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PREFACE

This standard is intended for unrestricted public release and distribution.  All inquiries pertaining to this
standard should be addressed as follows:

Commandant (G-NRN-2)
U.S. Coast Guard Headquarters
2100 Second Street, S.W.
Washington, D.C.  20593

Tel: (202) 267-0298

It is believed that this standard is in full agreement with RTCM SC104 (Version 2.1), however in the
event of any discrepancies between these documents, this standard shall take precedence.
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CHAPTER 1. - INTRODUCTION

A.  PURPOSE

1. The DGPS Broadcast Standard is intended as a reference document which specifies the format,
information content, modulation parameters, coverage area, and use of the signal which is
broadcast from the network of marine radiobeacons which constitute the USCG DGPS
Navigation Service.  Additionally, this standard specifies the system performance which can be
achieved in conjunction with the proper user equipment.  This standard is applicable to all
broadcasts which are declared operational.  Crucial performance and functional elements which
are required of the user equipment suite are addressed throughout this document.  A document
which more specifically addresses user equipment performance requirements will be issued
under a separate cover.  This standard is intended for general distribution to designers,
manufacturers, and users.

B.  SCOPE

1. The DGPS Navigation Service augments the Navstar Global Positioning System by providing
localized pseudorange correction factors and ancillary information which are broadcast over
selected marine radiobeacons.  The DGPS Service will provide the mariner with the most
accurate navigation system to date in all critical harbor and harbor approach areas. It is the first
system which will meet the 8-20 meter (2drms) accuracy requirement called for in the Federal
Radionavigation Plan.  With the full satellite constellation in place (HDOP < 2.3), the accuracy
of the DGPS Service will be better than 10 meters (2drms) in all coverage areas.  The accuracy
will be better than 3 meters (2drms) throughout the most critical constricted waterways through
the use of more closely situated reference stations.

2. The user receives system status and quality updates on a continuous basis.  Since the DGPS
Reference Station utilizes a NAD 83 geodetic monument the position which is displayed by the
user equipment suite will also be in the NAD 83 Datum when operating in the differential
mode.  The DGPS Service not only enhances the accuracy of the Standard Positioning System
(SPS), but also provides a real time integrity check.  Differential GPS reduces the integrity check
interval from on the order of several hours to a matter of seconds.  The substantial integrity
enhancement of Differential GPS is even of more value to waterway safety than its accuracy
enhancement.  Under certain circumstances it is also able to utilize certain satellites which are
unusable for non-differential GPS.

3. A conceptual overview of the DGPS Navigation Service is illustrated in Figure 1.
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In the network there are two control centers, one for each coast, which continuously poll the
monitor and reference stations.  Each integrity monitor is co-located with its associated reference
station in order to monitor the status and the integrity of the broadcast. The two control centers
survey the status of the system and in case of technical difficulty will either resolve the problem
through remote means or immediately dispatch technicians to the affected site.  As explained in
Section 6.A., only the user equipment suite can truly act as the coverage monitor for a given user.

C. REVISIONS

1. With the exception of the data contained in the enclosures, any changes to this standard will
result in the release of a revised version.  Updates to the information contained in the subject
enclosures can be obtained at any time through the vehicle described in 5.E.  Within the
parameters set forth by this standard the DGPS Program Manager may release revised versions
of the enclosures to this standard as deemed necessary.

Figure 1. DGPS System Elements



2-1

CHAPTER 2. - SIGNAL FORMAT

A. GENERAL

1. The broadcast data consists of a selected subset of the message types contained in the RTCM
Special Committee No. 104, Version 2.1, Recommended Standards for Differential Navstar
GPS Service, herein referred to as "RTCM SC104 (Version 2.1)".  All selected message types are
broadcast in the format of RTCM SC104 (Version 2.1) except as otherwise noted.

B. MESSAGE TYPES

1. RTCM SC104 (Version 2.1) Message Types which will be broadcast consist of Types 3, 5, 6, 7,
9, and 16.  When the presently reserved, but undefined, Type 15 Message (atmospheric
parameters) is developed it will most likely be broadcast by the USCG Differential GPS Service.
 Stated performance of the system is only applicable for user equipment suites which fully
incorporate all of the aforementioned message types.   If Selective Availability were permanently
discontinued use of the Type 1 Message may be revisited as it is able to utilize a less expensive
frequency source, hence user equipment suites should retain the ability to process it.  RTCM
SC104 (Version 2.1) requires that the service provider further specify the content of several
message types. Further description is given for Message Types 5, 7, 9 and 16, along with a
complete description of the use of the message header when operating within the DGPS
Navigation Service.  Unless otherwise noted, all message types are applied in the manner
recommended in RTCM SC104 (Version 2.1).

C. MESSAGE HEADER

1. In the DGPS Navigation Service the "Station Health Field" (bits 22-24) in the message header
for the Type 9 Message (9-1 and 9-3) requires a special interpretation.  Table 1 delineates the
pertinent meaning of the bits in this field.  The enhancements to the UDRE (user differential
range error) resolution will provide a substantial added value to the system.  For the Type 9-3
Message, the UDRE scale factor is determined by the satellite with the largest UDRE value.  If
an unhealthy or unmonitored condition exists, the UDRE Scale Factor reverts back to a value
of unity.
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D. TYPE 3 MESSAGE

1. Two reference stations will be located at each broadcast site.  At any given time one will be on
air and the other will serve as a "hot standby".  Since each reference station will have its own
antenna, the coordinates which are broadcast in the Type 3 Message may change from time to
time.  The Type 3 Message will contain NAD 83 Coordinates since this system is the only one
in North America which can take advantage of the centimeter resolution provided in this
message.

TABLE 1.  MSG. HEADER STATION HEALTH FIELD

CODE INDICATION

111 UNHEALTHY BROADCAST

110 UNMONITORED BROADCAST

101 UDRE SCALE FACTOR = 0.10

100 UDRE SCALE FACTOR = 0.20

011 UDRE SCALE FACTOR = 0.30

010 UDRE SCALE FACTOR = 0.50

001 UDRE SCALE FACTOR = 0.75

000 UDRE SCALE FACTOR = 1.00

E. TYPE 5 MESSAGE

1. The sole use of this message type will be to notify the user equipment suite that a satellite which
is deemed unhealthy by its current navigation message is usable for DGPS navigation.  This is
accomplished by the setting of the "Health Enable Function" in the Type 5 Message by the
reference station in order to indicate this condition.  An example of this situation is a slowly
drifting satellite clock which may render a satellite unhealthy for GPS use, but would be
correctable by the reference station for DGPS use.  The user equipment suite should not use an
unhealthy satellite unless a Type 5 Message allowing the use of an unhealthy satellite was
received within the last thirty minutes.  If the most recent Type 5 Message received does not
indicate that an unhealthy satellite can be utilized, than the use of that satellite should be
discontinued if it were being used (i.e. via a previous Type 5 Message).  Type 17 Messages will
not be issued in conjunction with the "navigation data warning" as allotted for in RTCM SC104
(Version 2.1). 
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F. TYPE 7 MESSAGE

1. A Type 7 Message which is broadcast from a marine radiobeacon will contain information for
two or three adjacent marine radiobeacons which are part of the DGPS Network in addition to
itself.  Marine radiobeacons in certain locations, including a substantial number in the Great
Lakes and several coastal harbors, will contain information on three surrounding marine
radiobeacons in addition to the beacon from which the broadcast is received while the
remaining sites will contain information on two surrounding beacons. The user equipment suite
should update its internal almanac on an immediate basis as new information is received. 
Nonvolatile memory should be employed to store the internal almanac.  When a broadcast
becomes unhealthy or unmonitored in a DGPS Service Area the Type 7 Messages which
include the inflicted radiobeacon will be set to indicate the subject condition and, upon
receiving the next Type 7 Message, the user's equipment suite should immediately update its
internal almanac.  When a radiobeacon becomes unhealthy or unmonitored, the user
equipment suite is immediately notified by means of the station health status indicator
contained in the second word of the universal message header.  The user should be able to view
the contents of the current Type 7 Message in order to obtain information on coverage areas
which may soon be entered.  For Type 7 Message usage in the selection of the appropriate
radiobeacon see Section 6. 

G. TYPE 9 MESSAGE

1. Due to the advantages of greater impulse noise immunity, lower latency (the latter is illustrated
in Figure 2), and a timely alarm capability, the Type 9 Message has been selected over the Type
1 Message.  The Type 9 Message will serve as the exclusive message type for broadcasting
pseudorange corrections. 

2. The first method which will be utilized to broadcast PRC's (Pseudorange Corrections) is based
upon "Three-Satellite Type 9 Messages" which are denoted as "Type 9-3" Messages.  In this
method all satellites for which corrections are broadcast are assigned to either three satellite
Type 9 Messages or to a remainder message of either one or two satellites.  For example, the
pseudorange corrections for eight satellites would consist of three Type 9 Messages, two with 3
satellites and one with two satellites.  An equal number of corrections are broadcast for each
satellite.  In order to make optimum use of the UDRE Scale Factor in the message header,
satellites will be grouped in messages by their UDRE values.  This method will employ a
transmission rate of 200bps and represents a minimum of a forty percent reduction in message
loss as compared to a Type 1 Message under high noise conditions broadcast at the same bit
rate.  The relative latency of the different PRC message types is illustrated in Figure 2 - note that
since the corrections can be applied as soon as the parity is verified for the words which contain
a given correction the latencies in Figure 2 are  the maximum latencies.  PRC accuracy is for the
most part a function of the latency of the Range Rate Correction (RRC) since it is the only PRC
component in which the error is a function of time.  The error of the PRC(t0) term is fixed at
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the time of measurement and any errors that result from its propagation are a function of RRC
accuracy.  Figure 3 illustrates an additional advantage of the Type 9 Message - the phasing of the
PRCs.  When the latency for certain satellites is nearing its maximum the latency for others is
very low.  This provides a built-in immunity factor to high pseudorange accelerations on one or
more satellites. The potential to weight pseudoranges on the basis of latency is readily apparent
and should prove most beneficial to the positioning user.  The 200bps transmission rate will
generally be used in constricted waterways and VTS Areas of Responsibility - for VTS areas the
200bps rate will assure a very accurate continuous velocity measurement capability.  An
extremely high level of impulse noise immunity is achieved by this method at the expense of
slightly reduced range for the same effective radiated power in low noise conditions.  This is
taken into account by the use of a higher field intensity (100uV/m vs. 75uV/m).

3. The second method used to broadcast pseudorange corrections is essentially the same as
method 1, the only differences being the use of a 100bps transmission rate and a minimum field
intensity of 75uV/m. 

4. The third method of broadcasting pseudorange corrections is to broadcast individual Type 9
Messages for each satellite at a transmission rate of 50bps.  This message is referred to as the
"Single Satellite Type 9 Message" and is denoted in this document as the "Type 9-1 Message". 
A high level of impulse noise immunity is achieved by this technique which will extend the
effective range of the broadcast. This method will be utilized only if Selective Availability were
permanently discontinued.  Lower transmission rates than 50bps could not be used in order to
meet the time to alarm requirement due to the length of the PRC Messages.  The added latency
would not be a factor due to the absence of SA.  An equal number of corrections are broadcast
for all satellites regardless of their pseudorange rates or accelerations.

Table 2. PRC Message Broadcast Parameters

METHOD MESSAGE TYPE DATA RATE TRAN. RATE

1 TYPE 9-3 200BPS 200BPS

 2 TYPE 9-3 100BPS 100BPS

3* TYPE 9-1 50BPS 50BPS
* authorized for use only if SA were permanently discontinued

5. Since each Type 9 Message contains the freshest possible corrections, the corrections contained
in each and every Type 9 Message are computed at different times (i.e. computed at the latest
possible time before broadcast).  The user equipment suite can mix corrections which may have
been computed up to 30 seconds apart, thus the reference station must utilize a highly stable
frequency source, within one part in 1011 (30 second Allan Variance).  Any unmodeled
adjustments to the reference station clock will be kept to less than 1ns in any 60 second period.
 The use of a highly stable frequency reference and a tightly controlled clock provides the
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additional benefit of allowing corrections for each satellite to be applied as they are received, as
long as the parity for both of the words which contain a given correction is verified - this
capability should be implemented for the Type 9 Message in all user equipment suites. 
Corrections will not be projected forward in time by the Reference Station.  Generally, the
Reference Station Clock will be within 100ns of GPS time.  Clock stability is of a far greater
priority then absolute time accuracy since PRC's are generated relative to each other for a given
Reference Station.

6. The shorter message length and greater frequency of preambles provided by the Type 9
Message result in a substantially improved impulse noise performance as compared with the
Type 1 Message.  The higher rate of preambles allows a much faster re-synchronization,
especially during high noise periods.  As previously discussed, even in low noise conditions the
Type 9-3 Message provides a lower latency than the Type 1 Message, making it advantageous
when operating with a low data rate as well as in high noise environments.  This is especially
useful since the position error growth due to latency is non-linear.

7. Due to sudden pseudorange accelerations it was decided that basing either method on
pseudorange velocity or acceleration would prove to be overly cumbersome and of
considerable operational risk.  Hence, an equal number of corrections will be broadcast for all
satellites regardless of the method employed to broadcast corrections.

8. If a satellite suddenly becomes unhealthy when in use by a given reference station the PRC(t0)
and the RRC are set to predefined values as delineated in RTCM SC104 (Version 2.1) which
designate this condition.

H.  TYPE 16 MESSAGE

1. The Type 16 message will be utilized as a timely supplement to the notice to mariners regarding
information on the status of the local DGPS service which is not provided in other message
types.  Additionally, the Type 16 Message may provide limited information on service outages
in adjacent coverage areas or planned outages for scheduled maintenance at any broadcast site. 
In order to keep data link loading to a minimum, Type 16 Messages will contain only system
information which is crucial to the safety of navigation. Any broadcast of the Type 16 Message
will not exceed 5.1 seconds; at 100bps this translates into 17 words which allows 45 characters
after accounting for the message header.  The Type 16 Message is not intended to act as a
substitute for the notice to mariners, even as it pertains to DGPS information.  Type 16
Messages will be utilized to alert the user of an outage condition for which a broadcast in an
adjacent coverage area may be unhealthy, unmonitored, or unavailable.  This information would
be useful to the mariner whom is planning a transit through an inflicted area or whose
equipment suite is presently incapable of automatic selection from the beacon almanac.  Further
details of an outage condition can be derived from the Type 7 Message for planning purposes.
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I.  MESSAGE SCHEDULING

1. In general, the data stream will consist mainly of message types  3, 7, & 9 as the broadcast of
message types 5 and 16 will be rather infrequent.  Due to the advent of continuous tracking
receivers the Type 2 Message is no longer required and its use would only serve to increase the
latency of the broadcast.  For each new Issue of Data (IOD) their will be a 90 second delay
before the broadcast pseudorange corrections are computed with the new IOD. Ninety
seconds should be more than adequate for a continuously tracking DGPS receiver, as it will be
able to instantaneously read the navigation messages as they are broadcast from each satellite. 
Sequencing Receivers are not to be used for navigational purposes within the USCG
Differential GPS Navigation Service.  Any shading of a satellite at IOD, such as passing under a
bridge, are compensated for by the ninety second delay.  This method of handling a new IOD
requires the user equipment suite to store both the new and the old IOD for the subject period.
 No ancillary messages will be broadcast within 90 seconds of each other under any
circumstances.

a. Type 3 Message:  Type 3 Messages will be broadcast at fifteen and forty-five minutes past
the hour.

b. Type 5 Message:  If an unhealthy satellite is deemed usable for DGPS, a Type 5 Message
will be broadcast at five minutes past the hour and every fifteen minutes thereafter.  If an
unhealthy satellite which was deemed usable is later deemed unusable the reference station
will no longer broadcast corrections for the subject satellite.

c. Type 7 Message:  A routine Type 7 Message will be broadcast at ten minute intervals
beginning at seven minutes past the hour.  Type 7 Messages will be updated and broadcast
within two minutes if the status of a beacon changes for which they contain information.
This will aid the user equipment suite in its choice of the proper beacon.
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Figure 2. PRC Latency-Individual SV

Figure 3. Type 9-3 Message Phasing
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d. Type 9 Message:  Corrections will be broadcast only for satellites at an elevation angle of
7.5 degrees or higher through use of the Type 9 Message.  The official GPS coverage
which is provided is based on elevation angles of ten degrees or higher. Satellites at
elevation angles lower than 7.5 degrees are adversely effected by spatial decorrelation,
multipath, and minimal processing time between acquisition and actual use. The level of 7.5
degrees is identical to that recommended by RTCA Special Committee 159.  Corrections
for a maximum of nine satellites will be broadcast.  If more than nine satellites are above a
7.5 degree elevation angle, a situation which occurs less than one percent of the time, then
corrections are broadcast for the nine satellites with the highest elevation angles. If the
choice is between two satellites with elevation angles which are greater than 7.5 degrees,
but within two degrees, the descending satellite is chosen.  Positioning users of the system
who are interested in achieving the highest accuracy level possible should use a higher mask
angle in order to avoid the higher atmospheric effects associated with low elevation
satellites.  When a reference station drops a satellite it will broadcast an indication to the
user equipment suite per 4.E.1 to stop applying corrections for that satellite to its
navigation solution.

e. Type 16 Message:  This message type will be broadcast as deemed necessary but within
strict limits. Type 16 Messages will not be broadcast for a period of at least ninety seconds
preceding or following a Type 3, 5, or 7 Message and the interval between successive Type
16 Messages will be no less than three minutes.

J.  FAILURE/DEFAULT MODE

1. A failure represents the absence of either pseudorange corrections in the broadcast stream or
the absence of any message transmission at all.  If a radiobeacon can no longer transmit any
information, this condition will be broadcast to the user as a Type 16 Message via adjacent
marine radiobeacons.  Shall any of the aforementioned conditions occur, an updated Type 7
Message for all surrounding marine radiobeacons will be automatically generated and
immediately broadcast by the appropriate marine radiobeacons in the area. If the reference
receiver can no longer generate pseudorange corrections, Type 6 Messages will be broadcast in
which the message header will be set to indicate an unhealthy condition.

2. In the case where the reference receiver can not generate Type 6 Messages, a single tone will be
broadcast.  Modulator failures may result in the broadcast of alternating ones and zeros, a single
tone, or no output at all.  As a modulator failure could occur at any time, it is imperative that
the user equipment suite be capable of detecting the absence of RTCM messages containing
pseudorange corrections in the data stream and if available tune to a different marine
radiobeacon in advance of the "PRC Time Out Limit" (see Section 6D). It may be matter of
minutes before the standby reference station is put on line.  The broadcast of alternating ones
and zeros should not cause any false acquisitions since the subject broadcast will be listed as
unhealthy by the Type 7 Message.  Should it be anticipated that an out of tolerance condition
will continue for more than two hours a "Notice To Mariners" will also be issued.  Refer to
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Section 5.E. for obtaining 24 hour on-line operational information on the DGPS service.
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CHAPTER 3 - BROADCAST CHARACTERISTICS

A.   MARINE RADIOBEACON FREQUENCY BAND

1. DGPS Transmissions are broadcast in the 285 to 325 KHz band which is allocated for
maritime radionavigation (radiobeacons).  Marine radiobeacons which are selected for DGPS
Service will simultaneously broadcast DGPS and radiodirection finding (rdf) signals.  From a
marine radiobeacon the DGPS transmissions may be broadcast either on the main carrier or in
very limited circumstances, on a dual carrier.  Radiodirection finders will only utilize the main
carrier and the subcarrier id tone.  When a dual carrier is utilized it will be 500 Hz above the
main carrier.  The main carriers for all marine radiobeacons are spaced at 1 KHz intervals and
are placed on multiples of 1 KHz (e.g.,  318.0 KHz as opposed to 318.5 KHz).  As explained in
Section 3.E. all 200bps transmissions will be assigned to channels which are centered at
283KHz + n(2 KHz) where n is an integer having values of 1 through 21.

B.   MODULATION

1. The DGPS Broadcast will utilize Minimum Shift Keying (MSK) Modulation, a special case of
Continuous Phase Frequency Shift Keying (CPFSK).  The "continuous phase" aspect
minimizes the spectral content outside of the Nyquist Bandwidth while the use of quadrature
components raises the bandwidth efficiency to that of Quadrature Phase Shift Keying (QPSK).
 A "binary 0" is represented by a linear 90 degree phase retard relative to the carrier phase in
one bit duration and a "binary 1" is represented by a linear 90 degree phase advance relative to
the phase of the carrier in one bit duration.  The frequency separation between the antipodal
binary tones which are utilized is equal to one-half of the transmission rate.  The modulation
rates chosen assure phase continuity at bit transitions. 

C.   GENERAL PARAMETERS

1. Frequency Tolerance: The carrier shall maintain a frequency accuracy within plus or minus
6ppm.  (e.g., 2Hz for a 325KHz broadcast)

2. Phase Noise: The SSB Phase Noise of each tone shall be less than -80dB/Hz at an offset of
10Hz.

3. Spurious Outputs: All spurious outputs shall be less than -60 dBc.

4. Synchronization Type: Synchronous

5. PRC Latency: The average latency of the corrections at broadcast shall be less than 0.25
seconds.



5. PRC I-atenCV: The average latency of the corrections at broadcast shall be less than
0.25 seconds.

D. SIGNAL SPECTRUM

1. The selected transmission rates for the USCG DGPS Navigation Service are 100 and
200 bits per second (bps) as illustrated in Table 2. If Selective Availability were
permanently discontinued a 50bps transmission rate maybe employed utilizing Type
9-1 messages, being constrained at the lower transmission rate by the “time to alarm”
requirement The short Type 9-1 Message will allow the time to alarm requirement
to be met with a minimum bit rate of 50bps. Generally the 200bps transmission rate
will be reserved for selected critical waterways. AS discwsed in section 2G, all data
rates of 100bps and 200bps will utilize the Type 9-3 Message. The tradeoff
presented here is that higher transmission rates are more subject to message loss
induced by Gaussian Noise but achieve a higher message throughput in impulse
noise conditions. The 99 percent power containment bandwidth of the MSK
modulated signal is equal to 1.17 times the transmission rate, and the half power
bandwidth is given by 0.59 times the transmission rate. Figure 4 frustrates the
spectrum of a main carrier DGPS broadcast at transmission rates of 100 and 200bps.
The spectrum when a DGPS Broadcast is modulated at the same transmission rates,
but on a dual carrier which is set at 6 dB higher, is illustrated in Figure 5. The main
carrier is used exclusively for direction finding purposes. Six dB represents a factor
of four in power and factor of two in field intensity. The latter method provides for
a high degree of spectrum conservation, but at the cost of higher capacity
transmitting and auxiliary equipment. As can be seen in each of the subject figures,
all broadcast scenarios contain a subcarrier id tone at 1020 Hz above the main
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carrier. This tone is broadcast solely for the use of DF Receivers which mix it with
the main carrier to create a signal which is AM Modulated at a level of 70%. As
obsemed in the subject figures, the subcarner id tone is broadcast at a level which
is 3dB below the main carrier. Due to the desequencing of sequenced beacons and
the lower concentration of radiobeacons in general strong consideration is being
given at this time to the discontinuance of the id tone for most DGPS Broadcasts
as this will reduce spectral congestion, enhance the effectiveness of receiver blanking
circuitry, allow more useable power to be transmitted, and allow the use of highly
efficient nonlinear transmitters. For a given DGPS Broadcast the id tone
may not be present.

2. Due to the planned extensive reduction in the number of purely direction
beacons by the year 2000 it is anticipated that the use of dual carrier
broadcasts will no longer be required. Even before the year 2000 dual
broadcasts will not be widely used.

E. PROTECTION RATIOS

1. The protection ratios which are relevant to the reception of DGPS
given in Table 3. Note that the “frequency separation” denotes

may or

finding
DGPS
carrier

Broadcasts are
the separation

between each carrier (main, dual, or id tone) which is transmitted from broadcast
sites other than that for the “wanted” signal. This method follows the Ew
(European Maritime Area) convention (where Radiobeacon transmissions contain
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Furthermore the IFRB (International Frequency Registration Board) has recommended that
DGPS Transmissions be treated as independent as opposed to composite transmissions when
applying protection ratios.  Presently, all radiobeacon protection ratios are computed for the
main carrier with the effect of the subcarrier inherent in its determination (i.e., the composite
method).  Since up to three carriers in two different formats will now be broadcast, the
previous method would be overly cumbersome and not explicative in nature.  No change is
being implemented at this time for computing the protection of RDF carriers (which is done in
a composite form), even those with DGPS information directly on them (i.e.,  not dual
carriers).  The existing radiobeacon to radiobeacon specifications are far more stringent then
those being proposed with the exception of the zero Hertz (co-channel) separation case.  The
protection ratios presented in Table 3 set the minimum levels required and any future changes
in the protection ratios will only result in a more hospitable operating environment.  All receiver
designs must work in the environment defined by these protection ratios applied in conjunction
with the spectra presented in Figures 6 and 7.  The protection ratios presented in Table 3 were
derived on the basis of a maximum transmission rate of 200bps.  All 200bps transmissions are
centered at 283KHz + n(2KHz) where n is an integer having values of 1 through 21.  No
bandlimiting/filtering of the transmitted signal is utilized since in the medium frequency range
the realization of ideal filters would be difficult to approach and thus intersymbol interference
becomes a concern.

TABLE 3.

DGPS APPLICABLE PROTECTION RATIOS

FREQUENCY 
SEPARATION

(KHz)

WANTED: DGPS DGPS DGPS

INTERFERING: RBN(RDF) RBN(id) DGPS

0.0
0.5
1.0
1.5
2.0

 15dB
-25dB
-45dB
-50dB
-55dB

 15B
-25dB
-45dB
-50dB
-55dB

 15dB
-22dB
-36dB
-42dB
-47dB

2. The main emphasis in the determination of the Protection Ratios was to minimize the cost of
the user equipment and to allow effective impulse processing within the framework of the
existing marine radiobeacon network.  The protection ratios which cover the protection of
Marine Radiobeacons from DGPS transmissions are identical to those for interference from
other beacons and are covered by an existing international agreement (which may be replaced
by a North American Agreement similar in nature to that of the EMA agreement).  The
Normalized Spectral Densities shown in Figures 6 and 7 illustrate the relative spectral content
of an MSK
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Transmission and are useful in computing the amount of interference which can fall within the
processing bandwidth of the receiver.  To accommodate receiver designs with wide bandwidth
burst detection and IF (intermediate frequency) circuitry, as they possess a superior impulse
processing capability, a 4KHz (i.e.  plus or minus 2KHz) bandwidth was considered in the
determination of the values of Table 3.  DGPS Broadcasts which are designated as prototypes
are exempt from the subject protection ratios only in their role as the "wanted" signal.  They
must adhere to the Protection Ratios listed in Table 3. in their classification as interfering
signals. 

3. A DGPS Broadcast is protected by the protection ratios of Table 3 at the minimum "wanted
signal" field strength of 75uV/m for its full advertised coverage range.

F.  SIGNAL STRENGTH & RECEPTION

1. During normal operation the minimum field strength of the DGPS broadcast signal will be 75
microvolts per meter in the various coverage areas.  For broadcasts with a transmission rate of
200bps the minimum field strength will be 100 microvolts per meter.  The minimum field
strength is applicable only in areas where no other broadcast provides the specified minimum
field strength. Field strengths are specified at five feet above ground level (see Appendix 1). 
The range of a broadcast is specified as the distance along the path of minimum attenuation
through a given coverage area that the signal travels before reaching its specified minimum field
strength.  Due to land masses in various coverage areas the advertised range may not be always
representative of the coverage provided in all coverage areas surrounding a given broadcast,
however those areas have an additional broadcast which serves as the primary beacon for that
area.  A good example of this is the Ft. Gratiot Site on Lake Huron as it achieves its advertised
140mi range over Lake Huron but would not, for example, always cover waterways such as the
Detroit River to the south.  However, the Belle Isle Broadcast Site was situated to provide the
primary coverage for this area.  As discussed in Section 6, the advertised range of a broadcast is
for selection purposes only.  It is the user equipment suite, utilizing the guidelines of Section 6,
which determines the suitability of the broadcast for a user in a given place at a given time.  The
maximum field strength occurs in practice when a vessel passes within several hundred feet of a
broadcast site and may approach 150mV/m.  In general, to cope with radiobeacon outage
conditions, the user may need to utilize a minimum field strength which could be as low as
10uV/m in systematic problem conditions.  This level may still provide an adequate signal,
depending on the level and nature of the atmospheric noise which is present.  Seasonal noise
variations result in broadcasts which may greatly exceed their specified coverage range
throughout most of the year since their availability at the user was calculated based on the full
range of conditions expected throughout the year.  In the MF Band the inverse linear
approximation between distance and field strength proves to be very accurate for distances of
up to several hundred miles.  For example, if the field strength at a distance of 200mi from a
given beacon is 100uV/m then at 100mi from the same beacon the field strength would be
200uV/m.
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Figure 6

                    Figure 7
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G.  ATMOSPHERIC NOISE PERFORMANCE

1. For use in navigation (as opposed to positioning) an MSK Beacon Receiver should achieve a bit
error rate of less than 10-3 under the three conditions listed below.  Except for Condition 3, in
which the MSK Signal is first applied, the MSK Signal should be acquired in less than 20
seconds.

a. An MSK signal is incident upon the antenna at a level of 75uV/m and with an SNR of
7dB in the 99% power containment bandwidth of the MSK signal.

b. An MSK signal of 75uV/m is incident upon the antenna along with a pulse train with an
amplitude of 500mV/m, a period of 0.5 milli-seconds, a pulse width of 20us, and with rise
and fall times (90%) of less than 50ns. 

c. An MSK signal of 75uV/m is incident upon the antenna along with a pulse train with an
amplitude of 15 V/m, a period of 1.5 milli-seconds, a pulse width of 20us, and with rise
and fall times (90%) of less than 50ns. 

2. The stated performance should be achieved for all bit rates and in the presence of any two
simultaneously present interfering tones incident upon the antenna per Column 3 (RDF
Interference) of Table 3.  A more comprehensive document covering recommended MSK
Receiver Performance will be released as a COMDTPUB (Commandant Publication).

H.  CODING

1. For increased performance in certain circumstances, further consideration may be given to the
implementation of a coding scheme such as Reed-Soloman with Erasure.  Coded transmissions
would have a 200bps transmission rate and approximately a 100bps data rate.

2. As discussed earlier the 100bps data rate is used exclusively for Type 9-3 pseudorange
correction messages.  Such coding may receive future consideration for implementation on
selected radiobeacons which provide redundant coverage for selected areas.  Adjacent
broadcast(s) may provide uncoded DGPS coverage for the general user within the coverage
area of the coded broadcast.  It is anticipated that only the equipment suites carried by a limited
class of vessels which traverse certain waterways may be required to have a decoding capability
if coding were ever implemented.  Though coding provides a significant error reduction in
Gaussian and impulse noise conditions, it introduces a considerable latency factor which is
undesirable in time sensitive applications such as navigation or real time high accuracy
positioning.  Coding also delays the reception of alarms by the user.  Though it is anticipated
that coding will generally not be beneficial, certain circumstances may benefit through its use. 
In general for the MF band, coding extends the range of a broadcast at the expense of
availability and thus is mainly of interest to positioning services.
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 CHAPTER 4.  - SYSTEM PERFORMANCE

A.   ACCURACY

1. With the full satellite constellation in place (HDOP <2.3) the position accuracy of the USCG
DGPS Service will be within 10 meters (2drms) in all specified coverage areas.  As the DGPS
Reference Station utilizes a geodetic monument which is referenced to the NAD 83 Coordinate
System, the user's differentially-determined position solution is inherently transformed into the
NAD 83 Coordinate System.  The user equipment suite need not perform any datum
conversion from WGS-84 when operating within the USCG Differential GPS Navigation
Service and working with NAD 83 Charts.  Order "B" Geodetic Monuments will be utilized at
all broadcast sites.

2. A reasonable approximation for determining the achievable accuracy at a given point is to take
the typical error at a short baseline from the reference station (on the order of 0.5 meters), add
an additional meter of error for each 150 kilometers of separation from the reference station
(broadcast site) and add an additional 1.5 meters of error for the user equipment.  Some high-
end user sets are achieving pseudorange measurement accuracies of less than 30 centimeters for
a given pseudorange in the absence or the abatement of multipath.  Hence, one can readily see
that for the user with high-end equipment who is within 300 kilometers from a given broadcast
the achievable accuracy is better than 3 meters (2drms).  The use of the UDRE information
which is broadcast will greatly aid the user in locating a given position to within one meter.  The
UDRE Values, in conjunction with localized user information, can provide the user with a
confidence level about the displayed position.

 
3. The continuous velocity accuracy of the system (i.e., the vessel's speed over ground) will be

better than 0.1 knots rms in VTS areas which utilized dependant surveillance.   

B.   AVAILABILITY

1. Availability for a given broadcast is defined as the percentage of time in a one month period
during which a DGPS Broadcast transmits healthy PRCs at its specified output level.  The
DGPS Navigation Service was designed for, and is operated to, maintain a broadcast availability
level which exceeds 99.7%, assuming a complete and healthy satellite constellation is in place
(i.e.,  HDOP<2.3).  Any DGPS Area of Coverage (AOC) that falls within a Vessel Traffic
Service AOC which utilizes "dependent surveillance" for vessel tracking will maintain a signal
availability  in the AOC of 99.9%.  A signal availability will be higher than a broadcast availability
if an AOC is covered by more than one broadcast.


