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Internet. Data from pre-defined web addresses were periodically fetched. The data was formatted into a 
valid AIS message and passed to the content server for inclusion in the USCG DRM Service queue.  

 

Figure 4. The Fetcher/Formatter software automatically builds the USCG DRM Service feed. 
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Table 2. DRM Journaline Service Summary 

Journaline Service Data Types Average data 
size (in bytes) 

# of files Total Bytes 

NAVTEXT Forecast (includes Alaska Coastal Waters 
Forecasts, Offshore Forecasts, High Seas Forecasts [9]   

25,000 3 75,000 

Marine Safety Information Bulletin 2,000 1 2,000 

Marine Forecasts from various sites 3,000 10 30,000 

NOAA data buoy information   1,000 20 20,000 

ESPN Sports Reports 3,000 15 45,000 

Google Top News Stories 3,000 15 45,000 

 Total Bytes 217,000 
Journaline Service Bits 1,736,000   

 Journaline Service Bit Rate (set by RDC) 2,060   
Journaline Service Time to Transmit (in minutes) 14.05   

 

Table 3 describes the data broadcast and file sizes associated with the AIS ASM Service. For the field test, 
this service transmitted actual AIS messages in binary format.  The lowest bit rate was used because the data 
sizes are relatively small, but the dynamic nature of the data required these messages to be sent at least 
every minute.  

Table 3. DRM AIS ASM Service Summary 

AIS ASM Service Data Types Average data 
size (in bytes) 

# of files Total Bytes 

U.S. National Ice Center/Naval Ice Center - Ice Edge 160 10 1,600 

Various Alaskan weather station data 160 10 1,600 

Virtual AtoNs 160 2 320 

NOAA data buoy information (also provided in text form in 
Journaline Service) 

160 6 960 

 Total Bytes 4,480 
AIS ASM Service Bits 35,840   

 AIS ASM Service Bit Rate (set by RDC) 933   
AIS ASM Service Time to Transmit (in minutes) 0.64   
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3.2 Transmit ter System 

Figure 5 shows the field test transmitter system as installed for the Alaska field testing at Communications 
Station (COMMSTA) Kodiak. Figure 6 represents the block diagram of the overall transmit system. The 
transmitter architecture consisted of an HF transmitter, HF antenna, desktop control computer, content 
server, DMOD3 modulator, RF sampler, and Ethernet switch. All of these pieces of equipment were either 
COTS or were already owned by USCG. RFmondial supplied COTS equipment, and COMMSTA Kodiak 
offered the USCG-owned equipment.   

 
Figure 5. (Left) Kodiak HF transmitter #12 (tall cabinet on end of row closest to viewer) and portable server 

rack. (Right) Close- up of the portable server rack housing the content server, DMOD3 modulator, and 
Ethernet switch. 
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Figure 13. Kodiak DMR 24-hour forecast coverage (Green) for December 2016 at 5,200 kHz. Cordova, AK, 

is highlighted in Blue. 
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Figure 14. USCGC HEALY reception, all frequencies. 

USCGC HEALY had very good reception at the three lowest frequencies (5.2, 6.85, and 8 MHz). Reception 
was much more sporadic at the higher frequencies (9.9 and 12.1 MHz).  
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Figure 15. USCGC MAPLE reception, all frequencies. 

USCGC MAPLE had less success at reception; but this may have just been a case of poor timing. When the 
MAPLE left port, the transmitter was on 6.85 MHz, and MAPLE had reception for most of the time. When 
the transmissions were switched to the higher frequencies, reception suffered; however, there was some 
reception at all frequencies. When the transmitter was on 5.2 MHz, which was typically the best, MAPLE 
was North of Alaska and Canada. 

A more detailed frequency by frequency analysis of underway reception data was performed. A sampling of 
this underway data is shown in Figure 16 to Figure 21.  Additional underway data can be found in Appendix 
G. The figures occur in groups of three. For example, Figure 16 shows the July forecast (green) for a 6850 
kHz DRM signal originating from Kodiak. The average position of USCGC HEALY for 22 Jul 2017 is 
shown in red and the average position of USCGC MAPLE is shown in cyan. Figure 17 shows the SNR of 
each vessel with USCGC HEALY in red and USCGC MAPLE in cyan. The colors were chosen to match 
the average vessel position as shown in Figure 16. The Spectrum-E model was configured using the same 
setting as shown in the Kodiak to Cordova link (Section 5.1.1). 
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Figure 16. Jul 22, 2017 forecast coverage of 6850 kHz (green) with USCGC HEALY (red) and MAPLE 

(cyan). 
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Figure 18. Jul 27, 2017 forecast coverage of 8000 kHz (green) with USCGC HEALY (red) and MAPLE 

(cyan). 
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Figure 19. Jul 27, 2017 SNR at 8000 kHz as recorded on USCGC HEALY (red) and MAPLE (cyan). 

Between 4 and 8 UTC in Figure 19, the model made an optimistic prediction of the reception of the signal 
on both cutters. The actual reception was lower; hence, the above plots are colored red for this DRM 
underperforming period. For HEALY, between 8 and 16 UTC, the prediction was too pessimistic, as the 
actual reception was stronger. This period for HEALY is colored blue to show the DRM outperforming the 
model. The rest of time for both cutters, the reception was as strong as expected.  Green indicates the 
agreement of receiver reception and the model, even for periods of time where the reception is poor. 
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Figure 20. Aug 03, 2017, forecast coverage of 5200 kHz (green) with USCGC HEALY (red). 
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Figure 21. Aug 03, 2017 SNR at 5200 kHz as recorded on USCGC HEALY. 

Between 8 and 16 UTC in Figure 21, the actual recorded reception was higher than the forecast by 
Spectrum-E, hence the DRM outperforming the model (marked as blue). At all other times, the reception 
was as expected. 

6.2 Analysis Conclusion 

As with any field test and data analysis, there is room for interpretation, and more data will help to build a 
stronger model. However, all things considered, this model appears to be very well supported by the field 
data. This model, therefore, will be used to make predictions to explore future build-out of the DRM system. 
Worst case sunspot numbers will be used instead of observed numbers  

This model, supported by actual field data, is the key that allows future cost / location / performance 
predictions to be made and forms the basis for future CONOPS.  

6.3 DRM Conclusion 

HF DRM provides a cost-effective method of distribution of maritime and navigation safety information 
over long distances, including the Arctic. The DRM system has a modulation type that provides for reliable 
data delivery under HF skywave and ground wave.  The content server provides a flexible and easy method 
of multiplexing data from different sources into a single data stream for modulation. The bit rate for each 
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Figure 24. August propagation forecast Full Geographic Coverage Option. 

Table 6 lists the requisite transmitter locations and powers, along with the antenna types. These transmitter 
site locations were chosen to minimize the total number of required transmitters while maximizing 
coverage. The low-cost TCI-550-4 antenna was used whenever possible. Unfortunately, this antenna could 
not be used at all locations as it leaves an unacceptable skip zone (donut hole) in the immediate vicinity of 
the transmitter. 

The total cost for each transmitter is slightly less than that previously mentioned for the Fairbanks facility, 
approximately $400,000 per site.   

Table 6. Potential DRM locations to provide nationwide geographic coverage. 

Location Power Antenna Type 

Fairbanks, AK 25,000 W TCI-550-4 

Honolulu, HI 15,000 W TCI-530 

Twin Falls, ID 15,000 W TCI-550-4 

New Orleans, LA 5,000 W TCI-530 

Harrisburg, PA 15,000 W TCI-530 

7.2.2 Full 24-Hour Coverage Option 

As with the Full Geographic Coverage Option, the Full 24-hour Coverage Option would attempt to cover 
the entire United States.  As with the Alaska coverage, there are gaps in the geographic coverage as shown 
in Figure 25.  The most significant feature of this option is that it incorporates existing USCG facilities with 
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HF transmitters and antennas to provide a simulcast solution on three frequencies without constructing new 
transmitter sites. 

 

 
Figure 25. August propagation forecast for Full 24-hour Coverage Option. 

Table 7 lists the existing USCG transmitter location (4 kW each) and antenna types.   

Table 7. Table for Full 24-Hour DRM Coverage Option 

Location (Call Sign) Antenna Type 

CAMSLANT (NMN) Virginia Beach  TCI 550-4, TCI 550-4 and TCI 530-3 

Boston (NMF) TCI 530-3, TCI 530-5 and TCI 550-3 

New Orleans (NMG) TCI 550- 4, TCI 550-3 and TCI 530-3 

Miami (NMA) TCI 540-2, TCI 540-2 and TCI 540-1 

CAMSPAC (NMC) San Francisco Three each of TCI 550-4 

Honolulu (NMO) TCI 540-2, TCI 540-2 and TCI 550-3 

Kodiak (NOJ) TCI 550-4, TCI 540-1 and TCI 530-3 

 
Cost would be similar to Kodiak ($240,000 per site).  
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Figure 26. This 150 kB wind and wave forecast takes 1.7 minutes to transmit. 
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Figure 27. This 80 kB wind and wave forecast takes 0.9 minutes (54 seconds) to transmit. 
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Table 8 summarizes the rough order of magnitude cost associated with each of the three options presented in 
Section 7 - NOTIONAL CONOPS. 

 

Table 8. Notional CONOPS cost and limitations of each option presented. 

 Full Geographic Coverage  
 
LIMITATION - gaps in times 
of coverage 

Full 24-Hour Coverage  
 
LIMITATION - gaps in 
geographic coverage 
 

Full Geographic and 
Full 24-Hour 
Coverage 
 

Cost for Alaska 
only 

$500,000 $240,000 $1,060,000 

Cost for 
Continental 
United States, 
Hawaii and 
Alaska 

$2,100,000 
 
($500,000 + ($400,000 x 4 
sites) 

$1,680,000 
 
 ($240,000 x 7 sites) 

$5,060,000 
 
 ($1,060,000 + 
($1,000,000 x 4 sites) 

 

8 RECOMMENDATIONS  FOR FUTURE WORK  

HF DRM can provide a cost-effective method of distribution for eMSI over long distances, such as in the 
Arctic. The DRM system has a modulation type that provides for reliable data delivery under challenging 
data transmission conditions such as HF skywave. The content server provides a flexible and easy method 
of multiplexing data from different sources into a single data stream for modulation. The bit rate for each 
data source can be specified individually, thus giving priority to certain data types. The content server can 
access existing MSI sources, such as NAVTEX and Weather data, making for an easy implementation and 
transition. 

The primary issue to be resolved is coverage. Due to the fluctuations in the ionosphere and changing 
propagation conditions, the best HF-spectrum frequency to use is not constant: it varies with time and 
position. Therefore, the best way to establish reliable broadcast coverage is to transmit the same information 
using multiple frequencies. A single content server can send the same broadcast data stream to multiple 
modulators; each modulator can be assigned a different frequency, amplifier, and antenna. The receivers can 
scan the pool of frequencies automatically and lock on to the strongest one for reception of the broadcast 
where the receiver is located.  

The following topics are recommendations for additional work to improve USCG understanding and 
concepts for implementation of DRM. 

Mariner Needs  

The mariner needs for electronic maritime and navigation safety information is unclear.  The RDC project 
team made educated guesses on the interval and type of data the mariner most needed. Many questions are 
yet to be answered: what information, what level of resolution, how often, what should it look like 
(portrayal), and where the information should be presented to the mariner (e.g. ECS, separate device, mix of 
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(4) Modulation. Quadrature amplitude modulation (QAM) with orthogonal frequency division multiplexing 
(OFDM) shall be used. 64-QAM is feasible under many propagation conditions; others such as 32-, 16- and 
8-QAM are specified for use when needed. 
(5) RF protection ratio values. The protection ratio values for analogue and digital emissions for co-channel 
and adjacent channel conditions shall be in accordance with Resolution 543 (WRC-03) as provisional RF 
protection ratio values subject to revision or confirmation by a future competent conference.  
[70 FR 46677, Aug. 10, 2005]  
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Figure B-5. Transmitter antenna interlock circled in red (left) and installed RF tap circled in orange (right). 

A tap on the amplifier feed to the antenna was also installed in order to provide feedback to the modulator 
(see right side of Figure B-5). A coaxial dynamics 7999 Variable RF sampler was installed inline between 
the amplifier output and the antenna feed line. The RF sampler has a BNC tap port that was set to 
approximately -50dB. This was connected with RG-58 coaxial cable to the DMOD3, as seen in Figure B-6.  

 

 
Figure B-6. Back of DMOD3 showing RF output and RF input connections. 









  

HF Digital Radio Mondiale (DRM) Broadcast  Summary Report  
 

B-8 
UNCLAS//Public | CG-926 RDC | I. Gonin  

Public | April  2018  

(right)). This cable was then terminated using a BNC connector for the receiver and a ring terminal to the 
side feed post of the antenna. The antenna and cable shield were grounded to an existing grounding point on 
the flag locker located just to the Port side of the antenna (Figure B-12).  

 
Figure B-11. Antenna (circled in red) mounted to inside of rail on deck above bridge on USCGC 

SYCAMORE. Close-up of rail mount on right.  
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Figure B-12. Antenna cable run through existing stuffing tube. 







http://www.ndbc.noaa.gov/data/latest_obs/46078.rss
http://www.ndbc.noaa.gov/data/latest_obs/46076.rss
http://www.ndbc.noaa.gov/data/latest_obs/46082.rss
http://www.ndbc.noaa.gov/data/latest_obs/46080.rss
http://www.ndbc.noaa.gov/data/latest_obs/46061.rss
http://www.ndbc.noaa.gov/data/latest_obs/46060.rss
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Figure C-1. TV32 display of AIS weather buoys. 



ftp://tgftp.nws.noaa.gov/data/observations/metar/stations/PACV.TXT
http://www.weatherlink.com/user/akjerry/index.php?view=summary&headers=0&type=1
ftp://tgftp.nws.noaa.gov/data/observations/metar/stations/PADQ.TXT
ftp://tgftp.nws.noaa.gov/data/observations/metar/stations/PAMD.TXT
http://www.weatherlink.com/user/sbferry/index.php?view=summary&headers=0&type=1
ftp://tgftp.nws.noaa.gov/data/observations/metar/stations/PAWD.TXT
http://www.weatherlink.com/user/westlowe2/index.php?view=summary&headers=0&type=1


http://www.natice.noaa.gov/pub/daily/arctic/2015/text_overlay/novrly15.009
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Figure C-4. Journaline service index. 

USCG publishes Marine Safety Information Bulletin (MSIB) to inform and instruct the mariners on the 
safety issues that they may face. Therefore, as seen in Figure C-5, the RDC included MSIB into its 
Journaline service16. 

 
Figure C-5. Example of Journaline MSIB. 

In addition to AIS, Journaline also presents the weather information from Weather Stations. As seen in C-6, 
contrary to the TV32-based Weather maps, Journaline provides a textual presentation of weather in Arctic to 
the users. The information is fetched from the RSS for Kodiak Airport17 and Cordova Mudhole 18weather 
stations. 

                                                 
16 For RSS feed of MSIB, see https://www.uscg.mil/msib/rss.ashx 

17 See Kodiak Airport: http://w1.weather.gov/xml/current_obs/PADQ.rss  

18 See http://w1.weather.gov/xml/current_obs/PACV.rss  

https://www.uscg.mil/msib/rss.ashx
http://w1.weather.gov/xml/current_obs/PADQ.rss





























































