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CHAPTER 1 INTRODUCTION

Since 1990, Locus has been the international leader in high-performance digital Loran
receivers for navigation, timing, and monitoring applications. Our newest DSP-based
timing and navigation receiver elevates Loran performance standards to unprecedented
levels, making the Locus SatMate/ CsSync receiver the ideal complement to GPS
whenever complete availability, reliability, and integrity are required.

Product features
Quick start
Help system

Using this manual
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1.1 PRODUCT FEATURES

Advanced technology. Locus’ patented Linear Averaging Digital (LAD) Loran
technology provides simultaneous tracking of up to 40 Loran transmitters with
overall signal-to-noise improvement at least 20 dB better than conventional
receivers.

Incorporating adaptive filtering, digital noise blanking and DSP techniques, the
SatMate/ CsSync receiver provides hundreds of thousands more square miles of
oceanic and air space coverage and virtually complete penetration into the most
dense urban environments, regardless of ambient weather or interference
conditions. LAD-Loran technology is also available in a module suitable for OEM
navigation and timing applications.

Navigation and timing applications. Loran is the ideal complement to GPS in all
marine, aviation, terrestrial and timing applications, and eliminates the
vulnerabilities of a sole-means system.

The module can be integrated with a GPS receiver and controlled by a single user
interface, making operation cost-effective and transparent to the user. Built-in
Eurofix capability means that DGPS corrections can be continuously 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 information in this manual as needed.

For example, if you need help installing the system, see the next chapter, “Installation.”
For more detailed information on how to begin using the system, see the “Getting
Started” chapter.

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

The receiver operates with a series of default settings, which should be adequate for
most locations and users. The receiver begins to search for the Loran-C chains that
are suitable for your geographic location and application.

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 troubleshoot problems caused by typing errors. ECHO
ON increases usability if you use the system manually.

3. Toenableacarriagereturn at the end of each line of displayed data, type RETURN
ON.

Many terminal emulation applications require textual output to be formatted with a
carriage return at the end of each displayed line. Otherwise, the text lines will wrap
around and become difficult to read.
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4. To check the communication parameters, type BAUD and review the following
factory default settings: BAUD 9600, 8, N, 2

The factory defaults are adequate for most users. In the above line, the baud rate is
9600, the word length is 8, the parity 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 acquisition of Loran-C chains,
type SEARCH. You can also watch the acquisition by repeatedly typing the ?
command, which updates the display.

1.3 HELP SYSTEM

You can usethe on-line help system within the receiver software to answer questions
about its use. Use the following commands to see on-line help for the following topics.

Type HELP to see a brief explanation of commonly used commands.

Type HELP followed by a GRI number to list the selected Loran station by chain,
output power, position, and geographic location.

Type HELP CHAINS to see a list of Loran-C chains and locations worldwide.

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 areference is made to the SatMate, it can often be interpreted to mean the
CsSync, unless further defined for navigation (SatMate) or timing (CsSync)
situations.

Chapter 2, Installation, helps you install the receiver hardware and software.
Chapter 3, Getting Started, explains how to begin using the receiver software.
Chapter 4, Navigation, explains navigational concepts and commands.

Chapter 5, Product Support, offers possible solutions if you have problems with
your receiver.

Appendix A explains the basic concepts of the Loran-C radionavigation system.

Appendix B explains the message structure and message types of the Eurofix
system.

Appendix C lists the references used to develop this manual.
Appendix D explains the abbreviations and acronyms in this manual.
Appendix E lists the specifications 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 installation procedures, you might want to read the entire chapter to make sure you
have all the necessary tools.

System requirements and recommendations
Antenna installation

Receiver mounting

Power and cable connections

Receiver communication
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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 serial port.

Before you install the receiver, check the following sections. They describe useful
software applications and requirements 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 applications, especially when using the receiver the first few times.

If you plan to use the receiver with a device (other than a PC) that has an RS-232 serial
port, you can skip this section.

If you want Locus to be able to provide the best level of technical support and
control the system remotely, consider installing pcANYWHERE 32 V11.0 (or newer)

software.

pcANYWHERE is used to remotely troubleshoot receiver functions and download
software updates. The customer and Locus must have the same
communications software, and Locus uses pcANYWHERE.

If you want to be able to configure the receiver from a PC, install Procomm,
HyperTerm, or an equivalent application for PC-to-receiver communications.
Procomm and HyperTerm are “dumb terminal” emulator applications.

If you want to be able to send data, install a file compression application such as
PKZip or WinZip. If you need to send a large data file to Locus, compressing
(zipping) the file beforenand makes e-mail transmission 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 support and control the system remotely, make sure the PC
meets the following minimum requirements before you install the receiver.

If you plan to use the receiver with a device (other than a PC) that has an RS-232 serial
port, you can skip this section.

PC-compatible computer, 486 or better
16 Mb of system RAM (minimum)
Microsoft Windows 3.1, 95 or 98, XP (or newer) operating system

Bus mouse or motherboard controlled mouse which uses Interrupt Request (IRQ) 2
or5

Serial port A for PC-to-receiver communications using IRQ 4
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Serial port B for the modem connection (either internal or external), using IRQ 3

500-Mb hard drive (minimum). The hard drive must be able to accommodate Loran-
C data files, Microsoft Windows, and the software applications listed in the previous
section.

Null modem serial cable that connects the PC to the receiver (if you need to use an
external modem, use a Straight-Through serial cable)

14.4K internal or external modem (minimum baud rate)

The receiver does not require a PC. If you plan to use the receiver with a device (other
than a PC) that has an RS-232 serial port, the only hardware requirement besides the
port itself is a power source.

2.2 ANTENNA INSTALLATIONS

You must plan the antenna installation carefully. The performance of the receiver
depends on an optimized antenna installation.

This section addresses each stage of antenna installation:
Select the site based on the 30-degree rule.
Mount the antenna as planned.
Establish a dependable earth ground (if E-Field antenna).
Test the installation.

Selecting an appropriate location for the mounted antenna is critical for optimum
receiver performance. Consider the following requirements and recommended guidelines
when planning the antenna’s installation. Electric and magnetic antennas require the
same field-of-view consideration.

The following requirements must be met or the receiver will not operate properly:

No metal objects or power lines above the antenna

Use these guidelines to optimize receiver performance:
Mount the antenna 30 feet or more above the ground.
Locate the antenna away from large conductive objects.
Locate the antenna away from transmitting antennas.
Provide a dependable earth ground.
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Locate the antenna away from structures that may obstruct reception of the Loran-
C signal, such as buildings, bridges, and other antennas.

Do not mount electric field antennas in any indoor structure, or tunnels and caves
for either E-Field or H-Field antennas.

Note: Line-of-sight reception is not required for Loran-C frequencies.

2.2.1.1 30-DEGREE RULE

In general, the antenna must be free of obstructions in all directions at an angle of 30
degrees above a horizontal line theoretically drawn from the top of the antenna.

If buildings, mountains, transmitters, bridges, or other impediments extend into this
30-degree defined area, the reception of the Loran signal—and therefore the
performance of the receiver—may be degraded.

The two antenna installations illustrated below follow the 30-degree rule. The angle
from the theoretical horizon line at the top of the antennas to the top edge of the largest
obstruction is less than 30 degrees.

In this case, the mounting mast has been appropriately placed with respect to the
bridge.

Installation that conforms to 30-degree rule

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

Copper wire, insulated or uninsulated, solid or stranded. 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 required to ground the end of the ground wire to earth
A crimping tool to crimp-connect an extending ground wire
Mounting mast or platform

A match, a lighter, or other heat source to heat-shrink the crimp splice connector to
the ground wires
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When mounting the antenna, you can mount it to a mast or to a platform. The following
sections provide tips for both options.

2.2.2.1 GROUNDING CONSIDERATIONS

The antenna installation site must provide a means to dependably supply a ground
frame of reference for the signal. The ideal grounding scheme is a direct attachment of
the green ground cable to a metal stake pounded into the earth. For mobile
applications, attach the cable to the vehicle's chassis.

Otherwise, a corrosion-resistant attachment may be made to a conductive metal
structure that is itself earth-grounded.

DO NOT use the same ground as the ground path used for the structure’s lightning
protection.

2.2.2.2 MAST MOUNTING

You have several options for mast mounting an E-Field antenna. Existing structures
such as railings may be suitable. When choosing the mast hardware, you can use
piping or tubing.

The hardware can be round or squared. If it is round, the hardware should be up to 2
inches (50 mm) in diameter. If it is squared, the hardware should beup to1 and 7/ 8
inches wide (47.5 mm).

Note: If you need to stabilize the antenna assembly, you can insert spacers between the
antenna bracket and the mast.

The antenna, as shipped, is attached to a bracket that has been drilled to allow
mounting to either a horizontal or vertical mast. In addition, 2-inch (50-mm) mounting
clamps have been included along with four hex nuts. The manufacturer has
successfully used the mounting solutions shown in the following illustration.
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2.2.2.3 PLATFORM MOUNTING

Instead of a mast, you can use a horizontal platform to mount the E-field antenna. You
can mount the antenna on any flat surface that does not collect excessive snow or rain.

If you use a platform to mount the antenna, you must drill the mounting surface to
conform to the hole pattern on the base of the antenna bracket.

The following illustrations are true, to-scale templates of the bracket’s mounting hole
pattern. Mounting hardware for platform installation, 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 illustrations and enlarge/ use their
scales as templates to help you mount the antenna to the platform.

6X 20.313 IN [37.94 MM]
N _ _ _ N
N N
2.274 IN [57.76 MM]
N _ _ _ N
N \/
2.274 IN [57.76 MM]
4R _ _ _ /4R
N N
e 2274IN[57.76 MM}— =
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4X @0.313 IN [37.94 MM] x

2.274 IN [57.76 MM]

N
\V
N
\

let—— 2274 IN[57.76 MM] — |

$

The E-field antenna is shipped with a short grounding
wire attached. A crimp splice connector is attached to
the end of this wire. It is unlikely that the final
grounding to earth can be accomplished with this
short wire alone. During installation another wire can
be crimp-connected to the factory-installed wire to
extend it, as required, for each individual installation.

Caution: DO NOT undo the bolt that holds the wire.
You might break the weatherproofing seal.

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

1. Strip 1/ 4 inch of the insulation of the extending
wire from one end.

2. Insert the stripped end into the connector that
terminates the manufacturer-supplied ground
wire.

3. Crimp the wireinto the connector.

The ends of the crimp splice connector (1 at left)
are made of a heat-shrink material, so use a heat
source to shrink the ends of the connector to the
wire insulation. This step protects the splice from
the environment.

If the connection to ground is exposed to the elements, take the following steps to
reduce the risk of corrosion:
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Place the connection point under eaves.
Install a rubber flap over the connection point.
Spray a conformal coating over the connection point.

% & #

Magnetic antennas, also called “H-field” antennas, offer advantages over electric field
(E-field) antennas in some applications. They have smaller vertical dimensions and do
not always require a ground reference. They are less susceptible to noise caused by
static discharge, such as that caused by charged precipitation (precipitation static). The
antennas will function properly in mounting sites lower to the ground as compared to
an E-field antenna installed at the same location. They will function properly in many
applications that require an interior installation.

Locus magnetic antennas are available packaged in radome enclosures for flight
applications as H-field-only antennas, or as combined GPS/ H-field antennas. They are
available as weather tight NEMA enclosed H-field only units for stationary installations.
The user’s Loran application will determine the choice of the enclosure.

The method for mounting a radome to an aircraft varies significantly and is dependent
on the style of aircraft. Specific aircraft installations are not discussed in this 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-field Antenna with 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.
Adhering to the 30-degree rule (see page 8) for any Loran antenna installation will
maximize the performance of your receiver.
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The Locus H-field antenna

When you finish installing the Loran antenna, test the installation. As an example, a
good antenna installation site would be one indicated by a strong station with signal
strength of 70/ 77 dB and a signal-to-noise ratio of +20. If necessary, adjust the
antenna mounting to optimize your readings. When you are satisfied, 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 carton 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 applications, use the rubber feet supplied. If they have not been
previously installed, apply the feet to the bottom cover of the SatMate/ CsSync.
Apply one foot in each corner.

Optionally, you can mount the receiver in a standard 19-inch rack. Apply the
optional rack-mounting hardware (Locus Kit #100-004100) to the SatMate/ CsSync
chassis, with the extension on the left side of the receiver, and then install the
SatMate/ CsSync into the rack, as shown. A ground screw is provided; if you use the
rack mount, you might need to attach the screw to an earth ground.

Whether you mount the receiver on a table or a rack, you must operate the
SatMate/ CsSync within 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, timing devices, and frequency devices.

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

DC power cable

Pin #2 Pin #1
l Pin# Signal Wire Color
1 Power + Red
2 Power — Black
Pin #4 / \Pin #3 3 Earth Green
Ground
4 (Not used)

DC connector pinouts

2. Plugin the power cable to the DC Input port on the rear panel of the receiver.

Additionally, the SatMate/ CsSync includes an AC-to-DC power converter, as shown
in the following illustration. The AC-to-DC power converter is an external box with a
power cord that plugs into the AC main supply; the converter operates with a main

supply of 90 to 260 VAC, 47 to 63 Hz.
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AC-to-DC power converter

Plug the DC connector from the AC-to-DC power converter into the DC Input port.
This port is shown in the following illustration.

3. Plugin cables to the following ports on the rear panel of the receiver, proceeding
from left to right.

Three ports require nine-pin, male/ female connectors; these three ports are the
primary navigation interface. One port is for the antenna and the other two are for
communications.

Two ports, the 1PPS and Frequency Output, are the optional primary timing
interfaces. As such, they may not be present on your unit. These ports require BNC
connectors.

Use the following illustration of the rear panel as a guide.

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

Serial port A—Attach the PC or other device with an RS-232 serial port to this
connector. This port handles the command and data flow activities needed to
operate the SatMate/ CsSync. Commands and data are sent and received via RS-
232C standard hardware at standard PC data rates. Supported serial port baud
rates are 300, 600, 1200, 4800, 9600, 19,200, 38,400, 57,600, and 115,200 bits
per second.

Serial port B—Attach the second PC or other device with an

RS-232 serial port to this connector. This port is for output only; it issues the
NMEA 0183 and RTCM SC104 outputs from the SatMate/ CsSync. Data is
received from the SatMate/ CsSync via RS-232C standard hardware. Supported
serial port baud rates are 300, 600, 1200, 4800, 9600, 19,200, 38,400, 57,600,
and 115,200 bits per second.

1PPS Option and Frequency Output Option—Attach the device that needs TAI-
synchronized timing to this connector.

Frequency output Option—Attach the device that needs Frequency coherent
with TAI to this connector.

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

Antenna—Attach the Locus antenna cable to this connector. NOTE: Only Locus
antennas are suitable for use with SatMate/ CsSync receivers.
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Rear panel connections

4. When you have finished cabling, turn on the power switch located on the front panel
of the receiver.

If you are using the AC-to-DC power converter, turn on its power switch as well.

5. Initialize the receiver and use the command interface to set the specific
requirements of each installation, as explained in the next chapter, “Getting
Started.”

2.5 RECEIVER COMMUNICATION

The three front-panel LEDs serve as the only user interface unless you use the serial
port on the rear panel to connect to a PC or another device with a serial communication
port. The rear panel is illustrated in the previous section.

If you use a terminal emulation program, you can take advantage of the receiver’s
command interface to adjust receiver settings 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, “Getting Started.”

For connection to a PC, use a null modem serial cable.
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CHAPTER 3 GETTING STARTED

Once you have installed the hardware, initialize the system software to meet the specific
requirements of each installation. This chapter explains the steps you perform and the
interface commands you use.

Power up the receiver as described in Section 2.4.

Set the ECHO ON command to allow the display of commands as they are typed.
Set the carriage return, as required by the terminal emulation application.

Set the communication parameters.

Note: Locus sets the receiver to communicate at 9600 baud. Therefore, the device
you use to set at least the initial receiver configuration settings must initially
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 default of 9600.

Edit the Search List to accommodate your geographic location and the reception of
available Loran transmitters.

Set selected user interface commands.
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While performing the initialization steps, you use commands in the following table.

SOFT FAULT | Enable or disable the tracking status LED.

ECHO Allow the display of typed commands.

RETURN Add a carriage return to the end of each
displayed line.

BAUD Define baud rate, word length, parity and stop
bits.

SEARCH Display the list of Loran-C stations that the
receiver will automatically find and track.

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

To initialize 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.

H ALARM I SIGNAL LOCK Il POWER

LEDs on front panel

Alarm LED—This LED indicates the status of the receiver’s station tracking
process. The LED behavior depends on the SOFT FAULT setting. To test the
tracking process, type SOFT FAULT at the prompt in the receiver software. A
clock coherency of 100 is considered adequate for stable station tracking; the
LED blinks if coherency is below 100.

Signal Lock LED—When you use the PLL command to phase-lock a Loran-C
transmitter’s signal as a timing reference, the Lock LED is on. If you use the PLL
OFF command, the LED is turned off.

Power light—This light 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 troubleshoot problems caused by typing errors. ECHO ON
increases usability if you are using the system manually.

The factory default setting is ECHO OFF. Use this command when the terminal
emulation application has its local echo set to ON. Terminal emulation programs
(such as ProComm, HyperTerm, etc.) generally can echo locally. If ECHO ON is set
both at the receiver and within the terminal application, all typed characters are
echoed twice.

3. Set the carriage return.

To enable a carriage return at the end of each line of displayed data, type RETURN
ON. To disable carriage returns, type RETURN OFF.
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Many terminal emulation applications (such as ProComm, HyperTerm, etc.) require
textual output to be formatted with a carriage return at the end of each displayed
line. If returns arerequired and the carriage return is not set to ON, the text lines
will wrap around and be difficult to read. Consult the terminal emulation software
documentation to determine if the carriage return must be set.

The default setting is RETURN OFF.
4. Set the communication parameters.

For example, type the following command to set the communication parameters to
the factory default settings:

BAUD 9600, 8, N, 2

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

You can also simply type BAUD to display the current communication settings. For
more details on this command, see the Command Guide.

Note: You can use the DEFAULT FACTORY and DEFAULT SETTINGS commands to
return most receiver settings to their defaults, however neither command
changes the baud rate.

5. Edit the Search List to accommodate your geographic location.

The following section describes how to edit the list, 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 suitable for your
geographic location and application. The Search List contains the Loran-C chains that
the receiver is configured to find and track. Check the Search List for suitability
whenever you install a receiver or move it from one geographic location to another.

To view the list, type the SEARCH command. When you do, the system response is
similar to the following. Each of the chains is identified 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 optimal signal integrity, assign as many chains as possible to
the Search List, regardless of the receiver’s ultimate application. The Loran-C receiver
works best when all significantly strong Loran signals are tracked, including skywaves.

You edit the Search List by successively deleting unsuitable chains and adding suitable
ones, using the commands described in the next section. A chain is considered suitable
if its Loran-C signals can be received with an acceptable signal-to-noise ratio (SNR).

Locus considers +12dB to be a good SNR. This value takes into account a built-in
tolerance for the natural variance of SNR. (For a more complete discussion of SNR, see
Appendix A, section A.2.)

Keep these recommendations in mind when editing the Search List:
Drop unsuitable stations first.

The receiver is limited to eight (8) chains in the search list. Assign up to the eight
closest (strongest) chains. Even if the data from all eight chains is not required for
the current application, their inclusion on the list increases the statistical quality of
the pertinent Time Differences (TD), Time of Arrival (TOA), Envelope to Cycle
Differences (ECD), and timing information. Because of overlap of station signal
coverage, the signal from one chain’s station may interfere with that of another
chain’s station (crossrate interference). When the chains closest to the receiver are
included in the Search List, the receiver can “anticipate” the crossrate interference
and lock it out. This crossrate lockout improves the SNR.

As a guide, include any chain that has at least one station within 1500 miles of the
receiver.

Once “found,” the stations on the Search List are automatically tracked by the receiver.

) ) *

Use the SEARCH command first, as described in the previous section, 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 location.

SEARCH Display the current 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 Temporarily stop the tracking of a station or chain.

PLL Reference the receiver’s clock to a specific transmitter’s
clock (phase lock loop).

Each of these commands is described below. For more detailed information on these
commands, see the Command Guide.
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3.1.1.1 SEARCH COMMAND

Use this command to view the current Search List. Each chain is displayed and
identified by its GRI number. A typical Search List is shown in the previous section.

The Search List is the list of Loran-C chains for which the receiver is configured to
search. The search process continues in the background even as stations are tracked.
The “Rank” parameter is a composite indication of the relative strength of the chain as a
whole. The higher the rank, the better the SNR for the composite chain.

The lower-ranked chains are not searched as often and are processed more slowly than
those of higher rank. A station’s ranking can be indicated with a negative number.

3.1.1.2 SEARCH ADD coMMAND

Use this 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 addition of the chain may be
delayed up to 30 seconds.

If the user commands the addition of a duplicate station to the Search List, the system’s
response is:

search add 7980
7980 is a duplicate gr

Each time the Search List is changed, either by adding or dropping chains, current
search functions are stopped and the search pattern is recalculated. A supervisory
program that regularly updates the Search List may decrease the function of the
system. For example, if the Search List is updated every three minutes, the chains at
the end of the list may never become part of the search.

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

3.1.1.3 SEARCH DROP coMmMAND

Use this 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 still tracking stations associated with
that chain, the receiver will continue to track those stations.
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Data associated with dropped stations is updated and displayed with automatic
updates (using the UPDATE command) or manual update requests (using the ?
command). To stop the display of previously tracked stations of a dropped chain, use
the STOP command.

If the user attempts to drop a station that does not exist on the Search List, the
system'’s response is:

search drop 8970

8970 isn’t on the search |ist

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 editing easier. Manual searches are not
encouraged.

3.1.1.5 STOP cOMMAND

Use this command to temporarily stop the tracking of a station or all stations of a GRI
chain.

To temporarily stop the tracking of a particular station, type STOP followed by the
GRI number of the Loran-C chain and the station letter. For example, you might
type: STOP 8970X.

To temporarily stop the tracking of all stations of a GRI chain, type STOP followed
by the GRI number of the Loran-C chain.
For example, you might type: STOP 8970.

To temporarily stop the tracking of all chains in the Search List, type STOP
NONSEARCH or STOP ALL.

The STOP commands are useful for two purposes:

Resetting the tracking. If you observe anomalous SNRs for a station or unusual
behavior compared with that of other stations at a similar distance, use the STOP
command to temporarily stop the tracking. The SEARCH function will initiate the
tracking again.

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

3.1.1.6 PLL COMMAND

Use this command to set one Loran-C transmitter’s signal as a timing reference. When
you use the command, you reference the Loran receiver’s clock to a specific
transmitter’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 identified by GRI number and station
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 identifies the filtering mode.
For example, you could type the following:
PLL 8970M 3
to reference chain number 8970M and apply filter mode number 3.

By default, the Loran receiver’s internal clock is frequency-locked to a composite of the
strongest Loran stations (equivalent to having set PLL OFF). If the system is to be used
as a timing reference, the receiver’s internal clock is phase-locked to a specified station.
A Cesium clock reference for the receiver is established by phase-locking the receiver’s
internal clock to a signal from a Loran transmitter. We recommend that the specified
station be the closest Master.

You have two other options with the PLL command:

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

The receiver can only be phase-locked to one station, so the lock must be cancelled
from one station before being set to another. To manually cancel a phase lock, type
PLL OFF. The lock is automatically cancelled if the selected station cycle slips or if it
can no longer be tracked.

The maintenance of a phase lock results in frequency (noise) fluctuations. When the
clock drifts out of phase, the frequency is temporarily adjusted so the signal can “catch
up” with the reference signal’s phase.

3.2 USER INTERFACE COMMANDS

Data related to notch filter status and individual Loran-C stations can be displayed
either manually or automatically at a frequency you define. To display Loran-C station
data, use the ? command. Station data then appears in columns; each column and the
associated signal status flags are explained in the next section.

The following commands are also explained in the next few sections.

? Display station data.

UPDATE Set the frequency of automatically displayed station data.
/ Display notch filter data.

FORMAT Set the format of the UPDATE report’s data. If you enter

the FORMAT command without assigning a value after it,
a list of the current FORMAT settings is reported.
FORMAT TD | Set the UPDATE function of TD or TOA data to ON, or
OFF, or to that of only one chain.

CLEAR Clear extra scrolling data from the display.
FORMAT Change the TD data precision from 1 nSto 100 pS.
PRECISE

For more detailed information on these commands, see the Command Guide.
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Use the ? command to display station data. A table like the following one appears.

?

Status: 28U
16: 8290M
14: 8290W
15: 8290X

+0.0dBR 33148CV 2299B +78.66C 60A 317817T

P5  62/78dB -10§N -138nS  -0.08 0.97 214 N 00000000
S5  84/88dB 139N 871InS  -0.01 1.00 36 11514846
S5  69/78dB -12S9/N 17mS -0.04 0.98 56 27766598

The following table explains the data in the Status line.

Sample data

from above Explanation of data
table
28U Number of stations identified since power-up
+0.0dBR Calculated antenna gain
33148CV This value represents the control voltage of the oscillator. It is
used for clock diagnostics. Therangeis 0 to 65,535. A good
clock runs near the mid-range. If a clock is within 5,000 of
either end, service may be required.
2299B This value is an estimate of clock coherence, which is an
indication of clock function. It indicates how long the clock will
not shift more than 1/ 2 cycle
(or 5 nsecs); the minimal optimum value is approximately 100
sec, but should exceed 300.
It can be 1500 under good conditions. It is generally lower at
night than during the day.
60A TD averaging, in seconds.
317817T Seconds since receiver power-up.
?
Status:. 28U +0.0dBR 33148CV 22998 +78.66C 60A 317817T
16: 8290M P5 62/78dB  -10SN  -138nS  -0.08 097 214 N 00000000
14:  8290W S5  84/88dB 139N 87inS  -0.01 100 36 11514846
15  8290X S5 69/78dB  -12SN  177nS  -0.04 098 56 27766598

SatMate/CsSync Reference & Quick-start Manual 23



The following table explains a typical line of data.

Sample data

from above Explanation of data

table

16: Arbitrary station identifier (sometimes called a process
number)

8290M Loran-C chain (GRI) number and station alpha identifier

P5 Phasing type is either Master (Primary P) or Secondary (S).

The number is the number of batches processed (up to nine),
and is used to determine how recently the station was
acquired. This value indicates the validity of TD data.

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

-10S/ N Signal-to-noise ratio (SNR) at tracking point

-138nS ECD (Envelope to Cycle Difference)

-0.08 Value used for determination of skywaves

0.97 Indication of signal quality; a value of 1 roughly indicates
optimal SNR

214 This number multiplied by the station’s GRI number is the

duration of the last batch averaging of data. For close stations,
this number is usually 30 to 50.

N Status flag. For an explanation of all the status flags, see
section 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 station data, as
shown in the previous section. Noise, weather conditions and the distance to the
transmitter affect the reliability of the meaning of these flags. Only one flag is displayed
at atime. If more than one flag condition exists, the flag of highest priority is displayed.

The General System flags are listed below in order of highest to lowest priority.

N (uppercase N). The station is newly acquired. This flag is displayed the first time the
station’s data is displayed. This is normal operation and may take a few seconds to
clear.

O (uppercase O). The receiver’s front-end circuitry is overloaded; as a result, the TD
and ECD values may not be valid due to signal strength.

B (uppercase B). The indicated station is transmitting a “blink” alarm. The “blink” is
transmitted by stations that may have an out-of-tolerance signal power, Time
Difference, phase code, or Group Repetition Interval. The indicated transmitter’s
data should not be used.
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E (uppercase E). The ECD at the tracking point is “out of bounds” or has not yet been
verified due to the station’s signal-to-noise ratio.
“Out of bounds” is approximately greater than £5 ns of the nominal tracking point
(3rd cycle zero crossing).

f (lowercase f). The automatic cycle slip function has been manually frozen for the
indicated station. The user is alerted that the displayed Time Delay is tracking
according to the last value calculated before the cycle slipping was frozen. The TD
value may no longer be valid. The automatic cycle slipping is frozen when a weak
station is tracked or when skywave contamination is large enough to adversely affect
the TD.

S (uppercase S). The tracking point (3rd cycle zero crossing) may be incorrect, but the
information required to correct it is not available. Incorrect tracking may be the
result of skywave contamination or the tracking of distant stations. s (lowercase s).
This error is specifically related to the tracking of skywaves. The tracking point (3rd
cycle zero crossing) may be incorrect, but the information required to correct it is
not available.

A (uppercase A). This flag is displayed when rapid signal fluctuations are detected. It
may indicate that the station has gone off-air, because when compared to recent
values, a rapid decrease of signal amplitude has been detected. A persistently
intermittent display of this flag may also indicate skywave tracking, especially
around sunrise. The time-out range of this flag is typically 10 to 60 seconds.

Other situations are characterized by rapid signal amplitude fluctuations. This flag
is not applicable in mobile mode, because rapid amplitude fluctuations are normal
in this mode. This flag is also not applicable for a period of time after a cycle slip,
because thereis no set of recent values for comparison.

(punctuation, period). Clock PLL Mode is set on this station. The receiver’s clock is
phase-lock looped to that of the indicated station. For more information, see the PLL
command in the Command Guide.

M (uppercase M). This status flag indicates that the search has not identified the
master of a displayed secondary. If a secondary is specifically identified as W, X, Y,
or Z, but the Master has not been found, the M status flag is displayed and the Time
Difference for the station is reported as 000000.

Note: Stations that have been found but not identified as M, W, X, Y, or Z also have
a reported TD of 000000.

m (lowercase m). The Time Difference value of the station may not be valid. This flag is
displayed if the Master station of the chain is flagged with an O (overload), B
(blinking), E (ECD out of bounds), S (incorrect tracking point), or s (skywave
tracking). The correct TD can, however, be derived if two other secondaries are
available without these flags being set.

()

Type the UPDATE or UPDATE STORE command to display the frequency of both the
default and current automatic data update. The system is set by default to
automatically update the display of Loran-C station data each 60 seconds. You can
define this interval for both power-up and for current receiver application, which is
valid until the next receiver power cycle. Both values can be the same.
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You should not set updates for an interval of less than 10 seconds.

The first line of the system’s response indicates the current update interval. The second
line indicates the power-up default update interval.

) )

Type the/ command to display notch filter data. The table that appears includes four
columns of data. From left to right, these columns display the frequency of filtered
interfering signal; the signal amplitude before filtering; the signal amplitude after
filtering; and the ECD as compensated for the effects of notch filtering. 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

i -(C))

If you enter the FORMAT command without assigning a value after it, a list of the
current receiver FORMAT settings is reported. You can also use this command to set
the format of the UPDATE report’s data.

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

If you type FORMAT 1, the notch filter data precedes the station data in the
UPDATE report.

If you type FORMAT 2, the UPDATE report includes a line of parameter data in
addition to the “Status:” line, as shown below.
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Sample data Explanation of data

swaps=31844 | Number of context swaps since power-up. Thisis a
diagnostic index for clock function, which is used to
compare a board under test to a “gold standard” board.

events=42153 | Number of underlying data collection events issued.
This is a diagnostic index for comparison to a “gold
standard” board.

pdg = 120720 | Number of sample times in the event queue. This
arbitrary value should be between 0 and 3,000,000. If
the number is larger, it could indicate queue refill or
event overflow.

+38.82C Temperature, in Celsius, of the circuit board.

If this temperature and the frequency track too closely,
the oven is faulty.

51dBN:s Measurement of noise level in search mode. This value
should be within 6 dB of (peak dB minus noise dB) as
reported SNR data.

1-24-00 Date of the cross correlative mask/ template;
an algorithm revision date.

/ 083n Normalization factor for the mask.

-G )

Use this command to set the UPDATE function of Time Difference (TD) or Time of
Arrival (TOA) data to ON, or OFF, or to that of only one chain.

You can type FORMAT TD OFF to stop the UPDATE reporting of all TD data.

You can type FORMAT TD ON to set the UPDATE function to report TD data of all
tracked stations.

You can type FORMAT TD, followed by the number of a particular Loran-C chain, to
set the UPDATE function to report only the TD data associated with the tracked
stations of the specified chain.

*-))

Type the CLEAR command to clear extra scrolling data from the display.

If many functions have been activated simultaneously, the amount of scrolling data
may make the display hard to read. Use the CLEAR command to clear the display of all
but the automatically updating TD-related transmitter data.
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Use this 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 reverts back to its original
state.

Reported TD values are multiplied by 10 when the precise format is set to ON (from 1
nSto 100 pS). The reported TD values of strong (close) stations are affected more than
the reported TDs of weak (distant) stations.
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CHAPTER 4 NAVIGATION

In navigational mode Time Differences (TDs) are converted into longitude and latitude.
From the chains represented on the Search List, you can select which chains the
receiver will use to calculate the positional fix solution. Up to four separate solutions
can be calculated simultaneously.

Your receiver is classified as a multi-chain receiver. Six chains can be specified for each
of the four solutions.

For further discussion of navigational concepts, see Appendix A.

Assigning stations to navigational solutions
Navigation commands
NMEA outputs

Eurofix operation
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4.1 ASSIGNING STATIONS TO NAVIGATIONAL SOLUTIONS

%

IMPORTANT: To ensure optimal signal integrity, assign the eight strongest (closest)
chains to the Search List, regardless of which chains will be included in the calculation
of the positional solutions. For more details on how to identify the appropriate chains
and assign them to the Search List, see section 3.1.

To determine which stations to assign manually to positional solutions, consider these
guidelines:

The signals from two transmitter pairs must be available. The minimum
requirement is three transmitters that provide two distinct baselines.

There must be at least two transmitter pairs of each assigned chain. (Up to six
chains can be assigned to a single positional solution.)

The chain must also be assigned to the Search List.

The Master is not required to be an element of either transmitter pair. However, the
Master is usually one of the transmitters of both pairs.

The alpha designator of the transmitters must be identified. The Locus receiver
automatically makes the designator identification.

The transmitter pairs chosen for positional fix calculations must provide the
appropriate Loran system geometry in reference to the receiver’'s approximate
location. The receiver should:

not be in the vicinity of a baseline extension of a transmitter pair which is to be
used for positional fix calculations.

use stations whose LOPs (Lines of Position) have optimal crossing angles with
small gradients.

These considerations are significant in the case of a single-chain navigational solution,
but are much less significant with the Locus receiver’s ability to calculate multi-chain
solutions. When chains are assigned to a positional solution, the Loran receiver uses
the appropriate transmitter pairs for the calculations.

The appropriateness of the stations used by the Loran receiver is reflected in the
displayed parameters of the statistical error ellipse. For details on these parameters, see
the next section.

The major and minor axes of the statistical error ellipse must be close to equal. The
closer to equal, the rounder the ellipse, which indicates an optimal crossing angle, a
smaller gradient, and a significant distance from the baseline extension. A long, skinny
statistical error ellipse may indicate that the receiver is in the vicinity of the baseline
extension of a transmitter pair used for the positional fix calculation.
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4.2 NAVIGATION COMMANDS

%

This section explains the following navigation commands you can use with the
SatMate/ CsSync receiver. For more information on these commands and the system’s
responses to them, see the Command Guide.

FORMAT NAV Enable the display of navigational data.

FORMAT NMEA Control the output of NMEA reports and set the
serial port that controls them.

MODE Toggle the mode between Mobile or Monitor.

DEFAULT SETTINGS Change defaults based on the current MODE
setting.

NAV Display the current navigational settings, or
assign the chain(s) to use in each positional fix
solution.

NAV OFF Unassign the chain(s) from positional fix

solutions. With all chains unassigned, the
solution is turned off.

NAV CONDUCTIVITY Select a constant to approximate earth’s
conductivity.

/| -(2-3 ))

Use this command to enable the display of navigational data.

Type FORMAT NAV 1 or FORMAT NAV ON to turn on the display of navigational
data.

Type FORMAT NAV 0 or FORMAT NAV OFF to turn off the display of navigational
data. The computation of latitude and longitude continues, however.

When the receiver is in Navigation mode, several lines of data related to the positional
fix can be added at the end of the displayed station data.

You can manually add the data with the ? command, or automatically display it using
the UPDATE command.
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When you display navigational data, it looks like the following example.

*C 5930 M. X .
*C 9960 M WKYZ
*[ 00] - 02 - 43 8.0862 N 89 22.1704 W 123.0 194/ 4M F=0000 5
*C 7980 M WKYZ
*[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 line.

Sample data

from above Explanation of data

table

*C “C” distinctive marker

5930 Chains, identified by GRlI number used in solution
M..X.. Stations assigned to the solution. The letters are

lowercase if the station is not used but AUTOASF is in
use. For more on AUTOASF, see section 4.2.8.

The following table explains a typical line of data.

Sample data

from table Explanation of data

*[00] Completion code

Yf This column lists the warning flag (in this example, Y)
and then the conversion status flag (in this example, f).
This field can also be blank. For explanations of both
flags, see the following two sections.

-02 - Solution number

43 8.0862 N Latitude, in degrees, minutes, and decimal fractions of

minutes

89 22.1704 W

Longitude, in degrees, minutes, and decimal fractions
of minutes

123.0 Bearing angle of the statistical error ellipse (0-360
degrees).

194/ Major axis of the statistical error ellipse, in meters.

AM Minor axis of the statistical error ellipse, in meters.

F=0000 This value is the ASFC, the ground-conductivity value
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4.2.1.1 NAVIGATION SPECIFIC WARNING FLAGS

In navigation mode the flag field has two characters. The first flag is an
indicator of conditions that you should be aware of. This field remains blank if
no navigation warnings are detected.

W (uppercase W). The results of the positional fix data suggest that the receiver is
tracking on this station’s skywaves even though the General System flags associated
with each tracked station don't indicate skywave tracking. For information
concerning the E and S signal status flags, see section 3.2.1.1.

Y (uppercase Y). The results of the positional fix data suggest that this station has an
anomalous amplitude and may be mistracking.

v (lowercase v). Recent data are anomalously noisy, and the averaging time constant
has been temporarily increased in order to limit position wander. This flag's display
is transitory, lasting up to 20 seconds.

4.2.1.2 NAVIGATION CONVERSION STATUS FLAGS

The second character in the navigation flag field is a positional calculation
status flag. These flags are listed below.

F (uppercase F). The navigational calculation has generated an invalid result. The
positional fix calculation has been reset. The calculation is reset under these
conditions:

if the calculated position is illogically far from the stations used in the positional
solution.

if the positions identified through the iterative calculation do not indicate a “zeroing in”
on position. With each calculation iteration, the positional fix should shift less and less
until it stabilizes. This flag is displayed when the position shifts are not getting
smaller with each calculation.

Do not use this positional fix.
P (uppercase P). The positional fix is unstable and may be invalid.

X (uppercase X). The calculation is not yet complete, and the current values may be
invalid. This status flag may be displayed when:

the system has just been started.
a strong interferer is present and has not yet been filtered out.

R (uppercase R). The positional fix calculations have failed because not enough
stations can provide valid data to the solution. This condition may exist if:

stations have been misidentified during start-up.

the receiver’s current location is on one of the station’s baseline extensions, and this
baseline is required for a solution.

in North America, a station is off-air.
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W (uppercase W). The conversion to a positional fix is temporarily unstable; the
indicated position may be a fraction of a minute from its stable position. This instability
usually occurs after a station has been added to (or restored to) the positional fix
calculation. The W flag usually disappears within a few seconds.

a (lowercase a). A strong (nearby) station that would normally be used in the positional
fix calculation is not available or is unusable. An unusable station:

is flagged with an E, indicating an out-of tolerance ECD.

is flagged with a B, the “blink” alarm, indicating an out-of-tolerance condition. In
Loran-C, a blink is a signal used to indicate that a station is malfunctioning. A blink
is intended to prevent use of the signal for navigation.

e (lowercase €). The statistical error ellipse is equal to or greater than 1000 meters.

f (lowercase f). Unusually large Additional Secondary Factors (ASFs) are indicated.
Causes include:

The receiver may be under a power line or close to a large metallic object, such a
building or bridge.
Signal fading in mountainous areas.

Skywave contamination, which can cause effects like those caused by ASFs. For a
definition of ASFs, see Appendix A.

m (lowercase m). The Master of one of the chains assigned to the positional fix solution
is not being used. The Master may be flagged as unsuitable or it is not being tracked.
This flag is rarely used when several chains have been assigned to a solution. For
information concerning the addition and deletion of chains for a positional fix solution,
see sections 4.2.5 and 4.2.6.

M (uppercase M). This status flag indicates that the search has not yet identified the
Master of a displayed secondary. If a secondary is specifically identified as W, X, Y, or Z,
but the Master has not been found, the M status flag is displayed and the Time Delay
(TD) for the station is reported as 000000 microseconds.

Note: Stations that have been found but not identified as M, W, X, Y, or Z also have
reported TDs of 000000 microseconds.

[ -2 "))

Use this command to control the output of NMEA reports and set the serial port that
controls them. The command consists of three components:

First, type FORMAT NMEA.

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

Finally, specify the serial port, either by typing A or B.
For example, to disable the NMEA report on serial port A, you would type:
FORMAT NVEA O A

For more information on NMEA reports, see section 4.3.
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Use this 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 navigational purpose. In Mobile mode some alarms are adjusted to account
for rapid motion or rapidly changing conditions.

To return to Monitor mode, type MODE MONITOR.

%" - *C "((28  ))

Some settings are more appropriate in Monitor mode than Mobile mode. When you
change a receiver from one mode to the other, you can make corresponding setting
changes with the DEFAULT SETTINGS command.

2-3 1))

Use this command to select chain(s) for use in positional fix calculations.
Type NAV and then type two numbers:

The first number is the solution number, and can range from 1 to 4. You can define
up to four separate position solutions to be calculated simultaneously using
different chains or combinations of chains.

The second number is the Loran chain, as identified by the GRI number. You
choose the chains to be used in each positional fixing solution. The chains are
selected based on several criteria, as explained in section 4.1.

For example, here’'s a typical command: NAV 2 5930.
You can include up to six chains in each of the four position fixing solutions.

If you type the NAV command without specifying any values afterward, you display the
current navigational mode settings you made with the following navigational
commands:

NAV (view previously assigned chains)
FORMAT NAV
NAV AUTCASF

02-3/ ))

Use this command to deselect chain(s) for use in positional fix calculations. You select
the chain with the NAV command described in the previous section.
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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 solution 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 calculation of each positional fix solution is CPU-intensive. It may be practical
to turn off solutions that are not needed if the display of much other data is required or
you have set an unusually short GRI batch limit. If all the chains assigned to a solution
are deselected, the solution automatically turns off.

% 12-3 /2, (3(4 ))

Use this command to account for the earth’s conductivity in all of the defined solutions.
Type NAV CONDUCTIVITY and then type one of the following globally set constants to
approximate the earth’s conductivity in the calculation of longitude and latitude from
Time Delays (TDs):

0.0001 (primarily over land)

0.001

0.005

0.03

5 (primarily over sea water)
% 52-3- (/- ) )

Use this command to prevent positional fix shifts when the tracking of a station is
briefly lost. This function dampens the shifting of the positional fix that normally occurs
if stations drop out and back into the positional solution.

The command consists of four components, in the following order:
Type NAV
Type the solution number, which can range from 1 to 4
Type AUTOASF

Type ON to prevent positional fix shifts or OFF if positional fix shifts are not a
concern

For example, you would type:
NAV 2 AUTOASF ON
to prevent position fix shifts in solution number 2.

A minimum of three stations of one chain is required for determination of position. If
more than three stations of a chain are assigned to a solution, the software keeps
information about the fit error of each station. If the tracking of the station is briefly
lost, the receiver continues to use the lost station’s positional fit information for up to
several minutes.
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You must determine whether to use this option under normal conditions. If a station’s
tracking has been lost due to noise or skywave contamination, the fit information
associated with that lost station may not positively add to a useful positional fix.

The default setting for the NAV AUTOASF command is ON.

4.3 NMEA OUTPUTS

The National Marine Electronics Association (NMEA) standard allows marine electronics
to send information to computers and other marine equipment. The standard also
defines GPS receiver communication. Most computer programs that provide real-time
positioning information are compatible with the NMEA format.

Your SatMate/ CsSync receiver is compatible with the NMEA 0183 Standard for
Interfacing Marine Electronics Devices, a voluntary industry standard first released in
March 1983. The NMEA 0183 Standard defines electrical signal requirements, data
transmission protocol, timing, and specific sentence formats for a 4800-baud serial
data bus. NMEA output is EIA-422A, but the SatMate communicates via RS-232. Use
4800 bps, 8 data bits, no parity, and one stop bit (8N1) to connect to other devices.

Note: The SatMate/ CsSync receiver does not support the NMEA 2000 standard, which
was released in July 2000.

NMEA data includes the complete PVT (position, velocity, time) solution computed by
the GPS receiver. A line of NMEA data is called a sentence; lines are of variable length,
and in most cases are completely self- contained and independent from other lines
(sentences). In some unusual, specialized instances, data may extend over multiple
sentences.

All navigation device categories have standard sentences in NMEA, although individual
companies and hardware manufacturers can define their own proprietary sentences. All
standard sentences have a unique prefix of two letters, 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 letters that define the sentence contents, such as GLC, GLL,

and LCD.

Your receiver supports the following NMEA sentence formats:
$LCGLC (Geographic position, Loran-C)
$LCGLL (Geographic position, latitude/ longitude)
$LCLCD (Loran-C signal data)

All NMEA 0183 sentences consist entirely of ASCII text, begin with a “$”, and end with a
carriage return/ line feed (<CR><LF>). Each data point in a line 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 sections. Each data type
has its own interpretation, which is defined in the NMEA standard. The sentences
provide essential fix data. Other sentences may repeat information while providing some
new data. The data reader can detect sentences of interest and ignore the rest.

Upon receiving NMEA data, the receiver stores the information based on its
interpretation of the sentences. The receiver cannot indicate whether a sentence is
being read correctly, or request another transmission if some data was not received.
Instead, the receiving unit checks the checksum and ignores the data if the checksum

SatMate/CsSync Reference & Quick-start Manual 37



isn't correct, on the assumption that the data will be sent again later. No error can be
generated to the remote system.

% $*

The GLC sentence displays Loran-C geographic positions. An example sentence is
shown below, followed by explanations of the sentence data.

$LCGL.C, 8970, 0.0, A, ,,17695. 9220, A, 33312. 7117, A, 48937. 9691, A 66920. 4626, A*0C

LCGLC Loran-C geographic position
8970 GRI
0.0,A Master time of arrival (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 (this data point is usually optional, occasionally
mandatory, but always begins with *)

% $**

The GLL sentence displays geographic positions by latitude and longitude. An example
sentence is shown below with explanations of the data.

$LCGLL, 4300. 1140, N, 08925. 5581, W, A, A*56
LCGLL Geographic position by latitude and longitude

4300.1140,N Latitude, followed by N or S
08925.5581,W Longitude, followed by E or W

(empty) UTC of position
A Status (A = valid; V = invalid)
A Positioning system mode indicator (A = autonomous;

D = differential; E = estimated dead reckoning;
M = manual input; S = simulator; N = data not valid)

*56 Checksum data (this data point is usually optional, occasionally
mandatory, but always begins with *)
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The LCD sentence displays signal-to-noise ratio (SNR) and pulse shape (ECD) data for
Loran-C signals. An example sentence is shown below, followed by explanations 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 relative SNR, followed by master relative ECD

(empty) Secondary #1 relative SNR, followed by relative ECD

102,-041 Secondary #2 relative SNR, followed by relative ECD

115,-071 Secondary #3 relative SNR, followed by relative ECD

123,021 Secondary #4 relative SNR, followed by relative ECD

108,-060 Secondary #5 relative SNR, followed by relative ECD

*4E Checksum data (this data point is usually optional, occasionally

mandatory, but always begins with *)

4.4 EUROFIX OPERATION

Eurofix is an integrated navigation system developed by Delft University that combines
Loran-C with differential GPS and differential GNSS (Global Navigation Satellite
System). By additional modulation of the Loran-C pulses, a long-range data channel
can be established to enable broadcasting of DGPS correction data and integrity
information on one of its eight sub-channels.

Other sub-channels may be allocated to differential GLONASS or GNSS (DGLONASS or
DGNSS) messages. The applied additional three-level modulation is fully balanced, so it
has negligible influence on the basic Loran-C positioning accuracy.

The Eurofix system offers very good DGPS service, external GPS integrity, and improved
radionavigation availability. The modification costs for the transmitters are minimal,
but GPS users enjoy significant benefits in terms of accuracy and integrity by applying
the information that is broadcast.

You can expect DGPS accuracies of better than 3 meters (95%). As long as DGPS
performance is excellent, the ASF values of the Loran-C propagation can be updated
continuously and accurately by calculated DGPS positions.

During periods of poor GPS reception in urban canyons, highly calibrated Loran-C may
take over.

The rest of this chapter describes basic aspects of the Eurofix system. Most of the
material in the following sections is taken from a paper by Delft University titled
“Eurofix System and its Development.” (For a full citation, see Appendix C.)
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A well-known problem of satellite positioning systems is the poor penetration of L-band
radio signals in urban environments. The signals are often either blocked or reflected by
man-made structures. The low-frequency Loran-C signals propagate quite differently
from GNSS signals in built-up areas. As the wavelength (3,000 m) is long compared to
the size of constructions, Loran-C signals are not easily blocked or reflected.

However, due to large man-made structures, phase alterations of the 100-kHz signals
may occur. Interestingly, these effects are different for the Loran-C electric field and
magnetic field.

Low-frequency signals propagate along the earth’s surface slightly differently from free
space. Due to the limited conductivity of water and soil, the signals experience an
additional propagation delay. The delay due to seawater is known as the Secondary
phase Factor (SF), and can easily be taken into account in Loran-C position
calculations. The conductivity of ground or fresh water is less than for seawater and
strongly varies with different types of soil.

This results in an extra delay, the so-called Additional Secondary phase Factor (ASF). If
the receiver contains a database with ground conductivity figures or ASF corrections for
the total Loran-C coverage area, the system’s absolute accuracy can be improved.

As the Loran-C datalink offers DGPS correction data, you can exploit the accurate
DGPS position to continuously calibrate the estimated Loran-C position and build up
their own correction databases. This calibration can be done much more accurately
than with the best-known ASF tables, offering the unique possibility to use calibrated
Loran-C whenever GPS becomes unavailable.

So, the combination of GPS and Loran-C offers three important advantages:
Differential GPS service through Loran-C over a large coverage area
Improved availability and continuity by using calibrated Loran-C
External integrity

This is in strong contrast to current DGPS services. These services only supply DGPS
correction data and sometimes, external integrity. The continuity and availability of the
total system depend on the continuity and availability of the basic GPS, as well as of the
DGPS correction data service. In other words, whenever one of the two systems fails,
precise position determination 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 current infrastructures of Loran and Chayka in the U.S., Europe, and Asia
offer the possibility to cover the largest part of the industrialized world with high-quality
DGPS and DGLONASS services.

The basic Eurofix datalink, in essence, is a reliable long-range data broadcast system
with eight message types. The Loran-C pulses are additionally modulated to carry
different types of information. One of the sub-channels is assigned to provide
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differential GPS correction data and integrity information, while other channels are
reserved for DGLONASS, DLORAN-C, and Short Message Services (SMS).

As long as DGPS is available, the accurate position is used to continuously calibrate the
Loran-C pseudoranges. If GPS fails, you can continue navigation with accurate Loran-C
positioning (10-20 m), depending on the distance travelled and the validity of the rate of
change of the on-board ASF tables.

As Loran-C is a navigation system in itself, the transmission of information is restricted
by Loran-C navigation requirements and parameters. The additional data modulation
onto the Loran-C signal does not influence normal Loran-C operation. Therefore, the
following requirements are imposed on the use of the Eurofix datalink:

The blinking service must be preserved, which excludes the first two pulses of each
Loran-C group of Eurofix modulation.

The modulation is not allowed to induce tracking biases, which requires a balanced
type of modulation.

The modulation index must be kept small to prevent an undesirable loss in tracking
signal power.

Based on these requirements, a pulse position modulation with a 1- s modulation
index is chosen. Only six of eight pulses per group will be modulated, and the
modulation is always balanced on a per-GRI basis. The application of 3-level
modulation (a 1- s advance, a prompt, or a 1- s delay) leaves a possible seven bits of
information per GRI. With Loran-C GRIs varying between 40 ms and 100 ms, the raw
bit rate available for data transmission ranges from 175 to 70 bps.

Normal Loran-C users only experience a slight signal loss of 0.79 dB. Future Loran-C
receivers, which will have knowledge of the Eurofix modulation, will easily compensate
for the applied modulation, once the pulses are demodulated. Note that the influences
of crossrate interference and blanking, phenomena inherent to the choice of the Loran-
C signal structure, cause larger signal degradation.

For more information on the Eurofix datalink and message structure, see Appendix B.

The differential information is sent in an asynchronous message format. To keep data
latency within acceptable limits, an RTCM type-9 compatible message of 56 bits is
applied, as shown in the following table. To enhance the Eurofix datalink performance,
the RTCM parity is replaced by a stronger combination of Reed-Solomon Forward Error
Correction and a Cyclic Redundancy Check (CRC). However, as standard and
commercially available DGPS receivers must be facilitated, the received Eurofix data is
converted into a standard RTCM type-9 message.

To ensure reliable broadcast data communication through Loran-C, Forward Error
Correcting codes are applied. These codes provide an effective means to correct
occasional errors (improved datalink availability) and validate the decoded data
(integrity) at the cost of an increased message overhead.

Seven bits of information are translated into a balanced modulation pattern of six
pulses per GRI. In Eurofix the message integrity is ensured by a 14-bit CRC, while the
Reed-Solomon code ensures datalink availability for stations up to 1,000 km. Each 56-
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bit message (eight GRIs of seven bits) is protected by additional Reed-Solomon parity
GRIs.

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

Function # of Resolution Range
bits
Message type 3 8 types of messages
Modified Z- 13 0.6 seconds 0-3599.4
count

Scale factor

UDRE 2 4 states

Satellite ID 5 32 satellites
Pseudo-range 16 0.020r0.32m +655.34 or +10,485.44 m
correction

Range rate 8 0.002 or 0.032 m/s +0.254 or +4.064 m/ s
correction

Issue of data 8

Below is an example of DGPS correction data decoded from Eurofix messages, which is
then transferred into RTCM format:

SV=26, zcnt=1316.4s UDRE=0 PRC=5. 68m RRC=0. 006m s | ODE=52

% % %-

Introduction

Introduced by Locus in October 2003, the additional secondary factor (ASF) option for the
SatMate/ CsSync 1030 allows the operator of the Loran receiver to apply ASF corrections to the
Loran data being captured by the receiver. An ASF is a correction factor that is applied to the
Loran data during signal processing within the receiver. The corrected Loran data is made
available to the user by means of output reports from the serial communications channels on
the rear panel of the receiver.

The ASF is generally an empirically determined value that is dependent on the Loran signal
path. Loran radio frequency waves traveling across salt water propagate at a different velocity
than Loran waves that pass over land. The structure of the land will also make a difference, for
instance where the Loran signal passes over desert soils, moist soils, or mountainous terrains.
Without ASF correction, the Loran navigation positions derived from Loran signal time of
arrival are likely to be misaligned, sometimes significantly, as compared to the true location
where the Loran signal was received.

The value of applying an ASF to the Loran data is particularly evident and important in

navigation applications, since the use of an accurate ASF can relocate the derived Loran
position solution to within a few meters of the actual latitude/ longitude position.
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The Locus SatMate/ CsSync 1030 Loran Receiver can import and incorporate ASF correction
data into Loran position solutions using several methods. These methods are available by
manually entering known ASF values into the receiver, for Loran stations received at a
particular location, by entering a present location datum in degrees of latitude and longitude
and having the receiver calculate quasi-ASF correction values for that location, and by
importing real-time NMEA 0183 $GPGGA coordinate location messages from a GPS receiver
using the auxiliary “Serial Port B” on the rear panel of the SatMate/ CsSync. “Quasi-ASF” is
discussed later in this document.

Software 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 times a year as Locus implements new features and algorithms to improve receiver
performance. The downloading process is straightforward and only takes a few minutes. Up-
to-date Loran receiver software can be found on Locus’ website

http:// www.locusinc.com/downloads.html. Choose either the SatMate or CsSync 1030
Software category to begin a download of the new software files to your computer. These files
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”
file. There will now be a PDF file called “Software Installation Instructions”, which will guide
you through the rest of the software update process. Alternatively, you can call Locus,
Incorporated at 1-608-270-0500 to inquire about software upgrades for your receiver.

Note: The commands for operating the ASF function are in the Locus SatMate/ CsSync
Command Guide, located at the same Locus web page as the Software Downloads
http:// www.locusinc.com/downloads.html.

ASF Applications

The ASF capability of the SatMate/ CsSync 1030 can be used to generate and monitor ASF
values or to enhance the Loran navigation or timing solution. If the application is stationary in
nature, a datum entry or GPS data stream can be used as the true position. If the application
is mobile navigation, a real time GPS data stream should be used if possible.

The SatMate/ CsSync receiver currently generates “quasi-ASF” values, which differ from
absolute ASF values by an arbitrary constant (positive or negative) for all stations in a chain.

As a result, do not expect the reported ASF values that are generated in one session to match
those created during another session.

Receiver Set Up for ASF Applications

The following is the recommended receiver setup for land, air, and marine applications.

Note: The pl | command should not be used during navigation applications.

mode monitor default (stationary position applications)

or
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mode mobile default (land and marine applications)
or

mode aero default (aircraft applications)

antenna channel e/ h (H-field antenna)
or

antenna channel e (E-field antenna)

process toa on (displays TOAs relative to internal oscillator modulo the GRI)
format precise on (displays TOAs in 100 picosecond format)

format 2 (displays notch filter and station process information)

format nav 1 (turns navigation solution calculation on)

nav 1 <GRI> (repeat for each GRI to be added to the navigation solution)

NOTE: Always use WGS84 coordinates

nav force datum < lat> < lon> (For stationary applications only: forces the loran nav solution.)
or

nav force stream (For use only with $GPGGA message input: forces the loran
navigation solution. Serial port of the GPS receiver must be
plugged into port B of the SatMate receiver. The default baud
rate of port B is 9600. The baud rate of port B can be changed
with the baud command.)

nav force apply on (For navigation only)

tdavg x Where “x” is in seconds. (For navigation, the tdavg parameter
should generally be set to 60 for stationary applications, and
smaller values for applications that are more dynamic. For
example, a marine vehicle application might benefit from a
tdavg of 20, and a terrestrial vehicle application may have better
results with a tdavg of 10 or less. Comparisons should be made
for each specific application to fully understand and take
advantage of this parameter. The tdavg parameter must be set
to 10 or less to be used with the 'nav force stream' command.)

update <seconds> store (enter desired data output rate in seconds)

status v (display current receiver settings for verification)
TIMING APPLICATIONS

The following is the recommended CsSync 1030 receiver setup for timing applications requiring
a 1PPS timing output. Note that the absolute phase of the 1PPS is random. See the TAI
section of the SatMate/ CsSync Command Guide for other options. The receiver should be
phase-locked to the nearest Loran Master transmitter for best results. The pl| command can
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be issued only after the desired station has been acquired and is being tracked by the receiver.
If power is cycled or the receiver stops tracking the desired station, the pl | command will need
to be issued again once the receiver has resumed tracking the desired station.

Receiver Set Up for Timing Applications

antenna channel e/ h (H-field antenna)

or

antenna channel e (E-field antenna)

process toa on (Displays TOAs relative to internal oscillator modulo the GRI)
format precise on (Displays TOAs in 100 picosecond format)
format 2 (Displays notch filter and station process information)

mode monitor default (Used for timing and monitoring applications)
pll <station> (Enter GRI and letter designator of closest Master transmitter)

status v (Display current receiver settings for verification)

Frequency Applications

The following is the recommended receiver setup for frequency applications requiring a 10MHz
output.

Note: The pl | command should not be used for frequency applications.

antenna channel e/ h (H-field antenna)
or

antenna channel e (E-field antenna)

process toa on (displays TOAs relative to internal oscillator modulo the GRI)
format precise on (displays TOAs in 100 picosecond format)
format 2 (displays notch filter and station process information)

mode monitor default (used for timing and monitoring applications)
fout a 10000000 (sets output frequency to 10MH2z)

status v (display current receiver settings for verification)
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CHAPTER 5 PRODUCT SUPPORT

If you have problems with your receiver, this chapter offers some possible solutions.
You can also use the on-line help, as explained in Chapter 1.

This chapter includes sections 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 troubleshoot your system:

VERSION Display the system’s current revision.

DEFAULT Set the system to its original default settings.
DEFAULT FACTORY | Use a variant of the DEFAULT command.

RESET Use the software to reset the hardware.

STATUS Display the current system settings.

TIME Set the hour, minute, and second of the internal 24-
hour clock.

DATE Set the date.

$ Clear the display of scrolling text associated with the

TRACE function.

Each command is explained in this section. For more detailed information on these
commands, see the Command Guide.

' 3" /2 )

Type VERSION to display the system’s current revision. Please use this command before
contacting Locus with a service question—the first question asked by the Locus Service
Department is the revision number of your software.

' e (028 )

Type DEFAULT SETTINGS to return most receiver settings to their original, default
settings. Only settings that affect the system as a whole are reset. Settings that affect
only individual stations are not affected, nor are settings that, if changed, would cause
the receiver to stop functioning. The parameters that do not return to default settings
include baud rate, clock and crystal setting tables, and the station Search List.

Setting the receiver to its defaults means that it is returned to a known state, which
may be useful in the following circumstances:

to speed recovery after diagnostic values have been used
during troubleshooting

for initialization by a mechanical supervisor, such as a PC
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The DEFAULT FACTORY command is a variant of the DEFAULT command. When you
type DEFAULT FACTORY, the following additional settings return to their default states
as shipped from the factory:

echo mode: OFF
TOA mode: process TOAis 1
clock gain factor

antenna type

% ()

Type the RESET command to reset the receiver through the software (without power
cycle). All averaging of the station signal data is cleared. All tracking starts again as
directed by the Search List.

(= ) )

Type the STATUS command to display the current settings of the receiver. We
recommend that you generate this list when the system has been installed and
appropriately customized, and then on a regular basis to assure that the settings have
not been changed from those intended.

If you want to see example default settings for the receiver, see the STATUS command
description in the Command Guide.

00 "))

Use this command to set the hour, minute, and second of the internal 24-hour clock. If
you use the RESET command described earlier in this section, then you must reset the
time as well.

For details on using this command, see the Command Guide.

- )

Use this command to set the date. If you use the RESET command described earlier in
this section, then you must reset the date as well.

For details on using this command, see the Command Guide.
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Use this command to clear the display of scrolling text associated with the TRACE
function.

When using the TRACE function, it is possible to turn on so many diagnostic functions
that there is not enough time to type a full command without being interrupted with
scrolling text. The $ character stops the scrolling of text associated with TRACE-
generated data. The $ character alone is sufficient to stop the scrolling text; the Enter
key is not required.

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

5.2 Locus WEB PAGE

To view Locus company and product information, please access the following Web page:

www.locusinc.com

5.3 LOCUS REPAIR CENTER

Locus repair and technical support:
5540 Research Park Drive
Fitchburg Center
Madison, Wl 53711 USA

Telephone:

608/ 270-0500

Fax:

608/ 270-5257

Email:

locus@ocusinc.com

Hours of operation:

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 designation of a group of radionavigation systems by which a
hyperbolic line of position is determined through measuring the difference in the times
of reception of synchronized pulse signals from two fixed transmitters.

Loran-C is a system of transmitters that generate electromagnetic pulses riding on a
100-KHz carrier. Transmitters are grouped into chains, of which at least three stations
share the same frequency of transmitted pulses. The system is referred to as Loran-C to
distinguish it from the older Loran-A system.

Each transmitter is separated from another transmitter by at least several hundred
miles. Each chain generates a train of pulses at a rate that is unique to the chain.
Master stations transmit a train of nine pulses; the Secondary’s train is eight pulses
long. The precision of the pulse transmission timing is based on a Cesium clock.

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

to acquire a precise timing reference. The receiver clock can be referenced to the
transmitter’s Cesium clock reference.

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

to determine position in navigation applications. Among other things, the system’s
positional fix accuracy depends on the geometry of the stations and the receiver,
and propagation delays over mixed terrains.

This appendix explains several aspects of Loran-C, including:
basic terminology
signal structure
transmitter locations

navigation accuracy

A.1 BASIC TERMS

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

Loran-C transmission stations are designated as Masters or Secondaries. The data from
Master-Secondary station pairs is used for navigation. The Master is designated as M.
The Secondaries are identified as V, W, X, Y, and Z.
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Transmitters are associated in identifiable groups called chains. Each chain includes
one Master and at least two Secondaries. Each station in a chain transmits in

sequence. The identification of the chain is based on the duration of time it takes for the
complete cycle of transmission from the Master and all of its associated Secondaries.
The duration of time—or Group Repetition Interval (see section A.1.6) for the complete
cycle of transmission—is unique for each chain.

Each chain produces signals suitable for navigation or timing 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 absolute accuracy of a Loran-C
positional fix is 0.25 nautical mile and an adequate signal-to-noise ratio (SNR) is
available (at least -10 dB or a limit of three times more noise power than signal power).
The limits of coverage are based on transmitter power, distance, and the expected SNR
associated with the signals of all stations of the chain. The SNR decreases with
distance. (See section A.1.10 for an explanation of signal-to-noise ratio.) The definition
of any one coverage area may be revised as a result of ongoing studies.

%$ 9

The Loran-C system was originally developed by the U.S. Department of Defense for
military purposes. Transmitters were established at militarily strategic locations by
agreement from host nations.

Since its original installation, the authority for Loran has been transferred to civil
authorities, and its range has expanded:

In 1974, the chains local to the U.S. were transferred to the U.S. Coast Guard, a
civil authority.

With Canadian participation, coverage expanded to the north.

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

In the mid-1980s, six Northwestern European nations adopted Loran-C as a
terrestrial complement to the emerging satellite-based global positioning system
(GPS). The countries of France, The Netherlands, Norway, Denmark, Germany,
and Ireland are members of the Northwest European Loran-C System (NELS).

There are chains in India and Saudi Arabia.

In the Far East, the Loran-C FERNS consortium includes Japan, China, Korea,
and Russia.
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In 1994, the U.S. Department of Defense authorized the transfer of its foreign-based
system to the respective host nations.

The coverage area of Loran-C will continue to expand as a terrestrial-based positioning
system backup to the satellite-based positioning system for both political and practical
reasons.

- ) 1$  #

Each chain transmits a cycle of electromagnetic Loran signals. First, the Master
transmits the signal. After a time interval that ensures the signal has propagated
throughout the coverage area, the first Secondary transmits a signal. After another time
interval that ensures the first Secondary’s signal has propagated throughout the
coverage area, the next Secondary transmits the signal.

Generally, Secondaries transmit in the alphabetical order of their alpha designator.
When all Secondaries have transmitted, the Master transmits again. The number of
microseconds required for the chain to complete its transmission cycle is called the
Group Repetition Interval (GRI). The GRI is unique to each chain. Loran receivers
identify the chains through calculation of the GRI duration.

- 0$ )9

Each chain has a distinct Group Repetition Interval, which is measured in
microseconds. The designator of each chain references this distinct GRI. The GRI
duration, in microseconds, is divided by 10 to derive the GRI designator for each chain.
For example, GRI chain 9960 has a Group Repetition Interval of 99,600 microseconds.

-1, 1) #

The basic operation of a Loran-C receiver is the measurement of the time from the
receipt of the Master’s signal to the receipt of one of its Secondary signals. This time
interval is the Time Difference (TD). TDs are measured in tenths of microseconds.

- 5¢(,

The difference in the time of arrival of the signals from each transmitter of a Master-
Secondary pair reflects the difference in distance of each transmitter to the receiver.
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A curved line (hyperbola) results if the set of points having the same Time Difference
from a specific Master-Secondary pair is plotted. Loran-C is classified as a low
frequency, hyperbolic terrestrial system. In this application, these curved lines are
called Lines of Position (LOP). A curved LOP can be determined from the Time Difference
of each Master-Secondary pair.

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

LOP for TDs of X

you are here

LOP for TDs of Y

Intersecting lines of position

The TDs of the two Master-Secondary pairs (and the two associated LOPSs) are required
to determine a positional fix. The intersection of the two LOPs indicates the location of
the receiver. The receiver’s position in latitude and longitude can be manually
determined using Loran overprinted charts (geographical charts overprinted with a
lattice of the LOPs for each Master-Secondary pair). Loran overprinted charts are
published by the U.S. Coast Guard. The Loran receiver can automatically convert TDs
to an estimation of longitude and latitude.

7 2 ! #

The signal-to-noise ratio is an indicator of signal quality. The validity of the receiver’s
calculated 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 relative to the signal’s power.

The dominant source of noise in the Loran-C bandwidth is atmospheric conditions,
particularly lightning. Thereis always a lightning storm somewhere on the earth. Its
effects on Loran-C signal reception is determined by the receiver’s proximity to the
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storm. This source of noise is generally greater in summer than winter and greater in
the tropics than in the higher latitudes.

SNR is reported by the Loran-C receiver in dB (decibels). If the SNR is reported as 0O, the
noise power equals the Loran-C signal’s power. A positive SNR indicates that the signal
power is stronger than that of the noise. A negative SNR indicates that the noise power
is stronger than the Loran-C signal’s.

To determine the background (noise floor) at your location, subtract the SNR value from
the signal strength at the tracking point (third zero crossing). For more details, see
section 3.2.1.

When the U.S. Coast Guard specifies the coverage area of each chain, it ensures that
the SNR of each transmitter signal in the chain is 1/ 3 signal-to-noise, or -10 dB. To
determine the SNR of a transmitter’s signal in a particular application, Locus
recommends that the signal be monitored day and night for at least a week. Even under
normal conditions, there can be an 8- to 15-dB difference in SNR from day to night. If
the establishment of an application (such as station selection or antenna installation) is
to be based on one measurement only, Locus considers +12 dB to be a good SNR with a
built-in tolerance for varying SNR.

SNR can be low due to:

not enough chains searched to reduce crossrate interference. For more details on
increasing SNR by decreasing crossrate interference, see section 3.1.

an antenna that has not been optimally installed.
bad weather conditions (high concentration of local lightning).

skywave contamination. For an explanation, see the next section.

The Loran-C signal propagates in all directions.

Groundwaves are signals that travel along the earth’s surface below the electrified
ionosphere. They are relatively stable and predictable. Groundwaves, however,
attenuate (lose strength) with travel along the earth’s surface.

Skywaves are signals that are propagated upward toward the ionosphere and reflected
off the lower E or D electrified layers. Skywaves provide stronger signals at greater
distances, extending the range of the transmission. However, skywaves are not stable
and their time of arrival is not predictable, because the ionosphere changes from day to
day (even hour to hour) in ways that affect its reflectiveness to the Loran-C
electromagnetic pulses.

The ionosphere is made up of several layers, each a different distance from the earth’s
surface. This adds to the unpredictability of the time of arrival (TOA) of skywaves.
Skywaves may cause “skywave contamination,” a distortion of the Loran-C signal,
displaced TDs, signal fading, or pulse shape changes. Skywaves generally arrive
between 35 and 1000 nsecs after the associated groundwaves. The Loran-C receiver
uses the TOA delay between groundwaves and skywaves to distinguish between the two
paths of signal propagation.
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At long distances, skywaves may be the only available signal. Early Loran technology
was based on skywave reception. Loran-C was designed partly to minimize the effects of
skywaves on groundwave reception and tracking.

You may suspect the Loran-C receiver of acquiring skywaves if:
the signal is received outside the published coverage area.
a skywave flag is displayed on the Loran-C receiver.

the SNR (signal-to-noise ratio) is larger than expected. For a discussion of signal-to-
noise ratios, see section A.1.10.

the variance of TDs (Time Difference distortion) is larger than normal.

there are large apparent positional fix errors.

! #

One GRI cycle is defined as the set of pulses transmitted first by the chain’s Master and
then by all of its Secondaries in alpha-designator sequence. A GRI cycle includes all of
the pulses transmitted from the time the Master first transmits to the time it is due to
transmit again.

The Radio Frequency (RF) carrier of the Loran-C signal can be phase shifted. Each
pulse of the GRI can be shifted by 180 degrees. Each Loran-C pulseis a sinusoidal
signal within a teardrop-shaped envelope. This is the basic shape you can view with an
oscilloscope.

The following illustration shows two Loran-C pulses that are phase shifted 180 degrees
in relation to each other. Note that the initial inflection of the first pulse is positive,
while that of the second is negative.

Wil oo~

Loran-C pulse

Some Loran-C pulses are shifted 180 degrees and others are not, creating a standard
code of phase shifts. One complete cycle of the phase shift code spans the duration of
two complete GRIs. The duration of the whole phase-coded pattern is called the Phase
Code Interval. One PCl is equal to two GRIs. The coding of the first GRI is referred to as
the A pattern, and the second GRI of phase-coded signal is labeled as the B pattern.

The 18 pulses (two GRIs) of all Masters are phase shifted in one pattern (first pulse 180
degrees, second pulse 180 degrees, third pulse 0 degrees, and so on, as shown in the
illustration below). The 16 pulses (two GRIs) of all Secondaries are phase shifted in
another pattern.
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Secondary phase coding and Master phase coding

The Loran-C receiver detects the phase of each Loran-C pulse. Using this information, it
can distinguish a chain’s Master from its Secondaries. The phase coding can also be
used to distinguish the current GRI (A, for example) from the immediately previous or
subsequent GRI (which would be coded in the B pattern). The receiver cannot
distinguish between one A pattern and a previous or subsequent A pattern.

A.2 IMPROVING THE SIGNAL-TO-NOISE RATIO

The Loran-C transmission is specified to be a series of electromagnetic pulses that vary
at a rate of 100,000 cycles/ second (100 KHz). The Loran-C receiver is designed to detect
and acquire electromagnetic signals within the range of 82.5 KHzto 117.5 KHz. Any
other electromagnetic signal consisting of components within this bandwidth will also
be acquired by the Loran-C receiver. Local TV or radio stations, and even fluorescent
lighting, can produce varying electromagnetic signals that share the same bandwidth
for which the receiver is tuned. These interfering signals are called interferers. The
filtering of interferers can noticeably improve receiver performance in areas
characterized by weak signal strength.

Interferers can cause an increase in the overall noise of the system, hiding weaker
stations. They can also change the overall shape and phase of a received Loran-C pulse.
A distorted pulse can lead to incorrect calculation of Time Differences.

A basic function of a Loran-C receiver is the precise measurement of time between GRI
cycles. Precision is a measure of how closely the outcome of a series of observations or
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measurements cluster about some estimated value of a desired quantity. Precision
implies repeatability of the observations within some specified limit.

To precisely measure the interval between GRI cycles, each pulse must be detected at
precisely the same point. Signals from sources other than a Loran-C transmitter can
“overlap” the Loran-C signal, interfering with pulse detection and contributing to a
deterioration of the precision of the pulse-to-pulse interval measurement. To improve
the precision of pulse detection, the Loran-C receiver automatically assigns filters to the
interferers it detects.

Because the interferers “overlap” the Loran-C pulses, any filtering will also remove the
components of the Loran-C pulse, which are “overlapped” by the interfering signal. For
this reason, the filters remove only as much of the interfering signal as is necessary for
the precise detection of the Loran-C pulse. A filter designed to remove signals only
within a narrow frequency range is called a notch filter.

The filtering characteristics of a notch filter can be summarized with a chart of signal
amplitude vs. frequency.

amplitude
amplitude

Notch filtering characteristics

The type of interferer dictates how the receiver automatically assigns the notch filters.
The “sharper” frequency characteristics of a computer monitor may be assigned one
filter, while the broader band of interfering signals generated by fluorescent lights may
be assigned two notch filters.

At some receiver installations, it is possible that Loran-C chains are located such that
the transmission from a station on one chain may be received and coincide in time with
other station transmissions from different chains. This overlap of two or more stations
is called crossrate interference. (In the past, the term “rate” was used interchangeably
with the term “chain.” Crossrate interference is synonymous with cross-chain
interference.) The possibility of having stations overlap one another is caused by the
differences in the Loran chain transmission repetition intervals, the GRI.

Two or more stations on different chains (GRIs) that have Loran signals occurring in the
same time period will result in an incorrect signal being presented to the receiver. This
would give erroneous data. However, since the transmission times for each chain and
its stations can be predetermined using the Search List, it is possible to compensate for
times of inter-chain station coincidence and thereby improve the performance of the
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Loran receiver. The receiver’s ability to provide crossrate compensation improves the
receiver’s signal-to-noise ratios.

See section 3.1 for instructions on defining the Search List.

Additional Secondary Factors (ASFs) are used to account for terrain differences that
affect the propagation speed of the Loran-C signals. The application of the correction
factors can be significant in the calculation of position.

The Loran-C signal is an electromagnetic wave and, as such, propagates at different
speeds through media of varying conductivity. The fastest propagation is through a
vacuum. Propagation speeds over land, fresh water, and seawater are all referenced to
the speed of propagation through a vacuum. Conductivity of land varies with its
moisture content, its night/ day/ seasonal temperature changes, and the nature of man-
made structures such as bridges, power plants, and high-rise buildings.

Generally, the Loran-C signal has traveled over a mixture of terrains before it is
received. The appropriate Additional Secondary Factor, therefore, is a composite of
several different correction factors.

The U.S. Coast Guard publishes the Radio Navigation Bulletin, which identifies
structures that may affect signal propagation. The U.S. Defense Mapping Agency,
Hydrographic/ Topographic Center, publishes Loran-C Correction Tables, which contain
experimentally derived composite correction factors for each GRI chain.

The correction factors do not typically exceed +4 nms. Sometimes however, the Time
Difference gradient at the receiver’s location necessitates the use of a significant
correction factor. Even on a transmitter pair’s baseline, where the gradient is the
smallest (492 ft/ ns), a correction factor of 3 ms can represent a distance correction of
1,476 feet.

Absolute accuracy is affected by ASFs. Repeatable accuracy is unaffected. For an
explanation of the distinction between these two measures of accuracy, see section A.4.
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A.3 TRANSMITTER LOCATIONS

The following table lists the positions of Loran-C transmitters in WGS 84 coordinates.
Positions are based on U.S. Defense Mapping Agency survey data. (Positions of Loran
systems operated by other governments were provided by those governments.)

The power shown is transmitter peak rated power. This power is a nominal value;
radiated power may vary from the printed value by +20%.

- * ) >$ 5%
Emission Coding Power
Chain Latitude Longitude Delay Delay (kw)

5543 CALCUTTA CHAIN

M Balasore 21°29'08.000" N | 86°55'18.000" E 43

W Diamond 22°10’18.000" N | 88°12'25.000" E 18,510.68 18,000 | 11
Harbor

X Patpur 20° 26’ 48.000" N | 85°49'47.000" E 36,542.75 36,000 | 11

5930 CANADIAN EAST COAST CHAIN

M Caribou, ME | 46° 48’ 27.305"N 67° 55 37.159"W 800

X Nantucket, 41°15’12.046"N 69° 58’ 38.536"W 13131.88 11000 350
MA

Y Cape Race, 46° 46’ 32.286"N 53° 10’ 27.606"W 28755.02 25000 1000
Canada

Z Fox Harbour, | 52°22'35.252"N 55°42'27.862"W 41594.59 38000 900
Canada

5980 RUSSIAN-AMERICAN CHAIN

M Petropaviovsk | 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 Williams Lake, 51°57'58.876"N 122°22'01.686"W 400
Canada

X Shoal Cove, 55° 26’ 20.940"N 131°15'19.094"W | 13343.60 11000 560

AK

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

Z Pt. Hardy, 50° 36’ 29.830"N 127° 21’ 28.489"W | 42266.63 41000 350
Canada

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 Billamora 20° 45'40.000" N | 073°02'17.000"E | 40,977.61 40,000 | 11
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Emission | Coding Power
Chain Latitude Longitude Delay Delay (kw)

6731 LESSAY CHAIN

M Lessay, 49°08'55.224" N | 01°30'17.029" W 250
France

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

Y Rugby*, England 52°22'00.562" N | 01°11'17.636" W 27,300 24,969 | 250

*Tentatively sched- uled for late 2005

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

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 Bg CHAIN

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

X Jan Mayen, 70°54'51.478" N | 08°43'56.525" W 14,100 11,014 | 250
Norway

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

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

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

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

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

Y Veerlandet, 61°17'49.435" N | 04°41'46.618"E 29,500 26,986 | 250
Norway
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Emission Coding | Power
Chain Latitude Longitude Delay Delay (kW)

7930 LABRADOR SEA CHAIN

M Fox Harbour 52°22'35.252"N 55° 42’ 27.862"W 900
Canada

W Cape Race, 46° 46’ 32.286"N 53° 10’ 27.606"W 13167.31 11000 1000
Canada

X Angissoq, 59° 59’ 17.348"N 45° 10’ 26.916"W 29565.39 26000 760
Greenland

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

M Aleksand- 51°04'42.805" N | 142°42'04.952"E 700
rovsk

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

X Ussuriisk 44°31'59.702" N | 131°38'23.403"E 33,678.00 | 30,000 | 700

Y Tokachibuto 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, 55° 26’ 20.940"N 131°15'19.094"W 29651.14 26000 560
AK

Z Port Clarence, 65° 14’ 40.372"N 166°53"11.996"W 47932.52 45000 1000
AK

7970 NORWEGIAN SEA CHAIN

M Ejde, 62°17'59.713"N 07° 04’ 25.984"W 325
Denmark

X B@, Norway 68° 38’ 06.207"N 14° 27’ 47.554"E 15048.10 11000 165

W Sylt, 54° 48’ 29.962"N 08° 17’ 36.866"E 30065.64 26000 325
Germany

Y Sandur, 64° 54’ 26.647"N 23°55'21.196"W 48944.53 46000 1500
Iceland

Z Jan Mayen, 70° 54’ 52.662"N 08° 43’ 58.136"W 63216.30 60000 165
Norway

7980 SOUTHEAST U.S. CHAIN

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

W Grangeville, 30° 43’ 33.149"N 90° 49’ 43.046"W 12809.54 11000 800

LA

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

X

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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Emission Coding | Power
Chain Latitude Longitude Delay Delay (kW)
7990 MEDITERRANEAN SEA CHAIN
*M Sellia 38°52'20.707"N 16° 43’ 06.713"E 165
Marina, Italy
*X Lampedusa, 35°31'20.912"N 12° 31" 30.799"E 12755.98 11000 325
Italy
*Y Kargabarun, 40° 58’ 21.066"N 27°52'02.074"E 32273.29 29000 165
Turkey
*Z Estartit, 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 53°17'17.600" N | 48°06'53.400" E 67,941.60 | 65,000 | 1150
[Karachev]
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 Gillette, WY 44° 00’ 11.305"N 105° 37 23.895"W 29084.44 27000 400
Y Williams 51°57'58.876"N | 122°22'01.686"W | 45171.62 | 42000 | 400
Lake, Canada
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 28°09'15.997" N | 34°45'40.544" E 42,645 40,000 1000
Humayd
Z Al Muwassam 16° 25'56.028" N | 42°48'04.884" E 58,790 56,000 1000

* Off air
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Emission | Coding | Power
Chain Latitude Longitude Delay Delay (kW)
8930 NORTHWEST PACIFIC CHAIN
M Niijima 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 Minamitori- 24°17'08.007" N | 153°58'53.779"E | 36,051.53 | 30,000 | 1100
shima
Y Tokachibuto | 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, 48° 36’ 49.947"N 94° 33’ 17.915"W 47753.74 | 44000 800
MN
Z Boise City, 36° 30’ 20.783"N 102°53'59.487"W | 63669.46 | 59000 900
OK
9007 EJDE CHAIN
M Ejde, Faroe 62°17'59.837"N | 07°04'26.079" W 400
Islands
W Jan Mayen, | 70°54'51.478" N | 08°43'56.525" W 14,200 10,984 | 250
Norway
X Bg, Norway 68°38'06.216" N | 14°27'47.350"E 28,000 23,952 | 400
Y Veerlandet, 61°17'49.435" N | 04°41'46.618"E 41,100 38,997 | 250
Norway
9610 SOUTH CENTRAL U.S. CHAIN
M Boise City, 36° 30’ 20.783"N 102° 53’ 59.487"W 800
OK
V Gillette, WY 44° 00’ 11.305"N 105° 37’ 23.895"W | 13884.48 | 11000 540
W Searchlight, | 35°19'18.305"N 114° 48’ 16.881"W | 28611.81 | 25000 560
NV
X Las Cruces, 32° 04’ 18.130"N 106° 52’ 04.388"W | 42044.93 | 40000 540
NM
Y Raymondville, 26° 31’ 55.141"N 97° 49’ 59.539"W 56024.80 | 52000 540
X
Z Grangeville, 30° 43’ 33.149"N 90° 49’ 43.046"W 69304.00 | 65000 800

LA
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Emission Coding Power
Chain Latitude Longitude Delay Delay (kW)
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 Niijima 34°24'11.943" N | 139°16'19.473"E | 40085.64 37,000 | 1000
Z Ussuriisk 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, 38°46'57.110"N 122°29'43.975"W | 28094.50 27000 400
CA
Y Searchlight, 35°19’'18.305"N 114° 48’ 16.881"W | 41967.30 40000 560
NV
9960 NORTHEAST U.S. CHAIN
M Seneca, NY 42° 42’ 50.716"N 76° 49’ 33.308"W 800
W Caribou, ME 46° 48’ 27.305”N 67° 55’ 37.159"W 13797.20 11000 800
X Nantucket, 41°15'12.046"N 69° 58’ 38.536"W 26969.93 25000 350
MA
Y Carolina 34° 03" 46.208”"N 77° 54’ 46.100"W 42221.64 39000 600
Beach, NC
Z Dana, IN 39°51'07.658”"N 87°2911.586"W 57162.06 54000 400
9970 NORTHWEST PACIFIC CHAIN
M Iwo Jima, 24° 48 03.734"N | 141°19'30.857"E 1815
Japan
W Marcus 24° 17 08.026"N 153° 58’ 53.786"E 15283.94 11000 1000
Island, Japan
X Hokkaido, 42° 44' 37.217"°N 143° 43’ 09.799"E 36685.12 30000 600
Japan
Y Gesashi, Japan 26° 36 25.110"N 128° 08’ 56.999"E 59463.18 55000 600
Z Barrigada, 13°27'50.092"N 144° 49’ 32.987"E 85365.84 81000 600
Guam
9980 ICELANDIC CHAIN
*M Sandur, 64° 54’ 26.647"N 23°55’21.196"W 1500
Iceland
*W Angissoq, 59°59'17.348"N 45° 10’ 26.916"W 15068.03 11000 760
Greenland
X Ejde, Denmark 62°17'59.713"N 07° 04’ 25.984"W 32944.54 30000 325
9990 NORTH PACIFIC CHAIN
M Saint Paul, AK 57°09'12.350"N 170° 15’ 06.245"W 275
X Attu Island, 52° 49 44.134"N 173° 10’ 49.528"E 14848.23 11000 275
AK
Y Port 65° 14’ 40.372"N 166° 53’ 11.996"W | 32068.95 29000 1000
Clarence, AK
Z Kodiak, AK 57° 26’ 20.301"N 152°22'10.708"W | 46590.45 43000 400
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A.4 NAVIGATION ACCURACY

- %

- %

In navigation, accuracy measures the error between the point desired and the point
achieved, or between the position indicated by measurement and the true position.
There are three types of accuracy relative to navigation:

Absolute—the difference between the Loran-C determined position and the actual
location as defined by the geographic coordinates. Positioning, using Loran-C
signals and overprinted charts, is specified by the U.S. government to be within 0.25
nautical mile of the absolute position, but in practice can be as close as 100 feet
depending on environmental conditions and receiver location in relation to stations.
The absolute accuracy specification of the U.S. government was made for single
chain solutions. A multi-chain solution, as provided by the Loran-C receiver, is
more accurate.

Repeatable—the accuracy of how closely a user can return to a position using
coordinates that have been measured at a previous time using the same
navigational system. Typically, using previously measured coordinates, a user can
return to within 60 to 300 feet of the original position.

Relative—the accuracy with which a user can determine position in relation to
another user of the same navigational system at the same time. This measure of
accuracy is especially important in “search and rescue” situations.

The most important determinant of Loran-C based positional accuracy is the system’s
geometry. The three most important considerations in the selection of transmitters used
in the calculation of position are:

Baseline extension
Gradient

TD lattice crossing angle

* $

Loran-C is a two-dimensional positioning system. It provides data based on latitude and
longitude.

GPS is a three-dimensional positioning system. It provides information related to
altitude in addition to data based on latitude and longitude.
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A.4.2.1 SIGNAL AVAILABILITY

GPS is a very high frequency (1.575 GHz) and weak signal (-160 dBw) and Loran is a
very low frequency (100 KHz) and strong signal (+126 dBuV). GPS is a line-of-sight
signal path. Loran will follow the curvature of the Earth. Due to low signal strength, the
GPS signal is easily blocked by various sources of electrical noise and line-of-sight
obstructions. Loran transmissions, due to the physical nature of the airwave signal, will
be received in a number of locations where GPS reception is not available.

Loran-C has a 24-hour, 99.5% availability target in all published coverage areas. The
National Institute of Standards and Technology (NIST) publishes a monthly bulletin that
documents the previous month’s transmission availability and alerts users of scheduled
maintenance outages:

http:/ / www.boulder.nist.gov/ timefreqg/ service/ lorantrace.htm

The US Coast Guard publishes information about the North American Loran Chains at
the following website:

http:/ / www.navcenter.org/ loran/ default.htm

GPS is not always available at any specific location, depending on the orbit status of the
satellites. GPS cannot provide the availability necessary to be certified as the sole
means for navigation.

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

B.1

Eurofix is an integrated navigation system developed by Delft University that combines
Loran-C with differential GPS and differential GNSS (Global Navigation Satellite
System). In Eurofix the Loran-C signal is used as a carrier for differential and integrity
information. The signals are also modulated using pulse position modulation. This extra
modulation, however, should not introduce unwanted tracking biases for normal Loran-
C users. On the other hand, the service provided through the datalink places
requirements on the data throughput, availability and integrity of the datalink. Clearly,
the datalink has to meet both Loran-C and Eurofix user requirements.

Originally, the Loran-C datalink was designed to carry differential and integrity
information for the Eurofix navigation system. Besides differential GPS and GNSS
corrections, other services can also be implemented. Up-to-date ASF calibration tables
can be uplinked to normal Loran-C users to improve accuracy. Also, the Loran-C
datalink could provide a continental-wide emergency broadcast network for so-called
“short messages.” In distress situations the Loran-C datalink can provide information to
paramedics and emergency staff in virtually any corner of Europe and the U.S.

In the last few years, extensive research has been done on the Eurofix datalink. Trials
performed by Megapulse, Inc., using the U.S. Coast Guard's Wildwood test transmitter,
showed that reliable data transmission as well as good DGNSS performance is feasible.
Since then, adjustments have been made on the modulation schemes and coding
strategies to increase the data throughput and improve availability.

The basics of the Eurofix system are explained in greater detail in section 4.4. This
appendix focuses on the message structure and message types of the Eurofix system.

Most of the material in this appendix is taken from a paper by Delft University titled
“The Eurofix Datalink Concept: Reliable Data Transmission Using Loran-C.” (For a full
citation, see Appendix C.)

EUROFIX DATALINK

The purpose of the Eurofix datalink is to transport information from the Loran-C station
to users. The information can, in principle, be of any kind. First, we examine the
general model for the Loran-C data channel and its performance parameters. Then, the
restrictions on the use of Loran-C pulses as a carrier for data are analyzed.

$ ;) )

The following figure shows the general Loran-C datalink model. At the transmitter site,
the information is encoded and modulated onto the Loran-C signal. During
transmission the signals are corrupted by noise, continuous wave interference and
crossrate interference. At the user site, the signals are demodulated and decoded, and
the information 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
important role:

The type of information that is transmitted poses requirements on the effective data
throughput.

On the other hand, the hostile Loran-C environment necessitates the use of strong
Forward Error Correction to ensure the datalink availability.

At all times, data integrity must be ensured.

For different types of services—DGNSS and integrity messages or the short messages
service—the emphasis on the three above issues is different. The application of the
strong Forward Error Correction results in a large overhead, which reduces the effective
data throughput. For signals originating from nearby transmitters, this overhead
appears to be unnecessarily large. For more remote transmitters, however, the Error
Correction is necessary to maintain the required availability.
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Clearly, the choice of error correction is a trade-off between the required data
throughput and tolerable Message Error Probability. Also, for the integrity of the
transmitted message, Forward Error Correcting and Detecting codes need to be applied,
as explained later in this Appendix.

As Loran-C is a navigation system in itself, the transmission of information is restricted
by Loran-C navigation requirements and parameters. The additional pulse position
modulation should not influence normal Loran-C operation. Therefore, the following
restrictions are imposed on the use of the Loran-C data channel:

The Loran-C blinking service must be preserved, which excludes the first two pulses
of each Loran-C group of Eurofix modulation.

The modulation is not allowed to induce tracking biases, which requires a balanced
type of modulation.
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B.2

The modulation index must be kept small in order to prevent an undesirable loss in
tracking signal power.

Previously, two-level modulation with a 1- s modulation index was used to transmit
data over the Loran-C channel. In other words, data was presented as 1- s time-shifted
Loran-C pulses. However, the modulation schemes have evolved. Now, instead of 2-level
modulation, the third level (a prompt pulse) is also used. The application of 3-level
modulation (1- s advance, prompt, or a 1- s delay) has two advantages over 2-level
modulation:

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

Decrease in signal loss for conventional Loran-C receivers. A certain number of the
1- stime-shifted pulses are replaced by prompt pulses, which introduce no
tracking signal loss.

However, the introduction of the third modulation level increases the sensitivity of the
demodulation for random errors.

Balanced modulation patterns in Eurofix 3-level modulation

Modulation Pattern Combination Example Number of
Combinations
6 x zero (0) 0 x plus (+) | 0 x minus (-) 0o00O0O0O 1
4 x zero 1 x plus 1 x minus 00+0-0 30
2 X zero 2 x plus 2 x minus 0+- +0- 90
0 x zero 3 x plus 3 x minus +4+---+ 20
Total= 141

For example, the 7-bit symbol “1 001 01 1” is encoded as the 6-pulse pattern,
“0+0-00". In this way, all 128 (27) of the possible 7-bit symbols have a matching
pattern. Note that 13 patterns are not used.

MODULATION SCHEMES

This section describes the applied modulation schemes for the Eurofix datalink,
designed to meet the Loran-C balancing requirement. As stated before, only the last six
pulses per Loran-C group can be modulated.

Furthermore, the modulation should be balanced to prevent undesired tracking biases
(an equal number of advances and delays per GRI).

The previous table shows that with 3-level modulation, 141 of a possible 729 (36)
modulation patterns are balanced. The identifiers zero, plus, and minus correspond to
the number of prompt, delayed, and advanced pulses in a group of 6, respectively.

Of the 141 balanced modulation patterns, a subset of 128 is selected to represent 7 bits
of data. Although the all-zero word is fully balanced, it is not included in order to
distinguish between a Eurofix modulated Loran-C transmitter and a conventional one.
The following table shows the translation from a 6-pulse modulation pattern into a 7-bit
symbol.
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This translation has two major effects:

As each 7-bit symbol is spread over six transmitted pulses, the reception of one
corrupted pulse will affect multiple bits in the symbol.

The balancing requirement inherently introduces some form of error detection. If the
received modulation pattern is not balanced, the pattern cannot be translated into
bits and a symbol erasure will be declared. This erasure has to be corrected by
additional Forward Error Correction.

The influence of this type of modulation on normal Loran-C usage is very small
compared to earlier modulation schemes. Calculations show that this type of
modulation introduces a signal loss of only 0.79 dB, which is 0.55 dB less than the loss
introduced by earlier modulation patterns. Therefore, the additional modulation of the
Loran-C signals introduces hardly any changes to normal Loran-C performance.

Future Loran-C receivers, which will have knowledge of the Eurofix modulation, will
easily compensate for the applied modulation once the pulses are demodulated (re-
modulation). This will cancel the signal loss completely.

Note that the influences of crossrate interference and blanking, phenomena inherent to
the choice of the Loran-C signal structure, cause larger signal degradation.

Example of translation from 6-pulse modulation pattern into a 7-bit symbol (“0” = prompt,

“+" = 1-n% delay, “-" =1 ns advance)

Modulation Pattern Bit Representation
— — 0 0 + + 1 00 0 00O
— — 0 + 0 + 01 00O0O0CTDO
— — 0 + + O 0 01 00O0TDO
— — + 0 0 + 0 001000

With Loran-C GRIs varying between 40 ms and 100 ms, the raw bit rate available for
data transmission ranges from 175 to 70 bps. As stated before, a part of this raw bit
rate has to be used for Forward Error Correction to ensure datalink availability and
integrity. The next section describes the coding strategies used for the Eurofix datalink.

B.3 FORWARD ERROR CORRECTION

Nowadays, the use of Forward Error Correction (FEC) codes is common in any
broadcast communication system. When the user is not able to acknowledge the valid
or invalid reception of the transmitted message, these codes provide an effective means
to correct occasional errors (improved availability) and validate the data (integrity).
Furthermore, the aggressive Loran-C signal environment makes forward error
correction absolutely necessary.
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The Loran-C data channel is mainly disturbed by the following three error sources:

Atmospheric noise
Continuous Wave interference
Crossrate interference

In normal Loran-C receivers the effects of these error sources can be reduced to a
certain extent through averaging. However, when data is transmitted using the Loran-C
channel, every pulse carries information that has to be recovered. The use of averaging
to improve the data signal quality before demodulation is therefore impossible.

Signals from remote Loran-C stations are heavily disturbed by crossrate interference.
When large crossrate pulses coincide with pulses carrying Eurofix information, the
chances are very high that the data cannot be recovered. Also, if a group of pulses is hit
by crossrate interference, it is very likely that more than one pulse is corrupted. Hence,
crossrate interference gives rise to so-called burst errors.

On top of that, the high ambient noise levels introduce additional random errors in the
demodulation of the pulses. When no countermeasures are taken for these types of
noise and interference, the availability of the datalink is reduced almost to zero.

The use of FEC codes can compensate for a certain amount of errors at the cost of
increased message overhead. The choice of the amount and type of error correction

need to be specially designed for the extraordinary Loran-C signal conditions. For
Eurofix, it seems that a concatenation of a simple parity check (capable of detecting
single errors) with a Reed-Solomon code (capable of correcting burst errors) is a good
combination. This parity check is already provided by the balanced modulation patterns
described in the previous section.

The encoding process of a message consists of 56 bits of information plus a 14-bit
Cyclic Redundancy Check (CRC), a total of 10 GRIs. The information bits are divided
into groups of seven bits each, so they can be represented by a single modulation
pattern. Then, these 10 groups are fed into a Reed-Solomon encoder.

There are either 8 or 10 information symbols, depending on whether the CRC is
included. Based on the information symbols, the encoder adds parity symbols (each of
seven bits in length). The length of the total message depends on the strength of the
applied Reed-Solomon code. Finally, each symbol is modulated onto the Loran-C signal
using its unique balanced modulation pattern, and is transmitted to the user.
Currently, tests are done with messages containing 10 GRIs of information encoded in
14, 20, or 30 GRIs to test different FEC strengths.

When a message is received, demodulated and decoded, the user should be able to rely
on its correctness. If the information contained in a message is wrong due to errors
during reception, its use can have large consequences for the safety of the total
operation. Therefore, the probability of undetected error should be kept very low. The
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message integrity in the Eurofix datalink concept is protected using the following three
mechanisms:

The lowest level of integrity is provided by the signal demodulator using RASIM
(Receiver Autonomous Signal Integrity Monitoring). Before a decision about the
possible transmitted modulation pattern is made, the signal quality is checked.
Strong crossrate interference as well as large atmospheric noise peaks is easily
detected (erasures).

The use of a Reed-Solomon code as the FEC code introduces an additional level of
integrity. Depending on the dimensions of the code (Hamming distance) and the
number of erasures contained in the demodulated message, the probability of
undetected error can be calculated.

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

All three integrity mechanisms act independently on different levels of the message.
Hence, the total message integrity is the product of the contributions 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 required integrity
level.

Clearly, a higher level of integrity will reduce availability. In any case, a measure for
message integrity can be given for each received message.

The demodulation and decoding of the Eurofix messages consist of four steps.

First, the incoming pulses are demodulated. Based on the signal characteristics, a
best guess of the transmitted time modulation can be given. Also, if the pulseis
heavily disturbed (e.g., crossrate), the demodulator will declare a pulse erasure, and
no hard decision on the pulse's modulation will be given.

Second, each group of six pulses is checked. If the group is balanced and valid, the
equivalent 7-bit symbol will be calculated. If the group is unbalanced or an illegal
pattern is received (one of the 13 remaining patterns), a symbol erasure is declared.
The demodulator cannot give a reliable estimate of the received 7-bit symbol.

Third, the 7-bit symbols and erasures are fed into a decoding algorithm. This
algorithm can recover the information based on the valid symbols and symbol
erasures declared by the demodulator. Depending on the applied coding
parameters, a number of symbol errors and erasures can be corrected. Also, the
required data integrity sets a maximum on the number of symbols that can be
corrected.

Fourth, a Cyclic Redundancy Check (CRC) of the message is performed before the
information is presented to the user. If a possible decoder error 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 integrity indication
can be given to the user. The user can then decide whether the integrity of the
message meets the requirements.
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APPENDIX C REFERENCES

The description of the Eurofix system in the “Navigation” chapter is taken from a paper
by Delft University titled “Eurofix System and its Developments,” G.W.A. Offermans,
A.W.S. Helwig, D. van Willigen, presented at NAV98, the 1998 International Conference
of the Royal Institute of Navigation, London, UK, December 9-11, 1998.

The description of the Eurofix datalink, message structure, and message types in
Appendix B is taken from a paper by Delft University titled “The Eurofix Datalink
Concept: Reliable Data Transmission Using Loran-C,” G.W.A. Offermans, A.W.S. Helwig,
D. van Willigen, presented at the 25th Annual Technical Symposium of the
International Loran Association, San Diego, CA, November 3-7, 1996.

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

www.nels.org (Northwest European Loran System)
www.navcen.uscg.mil (U.S. Coast Guard Navigation Center)
www.uscg.mil/ hg/ Isu/ webpage/ Isu.htm (U.S. Coast Guard Loran Support Unit)
www.notmar.com (Canadian Coast Guard, Marine Navigation Services)
For more information on professional and standards organizations, see the following
Web sites:
www.ila.org (International Loran Association)
www.ion.org (The Institute of Navigation)
www.rtcm.org (Radio Technical Commission for Maritime Services)
www.rtca.org (Radio Technical Commission for Aeronautics)
www.nmea.org (National Marine Electronics Association)
www.boulder.nist.gov (National Institute of Standards and Technology)
For more information on Eurofix, see the following Web sites:

www.eurofix.tudelft.nl (TU Delft Eurofix Pages)

For more information on aviation radionavigation, see the following Web sites:
www.icao.int (International Civil Aviation Organization)
www.eurocontrol.be (Eurocontrol)

www.faa.gov (U.S. Federal Aviation Administration)

For more information on marine radionavigation, see the following Web sites:
www.iala-aism.org (International Association of Lighthouse Authorities)

www.cil.ie (The Commissioners of Irish Lights)
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For more information on precision timing, see the following Web sites:
www.bipm.fr (Bureau International 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. Alternating current.

ASF (additional secondary factor). In Loran-C, a correction in addition to the
secondary phase factor correction for the additional time (or phase delay) for
transmission of a low-frequency signal over a composite land-seawater path, when
the signal transmit time is based on the free-space velocity.

BIPM (Bureau International des Poids et Measures). An organization that calculates
TAIl (International Atomic Time).

CPU. Central processing unit of a computer.

CRC (cyclic redundancy check). A final safety check of Eurofix message integrity.
dB (decibels). The unit generally used to express signal-to-noise ratio (SNR).

DC. Direct current.

DGNSS (differential global navigation satellite system). Differential GNSS, the use of
GNSS measurements, some or all of which are differentially corrected.

DGPS (differential global positioning system). Differential GPS, the use of GPS
measurements that are differentially corrected.

DSP. Digital signal processing.
DTE. Data terminal equipment.

ECD (envelope to cycle distortion). The time relationship between the phase of the
Loran-C carrier and the time origin of the envelope waveform.

ESD. Electrostatic discharge.

FEC (Forward error correction). A means of correcting occasional errors and
validating data in a broadcast communication system.

FERNS (Far East radionavigation system). A Loran-C consortium that includes
Japan, China, Korea, and Russia.

GDOP (geometric dilution of precision). A value representing all geometric factors
that degrade the accuracy of a position fix derived from a navigation system.

GNSS (global navigation satellite system). Any single or combined satellite
navigation system. Currently the options are: GPS, GLONASS, and combined
GPS/ GLONASS.

GLONASS. An all-weather, continuous satellite navigation system maintained by the
Russian Space Forces. It is normally composed of 24 satellites in three orbital
planes, with eight satellites in each plane. The spacing of satellites in orbit is
arranged so that a minimum of four satellites will be in view to users worldwide,
providing position dilution of precision (PDOP) of 6 or less.

GPS (global positioning system). The full name is NAVSTAR Global Positioning
System. GPS is an all-weather, continuous satellite navigation system developed by
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the Department of Defense under Air Force management. The fully deployed
operational system is intended to provide highly accurate position and velocity
information in three dimensions and precise time and time interval on a global
basis, to an unlimited number of authorized users. Although developed primarily for
military missions, current policy calls for civil availability with a degradation in
system accuracy in order to protect U.S. national security interests.

GRI (group repetition interval). For a particular Loran-C chain, the specified time
interval for all stations of the chain to transmit their pulse groups. For each chain a
minimum GRI is selected of sufficient duration to provide time for each station to
transmit its pulse group, and additional time between each pulse group, so that
signals from two or more stations cannot overlap in time anywhere within the
coverage area.

HDOP (horizontal dilution of precision). Similar to GDOP, except that elevation
factors are ignored.

Hz. Hertz.

IRQ. Interrupt request.

ISO. International Standards Organization.
KHz. Kilohertz.

kV. Kilovolt.

LAD. Linear Averaging Digital.

LED (light emitting diode). Type of display commonly used with electronic
equipment.

LOPs (lines of position). In Loran-C navigation systems, vectors obtained by
measurement of the time difference between the receipt of the master and slave
signals, which is then used to select a corresponding LOP from a chart or table. Two
or more intersecting LOPs are required to obtain a position fix.

MHz. Megahertz.

NELS (Northwest European Loran-C System). A Loran-C consortium that includes
the countries of France, the Netherlands, Norway, Denmark, Germany, and Ireland.

NIST. National Institute of Standards and Technology.

NMEA (National Marine Electronics Association). This organization’s standard allows
marine electronics to send information to computers and other marine equipment.
The standard also defines GPS receiver communication.

PC. Personal computer.

PCI (phase code interval). Within a Loran-C pulse, the duration of an entire phase-
coded pattern. One PCI is equal to two GRIs.

RAM. Random access memory, in a computer.

RASIM (Receiver Autonomous Signal Integrity Monitoring). The lowest level of
Eurofix message integrity is provided by the signal demodulator using RASIM.

RF. Radio frequency.
ROM. Read-only memory, in a computer.

SAM. System area monitor.
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SNR (signal-to-noise ratio). The ratio of the magnitude of a signal to that of the noise
(interference), often expressed in decibels.

TAIl (International Atomic Time). A statistical time scale calculated by the Bureau
International des Poids et Measures (BIPM) from the readings of more than 200
atomic clocks in more than 30 countries.

TD (time difference). In Loran-C, the time difference measured from the time of
reception of the master station signal to the time of reception of the slave station
signal.

TOA. Time of arrival.

TOD. Time of day.

TTFF. Time to First Fix.

USCG. United States Coast Guard.
USNO. United States Naval Observatory.

UTC (Coordinated Universal Time). A time scale based on the rotation of the earth
that is disseminated by most broadcast time services.

WAAS (wide-area augmentation system). An augmentation to GNSS that uses
geostationary satellites to broadcast GNSS integrity and correction data, and
additional ranging signals.

WGS (World Geodetic System). A consistent set of parameters describing the size
and shape of the earth, the positions of a network of points with respect to the
center of mass of the earth, transformations from major geodetic datums, and the
potential of the earth (usually in terms of harmonic coefficients).
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APPENDIX E SPECIFICATIONS

This appendix lists the specifications for your SatMate/ CsSync receiver.

E.1 RECEIVER

Signal level 30to 120 db uv/ M

Interference E-Field - 25 automatic, variable Q notches

cancellers H-Field - 24 automatic, variable Q notches

Tracking Up to 40 stations, 8 chains simultaneously tracked; tracks
capability CHAYKA (Russian Loran)

E.2 PERFORMANCE

Acquisition 15 seconds typical TTFF — warm start; 120 seconds typical
time (at 25°C) TTFF — cold start to first data

Independent

position 1-second position update rate (typical)

calculation rate

E.3 POWER SUPPLY

All power supply options are designed for international operation.

DC input power

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

DC input power
connector

Four-position, locking connector.

DC input power
fuse

The DC input power is fused. The fuse is auto-resetting; no
user interaction is required.

Power switch

Front Panel mounted “rocker” style switch.

External
switching power

supply

An external switching power supply provides operation from
AC line power, if necessary. The supply supports
international operation and meets UL, CSA, and CE
requirements.

AC input power

Use the external AC/ DC converter (above) if AC operation is
required. Input AC voltages of 90 to
260 VAC, 47 to 63 Hz are supported.

Consumption
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E.4 ANTENNA

Only Locus antennas are suitable for use with the SatMate/ CsSync receivers. The
SatMate/ CsSync receiver supports 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-field antenna
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-field Antenna
Dome height 96.6 mm (3.80")

-including 1" - | 128.4 mm (5.06")
14 mast thread

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.S5 TIMING OUTPUTS

The 1PPS output 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 serial interface as to which Loran-C transmitter it tracks. The 1PPS
output meets the specifications in the following table:

Number of ports 1

Connector type BNC

Pulse width 1.6 s, fixed

Synchronization Rising edge on time

Control step size 25 ns or less

Pulse polarity Normally low with a high pulse (polarity standard)
Logic level TTL into 50 ohms

Rise/ fall time Trise / TeaL <50 ns

The time of the next 1PPS is communicated over the auxiliary Serial Port “B” each
second.
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You can set the output port via the serial command interface. The frequency output is
coherent with the 1PPS. The specifications for this port is shown in the following table:

Number of ports 1

Connector type BNC

Frequency 1, 1.544, 2.048, 5 or 10 MHz
Amplitude TTL into 50 W

Wave shape Square

Duty cycle

50% = 10%

E.6 COMMUNICATION INTERFACE

Control/ The control/ data Serial Port “A” operates at RS-232C signal levels and

data serial supports bi-directional serial communications at data rates to 115.2

port Kb/ s full-duplex. The protocol is programmable; factory defaults are 1
start bit, 8 data bits, 2 stop bits, and no parity. The connector is a DB9
male and the SatMate/ CsSync connection is a Data Terminal
Equipment (DTE) connection.

Auxiliary Simplex Serial Port “B” supports Time of Day (TOD), NMEA 0183, and

serial output
port

RTCM SC104 outputs for SatMate. Supported data rates are 300, 600,
1200, 4800, 9600, 19,200, 38,400, 57,600, and 115,200 bits per
second.

NMEA 0183 The Talker serial port communicates NMEA 0183 messages. The port
meets the Hardware Specification, Data Transmission Specification,
and Data Format Protocol of the NMEA 0183 Version 2.3 Specification.

RTCM The SatMate/ CsSync communicates RTCM SC104 Type 9 DGPS

SC104 messages, as defined by Version 2.2 of the RTCM Recommended
Standards for Differential GNSS Service.

Time of day Year and time of year (day-second) are transmitted every second over
the auxiliary Serial Port “B”. The protocol and data rate are
programmable.

Data TDs, TOAs, latitude, longitude, time; Eurofix data

message

Alarms Station blink, ECD skywave uncertainty, cycle slip, SNR
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E.7 MECHANICAL REQUIREMENTS

Enclosure definition. The receiver enclosure is a metal, 1U, EIA rack-mountable
enclosure that is also suitable for bench use. The enclosure meets applicable EMC
requirements.

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" high (1U), 8.37" wide, and 8.00" deep). The
width can be extended to 482.6 mm (19”) with an optional 100-004100 rack mounting
kit.

User interface. There is no display or keypad. User interface is via the serial
communication interface. Operating status is communicated by three LED indicators on
the front panel of the SatMate/ CsSync enclosure. The color and function of the LEDs
are listed below:

Indicator LED Color | How Indicated

Power Green On when powered

Signal lock Green On when phase-locked to a Loran station
Alarm Amber On when system is in alarm status

E.8 ENVIRONMENTAL REQUIREMENTS

Ambient Operating temperature Between - 25°C and 60°C

Storage temperature Therangeis from -40°C to +85°C
Humidity range Therangeis 95% R.H. (hon-condensing)
Water tightness The units are not intended to be water tight and are

not conformal coated

Lightning protection Secondary lightning protection is provided on the
SatMate/ CsSync's internal interface board
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$ command, 52
/ command, 27
? command, 3, 22, 24, 33

1PPS outputs, 15
1PPS specifications, 84
30-degreerule, 8

A

Absolute accuracy, 68
Accuracy, of navigation, 68
AC-to-DC power converter, 14
Adding chains, 21
Additional secondary factor, 36, 42, 61, 71,
79
Antenna
connector, 15
grounding, 9, 11
installation, 7
mast mounting, 9
mounting, 8
platform mounting, 10
site selection, 7
specifications, 84
testing installation, 13
Antenna gain, 24
ASF, 36, 42, 61, 71, 79
Atmospheric noise, 75
Automatic data update, 26

B

Baseline extension, 32, 68

BAUD command, 3, 19

Baud rate, 3, 19

BIPM, 79

Blink alarm flag, 25

Bureau International des Poids et
Measures, 79

Burst errors, 75

C

Cable connections, 14
Calculation incomplete flag, 35
Cesium clock, 22, 53
Chains, 2, 19, 54
adding, 21
deleting, 21
deselecting for navigation, 37
selecting for navigation, 37

82 Index

Circuit board temperature, 28

CLEAR command, 28

Clock coherency, 18, 24

Clock diagnostics, 24

Clock PLL mode, 26

Communication interface specifications, 85
Conductivity, 38

Context swaps, 28

Continuous Wave interference, 75
Control voltage, 24

Coordinated Universal Time, 81
Correction factor, 61

Coverage area, 54

CRC, 44,75, 76, 79

Crimp splice connector, 11

Crossing angle, 68

Crossrate interference, 57, 60, 75
Current receiver settings, 51

Cyclic redundancy check, 44, 75, 76, 79
Data collection events, 28

D

Data transmission, Eurofix, 43
Data update, 26
Datalink

Eurofix, 43, 71

integrity of Eurofix, 75

Loran-C, 71
DATE command, 51
DC connector pinouts, 14
DC Input port, on receiver, 14
Decoding of Eurofix messages, 76
DEFAULT FACTORY command, 19, 51
DEFAULT SETTINGS command, 19, 37, 50
Deleting chains, 21
Delft University, 41, 71
DGLONASS, 41
DGNSS, 41, 71, 79
DGPS, 41, 79
Differential global navigation satellite
system, 41, 71, 79
Differential global positioning system, 41,
79
Display of navigational data, 33
Display of station data, 24
Duplicate GRI, 21

E
ECD, 20, 79



ECD invalid flag, 26
ECHO command, 2, 18
Editing Search List, 19
EGNOS, 42
E-mail, Locus, 52
Envelope to cycle distortion, 20, 79
Environmental requirements, 86
Eurofix
data transmission, 43
datalink, 43, 71
datalink integrity, 75

demodulation and decoding messages, 76

error correction, 75
introduction, 42
messages, 71
modulation, 73
operation, 41
pulses, 71, 73, 76
RTCM messages, 43

F

Far East radionavigation system, 54, 79
Fax number, Locus, 52
FEC, 43, 72,74, 79
FERNS, 54, 79
File compression, 6
Flags
navigation data, 35
station data, 25
FORMAT command, 27
FORMAT NAV command, 33
FORMAT NMEA command, 36
FORMAT PRECISE command, 29
FORMAT TD command, 28
Forward error correction, 43, 72, 74, 79
Frequency output specifications, 85
Frequency outputs, 15

G

Gain, 24
GDOP, 79
General system flags, station data, 25
Geometric dilution of precision, 79
Geometry, Loran-C, 68
GLC format, NMEA, 40
GLL format, NMEA, 40
Global coverage, Loran-C, 54
Global navigation satellite system, 79
Global positioning system, 54, 79
GLONASS, 41, 79
GNSS, 79
GPS, 54, 79
signal availability, 69
vs. Loran-C, 68
Gradient, 32, 68
GRI, 19, 54, 55, 80

number, 55
Grounding the antenna, 9, 11
Groundwaves, 57
Group repetition interval, 54, 55, 80

H

Hamming distance, 76

HDOP, 80

HELP CHAINS command, 3

HELP command, 3

Help system, 3

Horizontal dilution of precision, 80
HyperTerm, 6

Initializing system software, 18
Installation procedures, 5
antenna, 7
cabling, 14
receiver mounting, 13
Interferers, 59
International Atomic Time, 81
Interrupt Request, 6
Invalid positional fix flag, 35

L

Latitude display, 34
LCD format, NMEA, 41
LEDs on receiver, 18
Linear Averaging Digital (LAD) technology,
Lines of position, 80
Lock LED, 18
Locus technical support, 49, 52
Longitude display, 34
LOPs, 80
Loran, 53
Loran-C, 53
adding chains, 21
chains, 19, 21
datalink, 71
datalink restrictions, 72
deleting chains, 21
geometry, 68
global coverage, 54
phase shifts, 58
pulses, 42
radio frequency, 58
searching for chains, 19, 21
signal availability, 69
transmitter locations, 62
vs. GPS, 68

M

Mast mounting, antenna, 9
Master not found flag, 26
Master stations, 53

Master unavailable flag, 36
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Mechanical requirements, 86
Megapulse, Inc., 71
Mobile mode, 37
MODE command, 37
Modem requirements, 7
Modulation, 73
index, 73
patterns, 73
Monitor mode, 37
Mounting the antenna, 8
mast, 9
platform, 10
MSAS, 42

N

National Marine Electronics Association,
39, 80
NAV AUTOASF command, 38
NAV command, 37
NAV CONDUCTIVITY command, 38
NAV OFF command, 37
Navigation, 2, 31
accuracy, 68
commands, 33
data display, 33
receiver solution, 32
receiver solution of position, 39
warning flags, 35
NAVSTAR, 79
NELS, 54, 80
New station flag, 25
NMEA, 80
outputs, 39
Noise, 28
Noise floor, 57
Normalization factor, 28

Northwest European Loran-C System, 54,

80
Notch filtering, 59
data, 27

O

On-line help, 3
Oscilloscope, 58

Output of NMEA reports, 36
Oven, 28

Overlapping signals, 60
Overloaded circuit flag, 25
Parity, 3, 19

PC specifications, 6
pcANYWHERE, 6

PCI, 58, 80

Performance specifications, 83
Phase code interval, 58, 80
Phase coding, 58

Phase shifts, 58

84 Index

Phase-locked loops, 18, 22
Phasing type, 25
PKZip, 6
Platform mounting, antenna, 10
PLL command, 18, 22
PLL OFF command, 18, 23
Positional fix calculations, 37
Positional fix shifts, preventing, 38
Power connections, 14
Power light, receiver, 18
Power specifications, 83
Power switch, 2, 18
Precision, 59

TD data, 29
Preventing positional fix shifts, 38
Procomm, 6
Product features, 2
Product support, 49, 52
Pulses, in Eurofix, 73
PVT solution, 39

Q

Quick start procedure, 2
R

RAM requirements, 6

Rank parameter, Search List, 21
Rapid signal fluctuation flag, 26
RASIM, 76, 80

Receiver features, 2

Receiver mounting, 13

Receiver specifications, 83
Reed-Solomon code, 44, 75, 76
Relative 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

Scrolling 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

deleting chains, 21

editing, 19
Searching for Loran-C chains, 19, 21
Secondary stations, 53
Serial ports, 7, 15, 36
Short Message Services, 43
Signal availability, 69



Signal fluctuation flag, 26

Signal overlap, 60

Signal-to-noise ratio, 20, 25, 54, 56
improving, 59

Skywave contamination, 36, 57

Skywave tracking flag, 26

Skywaves, 57

SMS, 43

SNR, 20, 25, 54, 56, 81
improving, 59

SOFT FAULT command, 18

Specifications, 83

Station data, 24

Station tracking, 18

Station tracking, stopping, 22

Statistical error ellipse, 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 recommendations, 6

System requirements, 6

T

TAI, 81
TD, 20, 25, 36, 55, 81
data display, 28
TD data precision, 29
TD lattice crossing angle, 68
Technical support, 49, 52
Terminal emulation, 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 arrival, 20, 57
Timing

reference, 22
Timing output specifications, 84
TOA, 20, 57
TRACE function, 52
Transmission intervals, 55
Transmitter locations, 62
Troubleshooting, 50

U

U.S. Coast Guard, 54
Unavailable Master flag, 36
Unstable positional fix flag, 35
Unusable station flag, 36
UPDATE command, 22, 26, 33
USCG, 54

Using this manual, 3

UTC, 81

Y

VERSION command, 50
Version number of software, 50
Voltage, 24

w

WAAS, 42, 81
Warning flags
navigation data, 35
station data, 25
Web page, Locus, 52
WGS, 81
WGS 84 coordinates, 62
Wide-area augmentation system, 81
Wildwood test transmitter, 71
WinZip, 6
Word length, 3, 19
World Geodetic System, 81

Z
Zipping files, 6
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