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Challenges	of	ocean	observing	inhibit	us.
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Autonomous	observing	platforms	
have	revolutionized	our	capabilities.
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Now	the	robot	revolution	is	ushering	in	a	new	era.

NOC	Marine	Autonomous	and	Robotic	Systems



 Webb Research Inc., Falmouth, MA, USA  

SLOCUM Electric Glider 

Rudder 

CTD 

Buoyancy engine 

Fixed Wings 

OAL:      2m
Span:     1m
Hull OD: 0.2m 

Inflatable 
Bladder

Embedded
Antennae

Fig. 2. Rendering of a SLOCUM electric glider. Built by Webb Research
Inc., Falmouth, MA, USA; http://www.webbresearch.com.

result there is an upward/downward force acting on the glider.
Successive weight changes combined with a change in attitude result
in a concatenation of up/down glide cycles. The combination of
upward/downward force with the change in attitude (i.e. pitch) allow
the wings and body to generate the hydrodynamic lift and drag
forces which propel the gliders horizontally and vertically through the
water. The mechanism to achieve this change in weight is referred to
as a buoyancy engine (see Figure 2). Currently operational gliders,
such as Seaglider [3], Spray [8] and the electric SLOCUM glider
use an electromechanical displacement actuator, pump or piston, to
change their weight. A prototype glider using an alternative thermally
driven buoyancy engine is currently under development [11]. The
closed-loop control of attitude and depth is performed by an on-
board computer that also executes a pre-programmed mission while
submerged. At the surface the gliders acquire their location using
a GPS receiver and compare that position to the desired position
from the mission plan. The position error is used to compute
an estimate of the average current flow encountered between two
surfacings. The current estimate is then used to correct the dive
parameters (i.e. heading) for the next dive cycle. At the surface
the gliders are able to communicate globally using an IRIDIUM
satellite connection (datarateº2400 baud) or, for local line-of-sight
communication, some gliders (i.e. SLOCUM) are equipped with a
high bandwidth RF-modem (datarateº115.2 kbaud). An ARGOS
transmitter is implemented as a fall-back solution. The antennae are
integrated into the gliders such that while the glider is at the surface,
the antennae are at a maximum height above the water surface
for reliable communications. In the case of the SLOCUM glider,
the antennae for communication and GPS are embedded within the
rudder assembly, Figure 2 and, by means of an inflatable bladder in
the tail cone, can be brought out of the water. Once communication to
a control center has been successfully established, the current glider
mission can be updated and/or data recorded during previous missions
can be downloaded from the vehicle.
Besides the vehicles’ position, attitude and other internal states,

the gliders collect data from their scientific sensors. Typically the
gliders carry a conductivity, temperature and depth sensor (CTD), but
more recently additional instrumentation such as Photosynthetically
Active Radiation (PAR) sensors and fluorometers have successfully
been operated. The drawback due to additional sensors as well as

frequent communications and shallow dives, which imply frequent
changes in buoyancy, is an increase in power consumption and
therefore a reduction in mission length. Currently the operational
endurance of the gliders varies from 3 to 4 weeks for the shallow
SLOCUM glider (max. depth ∑ 200m) to several months for the
deeper diving gliders Seaglider (max. depth ∑1000m) and Spray
(max. depth ∑1500m). All three gliders are comparable in size and
handling requirements. Their weight in air is approximately 50 kg and
their total volume change capacity is between 0.5 and 1% of their
total displacement. The horizontal speed relative to the surrounding
water is typically around 35 cm/s. For more detailed information on
the specific performance of the gliders the reader is referred to [3],
[8], [11] and [4].

III. APPLICATIONS
A. Autonomous Ocean Sampling Network II - Monterey Bay 2003
(AOSN-II)

Fig. 3. Bathymetric map of Monterey Bay, California, USA (depth in meters).

The Autonomous Ocean Sampling Network-II [1] field experiment
was conducted during the summer of 2003 in Monterey Bay, Cali-
fornia. This bay was chosen for its accessibility, resident research
institutions with on-site hardware (i.e. ships, airplanes, AUVs) and
its interesting bathymetry, Figure 3. Since the region is well studied
there is a large amount of historic data available for intercomparisons.
The objective of the experiment was to demonstrate the feasibility
of an integrated ocean observation, modeling and prediction sys-
tem. This experiment differs from previous efforts because of its
high degree of system integration, allowing for real-time adaptation
based on ocean model predictions. The sampling patterns of mobile
observational assets, such as ships, airplanes, underwater gliders
(i.e. Spray, SLOCUM) and propeller driven AUVs (i.e. REMUS,
DORADO) were planned and, in some cases, adapted using the
numerical modeling and prediction capabilities of two independently-
running numerical modeling codes developed by two groups from
Harvard University (HOPS [7]) and the Jet Propulsion Laboratory
(ROMS). Those models in turn were supplied with data coming from
the mobile assets, as well as other sources such as CODAR data
(COntinental raDAR), satellites, fixed moorings and surface drifters.

The	SLOCUM	electric	glider

Webb	Research	Inc.

Scientific Sensors



When the glider reaches
the surface it gets a GPS
fix. It can also send data 
and receive commands 
at this point via satellite.

The glider dives and climbs in the water
column tracing out a sawtooth pattern.
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and receive commands 
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We	use	an	ocean	glider	to	map	ocean	properties	related	to	
ocean	physics,	chemistry	&	biology	to	a	high	level	of	detail.
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Density
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Zooplankton	DensityT.	Howatt



We	use	these	measurements	to	better	understand	how	the	
ocean	mixes.

J.	Feldschuh



An	innovation	in	our	approach	is	to	use	a	glider	to	collect	
in	situmeasurements	of	ocean	turbulence.

Rockland	Scientific	International

T.	Howatt



In	2015	we	made	unprecedented	
observations	of	turbulent	mixing	
in	the	Canadian	Arctic	Ocean.

L.	Geng



Turbulent Mixing Observations from a Glider 
in the Amundsen Gulf of the Beaufort Sea
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III - MIXING RATES & HEAT FLUXES
Mixing rates vary over four orders of magnitude
Heat fluxes are often negligible and always small

I - THE OBSERVATIONS
Continuous measurements over 10 days 

Microstructure temperature and shear + CTD

Benjamin Scheifele:  bscheife@eoas.ubc.ca

Left — an enlarged view of the glider path in the 
Amundsen Gulf, the local bathymetry, and key 
waypoints along the 186 km track. Measurements 
are continuous along the path — there are 348 
full depth profiles of shear and temperature 
microstructure, coincident with CTD temperature 
and salinity

Right — the glider 
path (inside black 
rectangle) and the 
geographic 
context for the 
measurements

25 Aug 2015

05 Sept 2015

HE34B-2926

Temperature and shear turbulence 
measurements give simultaneous, 
independent estimates of the turbulent 
mixing rate. Gliders are robust, low-noise 
platforms for turbulence measurements 
and may operate autonomously for 
weeks in challenging environments

Image: Lantao Geng

2x Shear Microstructure
2x Temperature Microstructure

Image: Tara Howatt

II - THE HYDROGRAPHIC SETTING
Temperature structure reflects that of the Canada Basin

Stratification is strong throughout the thermocline

Above Left: Temperature cross section along 
glider track. From the surface down: warm surface 
layer, strong near-surface thermocline, cold Pacific 
Water layer, main thermocline, warm Atlantic Water 
layer. Also visible is a warm-core mesoscale eddy.
Below left: Buoyancy frequency cross section, 
highlighting strong stratification of orders 
10-5—10-4 s-2 throughout the thermocline
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Top — the mixing coefficient of density, calculated 
using the Osborn (1980) relation Kρ = 0.2ε/N2. 
Patches of enhanced mixing occur on horizontal 
scales of O(10) km
Middle — the mixing coefficient of temperature, 
calculated directly from the measured micro-structure 
temperature variance. Note the range  of the scale 
compared to that on the Kρ panel
Bottom — Heat flux cross section, calculated from 
the temperature diffusivity and background 
temperature gradient

Below — mean vertical 
profiles of the fields 
depicted in the cross 
section figures. Diffusi-
vities and heat fluxes are 
small in the thermocline. 
Stratification is large 
throughout. The buoyancy 
Reynolds number (not 
shown) suggests mostly 
laminar flow i.e. ε/νN2 < 1 
most of the time

Funding: NSERC CCAR, Discovery 
Grants Prg., MSFSS; Vanier Canada 
Graduate Scholarship Prg.; UBC Killam 
Doctoral Scholarship, Four Year 
Fellowship Prg.; Northern Scientific 
Training Prg.; 
The authors thank: Ocean Tracking 
Network, ArcticNet, crew of the CCGS 
Amundsen, Lucas Merckelbach, 
Helmholtz Zentrum Geesthacht
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Glider	Campaign:	Clayoquot	Canyon	
January	31	–	February	18	2017,	9	Canyon	Transects	Glider	Campaign:	Clayoquot	Canyon	

January	31	–	February	18	2017,	9	Canyon	Transects	In	2017	we	mapped	whale	habitat	and	the	physical	&	biological	
oceanographic	processes	that	define	it	off	Vancouver	Island.

Glider	Sensor	Instrumenta:on	Glider	Sensor	Instrumenta:on	R.	Burnham

T.	Howatt
OTN

T.	Howatt



Biological	Communi:es	Around	Clayoquot	Canyon			

What	physical	processes	influence	the	distribu:on	of	
biological	communi:es	in	Clayoquot	Canyon?	

Whales	 Zooplankton	

Zooplankton	Density

Seawater	Density

T.	Howatt



University of Victoria Project Summary #36109

salinity, and oxygen. A subset will be next-generation “Bio-Argo” floats capable of measuring key
biological indicators: fluorescence, pH, and the nutrient nitrate.
Autonomous underwater gliders comprising of a fleet of 12 gliders capable of systematically
observing the ocean’s physical, chemical, and biological state in the upper 1000 m. The fleet will
be used to continuously occupy 3 o↵shore lines 500 km long, and two coastal lines.
An array of wind and wave moorings capable of detailed sampling of ocean wind and wave
conditions to be added to 4 existing moorings located upwind of Vancouver Island. The main
mooring will support revolutionary sensors that vertically profile the wind field 300 m above the
sea surface, and will implement a wireless communication system between the buoys.

Figure 1: Schematic of the proposed deployment of C-PROOF infras-
tructure. a) Sea-surface temperature showing proposed glider lines
(red and orange lines), anchored in time by 2 wave-powered moorings
(yellow stars); sample trajectories of profiling plots (purple lines); and
the array of 3 wind and wave buoys (red dots). (b) Not-to-scale side-
view schematic showing the typical sampling modes of the requested
infrastructure. Operational depths, lateral spacing, and repeat times
are indicated for each instrument.

In addition, we have re-
quested key supporting infras-
tructure: i) 2 deep-water wave-
powered moorings capable of an-
choring the mobile assets’ water-
column measurements in space
and time; ii) shipboard instru-
mentation capable of ground-
truthing the remote instrumen-
tation and conducting fine-scale
sampling of the upper ocean; and
iii) innovative freely floating sed-
iment traps, capable of quantify-
ing the carbon flux from the up-
per ocean to the deep.

Context C-PROOF will be a
world-leading autonomous facil-
ity, as comprehensive as the best
international e↵orts. The num-
ber of assets requested will allow
us to resolve spatial and tempo-
ral scales over a sustained obser-
vational time-frame in a way that
few other groups can do. The
bio-physical sensors we will de-
ploy are cutting edge, with many
of them not yet in widespread use and being actively developed by the C-PROOF team and its
partners. The turbulence and acoustic sensors we will work with, in partnership with Rockland
Scientific and ASL Environmental Sciences, are pioneering, and will serve as development plat-
forms and showcases of emerging technology for the world. The wind and wave moorings, built
in partnership with AXYS Technologies, will include next generation wave sensors, mechanical de-
sign innovations, a first-of-its-kind high-bandwidth telemetry system, and an internationally unique
“floating LiDAR” sensor package. The wind and wave data collected on these moorings will be
internationally unique.

As the first comprehensive autonomous ocean observatory in Canada, C-PROOF is ideally
situated in the NE Pacific. In this location, C-PROOF bridges four existing observatory e↵orts: i)
the 60-year time series along Line P, operated by Fisheries and Oceans Canada (DFO); ii) Ocean
Networks Canada (ONC) nodes on the continental slope west of Vancouver Island, iii) the Global
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The	Canadian	Pacific	Robotic	Ocean	Observing	Facility	(C-PROOF)



The	Future?
NOAA



Thank	you.

Questions?		swaterman@eoas.ubc.ca


