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Abstract — 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 [1]
Sea [2], 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 [3], climate change in
has been illustrated by an unprecedented d
[4]. The Barents Sea is one of the most pr
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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 [5]. 

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° [6]. 
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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
[6]. Using an approximate magnetic ca
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to the magnetic field and resolv
component in the opposite direction
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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
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be best to limit the surfacing pitch a
glider compass reading shifting by
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to -10°. The easterly and westerMediterranean and 

. 

Fig. 3 Glider compass readings for fixed hea
using an approximate magne

 

Fig. 4 Glider compass readings for fixed hea
using a precise magnetic 

ically heading north and 
parallel to the magnetic 
north heading. However, 
ompass reading becomes 
° pitch, approximately 
, and then shifts by 180° 
nt of being perpendicular 

ving the glider heading 
n. The inverse behavior is 
cally heading south, with 
occurring when pitching 

ossing the point of being 
. It is also observed that 
orth and south physical 
d to the west during each 
heading due east or due 
consistently around the 
towards the north when 
outh when pitching up, in 
gnment with the heavily 

 3 can be used as an 
in conditions where the 
cisely matches the local 
heading north, it would 

angle to +10° to avoid the 
y 180° to a heading of 
ider rolling to try to turn 

ding north. The same can 
mit the diving pitch angle 
rly errors are relatively 

dings and varying pitch angles 
etic calibration. 

dings and varying pitch angles 
calibration. 



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 
[6]), 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.  

2) 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 [7].  
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shown in Fig. 5.  
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increased following improved behavior d
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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
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bank. On 4 September, the glider
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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
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near the inlet of the oxygen sensor, dow
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build-up and resulting in the longer duration
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10. The difference in the readings at 35-45 
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This successful mission in the
excellent high-resolution data in th
significantly reduced cost and ef
provided, along with the testing in th
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