Marlin SVP-B drifters evaluation after one-year operation in situ.
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Between the DBCP meetings the intensive cooperation for evaluation of new generation of Marlin SVP-B buoy was being provided. Marlin implements the concept, that reliable low-cost buoy may be created by the joint team of experts in all the directions of buoy building. As result, both buoy's hardware and software were being projected so that to decrease the power consumption and to optimize the electrical and mechanical connections between the parts of buoy. The transmitter, antenna, and seawater were being considered as the unified system, where the radio signal is being formed and transmitted. The mechanical strength of buoy should be suitable for air deployment, long-lived operation in ocean, and decreasing of payment for transporting.

The feature of evaluation of autonomous drifters is that any significant conclusions about its operation can be made after the sufficient temporary interval comparable to its theoretical life-time. As for to the SVP-B drifter, such interval is one year. Thus, it is possible to say, that moment of buoys evaluation deployed year ago is exactly now.

For the study of technical and operating performances of buoys it was designed a method, which one permits comprehensively to estimate the parameters of SVP-B buoy. This method was presented to DBCP Evaluation Sub-group and it was favored as the instrument, on the basis of which one it is possible to evaluate buoys and to compare them among themselves. The selected parameters, which are being a matter for evaluation, and also their practical significance, are submitted in the Table 1.

Table 1

Valued parameters and their performance for the drifter projects

(two-satellite service)

Estimated group of parameters
Parameter, estimated by monthly 
Practical performance of estimated parameter

PTT
· Monthly total number of satellite passes with data collection and tendency of this parameter 

· Monthly total number of the received messages and tendency of this parameter;

· Number of the received messages per pass and tendency of this parameter;

· Monthly total number of satellite passes with locations and tendency of this parameter;

· Monthly number of locations of 321 classes and tendency of this parameter;

· Evaluation of all the parameters above for Argos-1 and Argos-2 generations.
· Space and temporary resolution of drifter measurements;

· Quality of temporary resolution;

· More data per pass

· Quality of space resolution;

· High-quality of space resolution 

· Effect of satellite K (Argos-2) greater receiver sensitivity with respect to satellite J (Argos-1)

Sensors
· Air pressure (current status and temporary variability);

· Sea Surface Temperature (current status and temporary variability);

· Battery Voltage (current status and temporary variability);

· Submergence (current status and temporary variability).
· Reliability of weather forecasting;

· Estimation of heat balance in ocean;

· Life-time of buoy;

· Presence of Holey-Sock

Buoy as a whole
· Correspondence for air deployment;

· Real life-time;

· Compact packing.
· Creation of buoy networks;

· Time of observations;

· Economy when storage and transportation.

The offered method of drifter evaluation had been used for five Марлин SVP-B buoys, which ones were air deployed by Navoceano November 9, 1999 in the central part of Indian Ocean. The tracks of buoys are presented on the Figure 1.
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Fig.1 Tracks of five Marlin buoys air deployed in Indian Ocean (9 Nov 1999 – 1 Dec 2000)

The current status of drifters on the time of estimation (1.12.2000) is submitted in the Table 2.

Table 2

The current status of evaluated drifters as of December 1, 2000.

Parameters of buoys
Life-time

Argos ID
WMO ID
Deployed
Status as of 1.12.00
Date
Final
Cur.
Theor.

26216
53513
9.11.99
In operation


389
490

26218
53509
9.11.99
Destroyed in Kenya
13.06.00
218

490

26219
53510
9.11.99
Destroyed in Tanzania
6.08.00
272

490

26220
53511
9.11.99
Ashore in Kenya
21.08.00*

389
490

26221
53512
9.11.99
Ashore in Madagascar
17.06.00*

389
490

Mean life-time as for to 1.12.00
331


Symbol * means that the buoy continue be in operation, what allows to evaluate such parameters, as a lifetime and air pressure, while the information from these buoys is removed from GTS distribution. As it follows of the Tabl.2 the basic reason of buoys removal from an operating status were the exterior reasons. It is connected with the problems so-called "fishermen's vandalism" or ashore. Completely was in working status the buoy ID26216, which one was drifting in the central part of Indian Ocean. In the practice of buoy application it is accepted to evaluate a mean life-time of all the buoys, which ones stopped the operation as according to the exterior (independent of a buoy) reasons, as in the case of buoy failures. The mean life-time of all the Marlin buoys presented in Table 2 was 331 days.
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Fig.2. Cumulative monthly number of passes with contacts for two satellites service

This analysis was carried out for the technical evaluation of the used drifters for the purpose of definition of positive and negative sides of the new engineering and technological solutions on number of connections, and also quality and quantity of buoys locations via satellites NOAA-J and NOAA-K equipped by Argos-1 and Argos-2 instrumentation accordingly. The results of this evaluation was combined into three groups: real parameters as for to theoretical possible; parameters of Marlin buoys as for to nearest other buoys; and estimation of effect of Argos-2 greater receiver sensitivity.

The cumulative monthly number of passes with contacts for two satellite service is presented on Fig.2. This normalized parameter (relatively to the current latitude of the each buoy) characterizes the number of satellite passes with data collections in percents. Ordinate is the excess in percents as for to the mean theoretical number of passes with contacts (y = 0%). Result: Marlin drifters had provided the number of passes with contacts 1-7% more than maximum theoretical possible level.

Same method of Marlin PTT evaluation was done for other points of Table 1. This testing had indicated that all the parameters of Marlin PTT were mainly on the maximum theoretical possible levels and had monthly stability.

The interesting results were obtained by means of the direct comparison of each Marlin drifter's PTT parameters with appropriate group of other nearest buoys inside the area (1( as for to the current latitude of Marlin buoy (Data of other IBPIO buoys were kindly presented by Technical Co-ordinator DBCP). So, the mean excess of satellite passes number with contacts was 41 %, and excess of location numbers was 33 %. 

It was provided the estimation of Argos-2 receiver better sensitivity.  In result is detected, that the actual advantage of Argos-2 in relation to Argos-1 appears only for satellite passes with 6-11 received messages per pass. It means, that Argos-2 can supply the greater volume of transmitted data. It was the real advantage of K as for to J (for 2W PTT radiated power), and taking into account also the better theoretical visibility of J as for to K. 

The very important issue was the evaluation of AP channel. This parameter is very complex for the any manufacturer. The cost of AP channel is approximately half of the SVP-B buoy cost. The problem of creation of low cost AP channel, which could has the life-time same to life-time of buoy, continue be very important. Marlin made the attempt to create the low cost AP channel, using the Motorola sensor as sensitive element. But sensor is one side of reliable AP channel. Another side, very important one also, is the reliability of completed air passing system including barometric port with membrane. The membrane should provide the following parameters:

1.
Possibility of the air crossing.

2.
Impossibility of the water crossing.

3.
Non-dampening.

4.
Fast restoration of possibility of air cross after contact of membrane with water.

5.
Impossibility of surface pollution by sea salt.

6.
Mechanical stability to effect of the hydrostatic pressure. 

7.
Chemical stability to effect of the ocean water.

8.
Time stability of parameters during one year minimum.
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Fig.3. Cumulative accuracy of AP sensors (hPa) during life-time of buoys (without non-correct data, when data wasn't being distributed via GTS and QC)

Of course, the membrane with these parameters is ideal variant. The 7 plastic membranes and 3 metal ones were tested before the buoys manufacturing. The best plastic membrane was used for these five buoys. Some buoys had not the problems for AP channel during the one-year operation in ocean (ID26216 and 26221). Other buoys had the non-correct AP data during 3-4 months. Reason of this non-correct work was the heat phenomenon of closing of baroport's flexible tube by the compressed rubber pad.  It was the error of buoy designer which was taken into account for future generation of buoys. As for to the group for evaluation the correct AP measurements of all buoys had been independently restored from April 2000. Reason was the rubber fatigue and restoration of air access via flexible tube.

Fig.3 demonstrates that mean-square error of low cost Marlin AP channel didn't exceed +/-1hPa during the buoy's lifetime. 

It wasn't marked the problems for SST and BV sensors. Monthly cumulative mean SST error was less than 0,6(C. The removable lacks of the submergence channel were disclosed. 

The developed system of buoy compact packing had provided 35 % total economy of expense when air transportation and 50% total economy of volume when storage. The mechanical strength of this configuration was identical with usual buoy.
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Fig.4. Cumulative battery voltage during buoy’s life-time

The new scheme of hardware attachment inside the surface float meets to the requirements of air deployment. As result the Marlin SVP-Bs were fully approved for air deployment by Navoceano. Stability of BV presented on Fig.4 indicates that Marlin SVP-B provides the life-time more than one-year. The level of 8V is the minimum level of Marlin buoy capacity for work. 

Additional up-dating of Marlin SVP-Bs were done for the next modification of Marlin buoy. It was created the new scheme of air tube connection inside the barometer port. Some up-dating of submergence sensor electronics was done. The different kinds of plastic and metal membranes were additionally tested. After kindly permission E. Horton, two new buoys were equipped by metallic membranes. New vacuum technology was created and used for testing of baroport and buoy hemispheres during the manufacturing process.

Summary.

1.
Marlin PTT has demonstrated that its parameters were mainly on the maximum theoretical possible levels.

2.
Comparison testing with other buoys has shown, that Marlin point of buoy building provides the better spatial and temporary resolution when study of ocean.

3.
Argos-2 better sensitivity has provided in Argos-1 frequency band the same number of passes with 6-11 messages per pass as for to this parameter for Argos-1. It was the real advantage of K as for to J, taking into account the better theoretical visibility of J as for to K.

4.
Chosen types of low-cost AP sensor and baroport's membrane can provide the AP measurements during one year life-time with mean total error no more than 1 hPa.

5.
Practice of buoys using has confirmed the advantage of compact packing buoy as for to usual packing buoy.

6.
The mechanical scheme of buoy corresponds to its reliable operation after air deployment. 

7.
Testing of Marlin SVP-B buoys during 1999-2000 has shown, that this buoy as completed device can successfully work in ocean during one year and more. 
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Данные

		

										Mean value of Battery Voltage

								Nov		Dec		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov

						26216		12.4		12.2		12.0		11.8		11.8		11.6		11.6		11.4		11.4		11.2		11.1		11.1		11.0

						26218		12.4		12.2		12.0		11.8		11.6		11.6		11.6

						26219		12.4		12.0		11.8		11.6		11.6		11.4		11.4		11.4		11.4

						26220		12.4		12.2		12.0		11.8		11.8		11.6		11.6		11.6		11.4		11.4		11.2		11.0		11.0

						26221		12.4		12.2		12.0		11.8		11.6		11.6		11.4

						Ср. ар.		12.4		12.2		12.0		11.8		11.7		11.6		11.5		11.5		11.4		11.3		11.2		11.1		11.1

						Наим.кв.		12.3		12.2		12.0		11.9		11.7		11.6		11.5		11.4		11.3		11.3		11.2		11.2		11.1
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13.0081300813

17.0833333333

13.3333333333

13

15.1939910897

16.1290322581

10.0806451613

15.8536585366

16.5322580645

10.4838709677

13

15.7175952456

19.7132616487

20.325203252

14.5833333333

13

16.1530574361

16.3465023559

16.6541635409

10

13

16.5003776612

19.1348973607

13

16.759555921

16.4705882353

13

16.9305922153

18.0265654649

13

17.0134865442

16

13

17.0082389077



Данные

		

				Cumulative monthly normalised mean excess of passes with contacts

				as for to the mean (y = 0%) and maximum (y = 13%) theoretical values

				of possible contacts via both satellites

								Nov		Dec		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov

								1		2		3		4		5		6		7		8		9		10		11		12		13

						26216		11.3095238095		15.7258064516		15.0935882119		22.3717409588		17.2675521822		15.9090909091		16.1290322581		19.7132616487		16.3465023559		19.1348973607		16.4705882353		18.0265654649		16

						26218		12.5		13.3064516129		9.6774193548		12.9310344828		14.1129032258		8.3333333333		10.0806451613

						26219		14.9825783972		12.5098347758		10.936270653		11.0176619008		14.4767899292		13.0081300813		15.8536585366		20.325203252		16.6541635409

						26220		11.5129596142		13.1073907717		14.9193548387		15.0862068966		16.935483871		17.0833333333		16.5322580645		14.5833333333		10

						26221		3.7851037851		9.0240914659		13.5157207023		12.5		15.3225806452		13.3333333333		10.4838709677

						Max		13		13		13		13		13		13		13		13		13		13		13		13		13

						Ср. ар.		10.8180331212		12.7347150156		12.8284707522		14.7813288478		15.6230619707		13.5334441981		13.8158929976		18.207266078		14.3335552989		19.1348973607		16.4705882353		18.0265654649		16

						Наим.кв.		11.253840829		12.2181548119		13.0943268295		13.8823568816		14.5822449683		15.1939910897		15.7175952456		16.1530574361		16.5003776612		16.759555921		16.9305922153		17.0134865442		17.0082389077

				Cumulative monthly number of passes with contacts via J

								Nov		Dec		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov

								1		2		3		4		5		6		7		8		9		10		11		12		13

						26216		94		155		154		155		159		157		171		174		167		169		150		159		153

						26218		97		140		136		135		143		131		139

						26219		103		144		150		134		147		140		145		147		151

						26220		98		144		144		138		146		140		148		137		134

						26221		90		136		142		131		142		136		142

						Ср. ар.		96.4		143.8		145.2		138.6		147.4		140.8		149		152.6666666667		150.6666666667		169		150		159		153

						Наим.кв.				142.2812121212		142.8513131313		143.7436363636		144.9581818182		146.4949494949		148.3539393939		150.5351515152		153.0385858586		155.8642424242		159.0121212121		160.0121212121		161.0121212121

				Cumulative monthly number of passes with contacts via K

								Nov		Dec		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov

								1		2		3		4		5		6		7		8		9		10		11		12		13

						26216		93		132		135		136		150		149		153		160		154		156		147		152		149

						26218		92		141		136		127		140		129		134

						26219		95		142		132		130		144		138		140		149		160

						26220		87		133		141		129		144		141		141		138		130

						26221		80		131		136		130		144		136		132

						Ср. ар.		89.4		135.8		136		130.4		144.4		138.6		140		149		148		156		147		152		149

						Наим.кв.				133.4927272727		135.3412121212		137.2487878788		139.2154545455		141.2412121212		143.3260606061		145.47		147.673030303		149.9351515152		152.2563636364		153.2563636364		154.2563636364





J&K 

		





J&K 

		Nov		Nov		Nov		Nov		Nov		Nov		Nov

		Dec		Dec		Dec		Dec		Dec		Dec		Dec

		Jan		Jan		Jan		Jan		Jan		Jan		Jan

		Feb		Feb		Feb		Feb		Feb		Feb		Feb

		Mar		Mar		Mar		Mar		Mar		Mar		Mar

		Apr		Apr		Apr		Apr		Apr		Apr		Apr

		May		May		May		May		May		May		May

		Jun		Jun		Jun		Jun		Jun		Jun		Jun

		Jul		Jul		Jul		Jul		Jul		Jul		Jul

		Aug		Aug		Aug		Aug		Aug		Aug		Aug

		Sep		Sep		Sep		Sep		Sep		Sep		Sep

		Oct		Oct		Oct		Oct		Oct		Oct		Oct

		Nov		Nov		Nov		Nov		Nov		Nov		Nov



Excess in percents

Cumulative monthly excess (in percents) of passes number with contacts as for to the mean (y = 0%) and maximum 
(y = +13%) theoretical number of possible contacts 
via both satellites (Method of least squares)
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15.1939910897
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10.0806451613

15.8536585366

16.5322580645
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13

15.7175952456

19.7132616487

20.325203252

14.5833333333

13

16.1530574361

16.3465023559

16.6541635409

10

13

16.5003776612

19.1348973607

13

16.759555921

16.4705882353

13

16.9305922153

18.0265654649

13

17.0134865442
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13

17.0082389077



JorK

		





JorK

		Nov		Nov		Nov		Nov		Nov		Nov		Nov		Nov		Nov		Nov		Nov		Nov

		Dec		Dec		Dec		Dec		Dec		Dec		Dec		Dec		Dec		Dec		Dec		Dec

		Jan		Jan		Jan		Jan		Jan		Jan		Jan		Jan		Jan		Jan		Jan		Jan

		Feb		Feb		Feb		Feb		Feb		Feb		Feb		Feb		Feb		Feb		Feb		Feb

		Mar		Mar		Mar		Mar		Mar		Mar		Mar		Mar		Mar		Mar		Mar		Mar

		Apr		Apr		Apr		Apr		Apr		Apr		Apr		Apr		Apr		Apr		Apr		Apr

		May		May		May		May		May		May		May		May		May		May		May		May

		Jun		Jun		Jun		Jun		Jun		Jun		Jun		Jun		Jun		Jun		Jun		Jun

		Jul		Jul		Jul		Jul		Jul		Jul		Jul		Jul		Jul		Jul		Jul		Jul

		Aug		Aug		Aug		Aug		Aug		Aug		Aug		Aug		Aug		Aug		Aug		Aug

		Sep		Sep		Sep		Sep		Sep		Sep		Sep		Sep		Sep		Sep		Sep		Sep



Number of passes

Total cumulative monthly number of passes with contacts 
via J or K
Blue - J; Red - K
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134
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130
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