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Hardly Much Work Atoll

By Alan Cameron 

GPS World
Some might feel tempted to linger in an azure lagoon rimmed by South Pacific coral reefs. Not the U.S. Coast Guard. It's duty, duty, duty, as buoy tenders briskly service and maintain aids to navigation (AtoN) and ship out to their next port of call. When a new tender-deployable differential GPS (TDDGPS) set-up promised to cut this buoy working time in half, the Coast Guard piped all hands on deck. 
The USCG cutter KUIKUI recently returned from servicing 41 buoys and dayboards in the 655-square-mile lagoon of Kwajalein Atoll, the largest atoll in the world. In the past decade, four other USCG buoy tenders have worked the Kwajalein lagoon aids, but KUIKUI cut the 10-day job down to five with its new TDDGPS. 
The previous ships had GPS capability, but standalone accuracy is not sufficient to re-position a buoy after servicing; AtoN must be precisely set because vessels use them to avoid hazards. 
Buoys, Buoys. The USCG maintains over 50,000 federal AtoN worldwide. Until the early 1990's, the primary method of AtoN positioning used horizontal sextant angles. Sextant angles, although very accurate, are both labor- and time-intensive. 

Since the early 90's, the Coast Guard has used its DGPS beacon system around the continental United States and parts of Alaska and Hawaii, to re-position buoys with 3-meter accuracy or better. But many areas in Alaska, Hawaii and Guam, where the Coast Guard has AtoN responsibilities, do not have DGPS beacon coverage. 
The TDDGPS, developed by engineers at the Coast Guard Command and Control Engineering Center (C2CEN), uses a collapsible, temporarily placed antenna to provide a differential signal with a range of about ten nautical miles. After 12 hours of receiving and averaging GPS signals, the beacon is ready to transmit a differential signal that the ship can use to position AtoN. 
C2CEN developed the system from a set of criteria including: 
· Portability: The unit must be compact enough to be deployed by a crew of two from a small boat. 

· Range: The unit must provide reliable position data to a range of 30 nautical miles from the base unit. 

· Easy to Operate: The unit must be simple enough that non-technical personnel can easily configure and operate it. 

· Self-calibrating: The unit must be able to determine its deployed location and use that information to generate corrections that meet the minimum standards for positioning AtoN. It must also be capable of operating without a self-calibrating period when placed on a known surveyed geodetic location. 

· Integrity Monitoring: The system must provide a means to monitor integrity of differential corrections used for positioning AtoN. The Coast Guard's DGPS beacon network uses integral integrity monitoring to verify accuracy of each transmitted differential correction. 

Based on these requirements, C2CEN identified a system consisting of two GPS receivers, one configured as a base station and the other as a shipboard rover, linked by VHF radio modems (a 35W transmit unit and a smaller receive unit). The modems were programmed to operate on existing Coast Guard working frequencies. 
The GPS receivers included Receiver Autonomous Integrity Monitor (RAIM) software, providing basic integrity monitoring of rover-generated DGPS positions. 
The RAIM software informs the user if it detects an error greater than 10 meters in any correction. Since RAIM operates within the rover and not referenced to a surveyed position, its level of positional integrity is limited. But after evaluating the cost and complexity of the DGPS beacon site integrity monitoring system, a cost-benefit analysis determined that RAIM provides sufficient integrity for ATON positioning. 

The Coast Guard cutters' standard onboard DGPS AtoN receiver (for beacon-aided work) was easily configured to use the differential corrections received via the VHF modem. It could then successfully provide a corrected position and all required NMEA-183 sentences to the Automatic Aid Positioning System (AAPS) program used by cutters to position AtoN. 
Operations. The TDDGPS base station's GPS antenna and VHF whip antenna are set up on a tripod on a site that allows the buoy tender to work the greatest percentage of AtoN in the area. The radio modem, the base receiver, and a laptop computer are mounted in a waterproof case near the antenna array. The laptop computers configures the base station and allows the position-averaging program (if needed) to run. 
After averaging for 16 hours, the position of the GPS antenna is entered into the base station and the base is set to output an RTCM-1 correction message every three seconds via the 35-Watt radio modem. A solar panel is connected to a separate case containing two 12-volt DC batteries, wired in parallel to supply power to all equipment. Once the base station is running, the laptop can be shut down.
When the 35-Watt radio modem receives an RTCM-1 correction message, it broadcasts the message over a standard Coast Guard VHF working frequency to the receive radio modem on the ship. The modem demodulates and sends the RTCM-1 message, in NMEA format, to the rover station and to the standard onboard receiver for generating corrected DGPS positions.
The standard receiver provides NMEA position messages to the AAPS positioning software, and the rover sends its RAIM calculations to a laptop running control software. During AtoN operations, the user can auto-log RAIM messages as proof of system integrity each time an buoy (aid) is positioned using AAPS. 
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Testing showed that the rover can also provide DGPS corrected position data directly to the ship's Electronic Chart Precise Integrated Navigation System (ECPINS) for use by the cutter's station keeping system. 
Another cutter testing the TDDGPS system reported timesavings of almost 80 percent when using the tender deployable (estimating an hour per buoy using sextant angles and only 7 minutes when using the Tender Deployable system). 
A third ship reported that the system was easy to use, took 1/3 of the time traditionally required to position buoys, and was often much more accurate than using sextants. They also reported a higher degree of certainty that their buoys were placed in the correct location when using the TDDGPS system. 
Radio modem range is the only significant system concern remaining. Under study by C2CEN engineers, testing presently produces a range on the order of several miles. C2CEN engineers are working to improve signal robustness. Depending on antenna height, the system would ideally provide users with reliable operation out to the horizon at 10 to 16 nautical miles. 
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The reference system consists of an Ashtech (Thales Navigation, Santa Clara, California) G-12 GPS receiver and a Pacific Crest (Santa Clara, California) 35-watt radio modem on shore and an Ashtech G-12 receiver and Pacific Crest receive radio modem on the buoy tender. Ashtech's Evaluate G-12 Sensor Control software runs on the laptop. The buoy tenders' standard onboard receiver is a Trimble (Sunnyvale, California) NT200CG. 
