
the cur rent  applicat ion, their  inclusion on the l ist  increases the stat ist ical quality of 
the per t inent  Time Differences (TD), Time of Ar r ival (TOA), Envelope to Cycle 
Differences (ECD), and t iming in format ion. Because of over lap of stat ion signal 
coverage, the signal from one chain ’s stat ion may in ter fere with that  of another  
chain ’s stat ion (crossrate in ter ference). When the chains closest  to the receiver  are 
included in  the Search List , the receiver  can “ant icipate” the crossrate in ter ference 
and lock  it  ou t . This crossrate lockout  improves the SNR. 

·  As a gu ide, include any chain that  has at  least  one stat ion with in 1500 miles of the 
receiver . 

Once “found,” the stat ions on the Search List  are au tomat ically t racked by the receiver . 
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Use the SEARCH command first , as descr ibed in  the previous sect ion, to determine 
which chains are on the Search List . Then use the SEARCH ADD and SEARCH DROP 
commands to customize the Search List  for  the receiver ’s installed locat ion . 

SEARCH Display the cur rent  Search List . 

SEARCH ADD Add Loran-C chains to the Search List . 

SEARCH DROP Delete chains from the Search List . 

SEARCH DROP ALL Delete all chains from the Search List . 

STOP Temporar ily stop the t rack ing of a stat ion or  chain. 

PLL Reference the receiver ’s clock  to a specific t ransmit ter ’s 
clock  (phase lock  loop). 

Each of these commands is descr ibed below. For  more detailed in format ion on these 
commands, see the Command Guide. 
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3.1.1.1 SEARCH  COMMAND 

Use th is command to view the cur rent  Search List . Each chain is displayed and 
ident ified by its GRI number . A typical Search List  is shown in the previous sect ion. 

The Search List  is the l ist  of Loran-C chains for  which the receiver  is configured to 
search. The search process cont inues in  the background even as stat ions are t racked. 
The “Rank” parameter  is a composite indicat ion of the relat ive st rength of the chain as a 
whole. The h igher  the rank, the bet ter  the SNR for  the composite chain.  

The lower-ranked chains are not  searched as often and are processed more slowly than 
those of h igher  rank. A stat ion ’s rank ing can be indicated with a negat ive number . 

3.1.1.2 SEARCH  ADD  COMMAND 

Use th is command to add Loran-C chains to the Search List . Type SEARCH ADD, and 
then type the GRI number  of the Loran-C chain you want  to add. 

The specified chain is added to the end of the next  search. If the system is busy or  a 
search is in  progress when the command is issued, the addit ion of the chain may be 
delayed up to 30 seconds.  

If the user  commands the addit ion of a duplicate stat ion to the Search List , the system’s 
response is: 

sear ch add 7980 

7980 i s  a dupl i cat e gr i  

Each t ime the Search List  is changed, either  by adding or  dropping chains, cur rent  
search funct ions are stopped and the search pat tern is recalcu lated. A supervisory 
program that  regu lar ly updates the Search List  may decrease the funct ion of the 
system. For  example, if the Search List  is updated every three minu tes, the chains at  
the end of the l ist  may never  become par t  of the search. 

See also the SEARCH ADD AUTO and SEARCH ADD MANUAL commands. 

3.1.1.3 SEARCH  DROP COMMAND 

Use th is command to delete Loran-C chains from the Search List . Type SEARCH DROP, 
and then type the GRI number  of the Loran-C chain you want  to delete. 

The removal of a chain from the Search List  may be delayed up to 30 seconds if the 
system is busy or  a search is in  progress when the command is issued. If a chain is 
dropped from the Search  List  when the receiver  is st i l l  t rack ing stat ions associated with 
that  chain, the receiver  wil l cont inue to t rack  those stat ions.  
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Data associated with dropped stat ions is updated and displayed with au tomat ic 
updates (using the UPDATE command) or  manual update requests (using the ? 
command). To stop the display of previously t racked stat ions of a dropped chain, use 
the STOP command. 

If the user  at tempts to drop a stat ion that  does not  exist  on the Search List , the 
system’s response is: 

sear ch dr op 8970 

8970 i sn’ t  on t he sear ch l i s t  

3.1.1.4 SEARCH  DROP ALL COMMAND 

To delete all Loran-C chains from the Search List , simply type SEARCH DROP ALL. The 
command is designed to make Search List  edit ing easier . Manual searches are not  
encouraged. 

3.1.1.5 STOP COMMAND 

Use th is command to temporar ily stop the t rack ing of a stat ion or  all stat ions of a GRI 
chain. 

·  To temporar ily stop the t rack ing of a par t icu lar  stat ion, type STOP followed by the 
GRI number  of the Loran-C chain and the stat ion let ter . For  example, you  might  
type: STOP 8970X. 

·  To temporar ily stop the t rack ing of all stat ions of a GRI chain, type STOP followed 
by the GRI number  of the Loran-C chain.  
For  example, you  might  type: STOP 8970. 

·  To temporar ily stop the t rack ing of all chains in  the Search List , type STOP 
NONSEARCH or  STOP ALL. 

The STOP commands are usefu l for  two purposes: 

·  Reset t ing the t rack ing. If you  observe anomalous SNRs for  a stat ion or  unusual 
behavior  compared with that  of other  stat ions at  a similar  distance, use the STOP 
command to temporar ily stop the t rack ing. The SEARCH funct ion wil l in it iate the 
t rack ing again. 

·  Stopping the display of dropped chain data. The display of data associated with 
dropped chains can be stopped one chain at  a t ime (using the specific chain 
number) or  all at  once (using the NONSEARCH parameter ). 

3.1.1.6 PLL COMMAND 

Use th is command to set  one Loran-C t ransmit ter ’s signal as a t iming reference. When 
you use the command, you reference the Loran receiver ’s clock  to a specific 
t ransmit ter ’s Cesium clock . 

To use the command, type PLL followed by two numbers: 
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·  The first  number  is the Loran chain, as ident ified by GRI number  and stat ion 
designator . If you  want  to cancel the PLL, you can type PLL OFF instead of a Loran 
chain number . 

·  The second number  is 1, 2, or  3, and ident ifies the fi l ter ing mode. 

For  example, you  cou ld type the following: 

PLL 8970M,  3 

to reference chain number  8970M and apply fi l ter  mode number  3. 

By defau lt , the Loran receiver ’s in ternal clock  is frequency-locked to a composite of the 
st rongest  Loran stat ions (equ ivalent  to having set  PLL OFF). If the system is to be used 
as a t iming reference, the receiver ’s in ternal clock  is phase-locked to a specified stat ion. 
A Cesium clock  reference for  the receiver  is established by phase-lock ing the receiver ’s 
in ternal clock  to a signal from a Loran t ransmit ter . We recommend that  the specified 
stat ion be the closest  Master . 

You have two other  opt ions with the PLL command: 

·  To determine the cur rent  phase lock  status, simply type PLL, without  any numbers 
after  it . 

·  The receiver  can only be phase-locked to one stat ion, so the lock  must  be cancelled 
from one stat ion bef or e being set  to another . To manually cancel a phase lock , type 
PLL OFF. The lock  is au tomat ically cancelled if the selected stat ion cycle slips or  if i t  
can no longer  be t racked. 

The maintenance of a phase lock  resu lts in  frequency (noise) fluctuat ions. When the 
clock  dr ifts ou t  of phase, the frequency is temporar ily adjusted so the signal can “catch 
up” with the reference signal’s phase. 

3.2 USER INTERFACE COMMANDS 

Data related to notch fi l ter  status and individual Loran-C stat ions can be displayed 
either  manually or  au tomat ically at  a frequency you define. To display Loran-C stat ion 
data, use the ? command. Stat ion data then appears in  columns; each column and the 
associated signal status flags are explained in  the next  sect ion. 

The following commands are also explained in  the next  few sect ions. 

? Display stat ion data. 
UPDATE Set  the frequency of au tomat ically displayed stat ion data. 
/  Display notch fi l ter  data. 
FORMAT Set  the format  of the UPDATE repor t ’s data. If you  enter  

the FORMAT command without  assigning a value after  it , 
a l ist  of the cur rent  FORMAT set t ings is repor ted. 

FORMAT TD Set  the UPDATE funct ion of TD or  TOA data to ON, or  
OFF, or  to that  of on ly one chain. 

CLEAR Clear  ext ra scroll ing data from the display. 
FORMAT 
PRECISE 

Change the TD data precision from 1 nS to 100 pS. 

For  more detailed in format ion on these commands, see the Command Guide. 
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Use the ? command to display stat ion data. A table l ike the following one appears. 

? 

Status:        28U    +0.0dBR                                                                     33148CV     2299B      +78.66C     60A 317817T 
           

16: 8290M P 5 62/78dB -10S/N -138nS -0.08 0.97 214 N      00000000  
14: 8290W S 5 84/88dB 13S/N 871nS -0.01 1.00 36  11514846 
15: 8290X S 5 69/78dB -12S/N 177nS -0.04 0.98 56  27766598 

�

The following table explains the data in  the Status l ine. 

Sample data 
from above 
table 

 
Explanat ion of data 

28U Number  of stat ions ident ified since power-up 
+0.0dBR Calcu lated antenna gain  
33148CV This value represents the control voltage of the oscil lator . It  is 

used for  clock  diagnost ics. The range is 0 to 65,535. A good 
clock  runs near  the mid-range. If a clock  is with in 5,000 of 
either  end, service may be requ ired. 

2299B This value is an est imate of clock  coherence, which is an 
indicat ion of clock  funct ion. It  indicates how long the clock  wil l 
not  sh ift  more than 1/ 2 cycle  
(or  5 msecs); the min imal opt imum value is approximately 100 
sec, bu t  shou ld exceed 300.  
It  can be 1500 under  good condit ions. It  is generally lower  at  
n ight  than dur ing the day. 

60A TD averaging, in  seconds. 
317817T Seconds since receiver  power-up. 

 

 
? 

Status:        28U    +0.0dBR                                                                     33148CV      2299B      +78.66C     60A 317817T 
           

16: 8290M P 5 62/78dB -10S/N -138nS -0.08 0.97 214 N      00000000  
14: 8290W S 5 84/88dB 13S/N 871nS -0.01 1.00 36  11514846 
15: 8290X S 5 69/78dB -12S/N 177nS -0.04 0.98 56  27766598 
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The following table explains a typical l ine of data. 

Sample data 
from above 
table 

 
Explanat ion of data 

16: Arbit rary stat ion ident ifier  (somet imes called a process 
number) 

8290M Loran-C chain (GRI) number  and stat ion alpha ident ifier  

P 5 Phasing type is either  Master  (Pr imary P) or  Secondary (S). 
The number  is the number  of batches processed (up to n ine), 
and is used to determine how recent ly the stat ion was 
acqu ired. This value indicates the validity of TD data. 

62/ 78dB The two values represent  signal st rength in  dB at  3rd zero 
crossing and Peak dB (separated by “/ ”) 

-10S/ N Signal-to-noise rat io (SNR) at  t rack ing point  

-138nS ECD (Envelope to Cycle Difference) 

-0.08 Value used for  determinat ion of skywaves 

0.97 Indicat ion of signal quali ty; a value of 1 roughly indicates 
opt imal SNR 

214 This number  mult iplied by the stat ion ’s GRI number  is the 
durat ion of the last  batch averaging of data. For  close stat ions, 
th is number  is usually 30 to 50. 

N Status flag. For  an explanat ion of all the status flags, see 
sect ion 3.2.1.1. 

00000000 TD (Time Differences) in  nS. In TD mode, all Masters are 0. 

3.2.1.1 GENERAL SYSTEM FLAGS IN STATION DATA 

The General System flags are displayed in  the 10th column of the stat ion data, as 
shown in the previous sect ion. Noise, weather  condit ions and the distance to the 
t ransmit ter  affect  the reliabil ity of the meaning of these flags. Only one flag is displayed 
at  a t ime. If more than one flag condit ion exists, the flag of h ighest  pr ior ity is displayed.  

The General System flags are l isted below in order  of h ighest  to lowest  pr ior ity.  

N (uppercase N). The stat ion is newly acqu ired. This flag is displayed the first  t ime the 
stat ion ’s data is displayed. This is normal operat ion and may take a few seconds to 
clear . 

O (uppercase O). The receiver ’s front -end circu it ry is over loaded; as a resu lt , the TD 
and ECD values may not  be valid due to signal st rength.  

B (uppercase B). The indicated stat ion is t ransmit t ing a “blink” alarm. The “blink” is 
t ransmit ted by stat ions that  may have an ou t-of-tolerance signal power , Time 
Difference, phase code, or  Group Repet it ion Interval. The indicated t ransmit ter ’s 
data shou ld not  be used. 
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E (uppercase E). The ECD at  the t rack ing point  is “ou t  of bounds” or  has not  yet  been 
ver ified due to the stat ion ’s signal-to-noise rat io. 
“Out  of bounds” is approximately greater  than ±5 ms of the nominal t rack ing point  
(3rd cycle zero crossing). 

f  (lowercase f ). The au tomat ic cycle slip funct ion has been manually frozen for  the 
indicated stat ion. The user  is aler ted that  the displayed Time Delay is t rack ing 
according to the last  value calcu lated before the cycle slipping was frozen. The TD 
value may no longer  be valid. The au tomat ic cycle slipping is frozen when a weak 
stat ion is t racked or  when skywave contaminat ion is large enough to adversely affect  
the TD. 

S (uppercase S). The t rack ing point  (3rd cycle zero crossing) may be incor rect , bu t  the 
in format ion requ ired to cor rect  it  is not  available. Incor rect  t rack ing may be the 
resu lt  of skywave contaminat ion or  the t rack ing of distant  stat ions. s (lowercase s). 
This er ror  is specifically related to the t rack ing of skywaves. The t rack ing point  (3rd 
cycle zero crossing) may be incor rect , bu t  the in format ion requ ired to cor rect  it  is 
not  available.  

A (uppercase A). This flag is displayed when rapid signal fluctuat ions are detected. It  
may indicate that  the stat ion has gone off-air , because when compared to recent  
values, a rapid decrease of signal amplitude has been detected. A persistent ly 
in termit tent  display of th is flag may also indicate skywave t rack ing, especially 
around sunr ise. The t ime-out  range of th is flag is typically 10 to 60 seconds. 

Other  situat ions are character ized by rapid signal amplitude fluctuat ions. This flag 
is not  applicable in  mobile mode, because rapid amplitude fluctuat ions are normal 
in  th is mode. This flag is also not  applicable for  a per iod of t ime after  a cycle slip, 
because there is no set  of recent  values for  compar ison. 

�  (punct uat i on , per i od). Clock  PLL Mode is set  on th is stat ion. The receiver ’s clock  is 
phase-lock  looped to that  of the indicated stat ion . For  more in format ion, see the PLL 
command in  the Command Guide. 

M (uppercase M). This status flag indicates that  the search has not  ident ified the 
master  of a displayed secondary. If a secondary is specifically ident ified as W, X, Y, 
or  Z, bu t  the Master  has not  been found, the M status flag is displayed and the Time 
Difference for  the stat ion  is repor ted as 000000.  

Note: Stat ions that  have been found bu t  not  ident ified as M, W, X, Y, or  Z also have 
a repor ted TD of 000000.  

m  (lowercase m ). The Time Difference value of the stat ion may not  be valid. This flag is 
displayed if the Master  stat ion of the chain is flagged with an O (over load), B 
(blink ing), E (ECD out  of bounds), S (incor rect  t rack ing point ), or  s (skywave 
t rack ing). The cor rect  TD can, however , be der ived if two other  secondar ies are 
available without  these flags being set . 
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Type the UPDATE or  UPDATE STORE command to display the frequency of both the 
defau lt  and cur rent  au tomat ic data update. The system is set  by defau lt  to 
au tomat ically update the display of Loran-C stat ion data each 60 seconds. You can 
define th is in terval for  both power-up and for  cur rent  receiver  applicat ion, which is 
valid unt i l the next  receiver  power  cycle. Both values can be the same. 
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You shou ld not  set  updates for  an in terval of less than 10 seconds. 

The first  l ine of the system’s response indicates the cur rent  update in terval. The second 
line indicates the power-up defau lt  update in terval. 
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Type the /  command to display notch fi l ter  data. The table that  appears includes four  
columns of data. From left  to r ight , these columns display the frequency of fi l tered 
in ter fer ing signal; the signal amplitude before fi l ter ing; the signal amplitude after  
fi l ter ing; and the ECD as compensated for  the effects of notch fi l ter ing. An example 
table is shown below. 

 

not ches:  
 79093   62   22  133 
 78972   49   21  123 
 96593   48   21  140 
 79212   47   20  135 
 78877   45   24  120 
 91651   44   19  134 
118519   43   28  108 
113935   41   14  139 
 94432   41   21  127 
 96808   41   21  131 
120063   40   18  140 
 88528   39   17  135 
 83775   38   20  135 
124604   37   16  140 
118758   36   18  136 
 73560   35   22   92 
122201   33   17  126 
 48405   28    8  140 
     0    0    0    0 
     0    0    0    0 
end not ches 
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If you  enter  the FORMAT command without  assigning a value after  it , a l ist  of the 
cur rent  receiver  FORMAT set t ings is repor ted. You can also use th is command to set  
the format  of the UPDATE repor t ’s data. 

·  If you  type FORMAT 0, the notch status data is not  included in  the UPDATE repor t . 

·  If you  type FORMAT 1, the notch fi l ter  data precedes the stat ion data in  the 
UPDATE repor t . 

·  If you  type FORMAT 2, the UPDATE repor t  includes a l ine of parameter  data in  
addit ion to the “Status:” l ine, as shown below. 
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Sample data Explanat ion of data 

swaps=31844 Number  of context  swaps since power-up. This is a 
diagnost ic index for  clock  funct ion, which is used to 
compare a board under  test  to a “gold standard” board. 

events=42153 Number  of under lying data collect ion events issued. 
This is a diagnost ic index for  compar ison to a “gold 
standard” board. 

pdg = 120720 Number  of sample t imes in  the event  queue. This 
arbit rary value shou ld be between 0 and 3,000,000. If 
the number  is larger , it  cou ld indicate queue refi l l  or  
event  over flow. 

+38.82C  Temperature, in  Celsius, of the circu it  board.  
If th is temperature and the frequency t rack  too closely, 
the oven is fau lty. 

51dBN:s  Measurement  of noise level in  search mode. This value 
shou ld be with in 6 dB of (peak dB minus noise dB) as 
repor ted SNR data. 

1-24-00 Date of the cross cor relat ive mask/ template;  
an algor ithm revision date. 

/ 083n Normalizat ion factor  for  the mask. 
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Use th is command to set  the UPDATE funct ion of Time Difference (TD) or  Time of 
Ar r ival (TOA) data to ON, or  OFF, or  to that  of on ly one chain.  

·  You can type FORMAT TD OFF to stop the UPDATE repor t ing of all TD data.  

·  You can type FORMAT TD ON to set  the UPDATE funct ion to repor t  TD data of all 
t racked stat ions. 

·  You can type FORMAT TD, followed by the number  of a par t icu lar  Loran-C chain, to 
set  the UPDATE funct ion  to repor t  on ly the TD data associated with the t racked 
stat ions of the specified chain. 
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Type the CLEAR command to clear  ext ra scroll ing data from the display. 

If many funct ions have been act ivated simu ltaneously, the amount  of scrol l ing data 
may make the display hard to read. Use the CLEAR command to clear  the display of all 
bu t  the au tomat ically updat ing TD-related t ransmit ter  data. 
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Use th is command to change the TD data precision from 1 nS to 100 pS. 

·  If you  type FORMAT PRECISE ON, the data precision is changed from 1 nS to 100 
pS. 

·  If you  type FORMAT PRECISE OFF, the data precision rever ts back to its or iginal 
state. 

Repor ted TD values are mult iplied by 10 when the precise format  is set  to ON (from 1 
nS to 100 pS). The repor ted TD values of st rong (close) stat ions are affected more than 
the repor ted TDs of weak  (distant) stat ions. 
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CHAPTER 4 NAVIGATION 

In  navigat ional mode Time Differences (TDs) are conver ted in to longitude and lat itude. 
From the chains represented on the Search List , you  can select  which chains the 
receiver  wil l use to calcu late the posit ional fix solu t ion. Up to four  separate solu t ions 
can be calcu lated simu ltaneously. 

Your  receiver  is classified as a mult i-chain receiver . Six chains can be specified for  each 
of the four  solu t ions.  

For  fu r ther  discussion of navigat ional concepts, see Appendix A. 
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·  Assigning stat ions to navigat ional solu t ions 

·  Navigat ion commands 

·  NMEA outpu ts 

·  Eurofix operat ion 
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4.1  ASSIGNING STATIONS TO NAVIGATIONAL SOLUTIONS 

IMPORTANT: To ensure opt imal signal in tegr ity, assign the eight  st rongest  (closest) 
chains to the Search List , regardless of which chains wil l be included in  the calcu lat ion 
of the posit ional solu t ions. For  more details on how to ident ify the appropr iate chains 
and assign them to the Search List , see sect ion 3.1. 

To determine which stat ions to assign manually to posit ional solu t ions, consider  these 
gu idelines: 

·  The signals from two t ransmit ter  pairs must  be available. The min imum 
requ irement  is three t ransmit ters that  provide two dist inct  baselines. 

·  There must  be at  least  two t ransmit ter  pairs of each assigned chain. (Up to six 
chains can be assigned to a single posit ional solu t ion.) 

·  The chain must  also be assigned to the Search List . 

·  The Master  is not  requ ired to be an element  of either  t ransmit ter  pair . However , the 
Master  is usually one of the t ransmit ters of both pairs.  

·  The alpha designator  of the t ransmit ters must  be ident ified. The Locus receiver  
au tomat ically makes the designator  ident ificat ion . 

·  The t ransmit ter  pairs chosen for  posit ional fix calcu lat ions must  provide the 
appropr iate Loran system geometry in  reference to the receiver ’s approximate 
locat ion. The receiver  shou ld: 

·  not  be in  the vicin ity of a baseline extension of a t ransmit ter  pair  which is to be 
used for  posit ional fix calcu lat ions.  

·  use stat ions whose LOPs (Lines of Posit ion) have opt imal crossing angles with 
small gradients.  

These considerat ions are significant  in  the case of a single-chain navigat ional solu t ion, 
bu t  are much less significant  with  the Locus receiver ’s abil ity to calcu late mult i-chain 
solu t ions. When chains are assigned to a posit ional solu t ion, the Loran receiver  uses 
the appropr iate t ransmit ter  pairs for  the calcu lat ions. 

The appropr iateness of the stat ions used by the Loran receiver  is reflected in  the 
displayed parameters of the stat ist ical er ror  ell ipse. For  details on these parameters, see 
the next  sect ion. 

%�� � � �� � � � 
� � 
� � ��� � � � � �� ��

 � � �

The major  and minor  axes of the stat ist ical er ror  ell ipse must  be close to equal. The 
closer  to equal, the rounder  the ell ipse, which indicates an opt imal crossing angle, a 
smaller  gradient , and a significant  distance from the baseline extension. A long, sk inny 
stat ist ical er ror  ell ipse may indicate that  the receiver  is in  the vicin ity of the baseline 
extension of a t ransmit ter  pair  used for  the posit ional fix calcu lat ion. 
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4.2 NAVIGATION COMMANDS 

This sect ion explains the following navigat ion commands you can use with the 
SatMate/ CsSync receiver . For  more in format ion on these commands and the system’s 
responses to them, see the Command Guide.  

FORMAT NAV Enable the display of navigat ional data. 

FORMAT NMEA  
 

Control the ou tpu t  of NMEA repor ts and set  the 
ser ial por t  that  controls them. 

MODE Toggle the mode between Mobile or  Monitor . 

DEFAULT SETTINGS Change defau lts based on the cur rent  MODE 
set t ing. 

NAV Display the cur rent  navigat ional set t ings, or  
assign the chain(s) to use in  each posit ional fix 
solu t ion. 

NAV OFF Unassign the chain(s) from posit ional fix 
solu t ions. With all chains unassigned, the 
solu t ion is tu rned off.  

NAV CONDUCTIVITY Select  a constant  to approximate ear th ’s 
conduct ivity. 
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Use th is command to enable the display of navigat ional data. 

·  Type FORMAT NAV 1 or  FORMAT NAV ON to tu rn on the display of navigat ional 
data. 

·  Type FORMAT NAV 0 or  FORMAT NAV OFF to tu rn off the display of navigat ional 
data. The computat ion of lat itude and longitude cont inues, however . 

When the receiver  is in  Navigat ion mode, several l ines of data related to the posit ional 
fix can be added at  the end of the displayed stat ion data.  
You can manually add the data with the ?  command, or  au tomat ically display it  using 
the UPDATE command. 
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When you display navigat ional data, it  looks l ike the following example. 

 * C 5930 M. . X. .  

 * C 9960 M. WXYZ 

 * [ 00]     -  02 -    43  8. 0862  N   89  22. 1704 W  123. 0  194/   4M   F=0000  5 

 * C 7980 M. WXYZ 

 * [ 00]  Yf  -  04 -    43  7. 2674  N   89  20. 3336 W  163. 0  125/   23M  F=0000  5 

The following table explains the data in  the header  l ine. 

Sample data 
from above 
table 

 
Explanat ion of data 

*C “C” dist inct ive marker  
5930 Chains, ident ified by GRI number  used in  solu t ion 
M..X.. Stat ions assigned to the solu t ion. The let ters are 

lowercase if the stat ion is not  used bu t  AUTOASF is in  
use. For  more on AUTOASF, see sect ion 4.2.8. 

 

The following table explains a typical l ine of data. 

Sample data 
from table 

 
Explanat ion of data 

*[00] Complet ion code 
Yf This column lists the warning flag (in  th is example, Y) 

and then the conversion status flag (in  th is example, f). 
This field can also be blank. For  explanat ions of both 
flags, see the following two sect ions. 

- 02 - Solu t ion number  
43  8.0862  N Lat itude, in  degrees, minu tes, and decimal fract ions of 

minu tes 
89  22.1704  W Longitude, in  degrees, minu tes, and decimal fract ions 

of minu tes 
123.0 Bear ing angle of the stat ist ical er ror  ell ipse (0-360 

degrees). 
194/  Major  axis of the stat ist ical er ror  ell ipse, in  meters. 
4M Minor  axis of the stat ist ical er ror  ell ipse, in  meters. 
F=0000 This value is the ASFC, the ground-conduct ivity value 

used in  the ASF (Addit ional Secondary Factor ) model. 
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4.2.1.1 NAVIGATION SPECIFIC WARNING FLAGS  

In  navigat ion mode the flag field has two characters. The first  flag is an 
indicator  of condit ions that  you  shou ld be aware of. This field remains blank  if 
no navigat ion warnings are detected.  

W (uppercase W). The resu lts of the posit ional fix data suggest  that  the receiver  is 
t rack ing on th is stat ion ’s skywaves even though the General System flags associated 
with each t racked stat ion don’t  indicate skywave t rack ing. For  in format ion 
concern ing the E and S signal status flags, see sect ion 3.2.1.1. 

Y (uppercase Y). The resu lts of the posit ional fix data suggest  that  th is stat ion has an 
anomalous amplitude and may be mist rack ing. 

v (lowercase v). Recent  data are anomalously noisy, and the averaging t ime constant  
has been temporar ily increased in  order  to l imit  posit ion wander . This flag’s display 
is t ransitory, last ing up to 20 seconds. 

4.2.1.2 NAVIGATION CONVERSION STATUS FLAGS  

The second character  in  the navigat ion flag field is a posit ional calcu lat ion 
status flag. These flags are listed below.  

F (uppercase F). The navigat ional calcu lat ion has generated an invalid resu lt . The 
posit ional fix calcu lat ion  has been reset .  The calcu lat ion is reset  under  these 
condit ions: 

·  if  the calculated position is illogically  far f rom the stations used in the positional 
solution. 

·  if  the positions identif ied through the iterative calculation do not indicate a “zeroing in”  
on position. With each calculation iteration, the positional f ix should shif t less and less 
until it stabilizes. This f lag is displayed when the position shif ts are not getting 
smaller w ith each calculation. 

Do not  use th is posit ional fix. 

P (uppercase P). The posit ional fix is unstable and may be invalid.  

X  (uppercase X). The calcu lat ion is not  yet  complete, and the cur rent  values may be 
invalid. This status flag may be displayed when:  

·  the system has just  been star ted. 

·  a st rong in ter ferer  is present  and has not  yet  been fi l tered ou t . 

R (uppercase R).  The posit ional fix calcu lat ions have failed because not  enough 
stat ions can provide valid data to the solu t ion. This condit ion may exist  if: 

·  stat ions have been misident ified dur ing star t -up. 

·  the receiver ’s cur rent  locat ion is on one of the stat ion ’s baseline extensions, and th is 
baseline is requ ired for  a solu t ion. 

·  in  Nor th Amer ica, a stat ion is off-air . 
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W (uppercase W). The conversion to a posit ional fix is temporar ily unstable; the 
indicated posit ion may be a fract ion of a minu te from its stable posit ion. This instabil ity 
usually occurs after  a stat ion has been added to (or  restored to) the posit ional fix 
calcu lat ion. The W flag usually disappears with in a few seconds.  

a (lowercase a). A st rong (nearby) stat ion that  wou ld normally be used in  the posit ional 
fix calcu lat ion is not  available or  is unusable. An unusable stat ion: 

·  is flagged with an E, indicat ing an ou t-of tolerance ECD. 

·  is flagged with a B, the “blink ” alarm, indicat ing an ou t-of-tolerance condit ion. In  
Loran-C, a blink  is a signal used to indicate that  a stat ion is malfunct ion ing. A blink  
is in tended to prevent  use of the signal for  navigat ion. 

e (lowercase e). The stat ist ical er ror  ell ipse is equal to or  greater  than 1000 meters. 

f  (lowercase f ). Unusual ly large Addit ional Secondary Factors (ASFs) are indicated. 
Causes include:  

·  The receiver  may be under  a power  l ine or  close to a large metall ic object , such a 
bu ilding or  br idge. 

·  Signal fading in  mountainous areas. 

·  Skywave contaminat ion, which can cause effects l ike those caused by ASFs. For  a 
defin it ion of ASFs, see Appendix A. 

m  (lowercase m ). The Master  of one of the chains assigned to the posit ional fix solu t ion 
is not  being used. The Master  may be flagged as unsu itable or  it  is not  being t racked. 
This flag is rarely used when several chains have been assigned to a solu t ion. For  
in format ion concern ing the addit ion and delet ion of chains for  a posit ional fix solu t ion, 
see sect ions 4.2.5 and 4.2.6. 

M (uppercase M). This status flag indicates that  the search has not  yet  ident ified the 
Master  of a displayed secondary. If a secondary is specifically ident ified as W, X, Y, or  Z, 
bu t  the Master  has not  been found, the M status flag is displayed and the Time Delay 
(TD) for  the stat ion is repor ted as 000000 microseconds.  

Note: Stat ions that  have been found bu t  not  ident ified as M, W, X, Y, or  Z also have 
repor ted TDs of 000000 microseconds.  
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Use th is command to control the ou tpu t  of NMEA repor ts and set  the ser ial por t  that  
controls them. The command consists of three components: 

·  First , type FORMAT NMEA. 

·  Next , type a number  that  represents the repor t  mode. Type 0 to disable the NMEA 
repor t . Type 1 to enable the NMEA repor t .  
Type 2 to enable both the NMEA repor t  and the Locus repor t . 

·  Finally, specify the ser ial por t , either  by typing A or  B. 

For  example, to disable the NMEA repor t  on ser ial por t  A, you  wou ld type: 

FORMAT NMEA 0 A 

For  more in format ion on  NMEA repor ts, see sect ion 4.3. 
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Use th is command to toggle the mode between Mobile or  Monitor . If you  want  to set  the 
mode to Mobile, type MODE MOBILE. The receiver  must  be set  to Mobile mode when 
used for  a navigat ional purpose. In  Mobile mode some alarms are adjusted to account  
for  rapid mot ion or  rapidly changing condit ions. 

To retu rn to Monitor  mode, type MODE MONITOR. 
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Some set t ings are more appropr iate in  Monitor  mode than Mobile mode. When you 
change a receiver  from one mode to the other , you  can make cor responding set t ing 
changes with the DEFAULT SETTINGS command. 

%�� � ' �2 - 3�� � ) ) � � � �

Use th is command to select  chain(s) for  use in  posit ional fix calcu lat ions.  
Type NAV and then type two numbers: 

·  The first  number  is the solu t ion number , and can range from 1 to 4. You can define 
up to four  separate posit ion solu t ions to be calcu lated simu ltaneously using 
different  chains or  combinat ions of chains. 

·  The second number  is the Loran chain, as ident ified by the GRI number . You 
choose the chains to be used in  each posit ional fixing solu t ion. The chains are 
selected based on several cr iter ia, as explained in  sect ion 4.1. 

For  example, here’s a typical command:  NAV 2 5930. 

You can include up to six chains in  each of the four  posit ion fixing solu t ions. 

If you  type the NAV command without  specifying any values afterward, you  display the 
cur rent  navigat ional mode set t ings you made with the following navigat ional 
commands: 

NAV (view previously assigned chains) 

FORMAT NAV 

NAV AUTOASF 
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Use th is command to deselect  chain(s) for  use in  posit ional fix calcu lat ions. You select  
the chain with the NAV command descr ibed in  the previous sect ion.  
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To use the NAV OFF command, type NAV, then type two numbers, and then type OFF. 
The two numbers are the solu t ion number  and the Loran chain, as explained in  the 
NAV command above. 

For  example, here’s a typical command:  NAV 2 5930 OFF. 

Note: The calcu lat ion of each posit ional fix solu t ion is CPU-intensive. It  may be pract ical 
to tu rn off solu t ions that  are not  needed if the display of much other  data is requ ired or  
you have set  an unusual ly shor t  GRI batch l imit . If all the chains assigned to a solu t ion 
are deselected, the solu t ion au tomat ically tu rns off. 

%�� �1�2- 3�� / 2 , � � ( �3�( 4�� � ) ) � � � �

Use th is command to account  for  the ear th ’s conduct ivity in  all of the defined solu t ions. 
Type NAV CONDUCTIVITY and then type one of the following globally set  constants to 
approximate the ear th ’s conduct ivity in  the calcu lat ion of longitude and lat itude from 
Time Delays (TDs): 

·  0.0001 (pr imar ily over  land) 

·  0.001 

·  0.005 

·  0.03 

·  5 (pr imar ily over  sea water ) 
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Use th is command to prevent  posit ional fix sh ifts when the t rack ing of a stat ion is 
br iefly lost . This funct ion  dampens the shift ing of the posit ional fix that  normally occurs 
if stat ions drop ou t  and back in to the posit ional solu t ion. 

The command consists of four  components, in  the following order : 

·  Type NAV 

·  Type the solu t ion number , which can range from 1 to 4 

·  Type AUTOASF 

·  Type ON to prevent  posit ional fix sh ifts or  OFF if posit ional fix sh ifts are not  a 
concern 

For  example, you  wou ld type: 

NAV 2 AUTOASF ON  

to prevent  posit ion fix sh ifts in  solu t ion number  2. 

A min imum of three stat ions of one chain is requ ired for  determinat ion of posit ion. If 
more than three stat ions of a chain are assigned to a solu t ion, the software keeps 
in format ion about  the fit  er ror  of each stat ion. If the t rack ing of the stat ion is br iefly 
lost , the receiver  cont inues to use the lost  stat ion ’s posit ional fit  in format ion for  up to 
several minu tes. 
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You must  determine whether  to use th is opt ion under  normal condit ions.  If a stat ion ’s 
t rack ing has been lost  due to noise or  skywave contaminat ion, the fit  informat ion 
associated with that  lost  stat ion may not  posit ively add to a usefu l posit ional fix. 

The defau lt  set t ing for  the NAV AUTOASF command is ON. 

4.3 NMEA OUTPUTS 

The Nat ional Mar ine Elect ronics Associat ion (NMEA) standard allows mar ine elect ronics 
to send in format ion to computers and other  mar ine equ ipment . The standard also 
defines GPS receiver  communicat ion. Most  computer  programs that  provide real-t ime 
posit ion ing in format ion are compat ible with the NMEA format .  

Your  SatMate/ CsSync receiver  is compat ible with the NMEA 0183 Standard for  
In ter facing Mar ine Elect ronics Devices, a voluntary industry standard first  released in  
March 1983. The NMEA 0183 Standard defines elect r ical signal requ irements, data 
t ransmission protocol, t iming, and specific sentence formats for  a 4800-baud ser ial 
data bus. NMEA outpu t  is EIA-422A, bu t  the SatMate communicates via RS-232. Use 
4800 bps, 8 data bits, no par ity, and one stop bit  (8N1) to connect  to other  devices. 

Note: The SatMate/ CsSync receiver  does not  suppor t  the NMEA 2000 standard, which 
was released in  Ju ly 2000. 

NMEA data includes the complete PVT (posit ion, velocity, t ime) solu t ion computed by 
the GPS receiver . A l ine of NMEA data is called a sentence; l ines are of var iable length, 
and in  most  cases are completely self- contained and independent  from other  l ines 
(sentences). In  some unusual, specialized instances, data may extend over  mu lt iple 
sentences. 

All navigat ion device categor ies have standard sentences in  NMEA, although individual 
companies and hardware manufacturers can define their  own propr ietary sentences. All 
standard sentences have a unique prefix of two let ters, which defines the device that  
uses the sentence type. For  Loran-C receivers, for  example, the prefix is LC. This prefix 
is followed by three let ters that  define the sentence contents, such as GLC, GLL,  
and LCD.  

Your  receiver  suppor ts the following NMEA sentence formats: 

·  $LCGLC (Geographic posit ion, Loran-C) 

·  $LCGLL (Geographic posit ion, lat itude/ longitude) 

·  $LCLCD (Loran-C signal data) 

All NMEA 0183 sentences consist  ent irely of ASCII text , begin with a “$”, and end with a 
car r iage retu rn/ l ine feed (<CR><LF>). Each data point  in  a l ine is separated by a 
comma. All commas must  be included, because they act  as markers. 

Example sentences in  NMEA format  are shown in the following sect ions. Each data type 
has its own in terpretat ion, which is defined in  the NMEA standard. The sentences 
provide essent ial fix data. Other  sentences may repeat  in format ion while providing some 
new data. The data reader  can detect  sentences of in terest  and ignore the rest .  

Upon receiving NMEA data, the receiver  stores the in format ion based on it s 
in terpretat ion of the sentences. The receiver  cannot  indicate whether  a sentence is 
being read cor rect ly, or  request  another  t ransmission if some data was not  received. 
Instead, the receiving unit  checks the checksum and ignores the data if the checksum 



38  Chapter 4, Navigation 

isn 't  cor rect , on the assumpt ion that  the data wil l  be sent  again later . No er ror  can be 
generated to the remote system.  
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The GLC sentence displays Loran-C geographic posit ions. An example sentence is 
shown below, followed by explanat ions of the sentence data. 

$LCGLC, 8970, 0. 0, A, , , 17695. 9220, A, 33312. 7117, A, 48937. 9691, A, 66920. 4626, A* 0C 

LCGLC Loran-C geographic posit ion 
8970 GRI 
0.0,A Master  t ime of ar r ival (TOA), followed by signal status  

(A = Valid; B = blink  warning; C = cycle warning;  
S = SNR warning) 

(empty) Time difference (TD) #1, followed by signal status 
17695.9220,A Time difference (TD) #2, followed by signal status 
33312.7117,A Time difference (TD) #3, followed by signal status 
48937.9691,A Time difference (TD) #4, followed by signal status 
66920.4626,A Time difference (TD) #5, followed by signal status 
*0C Checksum data (th is data point  is usually opt ional, occasionally 

mandatory, bu t  always begins with *) 
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The GLL sentence displays geographic posit ions by lat itude and longitude. An example 
sentence is shown below with explanat ions of the data. 

$LCGLL, 4300. 1140, N, 08925. 5581, W, , A, A* 56 

LCGLL Geographic posit ion by lat itude and longitude 
4300.1140,N Lat itude, followed by N or  S 
08925.5581,W Longitude, followed by E or  W 
(empty) UTC of posit ion 
A Status (A = valid; V = invalid) 
A Posit ion ing system mode indicator  (A = au tonomous;  

D = different ial; E = est imated dead reckoning;  
M = manual inpu t ; S = simu lator ; N = data not  valid) 

*56 Checksum data (th is data point  is usually opt ional, occasionally 
mandatory, bu t  always begins with *) 
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The LCD sentence displays signal-to-noise rat io (SNR) and pu lse shape (ECD) data for  
Loran-C signals. An example sentence is shown below, followed by explanat ions of the 
sentence data.  

$LCLCD, 8970, 130, 017, , , 102, - 041, 115, - 071, 123, 021, 108, - 060* 4E 

LCLCD Loran-C signal data 
8970 GRI 
130,017 Master  relat ive SNR, followed by master  relat ive ECD 
(empty) Secondary #1 relat ive SNR, followed by relat ive ECD 
102,-041 Secondary #2 relat ive SNR, followed by relat ive ECD 
115,-071 Secondary #3 relat ive SNR, followed by relat ive  ECD 
123,021 Secondary #4 relat ive SNR, followed by relat ive  ECD  
108,-060 Secondary #5 relat ive SNR, followed by relat ive  ECD 
*4E Checksum data (th is data point  is usually opt ional, occasionally 

mandatory, bu t  always begins with *) 

4.4 EUROFIX OPERATION 

Eurofix is an in tegrated navigat ion system developed by Delft  University that  combines 
Loran-C with different ial GPS and different ial GNSS (Global Navigat ion Satell ite 
System). By addit ional modu lat ion of the Loran-C pu lses, a long-range data channel 
can be established to enable broadcast ing of DGPS correct ion data and in tegr ity 
in format ion on one of its eight  sub-channels.  

Other  sub-channels may be allocated to different ial GLONASS or  GNSS (DGLONASS or  
DGNSS) messages. The applied addit ional three-level modu lat ion is fu lly balanced, so it  
has negligible in fluence on the basic Loran-C posit ion ing accuracy.  

The Eurofix system offers very good DGPS service, external GPS integr ity, and improved 
radionavigat ion availabil i ty. The modificat ion costs for  the t ransmit ters are min imal, 
bu t  GPS users enjoy significant  benefits in  terms of accuracy and in tegr ity by applying 
the in format ion that  is broadcast .  

You can expect  DGPS accuracies of bet ter  than 3 meters (95%). As long as DGPS 
per formance is excellent , the ASF values of the Loran-C propagat ion can be updated 
cont inuously and accurately by calcu lated DGPS posit ions. 

Dur ing per iods of poor  GPS recept ion in  u rban canyons, h ighly calibrated Loran-C may 
take over .  

The rest  of th is chapter  descr ibes basic aspects of the Eurofix system. Most  of the 
mater ial in  the following sect ions is taken from a paper  by Delft  University t it led 
“Eurofix System and its Development .” (For  a fu ll  citat ion, see Appendix C.) 
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A well-known problem of satell i te posit ion ing systems is the poor  penetrat ion of L-band 
radio signals in  u rban environments. The signals are often either  blocked or  reflected by 
man-made st ructu res. The low-frequency Loran-C signals propagate qu ite different ly 
from GNSS signals in  bu ilt -up areas. As the wavelength (3,000 m) is long compared to 
the size of construct ions, Loran-C signals are not  easily blocked or  reflected.  

However , due to large man-made st ructu res, phase alterat ions of the 100-kHz signals 
may occur . In terest ingly, these effects are different  for  the Loran-C elect r ic field and 
magnet ic field.  

Low-frequency signals propagate along the ear th ’s sur face slight ly different ly from free 
space. Due to the l imited conduct ivity of water  and soil, the signals exper ience an 
addit ional propagat ion delay. The delay due to seawater  is known as the Secondary 
phase Factor  (SF), and can easily be taken in to account  in  Loran-C posit ion 
calcu lat ions. The conduct ivity of ground or  fresh water  is less than for  seawater  and 
st rongly var ies with different  types of soil. 

This resu lts in  an ext ra delay, the so-called Addit ional Secondary phase Factor  (ASF). If 
the receiver  contains a database with ground conduct ivity figures or  ASF cor rect ions for  
the total Loran-C coverage area, the system’s absolu te accuracy can be improved.  

As the Loran-C datalink  offers DGPS correct ion data, you  can exploit  the accurate 
DGPS posit ion to cont inuously calibrate the est imated Loran-C posit ion and bu ild up 
their  own cor rect ion databases. This calibrat ion can be done much more accurately 
than with the best-known ASF tables, offer ing the unique possibil i ty to use calibrated 
Loran-C whenever  GPS becomes unavailable.  

So, the combinat ion of GPS and Loran-C offers three impor tant  advantages: 

·  Different ial GPS service through Loran-C over  a large coverage area 

·  Improved availabil ity and cont inu ity by using cal ibrated Loran-C 

·  External in tegr ity 

This is in  st rong contrast  to cur rent  DGPS services. These services only supply DGPS 
correct ion data and somet imes, external in tegr ity. The cont inu ity and availabil ity of the 
total system depend on the cont inu ity and availabil ity of the basic GPS, as well as of the 
DGPS correct ion data service. In  other  words, whenever  one of the two systems fails, 
precise posit ion determinat ion is no longer  possible. 

Eurofix with its DGPS service can be seen as the ground-based version of GNSS-1, 
while the space-based versions are well known under  the names EGNOS, WAAS, or  
MSAS. The cur rent  in frast ructu res of Loran and Chayka in  the U.S., Europe, and Asia 
offer  the possibil i ty to cover  the largest  par t  of the industr ialized wor ld with h igh-quality 
DGPS and DGLONASS services. 
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The basic Eurofix datalink , in  essence, is a reliable long-range data broadcast  system 
with eight  message types. The Loran-C pu lses are addit ionally modu lated to car ry 
different  types of in format ion. One of the sub-channels is assigned to provide 
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different ial GPS correct ion data and in tegr ity in format ion, while other  channels are 
reserved for  DGLONASS, DLORAN-C, and Shor t  Message Services (SMS).  

As long as DGPS is available, the accurate posit ion is used to cont inuously calibrate the 
Loran-C pseudoranges. If GPS fails, you  can cont inue navigat ion with accurate Loran-C 
posit ion ing (10-20 m), depending on the distance t ravelled and the validity of the rate of 
change of the on-board ASF tables. 

As Loran-C is a navigat ion system in itself, the transmission of in format ion  is rest r icted 
by Loran-C navigat ion requ irements and parameters. The addit ional data modu lat ion 
onto the Loran-C signal does not  in fluence normal Loran-C operat ion. Therefore, the 
following requ irements are imposed on the use of the Eurofix datalink :  

·  The blink ing service must  be preserved, which excludes the first  two pu lses of each 
Loran-C group of Eurofix modu lat ion. 

·  The modu lat ion is not  allowed to induce t rack ing biases, which requ ires a balanced 
type of modu lat ion. 

·  The modu lat ion index must  be kept  small to prevent  an undesirable loss in  t rack ing 
signal power . 

Based on these requ irements, a pu lse posit ion modu lat ion with a 1-� s modu lat ion 
index is chosen. Only six of eight  pu lses per  group wil l be modu lated, and the 
modu lat ion is always balanced on a per -GRI basis. The applicat ion of 3-level 
modu lat ion (a 1-� s advance, a prompt , or  a 1-� s delay) leaves a possible seven bits of 
in format ion per  GRI. With Loran-C GRIs varying between 40 ms and 100 ms, the raw 
bit  rate available for  data t ransmission ranges from 175 to 70 bps. 

Normal Loran-C users only exper ience a slight  signal loss of 0.79 dB. Fu ture Loran-C 
receivers, which wil l have knowledge of the Eurofix modu lat ion, wil l easily compensate 
for  the applied modu lat ion, once the pu lses are demodu lated. Note that  the in fluences 
of crossrate in ter ference and blank ing, phenomena inherent  to the choice of the Loran-
C signal st ructu re, cause larger  signal degradat ion. 

For  more in format ion on  the Eurofix datalink  and message st ructu re, see Appendix B. 
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The different ial in format ion is sent  in  an asynchronous message format . To keep data 
latency with in acceptable l imits, an RTCM type-9 compat ible message of 56 bits is 
applied, as shown in the following table. To enhance the Eurofix datalink  per formance, 
the RTCM par ity is replaced by a st ronger  combinat ion of Reed-Solomon Forward Error  
Correct ion and a Cyclic Redundancy Check (CRC). However , as standard and 
commercially available DGPS receivers must  be facil i tated, the received Eu rofix data is 
conver ted in to a standard RTCM type-9 message.  

To ensure reliable broadcast  data communicat ion through Loran-C, Forward Error  
Correct ing codes are applied. These codes provide an effect ive means to cor rect  
occasional er rors (improved datalink  availabil ity) and validate the decoded data 
(in tegr ity) at  the cost  of an increased message overhead.  

Seven bits of in format ion  are t ranslated in to a balanced modu lat ion pat tern of six 
pu lses per  GRI. In  Eurofix the message in tegr ity is ensured by a 14-bit  CRC, while the 
Reed-Solomon code ensu res datalink  availabil ity for  stat ions up to 1,000 km. Each 56-
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bit  message (eight  GRIs of seven bits) is protected by addit ional Reed-Solomon par ity 
GRIs.  

Eurofix message format (based on RTCM type-9 correction) 

Funct ion # of 
bits 

Resolu t ion Range 

Message type 3  8 types of messages 

Modified Z-
count 

13 0.6 seconds 0 - 3599.4 

Scale factor  1   

UDRE 2  4 states 

Satellite ID 5  32 satellites 

Pseudo-range 
correct ion 

16 0.02 or  0.32 m ±655.34 or  ±10,485.44 m 

Range rate 
correct ion 

8 0.002 or  0.032 m/ s ±0.254 or  ±4.064 m/ s 

Issue of data 8   

 

Below is an example of DGPS correct ion data decoded from Eurofix messages, which is 
then t ransfer red in to RTCM format : 

SV=26,  zcnt =1316. 4s UDRE=0 PRC=5. 68m RRC=0. 006m/ s I ODE=52 
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In t roduct i on  
 
In t roduced by Locus in  October  2003, the addit ional secondary factor  (ASF) opt ion for  the 
SatMate/ CsSync 1030 al lows the operator  of the Loran receiver  to apply ASF cor rect ions to the 
Loran data being captured by the receiver . An ASF is a cor rect ion factor  that  is applied to the 
Loran data dur ing signal processing with in the receiver .  The cor rected Loran data is made 
available to the user  by means of ou tpu t  repor ts from the ser ial communicat ions channels on 
the rear  panel of the receiver . 
 
The ASF is generally an empir ically determined value that  is dependent  on the Loran signal 
path.  Loran radio frequency waves t raveling across salt  water  propagate at  a different  velocity 
than Loran waves that  pass over  land.  The st ructu re of the land wil l also make a difference, for  
instance where the Loran signal passes over  deser t  soils, moist  soils, or  mountainous ter rains. 
Without  ASF cor rect ion, the Loran navigat ion posit ions der ived from Loran signal t ime of 
ar r ival are l ikely to be misaligned, somet imes sign ificant ly, as compared to the t rue locat ion 
where the Loran signal was received. 
 
The value of applying an ASF to the Loran data is par t icu lar ly evident  and impor tant  in  
navigat ion applicat ions, since the use of an accurate ASF can relocate the der ived Loran 
posit ion solu t ion to with in a few meters of the actual lat itude/ longitude posit ion. 
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The Locus SatMate/ CsSync 1030 Loran Receiver  can impor t  and incorporate ASF cor rect ion 
data in to Loran posit ion solu t ions using several methods. These methods are available by 
manually enter ing known ASF values in to the receiver , for  Loran stat ions received at  a 
par t icu lar  locat ion, by enter ing a present  locat ion datum in degrees of lat itude and longitude 
and having the receiver  calcu late quasi-ASF cor rect ion values for  that  locat ion, and by 
impor t ing real-t ime NMEA 0183 $GPGGA coordinate locat ion messages from a GPS receiver  
using the auxil iary “Ser ial Por t  B” on the rear  panel of the SatMate/ CsSync. “Quasi-ASF” is 
discussed later  in  th is document . 

 

Sof t ware Upgrades 
 
Be sure to check for  new software updates for  your  Locus SatMate/ CsSync 1030 receiver . The 
Locus Loran software releases are denoted by the release date. Software updates are generated 
several t imes a year  as Locus implements new features and algor ithms to improve receiver  
per formance.  The downloading process is st raight forward and only takes a few minutes.  Up-
to-date Loran receiver  software can be found on Locus’ website 
h t t p:/ / www.locusi nc.com / down loads.h t m l . Choose either  the SatMate or  CsSync 1030 
Software category to begin a download of the new software fi les to your  computer . These fi les 
are used to then download new software from your  computer  to the receiver .  Go to the 
directory that  was selected to receive the Internet download and unzip the downloaded “ZIP” 
fi le. There wil l now be a PDF fi le called “Software Installat ion Inst ruct ions”, which wil l gu ide 
you through the rest  of the software update process. Alternat ively, you  can call Locus, 
Incorporated at  1-608-270-0500 to inqu ire abou t  software upgrades for  your  receiver . 
 

Not e: The commands for  operat ing the ASF funct ion are in  the Locus SatMate/ CsSync 
Command Guide, located at  the same Locus web page as the Software Downloads 
h t t p:/ / www.locusi nc.com / down loads.h t m l .  

 

ASF Appl i cat i ons 
 
The ASF capabil ity of the SatMate/ CsSync 1030 can be used to generate and monitor  ASF 
values or  to enhance the Loran navigat ion or  t iming solu t ion.  If the applicat ion is stat ionary in  
nature, a datum entry or  GPS data st ream can be used as the t rue posit ion.  If the applicat ion 
is mobile navigat ion, a real t ime GPS data st ream shou ld be used if possible. 
 
The SatMate/ CsSync receiver  cur rent ly generates “quasi-ASF” values, which differ  from 
absolu te ASF values by an arbit rary constant  (posit ive or  negat ive) for  all stat ions in  a chain.  
As a resu lt , do not  expect  the repor ted ASF values that  are generated in  one session to match 
those created dur ing another  session. 
 

Recei ver  Set  Up for  ASF Appl i cat i ons 

The following is the recommended receiver  setup for  land, air , and mar ine applicat ions. 

Not e: The pl l  command shou ld not  be used du r ing navigat ion applicat ions. 

 

mode monitor  defau lt  (stat ionary posit ion applicat ions) 

or  
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mode mobile defau lt  (land and mar ine applicat ions) 

or  

mode aero defau lt  (aircraft  applicat ions) 

 

antenna channel e/ h (H-field antenna) 

or  

antenna channel e (E-field antenna) 

 

process toa on (displays TOAs relat ive to in ternal oscil lator  modu lo the GRI) 

format  precise on (displays TOAs in  100 picosecond format) 

format  2 (displays notch fi l ter  and stat ion process in format ion) 

format  nav 1 (tu rns navigat ion solu t ion calcu lat ion on) 

nav 1 <GRI> (repeat  for  each GRI to be added to the navigat ion solu t ion) 

 
NOTE:  Always use WGS84 coordi nat es 

 

nav force datum < lat>  < lon>  (For  stat ionary applicat ions only:  forces the loran  nav solu t ion.) 

or  

nav force st ream  (For  use only with $GPGGA message input :  forces the loran 
navigat ion solu t ion.  Ser ial por t  of the GPS receiver  must  be 
plugged in to por t  B of the SatMate receiver .  The defau lt  baud 
rate of por t  B is 9600.  The baud rate of por t  B can be changed 
with the baud command.) 

 

nav force apply on   (For  navigat ion only) 

tdavg x   Where “x” is in  seconds. (For  navigat ion, the tdavg parameter  
shou ld generally be set  to 60 for  stat ionary applicat ions, and 
smaller  values for  applicat ions that  are more dynamic.  For  
example, a mar ine vehicle applicat ion might  benefit  from a 
tdavg of 20, and a ter rest r ial vehicle applicat ion may have bet ter  
resu lts with a tdavg of 10 or  less.  Compar isons shou ld be made 
for  each specific applicat ion to fu lly understand and take 
advantage of th is parameter . The tdavg parameter  must  be set  
to 10 or  less to be used with the 'nav force st ream' command.) 

update <seconds> store   (enter  desired data ou tpu t  rate in  seconds) 

status v              (display cur rent  receiver  set t ings for  ver ificat ion) 

T IMING APPLICATIONS 

The following is the recommended CsSync 1030 receiver  setup for  t iming applicat ions requ ir ing 
a 1PPS t iming ou tpu t .  Note that  the absolu te phase of the 1PPS is random.  See t he TAI  
sect i on  of  t he Sat Mat e/ CsSync Com m and Gui de for  ot her  opt i ons.  The receiver  shou ld be 
phase-locked to the nearest  Loran Master  t ransmit ter  for  best  resu lts.  The pl l  command can 
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be issued only after  the desired stat ion has been acqu ired and is being t racked by the receiver .  
If power  is cycled or  the receiver  stops t rack ing the desired stat ion, the pl l  command will need 
to be issued again once the receiver  has resumed t rack ing the desired stat ion. 

 

Recei ver  Set  Up for  Ti m i ng Appl i cat i ons 

 

antenna channel e/ h  (H-field antenna) 

or  

antenna channel e  (E-field antenna) 

 

process toa on  (Displays TOAs relat ive to in ternal oscil lator  modu lo the GRI) 

format  precise on  (Displays TOAs in  100 picosecond format) 

format  2  (Displays notch fi l ter  and stat ion process in format ion) 

mode monitor  defau lt  (Used for  t iming and monitor ing applicat ions) 

pll <stat ion>  (Enter  GRI and let ter  designator  of closest  Master  t ransmit ter ) 

status v  (Display cur rent  receiver  set t ings for  ver ificat ion) 

 

Frequency Appl i cat i ons 

 

The following is the recommended receiver  setup for  frequency applicat ions requ ir ing a 10MHz 
outpu t . 

 

Not e: The pl l  com m and shou ld not  be used for  f requency appl i cat i ons. 

 

antenna channel e/ h  (H-field antenna) 

or  

antenna channel e  (E-field antenna) 

 

process toa on  (displays TOAs relat ive to in ternal oscil lator  modu lo the GRI) 

format  precise on  (displays TOAs in  100 picosecond format) 

format  2  (displays notch fi l ter  and stat ion process in format ion) 

mode monitor  defau lt  (used for  t iming and monitor ing applicat ions) 

fou t  a 10000000  (sets ou tpu t  frequency to 10MHz) 

status v  (display cur rent  receiver  set t ings for  ver ificat ion) 
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CHAPTER 5 PRODUCT SUPPORT 

If you  have problems with your  receiver , th is chapter  offers some possible solu t ions. 
You can also use the on-line help, as explained in  Chapter  1. 

�� �� 	 
� �� 	 � 
 � � � �

This chapter  includes sect ions that  help you: 

·  Troubleshoot  common problems 

·  Access the Locus Web page 

·  Contact  the Locus Repair  Center  
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5.1 TROUBLESHOOTING COMMON PROBLEMS 

Use the following commands to help t roubleshoot  your  system: 

VERSION Display the system’s cur rent  revision. 

DEFAULT Set  the system to its or iginal defau lt  set t ings. 

DEFAULT FACTORY Use a var iant  of the DEFAULT command. 

RESET Use the software to reset  the hardware. 

STATUS Display the cur rent  system set t ings. 

TIME Set the hour , minu te, and second of the in ternal 24-
hour  clock . 

DATE Set the date. 

$ Clear  the display of scrol l ing text  associated with the 
TRACE funct ion. 

Each command is explained in  th is sect ion. For  more detailed in format ion on these 
commands, see the Command Guide. 

' � � � � �3" � � �/ 2 �� � ) ) � � � �

Type VERSION to display the system’s cur rent  revision. Please use th is command before 
contact ing Locus with a service quest ion—the first  quest ion asked by the Locus Service 
Depar tment  is the revision number  of your  software. 

' � � � � �, " � - � * ( �� " ( ( �2$ � �� � ) ) � � � �

Type DEFAULT SETTINGS to retu rn most  receiver  set t ings to their  or iginal, defau lt  
set t ings. Only set t ings that  affect  the system as a whole are reset . Set t ings that  affect  
only individual stat ions are not  affected, nor  are set t ings that , if changed, wou ld cause 
the receiver  to stop funct ion ing. The parameters that  do not  retu rn to defau lt  set t ings 
include baud rate, clock  and crystal set t ing tables, and the stat ion Search List .  

Set t ing the receiver  to its defau lts means that  it  is retu rned to a known state, which 
may be usefu l in  the following circumstances: 

·  to speed recovery after  diagnost ic values have been used 

·  dur ing t roubleshoot ing 

·  for  in it ializat ion by a mechanical supervisor , such as a PC 
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' � � � � �, " � - � * ( �� - � ( / � 4�� � ) ) � � � �

The DEFAULT FACTORY command is a var iant  of the DEFAULT command. When you 
type DEFAULT FACTORY, the following addit ional set t ings retu rn to their  defau lt  states 
as shipped from the factory:  

·  echo mode: OFF 

·  TOA mode: process TOA is 1 

·  clock  gain factor  

·  antenna type 

' � � �%�� " � " ( �� � ) ) � � � �

Type the RESET command to reset  the receiver  through the software (without  power  
cycle). All averaging of the stat ion signal data is cleared. All t rack ing star ts again as 
directed by the Search List . 

' � � � ' �� ( - ( � � �� � ) ) � � � �

Type the STATUS command to display the cur rent  set t ings of the receiver . We 
recommend that  you  generate th is l ist  when the system has been installed and 
appropr iately customized, and then on a regu lar  basis to assure that  the set t ings have 
not  been changed from those in tended. 

If you  want  to see example defau lt  set t ings for  the receiver , see the STATUS command 
descr ipt ion in  the Command Guide. 

' � � �0�( � " �� � ) ) � � � �

Use th is command to set  the hour , minu te, and second of the in ternal 24-hour  clock . If 
you  use the RESET command descr ibed ear lier  in  th is sect ion, then you must  reset  the 
t ime as well. 

For  details on using th is command, see the Command Guide.  

' � � �1�, - ( " �� � ) ) � � � �

Use th is command to set  the date. If you  use the RESET command descr ibed ear lier  in  
th is sect ion, then you must  reset  the date as well . 

For  details on using th is command, see the Command Guide.  
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Use th is command to clear  the display of scroll ing text  associated with the TRACE 
funct ion.  

When using the TRACE funct ion, it  is possible to tu rn on so many diagnost ic funct ions 
that  there is not  enough t ime to type a fu ll command without  being in ter rupted with 
scroll ing text . The $ character  stops the scroll ing of text  associated with TRACE-
generated data. The $ character  alone is su fficien t  to stop the scroll ing text ; the Enter  
key is not  requ ired. 

To generate the $ character , press the Shift  and 4 keys simu ltaneously. 

 

5.2 LOCUS WEB PAGE 

To view Locus company and product  in format ion , please access the following Web page: 

w w w.locusinc.com 

 

5.3 LOCUS REPAIR CENTER 

Locus repair  and technical suppor t : 

5540 Research Park Drive 

Fitchburg Center 

Madison, WI 53711 USA 

Telephone:   

608/ 270-0500 

Fax:  

608/ 270-5257 

Email:  

locus@locusinc.com  

Hours of operat ion:  

Monday – Friday, 8:00 a.m. to 5:00 p.m. (Central time) 
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APPENDIX A  LORAN-C CONCEPTS 

Loran is the general designat ion of a group of radionavigat ion systems by which a 
hyperbolic l ine of posit ion is determined through measur ing the difference in  the t imes 
of recept ion of synchronized pu lse signals from two fixed t ransmit ters. 

Loran-C is a system of t ransmit ters that  generate elect romagnet ic pu lses r iding on a 
100-KHz car r ier . Transmit ters are grouped in to chains, of which at  least  three stat ions 
share the same frequency of t ransmit ted pu lses. The system is refer red to as Loran-C to 
dist ingu ish it  from the older  Loran-A system. 

Each t ransmit ter  is separated from another  t ransmit ter  by at  least  several hundred 
miles. Each chain generates a t rain of pu lses at  a rate that  is unique to the chain. 
Master  stat ions t ransmit  a t rain of n ine pu lses; the Secondary’s t rain is eight  pu lses 
long. The precision of the pu lse t ransmission t im ing is based on a Cesium clock . 

Receivers designed to work  with Loran-C chains are used in  three types of applicat ions: 

·  to acqu ire a precise t iming reference. The receiver  clock  can be referenced to the 
t ransmit ter ’s Cesium clock  reference. 

·  to monitor  the Loran-C system itself. Each chain is monitored for  t iming precision 
using a Loran receiver . 

·  to determine posit ion in  navigat ion applicat ions. Among other  th ings, the system’s 
posit ional fix accuracy depends on the geometry of the stat ions and the receiver , 
and propagat ion delays over  mixed ter rains.  

This appendix explains several aspects of Loran-C, including: 

·  basic terminology 

·  signal st ructu re 

·  t ransmit ter  locat ions 

·  navigat ion accuracy 

A.1 BASIC TERMS 

If you  are unfamiliar  with  the Loran-C system, read the following topics to learn more. 

- � � � � � � � � � � � �� � � �� � � � � � � � 
� � �

Loran-C t ransmission stat ions are designated as Masters or  Secondar ies. The data from 
Master -Secondary stat ion pairs is used for  navigat ion. The Master  is designated as M. 
The Secondar ies are ident ified as V, W, X, Y, and Z.  
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- � � � � �� 	 � 
� � �

Transmit ters are associated in  ident ifiable groups called chains. Each chain includes 
one Master  and at  least  two Secondar ies. Each stat ion in  a chain t ransmits in  
sequence. The ident ificat ion of the chain is based on the durat ion of t ime it  takes for  the 
complete cycle of t ransmission from the Master  and all of its associated Secondar ies. 
The durat ion of t ime—or  Group Repet it ion Interval (see sect ion A.1.6) for  the complete 
cycle of t ransmission—is unique for  each chain.  

- � � � � �� � � � � � � � �� � � � �

Each chain produces signals su itable for  navigat ion or  t iming over  a designated area 
called the coverage area. The U.S. Coast  Guard (USCG) publishes the coverage area of 
each Loran-C chain for  which it  is responsible. 

The coverage area limits are set  to ensure that  the absolu te accuracy of a Loran-C 
posit ional fix is 0.25 nau t ical mile and an adequate signal-to-noise rat io (SNR) is 
available (at  least  -10 dB or  a l imit  of three t imes more noise power  than signal power). 
The limits of coverage are based on t ransmit ter  power , distance, and the expected SNR 
associated with the signals of all stat ions of the chain. The SNR decreases with 
distance. (See sect ion A.1.10 for  an explanat ion of signal-to-noise rat io.) The defin it ion 
of any one coverage area may be revised as a resu lt  of ongoing studies. 

- � � �%�$ �� 9� ��� � � � � � � � �

The Loran-C system was or iginally developed by the U.S. Depar tment  of Defense for  
military purposes. Transmit ters were established at  militar i ly st rategic locat ions by 
agreement  from host  nat ions. 

Since its or iginal installat ion, the au thor ity for  Loran has been t ransfer red to civil 
au thor it ies, and its range has expanded: 

·  In  1974, the chains local to the U.S. were t ransfer red to the U.S. Coast  Guard, a 
civil au thor ity.  

·  With Canadian par t icipat ion, coverage expanded to the nor th.  

·  Coverage to the west  was secured with an agreement  with Russia to design its 
system as a Loran-C equ ivalent .  

·  In  the mid-1980s, six Nor thwestern European nat ions adopted Loran-C as a 
ter rest r ial complement  to the emerging satell i te-based global posit ion ing system 
(GPS). The countr ies of France, The Nether lands, Norway, Denmark , Germany, 
and Ireland are members of the Nor thwest  European Loran-C System (NELS).  

·  There are chains in  India and Saudi Arabia.  

·  In  the Far  East , the Loran-C FERNS consor t ium includes Japan, China, Korea, 
and Russia. 
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In  1994, the U.S. Depar tment  of Defense au thor ized the t ransfer  of its foreign-based 
system to the respect ive host  nat ions.  

The coverage area of Loran-C will cont inue to expand as a ter rest r ial-based posit ion ing 
system backup to the satell i te-based posit ion ing system for  both polit ical and pract ical 
reasons. 

- � � � ' �( � � � � ) 
� � 
� � �
� � � � � � �� �!$ � �� #�

Each chain t ransmits a cycle of elect romagnet ic Loran signals. First , the Master  
t ransmits the signal. After  a t ime in terval that  ensures the signal has propagated 
throughout  the coverage area, the first  Secondary t ransmits a signal. After  another  t ime 
in terval that ensures the first  Secondary’s signal has propagated throughout  the 
coverage area, the next  Secondary t ransmits the signal.  

Generally, Secondar ies t ransmit  in  the alphabet ical order  of their  alpha designator . 
When all Secondar ies have t ransmit ted, the Master  t ransmits again. The number  of 
microseconds requ ired for  the chain to complete its t ransmission cycle is called the 
Group Repet it ion Interval (GRI). The GRI is unique to each chain. Loran receivers 
ident ify the chains through calcu lat ion of the GRI durat ion. 

- � � �0�$ � ��� � ) 9� � �

Each chain has a dist inct  Group Repet it ion Interval, which is measured in  
microseconds. The designator  of each chain references th is dist inct  GRI. The GRI 
durat ion, in  microseconds, is divided by 10 to der ive the GRI designator  for  each chain. 
For  example, GRI chain 9960 has a Group Repet i t ion Interval of 99,600 microseconds. 

- � � �1�( , � �! � 
) � �� 
� � � � � � � � � #�

The basic operat ion of a Loran-C receiver  is the measurement  of the t ime from the 
receipt  of the Master ’s signal to the receipt  of one of its Secondary signals. This t ime 
in terval is the Time Difference (TD). TDs are measured in  tenths of microseconds. 

- � � �5�( , � �� � � � � �� � � �� � �� 
� � � � � � �

The difference in  the t ime of ar r ival of the signals from each t ransmit ter  of a Master -
Secondary pair  reflects the difference in  distance of each t ransmit ter  to the receiver .  
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- � � � : �( , � �� � � � � �� � � �� � �
 � � 
� 
� � �

A curved line (hyperbola) resu lts if the set  of points having the same Time Difference 
from a specific Master -Secondary pair  is plot ted. Loran-C is classified as a low 
frequency, hyperbolic ter rest r ial system. In  th is applicat ion, these curved lines are 
called Lines of Posit ion (LOP). A curved LOP can be determined from the Time Difference 
of each Master -Secondary pair .  

For  navigat ion, the signals of at  least  two Master -Secondary pairs from the same chain 
must  be available to the receiver .  

 

Intersecting lines of  position 

 

 

The TDs of the two Master -Secondary pairs (and the two associated LOPs) are requ ired 
to determine a posit ional fix. The in tersect ion of the two LOPs indicates the locat ion of 
the receiver . The receiver ’s posit ion in  lat itude and longitude can be manually 
determined using Loran overpr in ted char ts (geographical char ts overpr in ted with a 
lat t ice of the LOPs for  each Master -Secondary pair ). Loran overpr in ted char ts are 
published by the U.S. Coast  Guard. The Loran receiver  can au tomat ically conver t  TDs 
to an est imat ion of longitude and lat itude. 

- � � � � 7�� 2 � �! � 
� � � �� � � � � � 
� � �� � � 
� #�

The signal-to-noise rat io is an indicator  of signal quality. The validity of the receiver ’s 
calcu lated values depends on the level of noise that  shares the Loran-C signal’s 
bandwidth, the range of frequencies in  a signal. The SNR is an indicator  of the noise 
power  relat ive to the signal’s power .  

The dominant  source of noise in  the Loran-C bandwidth is atmospher ic condit ions, 
par t icu lar ly l ightn ing. There is always a l ightn ing storm somewhere on the ear th. Its 
effects on Loran-C signal recept ion is determined by the receiver ’s proximity to the 

X

M 

Y 

LOP for TDs of X 

LOP for TDs of Y 

you are here 
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storm. This source of noise is generally greater  in  summer than winter  and greater  in  
the t ropics than in  the h igher  lat itudes.  

SNR is repor ted by the Loran-C receiver  in  dB (decibels). If the SNR is repor ted as 0, the 
noise power  equals the Loran-C signal’s power . A posit ive SNR indicates that  the signal 
power  is st ronger  than that  of the noise. A negat ive SNR indicates that  the noise power  
is st ronger  than the Loran-C signal ’s.  

To determine the background (noise floor ) at  you r  locat ion, subtract  the SNR value from 
the signal st rength at  the t rack ing point  (th ird zero crossing). For  more details, see 
sect ion 3.2.1. 

When the U.S. Coast  Guard specifies the coverage area of each chain, it  ensures that  
the SNR of each t ransmit ter  signal in  the chain is 1/ 3 signal-to-noise, or  -10 dB. To 
determine the SNR of a t ransmit ter ’s signal in  a par t icu lar  applicat ion, Locus 
recommends that  the signal be monitored day and n ight  for  at  least  a week. Even under  
normal condit ions, there can be an 8- to 15-dB difference in  SNR from day to n ight . If 
the establishment  of an applicat ion (such as stat ion select ion or  antenna installat ion) is 
to be based on one measurement  only, Locus considers +12 dB to be a good SNR with a 
bu ilt -in  tolerance for  varying SNR.  

SNR can be low due to: 

·  not  enough chains searched to reduce crossrate in ter ference. For  more details on 
increasing SNR by decreasing crossrate in ter ference, see sect ion 3.1. 

·  an antenna that  has not  been opt imally installed. 

·  bad weather  condit ions (h igh concentrat ion of local l ightn ing). 

·  skywave contaminat ion. For  an explanat ion, see the next  sect ion. 

- � � � � � �� ; <� � � � � =�� ; <� � � � �� � � � � ) 
� � � 
� � �

The Loran-C signal propagates in  all direct ions.  

Groundwaves are signals that  t ravel along the ear th ’s sur face below the elect r ified 
ionosphere. They are relat ively stable and predictable. Groundwaves, however , 
at tenuate (lose st rength) with t ravel along the ear th ’s sur face. 

Skywaves are signals that  are propagated upward toward the ionosphere and reflected 
off the lower  E or  D elect r ified layers. Skywaves provide st ronger  signals at  greater  
distances, extending the range of the t ransmission. However , skywaves are not  stable 
and their  t ime of ar r ival is not  predictable, because the ionosphere changes from day to 
day (even hour  to hour) in  ways that  affect  its reflect iveness to the Loran-C 
elect romagnet ic pu lses.  

The ionosphere is made up of several layers, each a different  distance from the ear th ’s 
sur face. This adds to the unpredictabil ity of the t ime of ar r ival (TOA) of skywaves. 
Skywaves may cause “skywave contaminat ion,” a distor t ion of the Loran-C signal, 
displaced TDs, signal fading, or  pu lse shape changes. Skywaves generally ar r ive 
between 35 and 1000 msecs after  the associated groundwaves. The Loran-C receiver  
uses the TOA delay between groundwaves and skywaves to dist ingu ish between the two 
paths of signal propagat ion. 
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At long distances, skywaves may be the only available signal. Ear ly Loran technology 
was based on skywave recept ion. Loran-C was designed par t ly to min imize the effects of 
skywaves on groundwave recept ion and t rack ing. 

You may suspect  the Loran-C receiver  of acqu ir ing skywaves if: 

·  the signal is received ou tside the published coverage area. 

·  a skywave flag is displayed on the Loran-C receiver .  

·  the SNR (signal-to-noise rat io) is larger  than expected. For  a discussion of signal-to-
noise rat ios, see sect ion A.1.10. 

·  the var iance of TDs (Time Difference distor t ion) is larger  than normal. 

·  there are large apparent  posit ional fix er rors. 

- � � � � � �� 	 � � � �� � � 
� � �! � � �� #�
One GRI cycle is defined as the set  of pu lses t ransmit ted first  by the chain ’s Master  and 
then by all of its Secondar ies in  alpha-designator  sequence. A GRI cycle includes all of 
the pu lses t ransmit ted from the t ime the Master  first  t ransmits to the t ime it  is due to 
t ransmit  again.  

The Radio Frequency (RF) car r ier  of the Loran-C signal can be phase shifted. Each 
pu lse of the GRI can be shifted by 180 degrees. Each Loran-C pu lse is a sinusoidal 
signal with in a teardrop-shaped envelope. This is the basic shape you can view with an 
oscil loscope. 

The following i l lust rat ion  shows two Loran-C pu lses that  are phase shifted 180 degrees 
in  relat ion to each other . Note that  the in it ial in flect ion of the first  pu lse is posit ive, 
while that  of the second is negat ive. 

 

Loran-C pulse 

Some Loran-C pu lses are shifted 180 degrees and others are not , creat ing a standard 
code of phase shifts. One complete cycle of the phase shift  code spans the durat ion of 
two complete GRIs. The durat ion of the whole phase-coded pat tern is called the Phase 
Code Interval. One PCI is equal to two GRIs. The coding of the first  GRI is refer red to as 
the A pat tern, and the second GRI of phase-coded signal is labeled as the B pat tern. 

The 18 pu lses (two GRIs) of all Masters are phase shifted in  one pat tern (first  pu lse 180 
degrees, second pu lse 180 degrees, th ird pu lse 0 degrees, and so on, as shown in the 
i l lust rat ion below). The 16 pu lses (two GRIs) of all  Secondar ies are phase shifted in  
another  pat tern.  
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Secondary phase coding and Master phase coding 

The Loran-C receiver  detects the phase of each Loran-C pu lse. Using th is in format ion, it  
can dist ingu ish a chain ’s Master  from its Secondar ies. The phase coding can also be 
used to dist ingu ish the cur rent  GRI (A, for  example) from the immediately previous or  
subsequent  GRI (which wou ld be coded in  the B pat tern). The receiver  cannot  
dist ingu ish between one A pat tern and a previous or  subsequent  A pat tern. 

A.2 IMPROVING THE SIGNAL-TO-NOISE RATIO 

- � � � � �2 � � � 	 �� 
�� � � 
� � �� � � �
 � � � 
� 
� � �

The Loran-C t ransmission is specified to be a ser ies of elect romagnet ic pu lses that  vary 
at  a rate of 100,000 cycles/ second (100 KHz). The Loran-C receiver  is designed to detect  
and acqu ire elect romagnet ic signals with in the range of 82.5 KHz to 117.5 KHz. Any 
other  elect romagnet ic signal consist ing of components with in th is bandwidth wil l also 
be acqu ired by the Loran-C receiver . Local TV or  radio stat ions, and even fluorescent  
l ight ing, can produce varying elect romagnet ic signals that  share the same bandwidth 
for  which the receiver  is tuned. These in ter fer ing signals are called in ter ferers. The 
fi l ter ing of in ter ferers can not iceably improve receiver  per formance in  areas 
character ized by weak signal st rength. 

In ter ferers can cause an increase in  the overall noise of the system, h iding weaker  
stat ions. They can also change the overall shape and phase of a received Loran-C pu lse. 
A distor ted pu lse can lead to incor rect  calcu lat ion  of Time Differences. 

A basic funct ion of a Loran-C receiver  is the precise measurement  of t ime between GRI 
cycles. Precision is a measure of how closely the ou tcome of a ser ies of observat ions or  
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measurements cluster  about  some est imated value of a desired quant ity. Precision 
implies repeatabil ity of the observat ions with in some specified l imit . 

To precisely measure the in terval between GRI cycles, each pu lse must  be detected at  
precisely the same point . Signals from sources other  than a Loran-C t ransmit ter  can 
“over lap” the Loran-C signal, in ter fer ing with pu lse detect ion and contr ibu t ing to a 
deter iorat ion of the precision of the pu lse-to-pu lse in terval measurement . To improve 
the precision of pu lse detect ion, the Loran-C receiver  au tomat ically assigns fi l ters to the 
in ter ferers it  detects. 

Because the in ter ferers “over lap” the Loran-C pu lses, any fi l ter ing wil l also remove the 
components of the Loran-C pu lse, which are “over lapped” by the in ter fer ing signal. For  
th is reason, the fi l ters remove only as much of the in ter fer ing signal as is necessary for  
the precise detect ion of the Loran-C pu lse. A fi l ter  designed to remove signals only 
with in a nar row frequency range is called a notch fi l ter . 

The fi l ter ing character ist ics of a notch fi l ter  can be summar ized with a char t  of signal 
amplitude vs. frequency. 

 

 

Notch f iltering characteristics 

The type of in ter ferer  dictates how the receiver  au tomat ically assigns the notch fi l ters. 
The “sharper” frequency character ist ics of a computer  monitor  may be assigned one 
fi l ter , while the broader  band of in ter fer ing signals generated by fluorescent  l ights may 
be assigned two notch fi l ters. 
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At some receiver  installat ions, it  is possible that  Loran-C chains are located such that  
the t ransmission from a stat ion on one chain may be received and coincide in  t ime with 
other  stat ion t ransmissions from different  chains. This over lap of two or  more stat ions 
is called crossrate in ter ference. (In  the past , the term “rate” was used in terchangeably 
with the term “chain.” Crossrate in ter ference is synonymous with cross-chain 
in ter ference.) The possibil i ty of having stat ions over lap one another  is caused by the 
differences in  the Loran chain t ransmission repet it ion in tervals, the GRI.  

Two or  more stat ions on different  chains (GRIs) that  have Loran signals occurr ing in  the 
same t ime per iod wil l resu lt  in  an incor rect  signal being presented to the receiver . This 
wou ld give er roneous data. However , since the t ransmission t imes for  each chain and 
its stat ions can be predetermined using the Search List , it  is possible to compensate for  
t imes of in ter -chain stat ion coincidence and thereby improve the per formance of the 

amplitude 
amplitude 
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Loran receiver . The receiver ’s abil ity to provide crossrate compensat ion improves the 
receiver ’s signal-to-noise rat ios.  

See sect ion 3.1 for  inst ruct ions on defin ing the Search List . 

- � � � � �� � � � � � � 
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Addit ional Secondary Factors (ASFs) are used to account  for  ter rain differences that  
affect  the propagat ion speed of the Loran-C signals. The applicat ion of the cor rect ion 
factors can be significant  in  the calcu lat ion of posit ion.  

The Loran-C signal is an  elect romagnet ic wave and, as such, propagates at  different  
speeds through media of varying conduct ivity. The fastest  propagat ion is through a 
vacuum. Propagat ion speeds over  land, fresh water , and seawater  are all referenced to 
the speed of propagat ion  through a vacuum. Conduct ivity of land var ies with its 
moistu re content , its n ight / day/ seasonal temperature changes, and the nature of man-
made st ructu res such as br idges, power  plants, and h igh-r ise bu ildings.  

Generally, the Loran-C signal has t raveled over  a mixtu re of ter rains before it  is 
received. The appropr iate Addit ional Secondary Factor , therefore, is a composite of 
several different  cor rect ion factors.  

The U.S. Coast  Guard publishes the Radio Navigat ion Bu llet in , which ident ifies 
st ructu res that  may affect  signal propagat ion. The U.S. Defense Mapping Agency, 
Hydrographic/ Topographic Center , publishes Loran-C Correct ion Tables, which contain 
exper imentally der ived composite cor rect ion factors for  each GRI chain.  

The cor rect ion factors do not  typically exceed ±4 ms. Somet imes however , the Time 
Difference gradient  at  the receiver ’s locat ion necessitates the use of a sign ificant  
cor rect ion factor . Even on a t ransmit ter  pair ’s baseline, where the gradien t  is the 
smallest  (492 ft / ms), a cor rect ion factor  of 3 ms can represent  a distance cor rect ion of 
1,476 feet . 

Absolu te accuracy is affected by ASFs. Repeatable accuracy is unaffected. For  an 
explanat ion of the dist inct ion between these two measures of accuracy, see sect ion A.4. 
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A.3 TRANSMITTER LOCATIONS 

The following table l ists the posit ions of Loran-C t ransmit ters in  WGS 84 coordinates. 
Posit ions are based on U.S. Defense Mapping Agency survey data. (Posit ions of Loran 
systems operated by other  governments were provided by those governments.) 

The power  shown is t ransmit ter  peak rated power . This power  is a nominal value; 
radiated power  may vary from the pr in ted value by ±20%. 
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Chain 

 
Lat itude 

 
Longitude 

Emission 
Delay 

Coding 
Delay 

Power 
(kW) 

5543 CALCUTTA CHAIN 

M  Balasore  21° 29’ 08.000” N  86° 55' 18.000” E    43  

W  Diamond 
     Harbor  

22° 10’ 18.000” N  88° 12' 25.000” E  18,510.68  18,000 11 

X  Patpu r  20° 26’ 48.000” N  85° 49' 47.000” E  36,542.75  36,000 11 

5930 CANADIAN EAST COAST CHAIN 

M  Car ibou , ME  46° 48’ 27.305”N  67° 55’ 37.159”W    800 

X  Nantucket,  
    MA 

41° 15’ 12.046”N  69° 58’ 38.536”W  13131.88  11000  350 

Y  Cape Race, 
    Canada  

46° 46’ 32.286”N  53° 10’ 27.606”W  28755.02  25000  1000 

Z  Fox Harbou r,  
    Canada  

52° 22’ 35.252”N  55° 42’ 27.862”W  41594.59  38000  900 

5980 RUSSIAN-AMERICAN CHAIN 

M  Petropavlovsk   53° 07' 47.584" N  157° 41' 42.900" E    700  

W  Attu   52° 49' 44.134" N  173° 10' 49.528" E  14,467.56  11,000 400  

X  Alexandrovsk   51° 04' 42.800" N  142° 42' 04.950" E  31,506.50  28,000 700 

5990 CANADIAN WEST COAST CHAIN 

M  Will iams Lake,  
     Canada  

51° 57’ 58.876”N  122° 22’ 01.686”W    400 

X  Shoal Cove, 
AK  

55° 26’ 20.940”N  131° 15’ 19.094”W  13343.60  11000  560 

Y  George, WA  47° 03’ 48.096”N 119° 44’ 38.976”W  28927.36 27000 1400 

Z  Pt. Hardy,  
    Canada  

50° 36’ 29.830”N  127° 21’ 28.489”W  42266.63  41000  350 

6042 BOMBAY CHAIN 

M  Dhrangadhra  23° 00' 14.000" N  071° 31' 39.000" E    11  

W  Veraval  20° 57' 07.000" N  070° 20' 13.000" E  13,862.41  13,000 11  

X  Bil lamora  20° 45' 40.000" N  073° 02' 17.000" E  40,977.61  40,000 11  
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6731 LESSAY CHAIN 

M  Lessay,  
     France 

49° 08' 55.224" N  01° 30' 17.029" W    250  

X  Soustons,  
    France 

43° 44' 23.099" N  01° 22' 49.584" W  13,000 10992 250  

Y  Rugby*, England 

*Tentat ively sched- 

52° 22' 00.562" N 

u led for  late 2005 

01° 11' 17.636" W 

 

27,300  24,969 250  

Z  Sylt ,  
    Germany 

54° 48' 29.975" N  08° 17' 36.856" E  42,100 39,028 250  

6780 CHINA SOUTH SEA CHAIN 

M  Hexian  23° 58' 03.847" N  111° 43' 10.298" E    1200  

X  Raoping  23° 43' 25.941" N  116° 53' 44.826" E  14,464.69  12,700 1200  

Y  Chongzuo  22° 32' 35.452" N  107° 13' 21.665" E  26,925.76  25,300 1200  

7001 Bø CHAIN 

M  Bø, Norway 68° 38' 06.216" N  14° 27' 47.350" E    400  

X  Jan Mayen, 
     Norway 

70° 54' 51.478" N  08° 43' 56.525" W  14,100 11,014 250  

Y  Ber levåg,  
    Norway 

70° 50' 43.014" N  29° 12' 15.980" E  29,100 27,033 250  

7030 SAUDI ARABIA SOUTH CHAIN 

M  Al Khamasin  20° 28' 02.025" N  44° 34' 52.894" E    1000  

W  Salwa  24° 50' 01.631" N  50° 34' 12.574" E  13,620.00  11,000 1000  

X  Afif  23° 48' 36.952" N  42° 51' 18.184" E  27,265.00  26,000 1000  

Y  Ash Shaykh  
    Humayd  

28° 09' 15.997" N  34° 45' 40.544" E  41,414.00  40,000 1000  

Z  Al Muwassam  16° 25' 56.028" N  42° 48' 04.884" E  57,554.00  56,000 1000  

7270 NEWFOUNDLAND EAST COAST CHAIN 

M  Comfort   
     Cove  

49° 19' 53.570" N  54° 51' 42.570" W    250  

W  Cape Race  46° 46' 32.286" N  53° 10' 27.606" W  12,037.49  11,000 500  

X  Fox Harbor  52° 22' 35.252" N  55° 42' 27.862" W  26,148.01  25,000 900  

7430 CHINA NORTH SEA CHAIN 

M  Rongcheng  37° 03' 51.765" N  122° 19' 25.954" E    1200  

X  Xuancheng  31° 04' 07.937" N  118° 53' 09.625" E  13,459.70  11,000 1200  

Y  Helong  42° 43' 11.562" N  129° 06' 27.213" E  30,852.32  28,000 1200  

7499 SYLT CHAIN      

M  Sylt ,  
     Germany 

54° 48' 29.975" N  08° 17' 36.856" E    250  

X  Lessay,  
    France 

49° 08' 55.224" N  01° 30' 17.029" W  14,100 11027 250  

Y  Værlandet,  
    Norway 

61° 17' 49.435" N  04° 41' 46.618" E  29,500  26,986 250  



 

Appendix B, Eurofix Concepts 61 

 

 

 

 

 

 

 

 
 

 

 
Chain 

 
Lat itude 

 
Longitude 

Emission 
Delay 

Coding 
Delay 

Power 
(kW) 

7930 LABRADOR SEA CHAIN 

M   Fox Harbour   
     Canada 

52° 22’ 35.252”N 55° 42’ 27.862”W    900 

W  Cape Race,  
     Canada 

46° 46’ 32.286”N  53° 10’ 27.606”W  13167.31  11000  1000 

X  Angissoq,  
    Greenland 

59° 59’ 17.348”N  45° 10’ 26.916”W  29565.39  26000  760 

7950 EASTERN U.S.S.R. CHAYKA CHAIN 

M  Aleksand- 
     rovsk   

51° 04' 42.805" N  142° 42' 04.952" E    700  

W  Petropavlovsk   53° 07' 47.584" N  157° 41' 42.900" E  14,506.50  11,000 700  

X  Ussu r iisk   44° 31' 59.702" N  131° 38' 23.403" E  33,678.00  30,000 700  

Y  Tokachibu to  42° 44' 37.214" N  143° 43' 09.757" E  49,104.15  46,000 600  

Z  Okhotsk   59° 25' 02.050" N  143° 05' 22.916" E  64,102.05  61,000 10 

7960 GULF OF ALASKA CHAIN 

M   Tok , AK  63° 19’ 42.884”N  142° 48’ 31.346”W    560 

X  Kodiak , AK  57° 26’ 20.301”N  152° 22’ 10.708”W  13804.45  11000 400 

Y  Shoal Cove,  
    AK  

55° 26’ 20.940”N  131° 15’ 19.094”W 29651.14  26000 560 

Z  Por t  Clarence,  
    AK  

65° 14’ 40.372”N  166° 53’ 11.996”W  47932.52  45000  1000 

7970 NORWEGIAN SEA CHAIN 

M  Ejde,  
     Denmark   

62° 17’ 59.713”N  07° 04’ 25.984”W   325 

X   BØ, Norway  68° 38’ 06.207”N  14° 27’ 47.554”E  15048.10  11000  165 

W  Sylt ,  
     Germany  

54° 48’ 29.962”N 08° 17’ 36.866”E 30065.64  26000  325 

Y  Sandur,  
     Iceland  

64° 54’ 26.647”N  23° 55’ 21.196”W  48944.53  46000  1500 

Z  Jan Mayen,  
    Norway  

70° 54’ 52.662”N  08° 43’ 58.136”W  63216.30 60000  165  

7980 SOUTHEAST U.S. CHAIN 

M  Malone, FL  30° 59’ 38.870”N  85° 10’ 08.751”W    800 

W  Grangevil le,  
      LA  

30° 43’ 33.149”N  90° 49’ 43.046”W  12809.54  11000  800 

X Raymondville, 
TX 

26° 31' 55.141"N 97° 49' 59.539"W 27443.38 23000 540 

Y  Jupiter , FL  27° 01’ 58.528”N  80° 06’ 52.875”W  45201.88  43000  350 

Z Carolina Beach 34° 03' 46.208"N 77° 54' 46.100"W 61542.72 59000 600 
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 7990 MEDITERRANEAN SEA CHAIN 

*M  Sell ia  
      Mar ina, Italy  

38° 52’ 20.707”N  16° 43’ 06.713”E   165 

*X  Lampedusa,  
      Italy  

35° 31’ 20.912”N  12° 31’ 30.799”E  12755.98  11000  325 

*Y  Kargabarun,  
      Tu rkey  

40° 58’ 21.066”N  27° 52’ 02.074”E  32273.29  29000  165 

*Z   Estar t it , Spain   42° 03’ 36.629”N  03° 12’ 16.066”E  50999.71  47000 165 

8000 WESTERN RUSSIAN CHAIN 

M  Bryansk   53° 07' 50.600" N  34° 54' 44.800" E    1150  

W  Petrozavodsk   61° 45' 32.400" N  33° 41' 40.400" E  13,217.21  10,000 1150  

X  Slonim  53° 07' 55.200" N  25° 23' 46.000" E  27,125.00  25,000 1150  

Y  Simferopol  44° 53' 20.600" N  33° 52' 32.100" E  53,070.25 50,000 1150  

Z  Syzran  
    [Karachev]  

53° 17' 17.600" N  48° 06' 53.400" E  67,941.60 65,000 1150  

8290 NORTH CENTRAL U.S. CHAIN 

M  Havre, MT  48° 44’ 38.589”N 109° 58’ 53.613”W   400 

W  Baudette, MN  48° 36’ 49.947”N  94° 33’ 17.915”W  14786.56  11000  800 

X  Gillet te, WY  44° 00’ 11.305”N  105° 37’ 23.895”W  29084.44 27000 400 

Y   Williams  
     Lake, Canada 

51° 57’ 58.876”N 122° 22’ 01.686”W 45171.62 42000 400 

8390 CHINA EAST SEA CHAIN 

M  Xuancheng  31° 04' 07.937" N  118° 53' 09.625" E    1200  

X  Raoping  23° 43' 25.941" N  116° 53' 44.826" E  13,795.52  11,000 1200  

Y  Rongcheng  37° 03' 51.765" N  122° 19' 25.954" E  31,459.70  29,000 1200  

8830 SAUDI ARABIA NORTH CHAIN 

M  Afif  23° 48' 36.952" N  42° 51' 18.184" E    1000  

W  Salwa  24° 50' 01.631" N  50° 34' 12.574" E  13,645 11,000 1000  

X  Al Khamasin  20° 28' 02.025" N  44° 34' 52.894" E  27,265 25,000 1000  

Y  Ash Shaykh  
    Humayd  

28° 09' 15.997" N  34° 45' 40.544" E  42,645 40,000 1000  

Z  Al Muwassam  16° 25' 56.028" N  42° 48' 04.884" E  58,790 56,000 1000  

* Off air  
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8930 NORTHWEST PACIFIC CHAIN 

M  Niij ima  34° 24' 11.943" N  139° 16' 19.473" E    1000  

W  Gesashi  26° 36' 25.038" N  128° 08' 56.920" E  15,580.86  11,000 1000  

X  Minamitor i- 
    shima  

24° 17' 08.007" N  153° 58' 53.779" E  36,051.53  30,000 1100  

Y  Tokachibu to  42° 44' 37.214" N  143° 43' 09.757" E  53,349.53  50,000 600  

Z  Pohang  36° 11' 05.450" N  129° 20' 27.440" E  73,085.64  70,000 150 

8970 GREAT LAKES CHAIN 

M  Dana, IN  39° 51’ 07.658”N  87° 29’ 11.586”W    400 

W  Malone, FL  30° 59’ 38.870”N 85° 10’ 08.751”W 14355.11 11000  800 

X  Seneca, NY  42° 42’ 50.716”N  76° 49’ 33.308”W  31162.06  28000  800 

Y  Baudette,  
    MN  

48° 36’ 49.947”N  94° 33’ 17.915”W 47753.74  44000  800 

Z  Boise City,  
    OK  

36° 30’ 20.783”N  102° 53’ 59.487”W  63669.46  59000 900 

9007 EJDE CHAIN 

M  Ejde, Faroe  
     Islands 

62° 17' 59.837" N  07° 04' 26.079" W    400  

W  Jan Mayen,  
     Norway 

70° 54' 51.478" N  08° 43' 56.525" W  14,200 10,984 250  

X  Bø, Norway 68° 38' 06.216" N  14° 27' 47.350" E  28,000 23,952 400  

Y  Værlandet, 
    Norway 

61° 17' 49.435" N  04° 41' 46.618" E  41,100 38,997 250  

9610 SOUTH CENTRAL U.S. CHAIN 

M  Boise City,  
     OK  

36° 30’ 20.783”N  102° 53’ 59.487”W   800 

V  Gillet te, WY  44° 00’ 11.305”N 105° 37’ 23.895”W 13884.48  11000 540 

W  Searchlight,  
     NV 

35° 19’ 18.305”N  114° 48’ 16.881”W 28611.81 25000 560 

X  Las Cruces,  
    NM  

32° 04’ 18.130”N  106° 52’ 04.388”W 42044.93  40000  540 

Y  Raymondville,  
     TX  

26° 31’ 55.141”N 97° 49’ 59.539”W 56024.80  52000 540 

Z  Grangeville,  
    LA  

30° 43’ 33.149”N 90° 49’ 43.046”W  69304.00 65000 800 
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9930 EAST ASIA CHAIN 

M  Pohang  36° 11' 05.450" N  129° 20' 27.440" E    150  

W  Kwang Ju   35° 02' 23.996" N  126° 32' 27.295" E  11,946.97  11,000 50  

X  Gesashi  26° 36' 25.038" N  128° 08' 56.920" E  25,565.52  22,000 1000  

Y  Niij ima  34° 24' 11.943" N  139° 16' 19.473" E  40085.64  37,000 1000  

Z  Ussu r iisk   44° 31' 59.702" N  131° 38' 23.403" E  54,162.44  51,000 700 

9940 U.S. WEST COAST CHAIN 

M  Fallon, NV  39° 33’ 06.740”N  118° 49’ 55.816”W   400 

W  George, WA  47° 03’ 48.096”N 119° 44’ 38.976”W  13796.90 11000  1400  

X  Middletown,  
    CA  

38° 46’ 57.110”N  122° 29’ 43.975”W  28094.50  27000  400 

Y  Searchlight,  
    NV 

35° 19’ 18.305”N  114° 48’ 16.881”W  41967.30  40000  560 

9960 NORTHEAST U.S. CHAIN 

M  Seneca, NY  42° 42’ 50.716”N  76° 49’ 33.308”W   800 

W  Car ibou , ME  46° 48’ 27.305”N  67° 55’ 37.159”W 13797.20  11000  800 

X  Nantucket,  
    MA  

41° 15’ 12.046”N  69° 58’ 38.536”W  26969.93  25000  350 

Y  Carolina  
    Beach, NC  

34° 03’ 46.208”N  77° 54’ 46.100”W  42221.64  39000  600 

Z  Dana, IN  39° 51’ 07.658”N  87° 29’ 11.586”W  57162.06  54000  400 

9970 NORTHWEST PACIFIC CHAIN 

M  Iwo J ima, 
    Japan  

24° 48’ 03.734”N  141° 19’ 30.857”E    1815 

W  Marcus  
     Island, Japan  

24° 17’ 08.026”N  153° 58’ 53.786”E  15283.94  11000  1000 

X  Hokkaido,  
    Japan  

42° 44’ 37.217”N  143° 43’ 09.799”E  36685.12  30000  600 

Y  Gesash i, Japan  26° 36’ 25.110”N  128° 08’ 56.999”E  59463.18  55000  600 

Z  Barr igada,  
    Guam  

13° 27’ 50.092”N  144° 49’ 32.987”E  85365.84  81000 600 

9980 ICELANDIC CHAIN 

*M  Sandur,  
       Iceland 

64° 54’ 26.647”N  23° 55’ 21.196”W    1500 

*W  Angissoq,  
      Greenland 

59° 59’ 17.348”N  45° 10’ 26.916”W  15068.03  11000  760 

X  Ejde, Denmark  62° 17’ 59.713”N  07° 04’ 25.984”W  32944.54  30000  325 

9990 NORTH PACIFIC CHAIN 

M  Saint  Pau l, AK  57° 09’ 12.350”N  170° 15’ 06.245”W    275 

X  Attu  Island,  
    AK  

52° 49’ 44.134”N  173° 10’ 49.528”E  14848.23  11000  275 

Y  Port   
    Clarence, AK  

65° 14’ 40.372”N  166° 53’ 11.996”W  32068.95  29000  1000 

Z  Kodiak , AK  57° 26’ 20.301”N  152° 22’ 10.708”W  46590.45  43000 400 

* Off Air  
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A.4 NAVIGATION ACCURACY 

In  navigat ion, accuracy measures the er ror  between the point  desired and the point  
achieved, or  between the posit ion indicated by measurement  and the t rue posit ion. 
There are three types of accuracy relat ive to navigat ion: 

·  Absolu te—the difference between the Loran-C determined posit ion and the actual 
locat ion as defined by the geographic coordinates. Posit ion ing, using Loran-C 
signals and overpr in ted char ts, is specified by the U.S. government  to be with in 0.25 
naut ical mile of the absolu te posit ion, bu t  in  pract ice can be as close as 100 feet  
depending on environmental condit ions and receiver  locat ion in  relat ion to stat ions. 
The absolu te accuracy specificat ion of the U.S. government  was made for  single 
chain solu t ions. A mult i-chain solu t ion, as provided by the Loran-C receiver , is 
more accurate. 

·  Repeatable—the accuracy of how closely a user  can retu rn to a posit ion using 
coordinates that  have been measured at  a previous t ime using the same 
navigat ional system. Typically, using previously measured coordinates, a user  can 
retu rn to with in 60 to 300 feet  of the or iginal posit ion. 

·  Relat ive—the accuracy with which a user  can determine posit ion in  relat ion to 
another  user  of the same navigat ional system at  the same t ime. This measure of 
accuracy is especially impor tant  in  “search and rescue” situat ions. 
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The most  impor tant  determinant  of Loran-C based posit ional accuracy is the system’s 
geometry. The three most  impor tant  considerat ions in  the select ion of t ransmit ters used 
in  the calcu lat ion of posit ion are: 

·  Baseline extension 

·  Gradient  

·  TD lat t ice crossing angle 
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Loran-C is a two-dimensional posit ion ing system. It  provides data based on lat itude and 
longitude. 

GPS is a three-dimensional posit ion ing system. It  provides in format ion related to 
alt itude in  addit ion to data based on lat itude and longitude. 
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A.4.2.1 SIGNAL AVAILABILITY 

GPS is a very h igh frequency (1.575 GHz) and weak signal (-160 dBw) and Loran is a 
very low frequency (100 KHz) and st rong signal (+126 dBuV). GPS is a l ine-of-sight  
signal path. Loran wil l follow the curvature of the Ear th. Due to low signal st rength, the 
GPS signal is easily blocked by var ious sources of elect r ical noise and line-of-sight  
obstruct ions. Loran t ransmissions, due to the physical nature of the airwave signal, wil l 
be received in  a number  of locat ions where GPS recept ion is not  available. 

Loran-C has a 24-hour , 99.5% availabil ity target  in  all published coverage areas. The 
Nat ional Inst itu te of Standards and Technology (NIST) publishes a month ly bu llet in  that  
documents the previous month ’s t ransmission availabil ity and aler ts users of schedu led 
maintenance ou tages:  

h t tp:/ / www.bou lder .n ist .gov/ t imefreq/ service/ lorantrace.htm 

 

The US Coast  Guard publishes in format ion abou t  the Nor th Amer ican Loran Chains at  
the following website: 

h t tp:/ / www.navcenter .org/ loran/ defau lt .h tm 

 

GPS is not  always available at  any specific locat ion, depending on the orbit  status of the 
satell i tes. GPS cannot  provide the availabil ity necessary to be cer t ified as the sole 
means for  navigat ion. 

Loran and GPS can be the ideal complement  to each other  for  signal availabil ity. 
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APPENDIX B EUROFIX CONCEPTS 

Eurofix is an in tegrated navigat ion system developed by Delft  University that  combines 
Loran-C with different ial GPS and different ial GNSS (Global Navigat ion Satell ite 
System). In  Eurofix the Loran-C signal is used as a car r ier  for  different ial and in tegr ity 
in format ion. The signals are also modu lated using pu lse posit ion modu lat ion. This ext ra 
modu lat ion, however , shou ld not  in t roduce unwanted t rack ing biases for  normal Loran-
C users. On the other  hand, the service provided through the datalink  places 
requ irements on the data throughput , availabil it y and in tegr ity of the datalink . Clear ly, 
the datalink  has to meet  both Loran-C and Eurofix user  requ irements. 

Or iginally, the Loran-C datalink  was designed to car ry different ial and in tegr ity 
in format ion for  the Eurofix navigat ion system. Besides different ial GPS and GNSS 
correct ions, other  services can also be implemented. Up-to-date ASF calibrat ion tables 
can be uplinked to normal Loran-C users to improve accuracy. Also, the Loran-C 
datalink  cou ld provide a cont inental-wide emergency broadcast  network  for  so-called 
“shor t  messages.” In  dist ress situat ions the Loran-C datalink  can provide in format ion to 
paramedics and emergency staff in  vir tually any corner  of Europe and the U.S. 

In  the last  few years, extensive research has been done on the Eurofix datalink . Tr ials 
per formed by Megapu lse, Inc., using the U.S. Coast  Guard's Wildwood test  t ransmit ter , 
showed that  reliable data t ransmission as well as good DGNSS per formance is feasible. 
Since then, adjustments have been made on the modu lat ion schemes and coding 
st rategies to increase the data throughput  and improve availabil ity. 

The basics of the Eurofix system are explained in  greater  detail in  sect ion 4.4. This 
appendix focuses on the message st ructu re and message types of the Eurofix system. 

Most  of the mater ial in  th is appendix is taken from a paper  by Delft  University t it led 
“The Eurofix Datalink  Concept : Reliable Data Transmission Using Loran-C.” (For  a fu ll 
citat ion, see Appendix C.) 

B.1 EUROFIX DATALINK 

The purpose of the Eurofix datalink  is to t ranspor t  in format ion from the Loran-C stat ion 
to users. The in format ion can, in  pr inciple, be of any k ind. First , we examine the 
general model for  the Loran-C data channel and it s per formance parameters. Then, the 
rest r ict ions on the use of Loran-C pu lses as a car r ier  for  data are analyzed. 
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The following figure shows the general Loran-C datalink  model. At  the t ransmit ter  site, 
the in format ion is encoded and modu lated onto the Loran-C signal. Dur ing 
t ransmission the signals are cor rupted by noise, cont inuous wave in ter ference and 
crossrate in ter ference. At  the user  site, the signals are demodu lated and decoded, and 
the in format ion is provided to the user . 
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In  the design of a datalink  using the Loran-C signals, the following issues play an 
impor tant  role: 

·  The type of in format ion that  is t ransmit ted poses requ irements on the effect ive data 
throughput . 

·  On the other  hand, the host i le Loran-C environment  necessitates the use of st rong 
Forward Error  Correct ion to ensure the datalink  availabil ity. 

At  all t imes, data in tegr ity must  be ensured. 

For  different  types of services—DGNSS and in tegr ity messages or  the shor t  messages 
service—the emphasis on the three above issues is different . The applicat ion of the 
st rong Forward Error  Correct ion resu lts in  a large overhead, which reduces the effect ive 
data throughput . For  signals or iginat ing from nearby t ransmit ters, th is overhead 
appears to be unnecessar ily large. For  more remote t ransmit ters, however , the Error  
Correct ion is necessary to maintain the requ ired availabil ity. 

 

Clear ly, the choice of er ror  cor rect ion is a t rade-off between the requ ired data 
throughput  and tolerable Message Error  Probabil ity. Also, for  the in tegr ity of the 
t ransmit ted message, Forward Error  Correct ing and Detect ing codes need to be applied, 
as explained later  in  th is Appendix. 
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As Loran-C is a navigat ion system in itself, the transmission of in format ion  is rest r icted 
by Loran-C navigat ion requ irements and parameters. The addit ional pu lse posit ion 
modu lat ion shou ld not  in fluence normal Loran-C operat ion. Therefore, the following 
rest r ict ions are imposed on the use of the Loran-C data channel: 

·  The Loran-C blink ing service must  be preserved, which excludes the first  two pu lses 
of each Loran-C group of Eurofix modu lat ion. 

·  The modu lat ion is not  allowed to induce t rack ing biases, which requ ires a balanced 
type of modu lat ion. 
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·  The modu lat ion index must  be kept  small in  order  to prevent  an undesirable loss in  
t rack ing signal power . 

Previously, two-level modu lat ion with a 1-� s modu lat ion index was used to t ransmit  
data over  the Loran-C channel. In  other  words, data was presented as 1-� s t ime-shifted 
Loran-C pu lses. However , the modu lat ion schemes have evolved. Now, instead of 2-level 
modu lat ion, the th ird level (a prompt  pu lse) is also used. The applicat ion of 3-level 
modu lat ion (1-� s advance, prompt , or  a 1-� s delay) has two advantages over  2-level 
modu lat ion: 

·  Increase of raw data rate with a factor  of approximately  
2log 3 = 1.58. 

·  Decrease in  signal loss for  convent ional Loran-C receivers. A cer tain number  of the 
1-� s t ime-shifted pu lses are replaced by prompt  pu lses, which in t roduce no 
t rack ing signal loss. 

However , the in troduct ion of the th ird modu lat ion level increases the sensit ivity of the 
demodu lat ion for  random errors. 

Balanced modulation patterns in Eurof ix 3-level modulation 

Modu lat ion Pat tern Combinat ion Example Number  of 
Combinat ions 

6 x zero (0) 0 x plus (+) 0 x minus (-) 0 0 0 0 0 0 1 

4 x zero 1 x plus 1 x minus 0 0 + 0 -  0 30 

2 x zero 2 x plus 2 x minus 0 + -  + 0 - 90 

0 x zero 3 x plus 3 x minus + + - - - + 20 

Total= 141 

For  example, the 7-bit  symbol “1 0 0 1 0 1 1” is encoded as the 6-pu lse pat tern,          
“0 + 0 - 0 0”. In  th is way, all 128 (27) of the possible 7-bit  symbols have a matching 
pat tern. Note that  13 pat terns are not  used. 

B.2 MODULATION SCHEMES 

This sect ion descr ibes the applied modu lat ion schemes for  the Eurofix datalink , 
designed to meet  the Loran-C balancing requ irement . As stated before, only the last  six 
pu lses per  Loran-C group can be modu lated. 

Fur thermore, the modu lat ion shou ld be balanced to prevent  undesired t rack ing biases 
(an equal number  of advances and delays per  GRI). 

The previous table shows that  with  3-level modu lat ion, 141 of a possible 729 (36) 
modu lat ion pat terns are balanced. The ident ifiers zero, plus, and minus cor respond to 
the number  of prompt , delayed, and advanced pu lses in  a group of 6, respect ively. 

Of the 141 balanced modu lat ion pat terns, a subset  of 128 is selected to represent  7 bits 
of data. Although the all-zero word is fu lly balanced, it  is not  included in  order  to 
dist ingu ish between a Eurofix modu lated Loran-C t ransmit ter  and a convent ional one. 
The following table shows the t ranslat ion from a 6-pu lse modu lat ion pat tern in to a 7-bit  
symbol. 
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This t ranslat ion has two major  effects: 

·  As each 7-bit  symbol is spread over  six t ransmit ted pu lses, the recept ion of one 
cor rupted pu lse wil l affect  mu lt iple bits in  the symbol. 

·  The balancing requ irement  inherent ly in troduces some form of er ror  detect ion. If the 
received modu lat ion pat tern is not  balanced, the pat tern cannot  be t ranslated in to 
bits and a symbol erasure wil l be declared. This erasure has to be cor rected by 
addit ional Forward Error  Correct ion. 

The in fluence of th is type of modu lat ion on normal Loran-C usage is very small 
compared to ear lier  modu lat ion schemes. Calcu lat ions show that  th is type of 
modu lat ion in t roduces a signal loss of only 0.79 dB, which is 0.55 dB less than the loss 
in t roduced by ear lier  modu lat ion pat terns. Therefore, the addit ional modu lat ion of the 
Loran-C signals in t roduces hardly any changes to normal Loran-C per formance.  

Fu ture Loran-C receivers, which wil l have knowledge of the Eurofix modu lat ion, wil l 
easily compensate for  the applied modu lat ion once the pu lses are demodu lated (re-
modu lat ion). This wil l cancel the signal loss completely.  

Note that  the in fluences of crossrate in ter ference and blank ing, phenomena inherent  to 
the choice of the Loran-C signal st ructu re, cause larger  signal degradat ion. 

Example of translation from 6-pulse modulation pattern into a 7-bit symbol (“0”  = prompt, 
“+”  = 1-ms delay, “ -”  = 1 ms advance) 

Modu lat ion Pat tern Bit  Representat ion 

— — 0 0 + + 1   0   0   0   0   0   0 

— — 0 + 0 + 0   1   0   0   0   0   0 

— — 0 + + 0 0   0   1   0   0   0   0 

— — + 0 0 + 0   0   0   1   0   0   0 

 :   :       :                   : 

With Loran-C GRIs varying between 40 ms and 100 ms, the raw bit  rate available for  
data t ransmission ranges from 175 to 70 bps. As stated before, a par t  of th is raw bit  
rate has to be used for  Forward Error  Correct ion to ensure datalink  availabil ity and 
in tegr ity. The next  sect ion descr ibes the coding st rategies used for  the Eurofix datalink . 

B.3 FORWARD ERROR CORRECTION 

Nowadays, the use of Forward Error  Correct ion (FEC) codes is common in any 
broadcast  communicat ion system. When the user  is not  able to acknowledge the valid 
or  invalid recept ion of the t ransmit ted message, these codes provide an effect ive means 
to cor rect  occasional er rors (improved availabil ity) and validate the data (in tegr ity). 
Fur thermore, the aggressive Loran-C signal environment  makes forward er ror  
cor rect ion absolu tely necessary. 
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The Loran-C data channel is main ly distu rbed by the following three er ror  sources: 

·  Atmospher ic noise 
·  Cont inuous Wave in ter ference 
·  Crossrate in ter ference 

In normal Loran-C receivers the effects of these er ror  sources can be reduced to a 
cer tain extent  through averaging. However , when data is t ransmit ted using the Loran-C 
channel, every pu lse car r ies in format ion that  has to be recovered. The use of averaging 
to improve the data signal quality before demodu lat ion is therefore impossible. 

Signals from remote Loran-C stat ions are heavily distu rbed by crossrate in ter ference. 
When large crossrate pu lses coincide with pu lses car rying Eurofix in format ion, the 
chances are very h igh that  the data cannot  be recovered. Also, if a group of pu lses is h it  
by crossrate in ter ference, it  is very l ikely that  more than one pu lse is cor rupted. Hence, 
crossrate in ter ference gives r ise to so-called burst  er rors. 

On top of that , the h igh ambient  noise levels in t roduce addit ional random errors in  the 
demodu lat ion of the pu lses. When no countermeasures are taken for  these types of 
noise and in ter ference, the availabil ity of the datalink  is reduced almost  to zero. 

The use of FEC codes can compensate for  a cer tain amount  of er rors at  the cost  of 
increased message overhead. The choice of the amount  and type of er ror  cor rect ion 
need to be specially designed for  the ext raordinary Loran-C signal condit ions. For  
Eurofix, it  seems that  a concatenat ion of a simple par ity check (capable of detect ing 
single er rors) with  a Reed-Solomon code (capable of cor rect ing burst  er rors) is a good 
combinat ion. This par ity check is already provided by the balanced modu lat ion pat terns 
descr ibed in  the previous sect ion. 

The encoding process of a message consists of 56 bits of in format ion plus a 14-bit  
Cyclic Redundancy Check (CRC), a total of 10 GRIs. The in format ion bits are divided 
in to groups of seven bits each, so they can be represented by a single modu lat ion 
pat tern. Then, these 10 groups are fed in to a Reed-Solomon encoder . 

There are either  8 or  10 in format ion symbols, depending on whether  the CRC is 
included. Based on the in format ion symbols, the encoder  adds par ity symbols (each of 
seven bits in  length). The length of the total message depends on the st rength of the 
applied Reed-Solomon code. Finally, each symbol is modu lated onto the Loran-C signal 
using its unique balanced modu lat ion pat tern, and is t ransmit ted to the user . 
Current ly, tests are done with messages contain ing 10 GRIs of in format ion encoded in  
14, 20, or  30 GRIs to test  different  FEC st rengths. 
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When a message is received, demodu lated and decoded, the user  shou ld be able to rely 
on its cor rectness. If the in format ion contained in  a message is wrong due to er rors 
dur ing recept ion, its use can have large consequences for  the safety of the total 
operat ion. Therefore, the probabil ity of undetected er ror  shou ld be kept  very low. The 
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message in tegr ity in  the Eurofix datalink  concept  is protected using the following three 
mechanisms: 

·  The lowest  level of in tegr ity is provided by the signal demodu lator  using RASIM 
(Receiver  Autonomous Signal In tegr ity Monitor ing). Before a decision abou t  the 
possible t ransmit ted modu lat ion pat tern is made, the signal quality is checked. 
Strong crossrate in ter ference as well as large atmospher ic noise peaks is easily 
detected (erasures). 

·  The use of a Reed-Solomon code as the FEC code in t roduces an addit ional level of 
in tegr ity. Depending on the dimensions of the code (Hamming distance) and the 
number  of erasures contained in  the demodu lated message, the probabil i ty of 
undetected er ror  can be calcu lated. 

·  In  the provisional data format , a 14-bit  Cyclic Redundancy Check (CRC) is included. 
This CRC provides a final safety net  for  the message in tegr ity.  

All three in tegr ity mechanisms act  independent ly on different  levels of the message. 
Hence, the total message in tegr ity is the product  of the contr ibu t ions of the three 
mechanisms. Depending on the demands of the service provided through the datalink , 
the parameters of the three components can be adjusted to meet  the requ ired in tegr ity 
level.  

Clear ly, a h igher  level of in tegr ity wil l reduce availabil ity. In  any case, a measure for  
message in tegr ity can be given for  each received message.  
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The demodu lat ion and decoding of the Eurofix messages consist  of four  steps. 

·  First , the incoming pu lses are demodu lated. Based on the signal character ist ics, a 
best  guess of the t ransmit ted t ime modu lat ion can be given. Also, if the pu lse is 
heavily distu rbed (e.g., crossrate), the demodu lator  wil l declare a pu lse erasure, and 
no hard decision on the pu lse's modu lat ion wil l be given. 

·  Second, each group of six pu lses is checked. If the group is balanced and valid, the 
equ ivalent  7-bit  symbol wil l be calcu lated. If the group is unbalanced or  an i l legal 
pat tern is received (one of the 13 remain ing pat terns), a symbol erasure is declared. 
The demodu lator  cannot  give a reliable est imate of the received 7-bit  symbol. 

·  Third, the 7-bit  symbols and erasures are fed in to a decoding algor ithm. This 
algor ithm can recover  the in format ion based on the valid symbols and symbol 
erasures declared by the demodu lator . Depending on the applied coding 
parameters, a number  of symbol er rors and erasu res can be cor rected. Also, the 
requ ired data in tegr ity sets a maximum on the number  of symbols that  can be 
cor rected. 

·  Four th, a Cyclic Redundancy Check (CRC) of the message is per formed before the 
in format ion is presented to the user . If a possible decoder  er ror  is detected, the 
message is discarded. Depending on the number  of erasures encountered by the 
decoder , the Reed-Solomon parameters and the CRC, a message in tegr ity indicat ion 
can be given to the user . The user  can then decide whether  the in tegr ity of the 
message meets the requ irements. 
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APPENDIX C REFERENCES 

The descr ipt ion of the Eurofix system in the “Navigat ion” chapter  is taken from a paper  
by Delft  University t it led “Eurofix System and its Developments,” G.W.A. Offermans, 
A.W.S. Helwig, D. van Will igen, presented at  NAV98, the 1998 Internat ional Conference 
of the Royal Inst itu te of Navigat ion, London, UK, December  9-11, 1998. 

The descr ipt ion of the Eurofix datalink , message st ructu re, and message types in  
Appendix B is taken from a paper  by Delft  University t it led “The Eurofix Datalink  
Concept : Reliable Data Transmission Using Loran-C,” G.W.A. Offermans, A.W.S. Helwig, 
D. van Will igen, presented at  the 25th Annual Technical Symposium of the 
Internat ional Loran Associat ion, San Diego, CA, November  3-7, 1996. 

For  more in format ion on  Loran-C systems, see the following Web sites. Please be aware 
that  web links do occasionally change: 

·  w w w.nels.org  (Nor thwest  European Loran System) 

·  w w w.navcen.uscg.mil  (U.S. Coast  Guard Navigat ion Center ) 

·  w w w.uscg.mil/ hq/ lsu/ w ebpage/ lsu.htm  (U.S. Coast  Guard Loran Suppor t  Unit ) 

·  w w w.notmar.com  (Canadian Coast  Guard, Mar ine Navigat ion Services) 

For  more in format ion on  professional and standards organizat ions, see the following 
Web sites: 

·  w w w.ila.org  (In ternat ional Loran Associat ion) 

·  w w w.ion.org  (The Inst itu te of Navigat ion) 

·  w w w.rtcm.org  (Radio Technical Commission for  Mar it ime Services) 

·  w w w.rtca.org  (Radio Technical Commission for  Aeronaut ics) 

·  w w w.nmea.org  (Nat ional Mar ine Elect ronics Associat ion) 

·  w w w.boulder.nist.gov (Nat ional Inst itu te of Standards and Technology) 

For  more in format ion on  Eurofix, see the following Web sites: 

·  w w w.eurof ix.tudelf t.nl  (TU Delft  Eurofix Pages) 

For  more in format ion on  aviat ion radionavigat ion , see the following Web sites: 

·  w w w.icao.int  (In ternat ional Civil Aviat ion Organizat ion) 

·  w w w.eurocontrol.be  (Eu rocontrol) 

·  w w w.faa.gov  (U.S. Federal Aviat ion Administ rat ion) 

For  more in format ion on  mar ine radionavigat ion, see the following Web sites: 

·  w w w.iala-aism.org  (In ternat ional Associat ion of Lighthouse Author it ies) 

·  w w w.cil.ie  (The Commissioners of Ir ish Lights) 
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For  more in format ion on  precision t iming, see the following Web sites: 

·  w w w.bipm.fr  (Bureau Internat ional des Poids et  Mesures) 

·  tycho.usno.navy.mil  (U.S. Naval Observatory) 

·  tycho.usno.navy.mil/ ptti.html  (Precision Time and Time Interval)
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APPENDIX D ABBREVIATIONS AND 

ACRONYMS 

·  AC. Alternat ing cur rent . 

·  ASF (addit ional secondary factor ). In Loran-C, a cor rect ion in  addit ion to the 
secondary phase factor  cor rect ion for  the addit ional t ime (or  phase delay) for  
t ransmission of a low-frequency signal over  a composite land-seawater  path, when 
the signal t ransmit  t ime is based on the free-space velocity. 

·  BIPM (Bureau Internat ional des Poids et  Measures). An organizat ion that  calcu lates 
TAI (In ternat ional Atomic Time). 

·  CPU. Central processing unit  of a computer . 

·  CRC (cyclic redundancy check). A final safety check of Eurofix message in tegr ity. 

·  dB (decibels). The unit  generally used to express signal-to-noise rat io (SNR). 

·  DC. Direct  cur rent . 

·  DGNSS (different ial global navigat ion satell i te system). Different ial GNSS, the use of 
GNSS measurements, some or  all of which are different ially cor rected. 

·  DGPS (different ial global posit ion ing system). Different ial GPS, the use of GPS 
measurements that  are different ially cor rected. 

·  DSP. Digital signal processing. 

·  DTE. Data terminal equ ipment . 

·  ECD (envelope to cycle distor t ion). The t ime relat ionship between the phase of the 
Loran-C car r ier  and the t ime or igin of the envelope waveform. 

·  ESD. Elect rostat ic discharge. 

·  FEC (Forward er ror  cor rect ion). A means of cor rect ing occasional er rors and 
validat ing data in  a broadcast  communicat ion system. 

·  FERNS (Far  East  radionavigat ion system). A Loran-C consor t ium that  includes 
Japan, China, Korea, and Russia. 

·  GDOP (geometr ic dilu t ion of precision). A value represent ing all geometr ic factors 
that  degrade the accuracy of a posit ion fix der ived from a navigat ion system. 

·  GNSS (global navigat ion satell i te system). Any single or  combined satell i te 
navigat ion system. Current ly the opt ions are: GPS, GLONASS, and combined 
GPS/ GLONASS. 

·  GLONASS. An all-weather , cont inuous satell i te navigat ion system maintained by the 
Russian Space Forces. It  is normally composed of 24 satell i tes in  three orbital 
planes, with  eight  satell i tes in  each plane. The spacing of satell i tes in  orbit  is 
ar ranged so that  a min imum of four  satell i tes wi l l be in  view to users wor ldwide, 
providing posit ion dilu t ion of precision (PDOP) of 6 or  less. 

·  GPS (global posit ion ing system). The fu ll name is NAVSTAR Global Posit ion ing 
System. GPS is an all-weather , cont inuous satell i te navigat ion system developed by 
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the Depar tment  of Defense under  Air  Force management . The fu lly deployed 
operat ional system is in tended to provide h ighly accurate posit ion and velocity 
in format ion in  three dimensions and precise t ime and t ime in terval on a global 
basis, to an unlimited number  of au thor ized users. Although developed pr imar ily for  
military missions, cur rent  policy calls for  civil availabil ity with  a degradat ion in  
system accuracy in  order  to protect  U.S. nat ional secur ity in terests. 

·  GRI (group repet it ion in terval). For  a par t icu lar  Loran-C chain, the specified t ime 
in terval for  all stat ions of the chain to t ransmit  their  pu lse groups. For  each chain a 
min imum GRI is selected of su fficient  durat ion to provide t ime for  each stat ion to 
t ransmit  its pu lse group, and addit ional t ime between each pu lse group, so that  
signals from two or  more stat ions cannot  over lap in  t ime anywhere with in the 
coverage area. 

·  HDOP (hor izontal dilu t ion of precision). Similar  to GDOP, except  that  elevat ion 
factors are ignored. 

·  Hz. Her tz. 

·  IRQ. Inter rupt  request . 

·  ISO. Internat ional Standards Organizat ion. 

·  KHz. Kiloher tz. 

·  kV. Kilovolt . 

·  LAD. Linear  Averaging Digital. 

·  LED (l ight  emit t ing diode). Type of display commonly used with elect ronic 
equ ipment . 

·  LOPs (l ines of posit ion). In  Loran-C navigat ion systems, vectors obtained by 
measurement  of the t ime difference between the receipt  of the master  and slave 
signals, which is then used to select  a cor responding LOP from a char t  or  table. Two 
or  more in tersect ing LOPs are requ ired to obtain a posit ion fix. 

·  MHz. Megaher tz. 

·  NELS (Nor thwest  European Loran-C System). A Loran-C consor t ium that  includes 
the countr ies of France, the Nether lands, Norway, Denmark , Germany, and Ireland. 

·  NIST. Nat ional Inst itu te of Standards and Technology. 

·  NMEA (Nat ional Mar ine Elect ronics Associat ion). This organizat ion ’s standard allows 
mar ine elect ronics to send in format ion to computers and other  mar ine equ ipment . 
The standard also defines GPS receiver  communicat ion. 

·  PC. Personal computer . 

·  PCI (phase code in terval). With in a Loran-C pu lse, the durat ion of an ent ire phase-
coded pat tern. One PCI is equal to two GRIs. 

·  RAM. Random access memory, in  a computer . 

·  RASIM (Receiver  Autonomous Signal In tegr ity Monitor ing). The lowest  level of 
Eurofix message in tegr ity is provided by the signal demodu lator  using RASIM. 

·  RF. Radio frequency. 

·  ROM. Read-only memory, in  a computer . 

·  SAM. System area monitor . 
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·  SNR (signal-to-noise rat io). The rat io of the magn itude of a signal to that  of the noise 
(in ter ference), often expressed in  decibels. 

·  TAI (In ternat ional Atomic Time). A stat ist ical t ime scale calcu lated by the Bureau 
Internat ional des Poids et  Measures (BIPM) from the readings of more than 200 
atomic clocks in  more than 30 countr ies. 

·  TD (t ime difference). In  Loran-C, the t ime difference measured from the t ime of 
recept ion of the master  stat ion signal to the t ime of recept ion of the slave stat ion 
signal. 

·  TOA. Time of ar r ival. 

·  TOD. Time of day. 

·  TTFF. Time to First  Fix. 

·  USCG. United States Coast  Guard. 

·  USNO. United States Naval Observatory. 

·  UTC (Coordinated Universal Time). A t ime scale based on the rotat ion of the ear th 
that  is disseminated by most  broadcast  t ime services. 

·  WAAS (wide-area augmentat ion system). An augmentat ion to GNSS that  uses 
geostat ionary satell i tes to broadcast  GNSS integr ity and cor rect ion data, and 
addit ional ranging signals. 

·  WGS (Wor ld Geodet ic System). A consistent  set  of parameters descr ibing the size 
and shape of the ear th, the posit ions of a network  of points with respect  to the 
center  of mass of the ear th, t ransformat ions from major  geodet ic datums, and the 
potent ial of the ear th (usually in  terms of harmon ic coefficients). 
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APPENDIX E SPECIFICATIONS 

This appendix l ists the specificat ions for  your  SatMate/ CsSync receiver . 

E.1 RECEIVER 

Signal level 30 to 120 db uV/ M 

Inter ference 
cancellers 

E-Field - 25 au tomat ic, var iable Q notches 
H-Field - 24 au tomat ic, var iable Q notches 

Track ing 
capabil ity 

Up to 40 stat ions, 8 chains simu ltaneously t racked; t racks 
CHAYKA (Russian Loran) 

E.2 PERFORMANCE 

Acqu isit ion 
t ime (at  25°C) 

15 seconds typical TTFF — warm star t ; 120 seconds typical 
TTFF — cold star t  to first  data 

Independent  
posit ion 
calcu lat ion rate 

1-second posit ion update rate (typical) 

 

E.3 POWER SUPPLY 

All power  supply opt ions are designed for  in ternat ional operat ion.  

DC input  power  
The SatMate/ CsSync 1030 unit  accepts DC power  input  at  
10-36 VDC, ± 20%.  

DC input  power  
connector  

Four-posit ion, lock ing connector .  

DC input  power  
fuse 

The DC input  power  is fused. The fuse is au to-reset t ing; no 
user  in teract ion is requ ired. 

Power  switch Front  Panel mounted “rocker” style switch. 

External 
switch ing power  
supply 

An external switch ing power  supply provides operat ion from 
AC line power , if necessary. The supply suppor ts 
in ternat ional operat ion and meets UL, CSA, and CE 
requ irements.  

AC input  power  
Use the external AC/ DC conver ter  (above) if AC operat ion is 
requ ired. Input  AC voltages of 90 to  
260 VAC, 47 to 63 Hz are suppor ted.  

Consumpt ion 18 W nominal 
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E.4 ANTENNA 

Only Locus antennas are su itable for  use with the SatMate/ CsSync receivers. The 
SatMate/ CsSync receiver  suppor ts the use of the Locus E-field antenna or  the Locus H-
Field antenna.  The H-field can also be combined with a GPS antenna in  the same 
Locus enclosure.  

E-f i eld an t enna  

  Height  

 

45.7 cm (18") 

  Cable lengths To 457 meters (1,500 feet) with  24-gauge cable 

To 915 meters (3,000 feet) with  18-gauge cable  

H-f i eld Ant enna 

  Dome height     
   - including 1" –  
     14 mast  thread 

 

 96.6 mm (3.80")  

128.4 mm (5.06") 

  Dome diameter  199.0 mm (7.84") 

  Cable lengths To 152 meters (500 feet) with  24-gauge cable 

To 305 meters (1,000 feet) with  18-gauge cable 

 

E.5 TIMING OUTPUTS 
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The 1PPS outpu t  is frequency-locked to the selected Loran-C signal when operated in  
the PLL mode or  aligned to the TAI second in  the TAI mode. The Loran receiver  is 
programmed via its ser ial in ter face as to which Loran-C t ransmit ter  it  t racks. The 1PPS 
outpu t  meets the specificat ions in  the following table: 

Number  of por ts 1 

Connector  type BNC 

Pu lse width 1.6 ms, fixed 

Synchronizat ion Rising edge on t ime 

Control step size 25 ns or  less 

Pu lse polar ity Normally low with a h igh pu lse (polar ity standard) 

Logic level TTL in to 50 ohms 

Rise/ fall t ime TRISE /  TFALL < 50 ns  

The t ime of the next  1PPS is communicated over  the auxil iary Ser ial Por t  “B” each 
second.  
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You can set  the ou tpu t  por t  via the ser ial command in ter face. The frequency ou tpu t  is 
coherent  with the 1PPS. The specificat ions for  th is por t  is shown in the fol lowing table: 

Number  of por ts 1 

Connector  type BNC 

Frequency 1, 1.544, 2.048, 5 or  10 MHz 

Amplitude TTL in to 50 W 

Wave shape Square 

Duty cycle 50% ± 10%  

 

E.6 COMMUNICATION INTERFACE 

Control/  
data ser ial 
por t  

The control/ data Ser ial Por t  “A” operates at  RS-232C signal levels and 
suppor ts bi-direct ional ser ial communicat ions at  data rates to 115.2 
Kb/ s fu ll-duplex. The protocol is programmable; factory defau lts are 1 
star t  bit , 8 data bits, 2 stop bits, and no par ity. The connector  is a DB9 
male and the SatMate/ CsSync connect ion is a Data Terminal 
Equ ipment  (DTE) connect ion. 

Auxil iary 
ser ial ou tpu t  
por t  

Simplex Ser ial Por t  “B” suppor ts Time of Day (TOD), NMEA 0183, and 
RTCM SC104 outpu ts for  SatMate. Suppor ted data rates are 300, 600, 
1200, 4800, 9600, 19,200, 38,400, 57,600, and 115,200 bits per  
second. 

NMEA 0183 The Talker  ser ial por t  communicates NMEA 0183 messages. The por t  
meets the Hardware Specificat ion, Data Transmission Specificat ion, 
and Data Format  Protocol of the NMEA 0183 Version 2.3 Specificat ion.  

RTCM 
SC104 

The SatMate/ CsSync communicates RTCM SC104 Type 9 DGPS 
messages, as defined by Version 2.2 of the RTCM Recommended 
Standards for  Different ial GNSS Service. 

Time of day  Year  and t ime of year  (day-second) are t ransmit ted every second over  
the auxil iary Ser ial Por t  “B”. The protocol and data rate are 
programmable.  

Data 
message 

TDs, TOAs, lat itude, longitude, t ime; Eurofix data 

Alarms Stat ion blink , ECD skywave uncer tainty, cycle slip, SNR 
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E.7 MECHANICAL REQUIREMENTS 

·  Enclosure defin it ion. The receiver  enclosure is a metal, 1U, EIA rack-mountable 
enclosure that  is also su itable for  bench use. The enclosure meets applicable EMC 
requ irements. 

·  Physical dimensions. The physical dimensions of the enclosure are 43.7 mm high x 
212.6 mm wide x 203.2 mm deep (1.72" h igh (1U), 8.37" wide, and 8.00" deep). The 
width can be extended to 482.6 mm (19”) with  an opt ional 100-004100 rack  mount ing 
k it . 

·  User  in ter face. There is no display or  keypad. User  in ter face is via the ser ial 
communicat ion in ter face. Operat ing status is communicated by three LED indicators on 
the front  panel of the SatMate/ CsSync enclosure. The color  and funct ion of the LEDs 
are l isted below:  

Indicator  LED Color  How Indicated 

Power Green On when powered 

Signal lock  Green On when phase-locked to a Loran stat ion 

Alarm Amber On when system is in  alarm status 

E.8 ENVIRONMENTAL REQUIREMENTS 

Ambient Operat ing temperatu re Between - 25°C and 60°C 

Storage temperatu re The range is from -40°C to +85°C 

Humidity range The range is 95% R.H. (non-condensing) 

Water  t ightness The un its are not in tended to be water  t ight and are 
not conformal coated 

Lightn ing protect ion Secondary lightn ing protect ion is provided on the 
SatMate/ CsSync's in ternal in ter face board 
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$  command, 52 
/  command, 27 
? command, 3, 22, 24, 33 

 

1PPS outpu ts, 15 
1PPS specificat ions, 84 
30-degree ru le, 8 

A 

Absolu te accuracy, 68 
Accuracy, of navigat ion, 68 
AC-to-DC power  conver ter , 14 
Adding chains, 21 
Addit ional secondary factor , 36, 42, 61, 71, 
79 
Antenna 

connector , 15 
grounding, 9, 11 
installat ion, 7 
mast  mount ing, 9 
mount ing, 8 
plat form mount ing, 10 
site select ion, 7 
specificat ions, 84 
test ing installat ion, 13 

Antenna gain, 24 
ASF, 36, 42, 61, 71, 79 
Atmospher ic noise, 75 
Automat ic data update, 26 

B 

Baseline extension, 32, 68 
BAUD command, 3, 19 
Baud rate, 3, 19 
BIPM, 79 
Blink  alarm flag, 25 
Bureau Internat ional des Poids et  
Measures, 79 
Burst  er rors, 75 

C 

Cable connect ions, 14 
Calcu lat ion incomplete flag, 35 
Cesium clock , 22, 53 
Chains, 2, 19, 54 

adding, 21 
delet ing, 21 
deselect ing for  navigat ion, 37 
select ing for  navigat ion, 37 

Circu it  board temperatu re, 28 
CLEAR command, 28 
Clock coherency, 18, 24 
Clock diagnost ics, 24 
Clock PLL mode, 26 
Communicat ion in ter face specificat ions, 85 
Conduct ivity, 38 
Context  swaps, 28 
Cont inuous Wave in ter ference, 75 
Control voltage, 24 
Coordinated Universal Time, 81 
Correct ion factor , 61 
Coverage area, 54 
CRC, 44, 75, 76, 79 
Cr imp splice connector , 11 
Crossing angle, 68 
Crossrate in ter ference, 57, 60, 75 
Current  receiver  set t ings, 51 
Cyclic redundancy check , 44, 75, 76, 79 
Data collect ion events, 28 

D 

Data t ransmission, Eurofix, 43 
Data update, 26 
Datalink  

Eurofix, 43, 71 
in tegr ity of Eurofix, 75 
Loran-C, 71 

DATE command, 51 
DC connector  pinouts, 14 
DC Input  por t , on receiver , 14 
Decoding of Eurofix messages, 76 
DEFAULT FACTORY command, 19, 51 
DEFAULT SETTINGS command, 19, 37, 50 
Delet ing chains, 21 
Delft  University, 41, 71 
DGLONASS, 41 
DGNSS, 41, 71, 79 
DGPS, 41, 79 
Different ial global navigat ion satell i te 
system, 41, 71, 79 
Different ial global posit ion ing system, 41, 
79 
Display of navigat ional data, 33 
Display of stat ion data, 24 
Duplicate GRI, 21 

E 

ECD, 20, 79 
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ECD invalid flag, 26 
ECHO command, 2, 18 
Edit ing Search List , 19 
EGNOS, 42 
E-mail, Locus, 52 
Envelope to cycle distor t ion, 20, 79 
Environmental requ irements, 86 
Eurofix 

data t ransmission, 43 
datalink , 43, 71 
datalink  in tegr ity, 75 
demodu lat ion and decoding messages, 76 
er ror  cor rect ion, 75 
in t roduct ion, 42 
messages, 71 
modu lat ion, 73 
operat ion, 41 
pu lses, 71, 73, 76 
RTCM messages, 43 

F 

Far  East  radionavigat ion  system, 54, 79 
Fax number, Locus, 52 
FEC, 43, 72, 74, 79 
FERNS, 54, 79 
File compression, 6 
Flags 

navigat ion data, 35 
stat ion data, 25 

FORMAT command, 27 
FORMAT NAV command, 33 
FORMAT NMEA command, 36 
FORMAT PRECISE command, 29 
FORMAT TD command, 28 
Forward er ror  cor rect ion , 43, 72, 74, 79 
Frequency ou tpu t  specificat ions, 85 
Frequency ou tpu ts, 15 

G 

Gain, 24 
GDOP, 79 
General system flags, stat ion data, 25 
Geometr ic dilu t ion of precision, 79 
Geometry, Loran-C, 68 
GLC format , NMEA, 40 
GLL format , NMEA, 40 
Global coverage, Loran-C, 54 
Global navigat ion satell i te system, 79 
Global posit ion ing system, 54, 79 
GLONASS, 41, 79 
GNSS, 79 
GPS, 54, 79 

signal availabil ity, 69 
vs. Loran-C, 68 

Gradient , 32, 68 
GRI, 19, 54, 55, 80 

number , 55 
Grounding the antenna, 9, 11 
Groundwaves, 57 
Group repet it ion in terval, 54, 55, 80 

H 

Hamming distance, 76 
HDOP, 80 
HELP CHAINS command, 3 
HELP command, 3 
Help system, 3 
Hor izontal dilu t ion of precision, 80 
HyperTerm, 6 

I  

In it ializing system software, 18 
Installat ion procedures, 5 

antenna, 7 
cabling, 14 
receiver  mount ing, 13 

Inter ferers, 59 
Internat ional Atomic Time, 81 
Inter rupt  Request , 6 
Invalid posit ional fix flag, 35 

L 

Lat itude display, 34 
LCD format , NMEA, 41 
LEDs on receiver , 18 
Linear  Averaging Digital (LAD) technology, 2 
Lines of posit ion, 80 
Lock LED, 18 
Locus technical suppor t , 49, 52 
Longitude display, 34 
LOPs, 80 
Loran, 53 
Loran-C, 53 

adding chains, 21 
chains, 19, 21 
datalink , 71 
datalink  rest r ict ions, 72 
delet ing chains, 21 
geometry, 68 
global coverage, 54 
phase shifts, 58 
pu lses, 42 
radio frequency, 58 
searching for  chains, 19, 21 
signal availabil ity, 69 
t ransmit ter  locat ions, 62 
vs. GPS, 68 

M 

Mast  mount ing, antenna, 9 
Master  not  found flag, 26 
Master  stat ions, 53 
Master  unavailable flag, 36 
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Mechanical requ irements, 86 
Megapu lse, Inc., 71 
Mobile mode, 37 
MODE command, 37 
Modem requ irements, 7 
Modu lat ion, 73 

index, 73 
pat terns, 73 

Monitor  mode, 37 
Mount ing the antenna, 8 

mast , 9 
plat form, 10 

MSAS, 42 

N 

Nat ional Mar ine Elect ron ics Associat ion, 
39, 80 
NAV AUTOASF command, 38 
NAV command, 37 
NAV CONDUCTIVITY command, 38 
NAV OFF command, 37 
Navigat ion, 2, 31 

accuracy, 68 
commands, 33 
data display, 33 
receiver  solu t ion, 32 
receiver  solu t ion of posit ion, 39 
warning flags, 35 

NAVSTAR, 79 
NELS, 54, 80 
New stat ion flag, 25 
NMEA, 80 

ou tpu ts, 39 
Noise, 28 
Noise floor , 57 
Normalizat ion factor , 28 
Nor thwest  European Loran-C System, 54, 
80 
Notch fi l ter ing, 59 

data, 27 

O 

On-line help, 3 
Oscil loscope, 58 
Output  of NMEA repor ts, 36 
Oven, 28 
Over lapping signals, 60 
Over loaded circu it  flag, 25 
Par ity, 3, 19 
PC specificat ions, 6 
pcANYWHERE, 6 
PCI, 58, 80 
Per formance specificat ions, 83 
Phase code in terval, 58, 80 
Phase coding, 58 
Phase shifts, 58 

Phase-locked loops, 18, 22 
Phasing type, 25 
PKZip, 6 
Plat form mount ing, antenna, 10 
PLL command, 18, 22 
PLL OFF command, 18, 23 
Posit ional fix calcu lat ions, 37 
Posit ional fix sh ifts, prevent ing, 38 
Power  connect ions, 14 
Power  l ight , receiver , 18 
Power  specificat ions, 83 
Power  switch, 2, 18 
Precision, 59 

TD data, 29 
Prevent ing posit ional fix sh ifts, 38 
Procomm, 6 
Product  features, 2 
Product  suppor t , 49, 52 
Pu lses, in  Eurofix, 73 
PVT solu t ion, 39 

Q 

Quick  star t  procedure, 2 

R 

RAM requ irements, 6 
Rank parameter , Search List , 21 
Rapid signal fluctuat ion flag, 26 
RASIM, 76, 80 
Receiver  features, 2 
Receiver  mount ing, 13 
Receiver  specificat ions, 83 
Reed-Solomon code, 44, 75, 76 
Relat ive accuracy, 68 
Repair  center , Locus, 52 
Repeatable accuracy, 68 
RESET command, 51 
RETURN command, 2, 18 
Revision number  of software, 50 
RTCM messages, 43 

S 

Scroll ing data, 28, 52 
SEARCH ADD command, 21 
SEARCH command, 3, 19, 21 
SEARCH DROP ALL command, 22 
SEARCH DROP command, 21 
Search List , 3, 19, 21, 32 

adding chains, 21 
delet ing chains, 21 
edit ing, 19 

Searching for  Loran-C chains, 19, 21 
Secondary stat ions, 53 
Ser ial por ts, 7, 15, 36 
Shor t  Message Services, 43 
Signal availabil ity, 69 
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Signal fluctuat ion flag, 26 
Signal over lap, 60 
Signal-to-noise rat io, 20, 25, 54, 56 

improving, 59 
Skywave contaminat ion, 36, 57 
Skywave t rack ing flag, 26 
Skywaves, 57 
SMS, 43 
SNR, 20, 25, 54, 56, 81 

improving, 59 
SOFT FAULT command, 18 
Specificat ions, 83 
Stat ion data, 24 
Stat ion t rack ing, 18 
Stat ion t rack ing, stopping, 22 
Stat ist ical er ror  ell ipse, 32, 34 

flag, 36 
STATUS command, 51 
Status LED, 18 
STOP ALL command, 22 
Stop bits, 3, 19 
STOP command, 22 
STOP NONSEARCH command, 22 
System recommendat ions, 6 
System requ irements, 6 

T 

TAI, 81 
TD, 20, 25, 36, 55, 81 

data display, 28 
TD data precision, 29 
TD lat t ice crossing angle, 68 
Technical suppor t , 49, 52 
Terminal emulat ion, 2, 19 
Third cycle zero crossing, 26 
TIME command, 51 
Time delay invalid flag, 26 
Time difference, 20, 25, 36, 55, 81 

data display, 28 
Time difference invalid flag, 26 

Time of ar r ival, 20, 57 
Timing 

reference, 22 
Timing ou tpu t  specificat ions, 84 
TOA, 20, 57 
TRACE funct ion, 52 
Transmission in tervals, 55 
Transmit ter  locat ions, 62 
Troubleshoot ing, 50 

U 

U.S. Coast  Guard, 54 
Unavailable Master  flag, 36 
Unstable posit ional fix flag, 35 
Unusable stat ion flag, 36 
UPDATE command, 22, 26, 33 
USCG, 54 
Using th is manual, 3 
UTC, 81 

V 

VERSION command, 50 
Version number  of software, 50 
Voltage, 24 

W 

WAAS, 42, 81 
Warning flags 

navigat ion data, 35 
stat ion data, 25 

Web page, Locus, 52 
WGS, 81 
WGS 84 coordinates, 62 
Wide-area augmentat ion  system, 81 
Wildwood test  t ransmit ter , 71 
WinZip, 6 
Word length, 3, 19 
Wor ld Geodet ic System, 81 

Z 

Zipping fi les, 6 

 


