
USER’S MANUAL

RT•STAR
(REAL -TIME SATELLITE TIMING

AND RANGING)

P/N 220-600944-40X

Supersedes Publication No. 1220-GEN-0101
Dated June 4, 1998

CMC Electronics Inc.
600 DR. FREDERIK PHILIPS BOULEVARD, ST. LAURENT,

QUEBEC, CANADA  H4M 2S9   TEL (514) 748-3148
FAX: (514) 748-3100



USER’S MANUAL

RT•STAR
(REAL -TIME SATELLITE TIMING

AND RANGING)

P/N 220-600944-40X

Supersedes Publication No. 1220-GEN-0101
Dated June 4, 1998

CMC Electronics Inc.
600 DR. FREDERIK PHILIPS BOULEVARD, ST. LAURENT,

QUEBEC, CANADA  H4M 2S9   TEL (514) 748-3148
FAX: (514) 748-3100

Publication No. 1220-GEN-0101A  April 17, 2000
Manual No. 930-600021-000 Revision B  July 9, 2001



This Page Intentionally Left Blank



WE VALUE YOUR COMMENTS

PLEASE EVALUATE THIS PUBLICATION
AND LET US KNOW

Although we constantly strive for accuracy and clarity, we may make errors on
occasion.  If we do, we would appreciate your comments to improve this manual.

Please use the following Customer Comments form or e-mail us at
HelpLine@cmcelectronics.ca to inform us of any correction or send us a marked-up
copy of this publication. We will acknowledge your comments and notify you of any
intended action.

Your assistance in improving this manual is sincerely appreciated.
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FORWARD

ELECTROSTATIC DISCHARGE

This equipment contains components which are sensitive to damage by electrostatic discharge (ESD).

Modules containing components sensitive to ESD are identified on the module by a label bearing the following
marking.

When these modules have to be replaced and returned for service the following precautions should be
observed:

1. Handle the modules as little as possible.  Do not touch the leads, pin or tracks while handling.

2. Keep spare modules in the ESD protective packing until ready for use.

3. Discharge static before handling modules (removal or replacement) by touching a grounded metallic
surface such as rack or cabinet hardware.  Use of wrist strap grounded through a one megohm resistor is
preferred when handling modules.  (This ground should be the same as the equipment ground).

4. Do not slide static-sensitive modules over any surface.

5. Clothing must not come in contact with components or assemblies.  Short sleeves are preferred; if long
sleeves are worn then should be rolled up.

6. Package parts properly for storage or transportation.  Modules which are removed from the equipment
should be placed into ESD protective packing immediately.  Do not place any paper, card or other plastic
inside the ESD protective packing.

7. When packing these modules for storage or transportation, keep them in the bag.  Fold over and seal the
mouth of the bag to keep out any static generating packing material (eg, foamed polystyrene).  Pack
around the bag firmly to prevent motion which could generate static.

WARRANTY

In the case of any ESD sensitive module bearing the marking  described above which is received by CMC not
in ESD protective packing, other than the initially reported fault, all warranty, present or future, is voided for
failure related to ESD sensitive components.



USER’S MANUAL
RT•STAR

Page ED-2
Revision A  September, 2000

This Page Intentionally Left Blank



USER’S MANUAL
RT•STAR

Page GOT-1
April 17, 2000

GLOSSARY OF TERMS

ASCII - A 7 bit wide serial code describing numbers, upper and lower case alpha characters, special and non-
printing characters.

Address field - for sentences in the NMEA standard, the fixed length field following the beginning sentence
delimiter “$” (HEX 24).  For NMEA approved sentences, composed of a two character talker identifier and a
three character sentence formatter.  For proprietary sentences, composed of the character “P” (HEX 50)
followed by a three character manufacturer identification code.

Almanac - a set of orbit parameters that allows calculation of approximate GPS satellite positions and
velocities.  The almanac is used by a GPS receiver to determine satellite visibility and as an aid during
acquisition of GPS satellite signals.

Attenuation - reduction of signal strength.

Azimuth - the horizontal direction of a celestial point from a terrestrial point, expressed as the angular
distance from 000° (reference) clockwise through 360°.  The reference point is generally True North, but may
be Magnetic North, or Relative (ship’s head).

Bearing - the horizontal direction of one terrestrial point from another terrestrial point, expressed as the
angular distance from a reference direction, usually measured from 000° at the reference direction clockwise
through 360°.  The reference point may be True North, Magnetic North, or Relative (ship’s head).

Carrier - the steady transmitted RF signal whose amplitude, frequency, or phase may be modulated to carry
information.

Checksum - by NMEA standard, a validity check performed on the data contained in the sentences,
calculated by the talker, appended to the message, then recalculated by the listener for comparison to
determine if the message was received correctly.  Required for some sentences, optional for all others.

Circular Error Probable (CEP) - the radius of a circle, centered at the user’s true location, that contains 50
percent of the individual position measurements made using a particular navigation system.

Coarse Acquisition (C/A) Code - a spread spectrum direct sequence code that is used primarily by
commercial GPS receivers to determine the range to the transmitting GPS satellite.  Uses a chip rate of
1.023 MHz.

Communication protocol - a method established for message transfer between a talker and a listener which
includes the message format and the sequence in which the messages are to be transferred.  Also includes
the signalling requirements such a baud rate, stop bits, parity, and bits per character.

Control segment - the Master Control Station and the globally dispersed Monitor Stations used to manage
the GPS satellites, determine their precise orbital parameters, and synchronize their clocks.
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Course - the horizontal direction in which a vessel is to be steered or is being steered; the direction of travel
through the air or water.  Expressed as angular distance from reference North (either true, magnetic,
compass, or grid), usually 000° (north), clockwise through 360°.  Strictly, the term applies to direction through
the air or water, not the direction intended to be made good over the ground (see track).  Differs from
heading.

Cycle slip - an error in the continuous count of carrier phase cycles.

Dead Reckoning (DR) - the process of determining a vessel’s approximate position by applying from its last
known position a vector or a series of consecutive vectors representing the run that has since been made,
using only the courses being steered, and the distance run as determined by log, engine rpm, or calculations
from speed measurements.

Destination - the immediate geographic point of interest to which a vessel is navigating.  It may be the next
waypoint along a route of waypoints or the final destination of a voyage.

Differential GPS (DGPS) - a technique to improve GPS accuracy that uses pseudorange errors measured at
a known location to improve the measurements made by other GPS receivers within the same general
geographic area.

Dilution of Precision (DOP) - A numerical value expressing the confidence factor of the position solution
based on current satellite geometry.  The lower the value, the greater the confidence in the solution.  DOP
can be expressed in the following forms:

GDOP - all parameters are uncertain (latitude, longitude,
height, clock offset)

PDOP - 3D parameters are uncertain (latitude, longitude, height)
HTDOP - 2D parameters and time are uncertain (latitude, longitude, time)
HDOP - 2D parameters are uncertain (latitude, longitude)
VDOP - height is uncertain
TDOP - clock offset is uncertain

Doppler - the change in frequency of sound, light or other wave caused by movement of its source relative to
the observer.

Doppler aiding - a signal processing strategy, which uses a measured Doppler shift to help a receiver
smoothly track the GPS signal, to allow more precise velocity and position measurement.

Earth-Centered-Earth-Fixed (ECEF) -a right-hand Cartesian coordinate system with its origin located at the
center of the Earth.  The coordinate system used by GPS to describe three-dimensional location.
ECEF - Earth-Centered-Earth-Fixed coordinates are centered on the WGS-84 reference ellipsoid, have the
“Z” axis aligned with the Earth’s spin axis, the “X” axis through the intersection of the Prime Meridian and the
Equator and the “Y” axis is rotated 90 degrees East of the “X” axis about the “Z” axis.

Ephemeris - a set of satellite orbit parameters that is used by a GPS receiver to calculate precise GPS
satellite positions and velocities.  The ephemeris is used in the determination of the navigation solution and is
updated periodically by the satellite to maintain the accuracy of GPS receivers.

Field - a character or string of characters immediately preceded by a field delimiter.
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Fixed field -a field in which the number of characters is fixed.  For data fields, such fields are shown in the
sentence definitions with no decimal point.  Other fields which fall into this category are the address field and
the checksum field (if present).

Flash ROM - Programmable read-only memory.

GDOP - Geometric Dilution of Precision - A numerical value expressing the confidence factor of the position
solution based on current satellite geometry.  Assumes that 3D position (latitude, longitude, height) and
receiver clock offset (time) are variables in the solution.  The lower the GDOP value, the greater the
confidence in the solution.

Geodetic datum - the reference ellipsoid surface that defines the coordinate system.

Geoid - the figure of the earth considered as a sea level surface extended continuously through the
continents.  The actual geoid is an equipotential surface coincident with mean sea level to which at every
point the plumb line (direction in which gravity acts) is perpendicular.

Geostationary - a satellite orbit along the equator that results in a constant fixed position over a particular
reference point on the earth’s surface.  (GPS satellites are not geostationary.)

Global Positioning System (GPS) - full name NAVSTAR Global Positioning System, a space-based radio
positioning system which provides suitably equipped users with accurate position, velocity and time data.
When fully operational, GPS will provide this data free of direct user charge worldwide, continuously, and
under all weather conditions.  The GPS constellation will consist of 24 orbiting satellites, four equally spaced
around each of six different orbital planes.  The system is being developed by the Department of Defense
under U.S. Air Force management.

Great circle - the shortest distance between any two points along the surface of a sphere or ellipsoid, and
therefore the shortest navigation distance between any two points on the Earth.  Also called Geodesic Line.

HDOP - Horizontal Dilution of Precision - A numerical value expressing the confidence factor of the horizontal
position solution based on current satellite geometry.  Makes no constraint assumptions about time, and
about height only if the FIX HEIGHT command has been invoked.  The lower the HDOP value, the greater the
confidence in the solution.

HTDOP - Horizontal position and Time Dilution of Precision - A numerical value expressing the confidence
factor of the position solution based on current satellite geometry.  Assumes height is known if the FIX
HEIGHT command has been invoked.  If not, it will give the normalized precision of the horizontal and time
parameters given that nothing has been constrained.  The lower the HTDOP value, the greater the confidence
factor.

Heading - the direction in which a vessel points or heads at any instant, expressed in degrees 000° clockwise
through 360° and may be referenced to True North, Magnetic North, or Grid North.  The heading of a vessel
is also called the ship’s head.  Heading is a constantly changing value as the vessel oscillates or yaws across
the course due to the effects of the air or sea, cross currents, and steering errors.

L1 frequency - the 1575.42 MHz GPS carrier frequency which contains the coarse acquisition (C/A) code, as
well as encrypted P-code, and navigation messages used by commercial GPS receivers.

L2 frequency - a secondary GPS carrier, containing only encrypted P-code, used primarily to calculate signal
delays caused by the ionosphere.  The L2 frequency is 1227.60 MHz.
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Magnetic bearing - bearing relative to magnetic north; compass bearing corrected for deviation.

Magnetic heading - heading relative to magnetic north.

Magnetic variation - the angle between the magnetic and geographic meridians at any place, expressed in
degrees and minutes east or west to indicate the direction of magnetic north from true north.

Mask angle - the minimum GPS satellite elevation angle permitted by a particular GPS receiver design.
Satellites below this angle will not be used in position solution.

Measurement error variance - the square of the standard deviation of a measurement quantity.  The
standard deviation is representative of the error typically expected in a measured value of that quantity.

Multipath errors - GPS positioning errors caused by the interaction of the GPS satellite signal and its
reflections.

Nanosecond - 1 x 10-9 second.

Nautical mile - any of various units of distance for sea and air navigation; in the U.S. since 1959, an
international unit of linear measure equal to 1 minute of arc of a great circle of the Earth, 1,852 metres (6,076
feet).

Null field - by NMEA standard, indicates that data is not available for the field.  Indicated by two ASCII
commas, i.e., “*” (HEX 2C2C), or, for the last data field in a sentence, one comma followed by either the
checksum delimiter "“"”(HEX 2A) or the sentence delimiters <CR><LF> (HEX 0D0A).  [Note: the ASCII Null
character (HEX 00) is not to be used for null fields.]

Obscuration - term used to describe periods of time when a GPS receiver’s line-of-sight to GPS satellites is
blocked by natural or man-made objects.

Origin waypoint - the starting point of the present navigation leg, expressed in latitude and longitude.

P-Code (precise or protected) - a spread spectrum direct sequence code that is used primarily by military
GPS receivers to determine the range to the transmitting GPS satellite.  Uses a chipping rate of 10.23 MHz.

PDOP - Position Dilution of Precision - A numerical value expressing the confidence factor of the position
solution based on current satellite geometry.  3D position (latitude, longitude, height) is unknown.  The lower
the PDOP value, the greater the confidence factor.

PRN - Pseudo-Random Noise number - the identify of the GPS satellites as determined by a GPS receiver.
Since all GPS satellites must transmit on the same frequency, they are distinguished by their pseudo-random
noise codes.

Parallel receiver -a receiver that monitors four or more satellites simultaneously with independent channels.

Precise Positioning Service (PPS) - the GPS positioning, velocity, and time service which will be available
on a continuous, worldwide basis to users authorized by the U.S. Department of Defense (typically using
P-Code).
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Pseudolite - an Earth-based transmitter designed to mimic a satellite.  May be used to transmit differential
corrections.

Pseudorange - the calculated range from the GPS receiver to the satellite determined by taking the
difference between the measured satellite transmit time and the receiver time of measurement, and
multiplying by the speed of light.  This measurement generally contains a large receiver clock offset error.

Receiver channels - a GPS receiver specification which indicates the number of independent hardware
signal processing channels included in the receiver design.

Relative bearing - bearing relative to heading or to the vessel.

Residual - in the context of measurements, the residual is the misclosure between the calculated
measurements, using the position solution and actual measurements.

Route - a planned course of travel, usually composed of more than one navigation leg.

Satellite elevation - the angle of the satellite above the horizon.

Selected waypoint - the waypoint currently selected to be the point toward which the vessel is travelling.
Also called “to” waypoint, destination or destination waypoint.

Selective Availability (SA) - the method used by the United States Department of Defense to control access
to the full accuracy achievable by civilian GPS equipment (generally by introducing timing and ephemeris
errors).

Sequential receiver - a GPS receiver in which the number of satellite signals to be tracked exceeds the
number of available hardware channels.  Sequential receivers periodically reassign hardware channels to
particular satellite signals in a predetermined sequence.

Spherical Error Probable (SEP) - the radius of a sphere, centered at the user’s true location, that contains
50 percent of the individual three-dimensional position measurements made using a particular navigation
system.

Spheroid - sometimes known as ellipsoid; a perfect mathematical figure which very closely approximates the
geoid.  Used as a surface of reference for geodetic surveys.  The geoid, affected by local gravity
disturbances, is irregular.

Standard Positioning Service (SPS) - a positioning service made available by the United States Department
of Defense which will be available to all GPS civilian users on a continuous, worldwide basis (typically using
C/A code)

SV - Space Vehicle ID, sometimes used as SVID; also used interchangeably with Pseudo-Random Noise
Number (PRN).

TDOP - Time Dilution of Precision - A numerical value expressing the confidence factor of the position
solution based on current satellite geometry.  The lower the TDOP value, the greater the confidence factor.

Three-dimensional coverage (hours) - the number of hours-per-day when four or more satellites are
available with acceptable positioning geometry.  Four visible satellites are required to determine location and
altitude.
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Three-dimensional (3D) navigation - navigation mode in which altitude and horizontal position are
determined from satellite range measurements.

Time-To-First-Fix (TTFF) - the actual time required by a GPS receiver to achieve a position solution.  This
specification will vary with the operating state of the receiver, the length of time since the last position fix, the
location of the last fix, and the specific receiver design.

Track made good - the single resultant direction from a point of departure to a point of arrival or subsequent
position at any given time; may be considered synonymous with Course Made Good.

True bearing - bearing relative to true north; compass bearing corrected for compass error.

True heading - heading relative to true north.

Two-dimensional coverage (hours) - the number of hours-per-day with three or more satellites visible.
Three visible satellites can be used to determine location if the GPS receiver is designed to accept an
external altitude input.

Two-dimensional (2D) navigation - navigation mode in which a fixed value of altitude is used for one or
more position calculations while horizontal (2D) position can vary freely based on satellite range
measurements.

Undulation - the distance of the geoid above (positive) or below (negative) the mathematical reference
ellipsoid (spheriod).  Also known as geoidal separation, geoidal undulation, geoidal height.

Universal Time Coordinated (UTC) - this time system uses the second-defined true angular rotation of the
Earth measured as if the Earth rotated about its Conventional Terrestrial Pole.  However, UTC is adjusted
only in increments of one second.  The time zone of UTC is that of Greenwich Mean Time (GMT).

Update rate - the GPS receiver specification which indicates the solution rate provided by the receiver when
operating normally.

VDOP - Vertical Dilution of Precision - A numerical value expressing the confidence factor of the position
solution based on current satellite geometry.  The lower the VDOP value, the greater the confidence factor.

Variable field - by NMEA standards, a data field which may or may not contain a decimal point and which
may vary in precision following the decimal point depending on the requirements and the accuracy of the
measuring device.

WGS-84 - World Geodetic System 1984 is an ellipsoid designed to fit the shape of the entire Earth as well as
possible with a single ellipsoid.  It is often used as a reference on a worldwide basis, while other ellipsoids are
used locally to provide a better fit to the Earth in a local region.  GPS uses the center of the WGS-84 ellipsoid
as the center of the GPS ECEF reference frame.

Waypoint - a reference point on a track.
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GLOSSARY OF ACRONYMS

1PPS One Pulse Per Second
2D Two Dimensional
3D Three Dimensional

A/D Analog-to-Digital
ASCII American Standard Code for Information Interchange

BIT Built-In Test
bps Bits per Second

C/A Code Coarse/Acquisition Code
CEP Circular Error Probable
CMC CMC Electronics Inc.
CPU Central Processing Unit
CR Carriage Return
CRC Cyclic Redundancy Check
CTS Clear To Send

dB Decibel
DGNSS Differential Global Navigation Satellite System
DGPS Differential Global Positioning System
DOP Dilution Of Precision
DSP Digital Signal Processor
DSR Data Set Ready
DTR Data Terminal Ready

ECEF Earth-Centered-Earth-Fixed
ESD Electrostatic Discharge

FOM Figure of Merit

GDOP Geometric Dilution Of Precision
GMT Greenwich Mean Time
GND Ground
GPS Global Positioning System

HDOP Horizontal Dilution Of Precision
hex Hexadecimal
HTDOP Horizontal position and Time Dilution Of Precision
Hz Hertz

IC Integrated Circuit
IF Intermediate Frequency
I/O Input/Output
IODE Issue of Data (Ephemeris)
IRQ Interrupt Request
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LF Line Feed
LHCP Left Hand Circular Polarization
LNA Low Noise Amplifier
LO Local Oscillator
lsb Least significant bit

msb Most significant bit
msec millisecond
MSL Mean sea level
MTBF Mean Time Between Failures

N.mi. Nautical mile
NCO Numerically Controlled Oscillator
NMEA National Marine Electronics Association
nsec nanosecond

OCXO Oven Controlled Crystal Oscillator
OEM Original Equipment Manufacturer

PC Personal Computer
PCB Printed Circuit Board
P Code Precise Code
PDOP Position Dilution Of Precision
PLL Phase Lock Loop
PPS Precise Positioning Service or Pulse Per Second
PRN Pseudo-Random Noise number
PVT Position Velocity Time

RAM Random Access Memory
RF Radio Frequency
RHCP Right Hand Circular Polarization
ROM Read Only Memory
RTC Real-Time Clock
RTCA Radio Technical Commission for Aviation Services
RTCM Radio Technical Commission for Maritime Services
RTK Real Time Kinematic
RTS Request To Send
RXD Received Data

SA Selective Availability
SEP Spherical Error Probable
SNR Signal-to-Noise Ratio
SPS Standard Positioning Service
SRAM Static Random Access Memory
SV Space Vehicle
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TCXO Temperature Compensated Crystal Oscillator
TDOP Time Dilution Of Precision
TTFF Time-To-First-Fix
TXD Transmitted Data

UART Universal Asynchronous Receiver Transmitter
UDRE User Differential Range Error
UTC Universal Time Coordinated

VDOP Vertical Dilution of Precision
VSWR Voltage Standing Wave Ratio

WGS World Geodetic System
wpt Waypoint

XTE Crosstrack Error
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