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The use of gliders in the Pol clever and inexpensive methods for large sca exploration. In August and September o EXPLORER glider successfully completed a 3 the central Barents Sea to monitor the physi features over a transect between 72° 30' N latitude and between 32° E and 33° E longitu European FP7 ACCESS project and in coo Institute of Marine Research, Norway. The paper discusses the performanc EXPLORER vehicle during the mission in A behavior of the magnetic compass in close magnetic north pole is described and its resul flight of the glider. The reliability and robust is evaluated for operations in these difficul successful and cost-effective mission now o future opportunities to conduct repeat autono in the Barents Sea. I.

INTRODUCTION

A. Gliders in Our Oceans

The use of underwater gliders in the wor established. They provide a long endura platform that requires significantly redu logistics for the amount of data collected. T important in the Polar Regions, where recovery opportunities can be very limite application of gliders at high latitudes is di challenging navigation conditions (sea conditions) and cold water effects o performance.

Gliders modified for the Arctic envir being used in places such as Fram Strait [START_REF] Lee | Autonomous platforms in Proceedings of Ocean Obs09[END_REF] Sea [START_REF] Lee | Marginal Ice Zone Experiment Plan[END_REF], deployed with supporting infras long-range acoustic beacons and moorin under-ice navigation. These successful gl have involved significant cost and effort fo deployment of the supporting acoustic platfo

Here we present and evaluate the use of SEA EXPLORER glider conducting mo Barents Sea without any additional supporti

B. The Barents Sea

During the last decade, which has been observed in the Arctic [START_REF] Stocker | Climate chan basis[END_REF], climate change in has been illustrated by an unprecedented d [START_REF] Comiso | Accelerated cover[END_REF]. The Barents Sea is one of the most pr nitoring with a SEA EXP Glider urent Beguery 2 , Laurent Oziel 1 , Jean Claude Gascard S/UPMC/MNHN/IRD, Université Pierre et Marie Curie, P 2 ALSEAMAR, Meyreuil, France eld@locean-ipsl.upmc.fr, lbeguery@alseamar-alcen.com, el@locean-ipsl.upmc.fr, jga@locean-ipsl. the warmest ever n the Barents Sea decline in sea ice roductive areas in the world for fisheries and extracti This is also a key area for observing North Atlantic Ocean and the Arctic

The Barents Sea is a challengi glider, with a shallow average depth sea mounts rising to less than 50 m strong ocean currents, in some velocity of more than 25 cm/s [START_REF] Loeng | Features of the physica the Barents Sea[END_REF].

C. Magnetic Conditions

In 2014 the north magnetic p approximate position of 85° 55.56 Approaching the magnetic nort declination varies greatly over s inclination of the magnetic field app result in an unstable glider-hea resolving the course over ground us Within the area of the Barents Sea, ranges between 0° and +35°, while ranges between +78° and +84° [START_REF] Maus | The US/UK wor 2015[END_REF]. Paris, France on of mineral resources. g exchanges between the c Ocean. ing operating area for a h of 230 m and banks and m depth [START_REF] Loeng | Features of the physica the Barents Sea[END_REF], in addition to cases with an average pole was located at the 6' N 148° 49.86' W [START_REF] Maus | The US/UK wor 2015[END_REF]. h pole, the magnetic short distances and the proaches +90°, which can ading component when sing a magnetic compass. the magnetic declination the magnetic inclination ing the Barents Sea mission.

D. The SEA EXPLORER Glider

The SEA EXPLORER, shown in Fig underwater vehicle with a wingless design speeds of up to 0.5 m/s. The SEA EXPLOR mission -'SEA004' -was equipped with a CTD with a SBE43 dissolved oxygen sen ECO puck fluorometer and backscatterin altimeter for sea floor detection.

Here we use a standard model of the S glider, equipped with a 3D digital magne combines 3-axis accelerometers with sensors, providing a tilt-compensated headin

II. OPERATIONS AND PERFORM

A. Tromsø Fjords 1) Magnetic Compass Calibration

The SEA EXPLORER glider was tested and calibrated on land and in fjor Norway, in preparation for the Barents Sea m Following functional tests of the gl magnetic compass was calibrated in a c suspending the SEA EXPLORER from Following each calibration, performance d by pitching the glider up and down w orientating the SEA EXPLORER in th directions (due north, east, south and west) example of the performance data gathe calibration using approximate (+/-10°) m directions, and Fig. 4 shows an example of data following a calibration using precise ca

In Tromsø, Norway, the magnetic f include a declination of +7.91° and an inclin [START_REF] Maus | The US/UK wor 2015[END_REF]. Using an approximate magnetic ca g. 2, is a proven that can travel at RER used for this SeaBird pumped nsor, a WETLabs meter, and an SEA EXPLORER etic compass that 3-axis magnetic ng, pitch and roll.

MANCE comprehensively rds near Tromsø, mission. lider, the glider clear area while m a tree branch. data was gathered while physically he four cardinal . Fig. 3 shows an ered following a magnetic cardinal f the performance ardinal directions. field components nation of +78.35° alibration, Fig. 3 shows that when the glider is phys pitching down, becoming more p field, the compass reliably reads a n when the glider is pitching up, the c unstable between +10° to +15 perpendicular to the magnetic field, beyond +20° pitch, crossing the poin to the magnetic field and resolv component in the opposite direction observed when the glider is physic the 180° shift in compass reading down beyond -20° pitch, again cro perpendicular to the magnetic field during the 180° shift for both no headings, the compass readings tend shift. When the glider is physically west, the compass reading shifts physical heading point, from 45° pitching down, to 45° towards the so each direction shifting towards alig inclined magnetic field.

The performance data in Fig. example of how to fly the glider compass calibration no longer prec magnetic field. For example, when be best to limit the surfacing pitch a glider compass reading shifting by south, which would result in the gli to the north when it is already head be seen when heading south, to lim to -10°. The easterly and wester consistent and could be taken into accoun deviations in heading that might not be ex currents.

For the mission in the Barents Sea, the was precisely calibrated to the magneti Tromsø, resulting in a much improved pe glider compass for a full range of heading as shown in Fig. 4. However, this perform to the Tromsø area and its local magn differing to those expected along the Barent track (+15° to +18° declination, +79° to [START_REF] Maus | The US/UK wor 2015[END_REF]), as the compass could not be re-calibra The results of this precise calibration show is able to compensate for the high incl Tromsø using information from the 3D a declination offset of +16° was included in compensate for the approximate expected the Barents Sea track.
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) 24-hour Fjord Mission

To demonstrate the ability of the SEA navigate in challenging magnetic condit mission was successfully completed using calibration of Fig. 3 in the northern section fjord south of Tromsø. The mission area of north-south orientation and is between 2 k with a maximum depth of 120 m [START_REF][END_REF].

Piloting the glider from Tromsø, the pitc adjusted to reduce the instability of the m and evaluate its performance as the northward and southward along the fj EXPLORER was deployed at 0813UTC o recovered at 0855UTC on 16 August, comp track of repeating north-south transects in shown in Fig. 5.

This successful test mission proved EXPLORER could be safely piloted in chal compass conditions based on the informatio the testing on land, in preparation for th Barents Sea.

B. Barents Sea Monitoring 1) Operations Overview

The deployment of the SEA EXPLORE was made possible with the help of the In Research, Norway, providing the opportun in the 2014 Mareano 3 expedition, departi 18 During the north transect, with the glid and gradually compensating for local curre compass occasionally showed two types of b

The first, shown in Fig. 6, occurred wh and pitching up, placing the glider compass the magnetic field, resulting in an noi oscillated rapidly by up to 180°. This occu of the pitching up cycles during the north tr normally be rectified by the pitching do followed.

The second type of bad behavior, show occurred when heading north and pitching stable shift of 180° that the glider then tr rolling. This repeats several times, during and pitching down, as the glider attempts to heading by rolling either left or right. It heading readings tend to the west, as was o approximate calibration in Tromsø, regard the glider rolls left or right. This occurred o cycles during the north transect, and wo rectified within 2 cycles.

During the south transect, the ma readings improved significantly, exhibitin bad behavior on less than 1% of the tot Fig. 9 SEA004 temperature, salinit during the south der heading north ents, the magnetic bad behavior. hen heading north s perpendicular to isy reading that urred during 20% ransect and would own section that wn in Fig. 7, also up, resulting in a ried to correct by both pitching up o reach the correct is noted that the observed with the dless of whether on another 20% of ould normally be agnetic compass ng the described tal cycles. Fig. 8 shows an example of the magnetic cycles of the south transect.

3) Bathymetry

The altimeter was initially disa and was to be enabled once approac bank. On 4 September, the glider with an alarm triggered from maki floor at 143 m depth, 50 m bathymetry [START_REF] Jakobsson | The Interna Arctic Ocean (IBCAO) Version[END_REF] and nautical chart which show a narrow ridge in the a depth of ~200 m. The contact with confirmed by a temporary offset i oxygen readings, indicating sediment in t which dissipated over the cycles that foll surface contact is also confirmed by th parameters which show a stable heading during the event: the glider gently coming t position briefly, then a clean change in pitch surface in response to the alarm conditions.

4) Science Payload

The high quality temperature, sa chlorophyll and depth data was successfu sent in real-time during surfacing periods, s which are shown in Fig. 9.

The dissolved oxygen plot shows two sediment or other material entered the resulting in a temporary offset in measure event occurred following the contact with t the second event occurred during the sou salinity readings are briefly affected at the b event and quickly rectify. Following recov it was noted that a slight constriction in t near the inlet of the oxygen sensor, dow salinity sensor, may have caused some sedi build-up and resulting in the longer duration

The initial profiles closely agreed with casts taken near the deployment location, 10. The difference in the readings at 35-45 due to the variation of the depth of the fre layer, as well as thermal inertia and hy sensors. This successful mission in the excellent high-resolution data in th significantly reduced cost and ef provided, along with the testing in th information on how to operate th these challenging conditions, a opportunities for improvement, such of the largest power consumers (e 2015) and endurance testing of th water conditions.

Another area of active develop behavior and reliability of the glid the Polar regions. It is feasible t calibration while deployed at sea; im set of movements while recording m then be used for a re-calibration o This could be performed several tim account for the significant di conditions along the track, resultin and overall efficiency of the glider.

This mission has proven the ro EXPLORER glider in this environm to future opportunities to conduct au the Barents Sea and key Arctic shelf IV. ACKNOWLED USION e Barents Sea provided his remote location with ffort. The mission also he Tromsø fjord, detailed he SEA EXPLORER in s well as identifying h as economizing the use expected update in early he battery pack in cold pment is to improve the der magnetic compass in to conduct the compass mplementing a controlled magnetic values that can f the magnetic compass. mes during a mission and fferences in magnetic ng in improved behavior obust ability of the SEA ment, and opens the door utonomous monitoring in f seas. 
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  August 2014. The SEA004 glider was deployed for m September 2014 from the rescue boat of th at a position of 73° 42.92' N 32° 9.77' Barents Sea, as shown in Fig. 1. The glid north over five days (north trans compensating for a strong current pushing east, reaching a northernmost position of 7 45.85' E. The glider then travelled west for travelling south for the remaining elev transect), again gradually compensating pushing the glider to the east. The SEA recovered on 19 September 2014, with 40% nt to explain any xplained the glider to the 74° 29.03' N 32° r two days before ven days (south g for a current A004 glider was % available battery power remaining, in challenging co the R/V Johan Hjort at a position of E, successfully completing a track o 2) Magnetic Compass Performa The magnetic compass perfo throughout the mission in the Bar occasionally had difficulty at the n the track, furthest from the magneti and quickly improved when mov Norwegian coast. The pitching an adjusted throughout the mission, ba data gathered in Tromsø. As a res low pitch angles during the nort
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