Development of SVP-B drifter idea to have more data and less its cost
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ABSTRACT

Surface drifting buoys are an important component of Ocean Observing System for operational monitoring of active layer and near-surface atmosphere. It seems the technological phase of this tool development, as for the improvement of buoy data quality, is near to be completed. The orientation of further investigations should be directed towards the new measuring possibilities and less cost of data. One of possible ways to develop this area of activity could be a flexible drifter array on basis of smart buoys. This drifter can analyze data by own processing possibilities to choose necessary technical status (frequency of samples, resolution of sensors, data format, etc.) according to variability of parameters under control. One of the ways to decrease cost of data is a development of indirect methods of measurements when sensor's data can be used for measurement or evaluation more parameters than it is possible according to direct purpose of a sensor. The first approach to develop the idea has become so called storm buoy on basis SVP-B drifter with increased temporal and instrumental resolution for air pressure (AP) and sea surface temperature (SST) measurements. Since 2003 these buoys have been used to investigate the ways for early warning about tropical storms. New generation of SVP-BT storm drifters has been used in 2004 for evaluation of heat power accumulation inside active layer. Further efforts would be connected with development of Light Smart Buoy on basis SVP-B technology. This buoy should have less size and cost and in addition to standard for this buoy AP and SST to be measured, it should estimate the surface waves parameters and vertical profile of water temperature inside active layer.
DISCUSSION
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Drifter experiments carried out for a few last years have demonstrated that reliability of buoys in operation has become much better than it was before. This fact can be explained by large efforts of the DBCP Evaluation Group and manufacturers to improve quality of data and reliability of drifters and also to have less cost of drifter monitoring as a whole. For example, Figure 1 shows the tracks of drifter ID16330/WMO61525 in the Black Sea from December 2001 to October 2003.

Figure 1: Tracks of drifter ID16330/WMO61525 in the Black Sea from December 2001 to October 2003, when it made three rotations around the sea.

This buoy had three rotations made around the sea within period of time from December 2001 to October 2003. Figures 2 and 3 show some season and inter-season variability of SST (Sea Surface Temperature) and AP (Air Pressure) data registered by its sensors. Deep falling of AP was registered on 16-th April 2003 after 1,5 years in operation. Drifters deployed within other areas including the rough enough South Ocean have demonstrated similar results. 
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	Figure 2: SST variability registered by the drifter in the Black Sea from December 2001 to October 2003
	Figure 3: AP variability registered by the drifter in the Black Sea from December 2001 to October 2003


One of the possible ways to have drifter monitoring progressed ahead might be development of new generation the SVP-B drifters. Being first presented in Argos Forum [1] under the title “Smart Buoy” this technology means that future drifter monitoring for different areas of applications might be provided with flexible self-controlled drifters networks with sensors data analysis by buoy's own processing abilities and selection of necessary technical status of buoy (number of sensors in operation, resolution of measurements, data format for transfer, etc.) according to variability of parameters under control.

The first practical realization of the “Smart” idea has been so-called storm buoy [2]. The buoy should have two modes in operation: standard and warning. When buoy has the standard mode it should operate under the DBCP-M2 data format with Rank=0 and usual for this format instrumental and temporal resolution as well as sensor's dynamic range as for the AP and APT (AP Tendency). When buoy has the warning mode it operates under DBCP-M2 data format with Rank=4 (0, 1, 2, 3) with increased resolution and reduced dynamic range to be inside DBCP-M2 requirements about sizes of data from sensors. Processed AP value is a result of 10 standard AP samples averaged within 15-min interval. Technical files for both variants of data processing under DBCP-M2 format are in the Table1. Because the criteria of modes replacing was not determined before experiment it was done a solution to use only the storm mode for buoys deployed in 2003.

	Item
	
	Bits No.
	Bits Loc.
	Min


	Max


	Res


	Formula



	CheckSum
	
	8
	0-7
	0
	255
	-
	Lower 8 bits

	Rank
	Standard

Warning
	4
	8-11
	0

0
	0

3
	-
	Rank=0, always

Rank=4 (0,1, 2, 3)

	AgeB
	
	6
	12-17
	0
	63
	-
	Age (minutes)

	Air Pressure
	Standard

Warning
	11
	18-28
	850.0

930.0
	1054.7

1032.35
	0.1

0.05
	BP(hPa) = 0.1n + 850

BP(hPa) = 0.05n + 930

	SST
	
	9
	29-37
	-5.0
	35.88
	0.08
	SST((C) = 0.08n – 5

	Air Pressure Tenden.
	Standard

Warning
	9
	38-46
	-25.5

-12.75
	25.6

12.8
	0.1

0.05
	APT(hPa) = 0.1n – 25.5

APT(hPa) = 0.05n – 12.75

	Submergence
	
	6
	47-52
	0
	100
	-
	Percent = 100n/63

	Battery Volt.
	
	3
	53-55
	7
	14
	-
	BV = n + 7

	Total
	
	56


Table1: Technical files for the Storm Buoy to operate in Standard or Warning mode

Six storm SVP-B drifters were deployed on 9 July 2003 in the west part of the North Tropical Atlantic, as a part of storm forecasting network. To understand what is the new method of AP processing, Figure 4 shows the result of processing with Rank=0 and Rank=4 (0,1,2,3) that means that one-hour samples took place when Rank=0 and 15-minutes samples took place when Rank=4. It is clear the more rank, the more resolution of AP variability measurement, because archived data is involved in processing. Determination of AP value as a result of 10-sample averaging allows to reduce random error and increase the resolution.
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Figure 4: Background AP variability registered by ID40429/WMO41502 in the North Tropical Atlantic with one-hour temporary resolution and Rank=0 (black line); and with 15-minutes temporary resolution and Rank=4 (0,1,2,3) (red line)

Figures 5 and 6 show the locations of drifter ID40434/WMO41521 with respect to the tracks of hurricanes FABIAN and ISABEL, which were in the Tropical Atlantic from late August to middle of September 2003. Lower parts of the figures demonstrate AP variability for both hurricanes, when different distances from the drifter to centers of storms took place.

[image: image5.png]1040

1035
l

1030
1025

1020 - v
1015
1010 - !

1005 }

1000 f

995

990
985

15.12.01 25.03.02 03.07.02 11.10.02 19.01.03 29.04.03 07.08.03




	Figure 5: Registration of AP variability for hurricane FABIAN by storm drifter ID40434/WMO41521 from 29 August to 1 September 2003
	
	Figure 6: Registration of AP variability for hurricane ISABEL by storm drifter ID40434/WMO41521 from 7 to 13 September 2003


The further development of the “Smart Buoy” was begun in 2004. New drifter's electronics was developed with increased possibility for data processing. Figure 7 shows the structure of this electronics, which includes two configurations. Both can operate with increased data processing by own possibilities. Basic configuration is intended for new generation of storm drifters with updated measuring possibilities, and first of all for temperature measurements. Extended configuration is 

intended for data processing from new kind of sensors, which can be integrated in the buoy. The requirements of low cost, minimal power consumption and high reliability have been the main requirements during creation of this electronics.
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Figure 7: Structure of new electronics for the “Smart Buoy” with extended processing possibilities

New MT105A ARGOS PTT (Platform Transmitter Terminal) shown at Figure 8 can have any carry frequency within ARGOS-2 bandwidth, factory installed before shipment to a user. It means that customers can choose the number of channel which he needs to transfer of data through ARGOS channel with least passing load for area of buoy application. The advantage is more data and locations per satellite pass and as a result better spatial-temporary resolution of measurements. Figure 9 shows new sensor board MM400 created specially for new generation of SVP-B drifters. Board has the embedded high resolution AP sensor and expanded possibilities to receive and process the data from additional sensors with digital interface. The weight of the board is 60 g, and sizes -805020 mm. Tandem MT105A and MM400 has optimal configuration to transfer data through ARGOS from AP sensor and set of other sensors (e.g. temperature chain) with minimum power consumption. 
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	Figure 8: MT105A ARGOS platform transmitter terminal
	Figure 9: Sensor board MM400 with installed AP sensor and data processing from up to 300 temperature sensors distributed within 600 м 




One of the main goals of modern operational oceanography is a measurement of heat accumulated within active layer of the Ocean and transferred by currents. This issue is very important for weather forecasting as well as for estimation of climate variability and also for prediction about tropical storms development. To approach a solution of this problem the new generation of storm SVP-B drifter under the SVP-BT title has been developed. This buoy has additional temperature sensor (Tz) attached to low part of tether line in the point of connection with Holey Sock drogue. For 5-section drogue the depth of additional sensor is 12,5 m. Figure 10 shows the location of this sensor. Tether line between surface float and drogue is 0,62 cm outside diameter one-core conductor-and-support cable. Cable has the external dual-wire armour with opposite directed of armour layers winding. Using of the conductor and support cable instead of traditional wire cable on the one hand allows to increase measuring possibilities of this drifter and on the other hand to keep its Lagrangian  ability but not so quite as standard SVP-B drifter. This fact is very important for tracking of currents with simultaneous estimation of transferred heat value. Ten SVP-BT drifters were produced to be deployed by NAVOCEANO in July 2004 as a part of drifter warning network in the Tropical Atlantic.
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Figure 10: Additional temperature sensor of SVP-BT drifter attached to the point of tether line connection with Holew Sock

In comparison with 2003 storm buoy the 2004 storm buoy has a few important distinctions shown at the Table 2. First of all since October 2003 all the buoy operators have got again 2-satellite service instead 3-satellite one. This fact has become a reason for 3-4 hours interval between satellites passes. For operational goal the instantaneous data have most important role, but for some scientific applications the continuous set of samples needs to have complete data analysis. Due to these reasons a repetition period has become 30 minutes instead 15 minutes and rank equal 5 instead 4. Experience of storm drifters application in 2003 showed that AP resolution of 0,05 hPa is not necessary for both areas of activity: operational and scientific. Thus AP resolution has become 0,1 hPa as it is recommended by DBCP-M2 data format. Figure 11 shows the variability of AP, SST and Tz registered by drifter ID47611/WMO41548 when hurricane Frances passed over the buoy.

	Parameter
	2003 Storm Buoy
	2004 Storm Buoy

	Number of satellites
	3
	2

	Data format
	DBCP-M2 with cut AP&APT range
	Standard DBCP-M2 + extra bits

	Repetition period
	15 min
	30 min

	Rank
	4
	5

	AP resolution
	0,05 hPa
	0,1 hPa


Table2: Distinctions of parameters for drifters of 2003 and 2004 generations
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Figure 11: AP, SST and Tz (13,5 m) variability registered by drifter ID47611/WMO41548 when hurricane Frances passed over the buoy (red-AP; blue – SST; green – Tz)

[image: image11.png]



Another new modification is SVP-BTC (Temperature Chain) drifter. This buoy has additional digital temperature chain attached to the lower part of the drogue by means of additional hub connected to the bottom ring. Figure 12 shows the structure of SVP-BTC drifter in general. In contrast to thermistor chain, which has two wires for each thermistor, digital chain has “one-wire” structure independently of number of sensors. Each temperature sensor within this structure is the complete device, which has digital interface and code access to data. 

Figure 12: Structure of the SVP-BTC drifter with digital temperature chain attached to the bottom ring of the Holey Sock

This structure has the following advantages:

Accuracy of temperature measurement does not depend on wire length connecting the sensor with electronics inside the surface float, while accuracy of thermistor structure depends on wire length

Thickness of thermistor chain is large enough due to large number of wires from sensors connected in cable in contrast with digital chain

Ability to add any additional sensors with digital interface to sensor block of this drifter is a basis for further evolution of the drifter
Figure 13 shows the experimental variant of SVP-BTC drifter with digital temperature chain. 11 temperature sensors together with SST sensor have the following locations: SST; 12,5m; 17 m; 22 m; 27 m; 32 m; 37 m; 42 m; 47 m; 52 m and 57 m (Tz1-Tz10 accordingly). The locations and number of sensors are not obligatory, that depends on the user's requests. The chain also has sensor of hydrostatic pressure attached to lower point of chain to have its depth. 4 SVP-BTC drifters were built by Marlin-Yug Ltd and deployed in the Black Sea on August 2004. These drifters are experimental devices to test the idea to get the drifter built for wide spectrum of heat processes investigation within active layer.
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Figure 13: Experimental SVP-BTC drifter with digital temperature chain
In spite of drogue presence this buoy is not a Lagrangian tracer, because the drag of chain is large enough in comparison with the drag of holey sock. Nevertheless presence of drogue allows to have some vertical stabilization of the chain's top point, because of the drogue has large hydrodynamic time constant in water and buoyancy of surface float does not have a great influence on vertical shears of this point. On the other hand a vertical deviation of the chain is like swing of the pendulum that can be when there is a shear current within active layer. 
To have some understanding about measuring abilities of the buoy, Figure 14 shows the following initial results: AP, SST, Tz1-Tz10, depth of lower point of chain and module of buoy speed placed at combined temporary scale. The result is that direct representation of data from sensors for many cases of physical analysis cannot be used right away. It means the data should be preliminary prepared for further processing.
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Figure 14: Initial data from SVP-BTC drifter (AP, SST, Tz1-Tz10, depth of chain’s lower point, module of buoy speed) placed at combined temporary scale
First of all this requirement concerns the chain's temperature data. There is well-known thing that shear currents within active layer could be a result of upcoming wind pressure on sea surface. In support of this fact without any mathematical processing some good correlation between AP falling, increase of buoy speed and depth of chain's lower point is obvious from Figure 14.
To have reliable data about the temperature vertical profile it needs to determine the depth of each temperature sensor. In compliance with this reason the mathematic simulator describing a chain's configuration has been developed. The following assumptions have been taken into account when creation of the simulation:

Drogue together with tether has vertical orientation in water independently of sea waves level and shear between surface and 15-m subsurface currents, thus top end of chain attached to bottom ring of drogue has vertical stabilization and its depth has well-known value;

If there is some shear current between the drogue's level (15 m) and chain's level (from 17,5 m to 58 m) it has some steady value along all the chain's length.
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Figure 15 shows the results of one buoy’s data processing to have chain’s profiles for shear currents 0,05 m/s, 0,1 m/s and 0,2 m/s correspondently. 

Figure 15: Chain’s profiles processed under the simulation for shear currents between drogue and chain 0,05 m/s, 0,1 m/s and 0,2 m/s correspondently 

This simulator with using of chain’s lower end location allows to determine the chain profiles and depth of each temperature sensor. Figure16 shows the processed temperature profiles, which took place at different seasons (late summer, early autumn, late autumn). Due to the fact that it was used the 

repetition period equal 60min and Rank=5 (0, 1, 2, 3, 4) the variability of thermocline has been very carefully registered. This method of heat investigation within active layer allow to study mesoscale as well as more long-living processes.
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Figure 16: The processed temperature profiles, which took place at different seasons (late summer, early autumn, late autumn) with active layer of the Black Sea
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Results of data processing as a three-dimensional image are shown at Figure 17. Some unusual orientations of latitude and longitude have been used to have more convenient view of the isolines to be presented. Upper (black) line is a track of buoy. Red, yellow, green and blue lines are the isotherms correspondently: 23C, 20C, 15C and 10C. More isotherms are not shown to exclude superfluous mixture of isotherms and have this figure more understandable for assessing. As it follows from the figure after some time the 23C isotherm has risen to a surface and disappeared as a result of water-cooling.

Figure 17: Presentation of 23(C, 20(C, 15(C and 10(C isotherms variability along of a drifter track

CONCLUSIONS

1.
Due to the intensive job made by the DBCP Evaluation Group together with participants of international drifter projects the technological phase of drifter technique development directed to improve buoy's data quality; regulate data transfer from buoys to users, including creation of new informational standards; decrease the full cost to have buoy deployed in situ; etc. is near to be completed.
2. Estimation of 2010 as a year when the Global Ocean Observation System, including the drifter block, should be completed has denoted the new directions of investigations for drifter community to increase number of environmental parameters under control with simultaneous decrease of data cost.

3. One of the possible ways to increase of drifter networks effectiveness, including investigation of heat transfer by currents and heat accumulation in the Ocean active layer, could be new generation of SVP-B drifters with added new measuring abilities, flexible measuring structure and self-tuning of sensors under variability of parameters.
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