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Our History with Gliders

• We’ve worked with 
customers for the 
past several years to 
make glider based 
measurements.

• We are more 
sophisticated than 
duct tape and hose 
clamps these days.

please see http://www.nortek-as.com/en/knowledge-center/bibliography for example applications
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Since 2005, Nortek has collaborated with 

leading researchers to develop specialized 

acoustic Doppler current profilers used to 

measure current velocity from gliders.  The 

Nortek acoustic Doppler current profilers were 

well suited to the glider requirement as they are 

inherently very small and require less power 

than most other similar Doppler equipment 

(typically less than 1 W when pinging).  Special 

mechanical configurations, novel acoustic 

transducer head designs, and high resolution 

signal processing methods have been developed 

based on the individual researcher’s project 

goals and requirements.  Below, we present case 

studies of three different applications using 

Nortek acoustic Doppler current profilers on 

gliders.  

Zooplankton Biomass Assessment 

Dr. David Fratantoni and his collaborators at the 

Woods Hole Oceanographic Institute (WHOI) 

have flown Nortek 1 MHz Aquadopp Profilers 

on Webb Slocum gliders since 2005.  Initially 

looking to make only velocity measurements 

from glider mounted acoustic Doppler current 

profilers, they found the active acoustic 

instruments very useful for mapping and 

quantifying zooplankton in both the Pacific and 

Atlantic oceans. 

The WHOI scientists began using an off-the-

shelf 1 MHz Aquadopp Profiler with a right-

angle transducer head mounted piggy-back to 

the top of the Slocum glider.  After several 

successful missions, Dr. Fratantoni collaborated 

with Nortek to develop a custom transducer head 

with transducers angled to point nominally 

upwards while the glider is at the 25 degree 

descent angle.  The profiler may run 

autonomously on internal power and memory, or 

may be connected to the Slocum glider to source 

external power and/or log data.  The 1 MHz 

Aquadopp Profiler can sample every 30 seconds 

continuously for 15 days on small internal 

lithium battery packs.  If the profiler is only 

turned on during the glider descent, the mission 

can be extended to 30 days.  Figure 1 shows the 

Nortek Aquadopp Profiler with custom 

transducer head mounted on the Webb Slocum 

glider. 

 

Figure 1.  Deployment of a Webb Slocum 200 m glider with 

self-contained Nortek 1 MHz Aquadopp Profiler.  A fleet of 

similarly-equipped vehicles were used by WHOI researchers to 

explore relationships between physical and biological fine 

structure in the ocean. 

Dr. Fratantoni and his team have flown gliders 

with the Nortek Aquadopp Profilers in the 

Pacific and Atlantic oceans on missions to map 

and quantify zooplankton in an effort to 

understand zooplankton thin layers and 

relationship to whale feeding.  Acoustic 

backscatter data from the profiler was corrected 

for transmission loss and converted into volume 

backscatter.  A calibration of the profiler was 

conducted using a standard target in a tank 

facility at WHOI to convert backscatter data 

from relative magnitudes into absolute 

magnitudes. Acoustic backscatter at 1 MHz has 

been shown to be an effective proxy for 

vertically-migrating copepods.  Figure 2 is a 

time series of temperature, salinity, and 

AD2CP - Glider

WATER VELOCIT Y

The AD2CP-Glider provides high vertical resolution 
measurement of three velocity components over the 1000 
m depth range of the instrument.  Velocity measurements 
can be coupled with acoustic backscatter, temperature, 
salinity, or dissolved oxygen measurements to examine 
mixing and transport processes. 

The Nortek AD2CP-Glider provides unprecedented 
opportunities for measuring full ocean current 
pro!les.  A small physical size coupled with low 
power consumption and advanced broadband 
signal processing allows the AD2CP-Glider to be 
used in a wide range of applications.   
Intuitive post-processing software supports data 
analysis and visualization, and allows all users 
to get the most from their glider based velocity 
measurements.

AD2CP - Glider

(top) Depth from onboard pressure measurements, (Middle) beam velocity, and (bottom) 
acoustic backscatter during a test deployment of the AD2CP-Glider. The “mound” in the 
middle is the ocean "oor.

Early glider test using an Aquadopp pro!ler
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Use as an Echosounder
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LQWHUYDO�>&,@������������WLPHV�KLJKHU�WKDQ�WKH�VXFFHHGLQJ�
QLJKWWLPH�YRFDOL]DWLRQ�UDWHV��7DEOH����QRWH�WKDW�GD\V�DQG�

• Early measurements used acoustic backscatter to track 
biomass in the oceans.

Baumgartner, Mark F. and Fratantoni, David M. (2008)Diel Periodicity in Both Sei Whale 
Vocalization Rates and the Vertical Migration of Their Copepod Prey Observed from Ocean 
Gliders. Limnology and Oceanography, 53(5), pp. 2197-2209.
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The goal of putting an AD2CP on a 
glider is obtaining both water 
current profiles and improving 

navigation.

Wednesday, October 31, 12
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Our Motivations

This is a developing area, like 
waves processing 10-15 years 
ago.

We see glider based 
measurements playing a part 
in the future of oceanographic 
research and exploration.

Our goal is to provide a 
complete solution: self 
contained hardware, post 
processing algorithms, and 
display and analysis software.

The Pioneer Array, WHOI-OOI
Wednesday, October 31, 12
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Ongoing iRobot 
Collaboration

• Development of new hardware began two 
years ago with initial meetings between 
iRobot and Nortek.

• First prototype system in the water within 10 
months.

• Five tests with Seaglider mounted systems: 
coastal North Carolina, Antarctica, Puget 
Sound, Cayuga Lake (Finger Lakes, NY), and 
Port Susan (Puget Sound, WA).

Wednesday, October 31, 12
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Goals of Testing

• Operational test of AD2CP-Glider integration 
on Seaglider.

• Operational test of the AD2CP-Glider in 
various environmental conditions.

‣ Data quality assessment.

• Implement post processing methods to obtain 
water and glider velocities.

• Assess the accuracy of the post processed 
data.

Wednesday, October 31, 12



www.nortekusa.com
True innovation makes a difference

Goals of Testing

• Operational test of AD2CP-Glider integration 
on Seaglider.

• Operational test of the AD2CP-Glider in 
various environmental conditions.

‣ Data quality assessment.

• Implement post processing methods to obtain 
water and glider velocities.

• Assess the accuracy of the post processed 
data.

Wednesday, October 31, 12



www.nortekusa.com
True innovation makes a difference

Goals of Testing

• Operational test of AD2CP-Glider integration 
on Seaglider.

• Operational test of the AD2CP-Glider in 
various environmental conditions.

‣ Data quality assessment.

• Implement post processing methods to obtain 
water and glider velocities.

• Assess the accuracy of the post processed 
data.

Wednesday, October 31, 12



www.nortekusa.com
True innovation makes a difference

Antarctica, Jan/Feb. 2012

• First deep water test of the 
integrated system.

‣ Challenging environment 
with low scatterers 
resulted in a limited 
profile range.

• Enough data for dead 
reckoning navigation.

Wednesday, October 31, 12
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Dead Reckoning, Antarctica
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Puget Sound, March 2012

• Testing performed in 
conjunction with Ogive 
fairing testing.

• Shallow, challenging 
environment with 
shipping lanes and 
unknown bathymetry.

• Potentially strong tidal 
currents at the surface.

10/9/12 11:56 AMPrint - Maps

Page 2 of 2http://www.bing.com/maps/print.aspx?mkt=en-us&z=11&s=h&cp=47.…355833333333%2C%20-122.392516666667&pp=rypb3r4t0jv4&b=1&pt=pb

Glider Operation Area

Wednesday, October 31, 12
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Depth Averaged Currents

AD2CP
Seaglider

Tidal Current 
Estimates

Wednesday, October 31, 12
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Dead Reckoning and Depth 
Averaged Currents

• Dead reckoning is working well. Comparisons against other datasets are 
needed to validate the Depth Averaged Current estimates.

• One constraint on accuracy is the gaps between GPS positions, the glider 
diving and surfacing, and the AD2CP-Glider data record.

Wednesday, October 31, 12
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Cayuga Lake, June 2012

• Three gliders were flown for 5 days.

• About 100m depth in operating area.

• Large wind event on the last two days 
created strong surface currents/drift.

• Implemented a global least squares 
solution to obtain water and glider 
velocity profiles.

Improving Depth Averaged Velocity Measurements from Seaglider with an Advanced Acoustic Current Profiler, the Nortek AD2CP-Glider
Session: Oceanographic instrumentation and sensors Tuesday, October 16, 2012, 1:30 PM - 2:50 PM, Room MR 4A

Wednesday, October 31, 12
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Cayuga Lake

10/15/12 9:56 AMPrint - Maps

Page 2 of 2http://www.bing.com/maps/print.aspx?mkt=en-us&z=10&s=h&cp=42.…76.641560&poi=Cayuga%20Lake%2C%20NY&pp=r3fyjn8m7cjq&b=1&pt=pb

• Second Largest Finger 
Lake in NY State

• Mean depth of 60 m

‣ Maximum depth of 130 
m

• Steep sided and 
dominated by thermal 
stratification during the 
test period.

Wednesday, October 31, 12



www.nortekusa.com
True innovation makes a difference

Global Least Squares Solution

• This was a basic implementation which used only a total 
displacement constraint.

• Minimal pre-processing, only low correlation (<40%) data 
removed.

• Variety of cell sizes used from 0.5 to 2.0 m.

• Various dive speeds resulted in profile overlap from 90--95%.
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GLS Glider Velocity

Glider Velocity

The RMS difference between dp/dt and 
the measured velocity is about 0.015 m/s

Wednesday, October 31, 12
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GLS Dead Reckoning

• Because of the 
displacement 
constraint, the 
glider path starts 
and ends at the 
GPS positions.

• The accuracy of 
these positions is 
important in the 
quality of the 
solution and the 
depth averaged 
current estimate.

Wednesday, October 31, 12
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GLS Water Velocity
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Comparison to Shear Profiles

Dead Reckoning Mean LS Profile
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Port Susan

• Located northwest of 
Seattle, WA.

• Approximately 100 m 
deep

• Tidally forced with 
mean currents in the 
5-10 cm/s range.

10/15/12 12:21 PMPrint - Maps

Page 2 of 2http://www.bing.com/maps/print.aspx?mkt=en-us&z=11&s=h&cp=48.…22.335310&poi=Port%20Susan%2C%20WA&pp=s0qw0m4t0xzv&b=1&pt=pb
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Port Susan

• This test deployment 
wrapped up last week.

• Three gliders were 
flown. Multiple moored 
instruments deployed 
for comparison.

• Analysis on this 
starting next week.

Water Velocity Magnitude
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Summary of Testing

• Five field tests have provided various amounts and quality of 
data for analysis.

• Data quality is good except under very low scattering 
conditions (e.g. Antarctica).

• More work is needed to evaluate when and how best to 
apply the various algorithms.

Wednesday, October 31, 12
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Evolving Analysis and 
Sampling Procedures

• We are using simulated datasets to understand the solution 
and error behavior of processing algorithms as sampling 
parameters change.

‣ Also comparing to numerical models of the test basins.

• Will using multiple sampling setups to obtain more 
measurements in critical dive areas improve solution quality?

‣ Initial descent, dive apex, near surface on ascent.

• We are also thinking about glider behavior and how to 
optimize it for velocity measurements.

‣ “Navigation mode” already developed by iRobot minimizes 
roll and minimizes need for beam mapping.

Wednesday, October 31, 12
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Evolving Firmware

• Depth based sampling will be added, based on 
AD2CP high precision pressure sensor.

‣ Allows for variation in glider dive speed.

• Store max/min of raw magnetometer data to file.  

‣ Allows hard iron correction in post processing.

• Additional power management (in process – iRobot 
firmware is frozen for testing currently).

• NMEA output.

• Special glider features; bottom track and depth 
sounder/altimeter functions.

Wednesday, October 31, 12
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Software Solutions

• Global solutions are being incorporated into SeaReport for easy data 
handling and processing

‣ Expect something similar to how we have implemented waves 
processing.

• We are also looking at what is feasible to implement onboard the 
AD2CP to meet data telemetry restrictions (about 50kb for AD2CP 
data).

‣ The processor on board is fairly powerful, but memory limited. 
Really need to optimize for performance and memory use.

Wednesday, October 31, 12
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