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BACKGROUND

• Since 1997, Product Manager for water quality sensors & 
scientific advisor at Aanderaa/Xylem, Bergen, Norway

• 30 years experience in development and use of underwater 
technology: sensors & autonomous platforms

• Part time oceanographic research at the Chalmers 
University of Technology & University of Gothenburg, 
Sweden

• Research work reflected in +50 scientific publications
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• Acoustic Currents: downward/upward facing, broadband or narrow band?
• Acoustic Currents: importance of movement compensation for every ping
• Current measurements from autonomous vehicles: Sailbuoy in the North Sea
• Waves: 3 technologies developed by Aanderaa
• Acoustic Wave: Adaptive broadband/narrow band pulse technology
• Waves: Comparing 4 technologies for 3 years in the field
• Waves & Currents combined: optimize power use of ADCP deployments
• Waves, Currents & Water Quality combined: understand the environment
• Summary & Questions

Agenda



Project to study environmental effects of shipping
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400m 400m

South going
ship lane

North going
ship lane

Signature 
500 on 
bottom

SeaGuard 
II @ bottom
Signature 
1000, 15m 

above

Buoy, real-time in 
Swedish ViVa system 
(+150 stations) since 

Jan 2016

400-1400 m

SeaGuardII in mooring frame close to bottom
Sensors: DCPS, 2*O2+2*Sal/Temp+2*Wave/Tide

Check out the free cell 
phone app, search for 

“viva-vind & vatten”
Deployments below ship lanes 



Narrow band 200 pings spread over 10 minutes Additional Sensors: External Compass, Temp 

Current sensors in
tube through buoy hull 

Single Point

Profiling

Set-up of Current Profiling Sensor on Buoy

Broadband 150 pings spread over 10 minutes Additional Sensors: 2*CTD * 2Wave & 2*O2 (gradients) 

Set-up of SeaGuard II at 33 m depth

DCPS on buoy & moored instrument, set-up



Broad band or Narrow band? Broad band unsuitable for current measurements from rocking platforms:
ambiguity issues because of movements

Narrow band
300 pings
Spread

15 min interval

Broad band
60 pings
Spread

15 min interval

Narrow band
300 pings
Spread

15 min interval

Broad band on



DCPS on buoy & moored instrument, results

SGII Buoy

Two platforms are constantly moving, crucial with tilt 
& heading compensation for every acoustic ping.
In DCPS sensors this is done automatically on the fly 
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Repositioning of beams and tilt compensation of the beams in up to 
35 deg tilt, this is done automatically on the fly.

This feature was first implemented on the RDCP-600 in 2003

Every acoustic ping com

Single point Doppler Current Sensor (DCS) measures horisontal currents 
correctly in up to 50 deg tilt. Verified at DT-INSU CNRS, Brest, France



NI

SeaGuard II, detection of ship passages, standard deviation horizontal currents,  Aug 20@10 to Aug 21@10



SeaGuard II, detection of ship passages, standard deviation horizontal currents,  Aug 20@10 to Aug 21@10

Francisca, 20:30, 10 knts, 89*12 m, 348 m

Oak i, 22:50, 8 knts, 87*11 m, 304 m
Listervik, 23:29, 12 knts,  90*14 m, 41 m

Tycho Brahe, 10:50, 11 kts, n111*28 m
, , 1671 m

Six ships in S. Lane
1100-1500 m

NI

Tycho Brahe, 04:40, 11 kts, n111*28 m
,  1803 m



SeaGuard II, detection of ship passages, accoustic backscatter,  Aug 20@10 to Aug 21@10

Francisca, 20:30, 10 knts, 89*12 m, 348 m

Listervik, 23:29, 12 knts,  90*14 m, 41 m

NI

Six ships in S. Lane
1100-1500 m
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Current measurements from autonomous vehicles: Sailbuoy



Poll Question #1
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Do you measure water currents today.
If yes what technology/technologies do you use? 

• No

• Acoustic profilers, ADCPs

• Single point instruments, acoustic

• Single point instruments, other type

• Other type of current measurements
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Different wave measuring methods all rely on low noise
Aanderaa offers three methods to measure waves

𝑎𝑎𝑧𝑧 𝑓𝑓 ~𝐻𝐻𝑧𝑧 𝑓𝑓 � 𝜔𝜔2 ↔ 𝐻𝐻𝑧𝑧 𝑓𝑓 ~ 𝑎𝑎𝑧𝑧 𝑓𝑓
𝜔𝜔2

Accelerometer (AHRS) on a buoy at the surface to calculate wave height

Measuring orbital movement at a given water depth to calculate wave height 

Measuring pressure fluctuation at a given depth to calculate wave height

𝑣𝑣𝑧𝑧 𝑓𝑓 ~𝐻𝐻𝑧𝑧 𝑓𝑓 � 𝜔𝜔 �
sinh 𝑘𝑘 � 𝑑𝑑 − 𝑧𝑧

sinh(𝑘𝑘 � 𝑑𝑑)

𝑝𝑝 𝑓𝑓 ~𝐻𝐻𝑧𝑧 𝑓𝑓 � 𝜌𝜌 � 𝑔𝑔 �
cosh 𝑘𝑘 � 𝑑𝑑 − 𝑧𝑧

cosh(𝑘𝑘 � 𝑑𝑑)

d

z
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Adaptive BB pulse (570 – 630kHz) & NB pulse

• The SGII DCP Wave samples wave data @ 4Hz.
• Automatically switches between a highly accurate BB mode limited to Hm0 up to about 2.2 m, a medium accurate BB 

mode limited to Hm0 up to about 4m, and a robust NB mode with no practical speed limitations. 
• The automatic Tx pulse – sea state dependent selection ensures a accurate low noise wave measurement.

• The DCPS uses wave samples to measure 
current simultaneously for three cells. 

• Full current profile is measured in between 
each wave measurement.
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Overview of provided wave parameters
Parameters provided by 
the SeaGuardII DCP Wave

Parameters provided by 
The Aanderaa MOTUS sensor

Parameters provided by 
the wave and tide 
sensor 5218

Significant Wave Height Hmo Significant Wave Height/Swell/Wind Hmo
Significant wave height

Peak Wave direction θ Peak Wave Direction Height/Swell/Wind θ Max wave height

Wave Peak Period Tp First Order Spread σ Mean period
Wave Mean Period Tm02 Mean Spreading Angle Peak period
Wave Energy Period Tm-10 Peak Wave Period Tp Mean zerocrossing period

Mean Spreading Angle θҚ Mean Wave Period Tm02 Energy period

First Order Spread σ Long Crestedness Parameter Steepness
Energy Spectrum E(f) Mean Wave Direction Irregularity of sea-state

Directional Spectrum DWSm(f) Wave Energy Spectrum E(f) Cut-off frequency

Orbital Ratio Spectrum K(f) Directional Wave Spectrum DWSm(f) Pressure and tide series, raw data
Fourier Coefficients Spectrum A1(f), A2(f), 

B1(f), B2(f) Principal Wave Directional Spectrum DWSp(f) Last pressure sample index

Orbital Ratio Spectrum K(f) Wave spectrum

Fourier Coefficients Spectra A1(f),B1(f),A2(f),B2(f)

Significant Wave Height  H1/3, H1/10

Mean Wave Period Tz, T1/3, T1/10

Maximum Wave Height HMax

Wave Period Tmax

Wave Height Max Crest  Cmax

Wave Height Max Trough Trmax

Heave TimeseriesH(t) + Horizontal Timeseries(t) E/N
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Comparing 4 wave measuring technologies off the coast of Norway for 3 years

Acoustic Directional 
Wave & Pressure 

Based Non 
Directional Wave

Cable to shore 
for real time

Multiple buoys 
with Motus 

Directional Wave 
sensors

Motus

Wave rider buoy, Directional 
Wave (reference)
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Averaged Energy Spectrum Motus – SGII DCP Wave

Result highlights

Energy spectrum from Waverider. January 14 – January 22

Energy spectrum from SGII DCP Wave January 14 – January 22.Hm0 comparison Wave and Tide sensor versus SGII DCP Wave
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Wave direction comparison
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Wave Peak direction vs Hm0 and Peak Period – One year of wave data

Open water sector
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Current measurements in high sea state

• Current measurements 
correlate well between 
buoys even in high waves

• Wave measurements 
correlate well even in high 
current condictions

Sensors inside 
PVC tube

Surface currents 
(single point DCS) 
+ Current Profile 

(DCPS)



Optimize autonomous ADCP deployments



Poll Question #2
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Do you measure water waves today.
If yes what technology/technologies do you use? 

• No
• Wave buoys
• Acoustic profilers, ADCPs
• Pressure based
• Radar
• Other technique



Turb

DCS

Cond

Field measurements, beach erosion
Sensors: Doppler Current (single point), 2*Turbidity/Temp, Wave/Tide/Temp, O2/Temp, Salinity/Temp 

Turb
Wave/Tide

Temp

O2



SeaGuardII string, Measurements under ship lanes, Svea expedition, October 25-28, 2021



Examples of ship passages 

Standard Deviation of Horizontal Currents

Acoustic Backscatter



SeaGuard: Currents 
(DCPS), Pres/Tide, Turb 
0.21 NTU O2, 3*Temp 
12.36 degC

O2, Temp

Empty

O2, 4.57 ml/l; Sal 32.21 psu;  2*Temp 12.54 degC

Empty

O2 5.04 ml/l;  Sal 31.42 psu; 2*Temp 13.69 degC

O2 4.89 ml/l; Temp 13.33 degC

O2 4.40 ml/l; Temp 13.16 degC

32 m

29 m

26 m

24 m

35 m

38 m

41 m

44 m

46 m

Water depth 47 m
Ballast

Release

Correlation of CTD profile and String, October 25, CTD @ 06:17 and  
String @ 07:00 (deployed at 06:40)

Turbidity string 0.21 NTU, CTD 1 NTU



SeaGuard: Currents 
(DCPS), Pres/Tide, Turb 
0.22 NTU O2, 3*Temp 
11.93 degC

O2, Temp

Empty

O2, 3.82 ml/l; Sal 32.395 psu;  2*Temp 13.02 degC

Empty

O2 4.69 ml/l;  Sal 32.400 psu; 2*Temp 13.74 degC

O2 4.49 ml/l; Temp 13.30 degC

O2 3.88 ml/l; Temp 12.24 degC

32 m

29 m

26 m

24 m

35 m

38 m

41 m

44 m

46 m

Water depth 47 m
Ballast

Release

Correlation of CTD profile and String, October 28, 06:10 

Turbidity string 0.22 NTU, CTD 1 NTU





Poll Question #3
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Do you combine current, wave and water 
quality measurements in your projects?
If yes for what type of application(s)

• No
• Environmental monitoring
• Aquaculture
• Off-shore energy
• Costal constructions
• Dredging
• Marine Transport



• Broadband gives lower noise & saves power but not suitable if platform is moving 
in the waves. Use narrowband from buoys and autonomous vehicles

• For high quality current data crucial to compensate every acoustic ping for 
movements. Aanderaa DCPS handles 35 deg & DCS 50 deg tilt. Compensation 
automatic on the fly, no postprocessing needed

• Comparing 4 wave technologies in the field for 3 years. Overall good agreement 
but limitations in Acoustic & Pressure based wave measurements to detect very 
short and long waves & to separate between wind driven waves & swell. Buoy 
based measurements provides most information

• Combining Acoustic & Pressure based wave measurements on SeaGuardII
instruments increase the autonomy and provides additional information

• Waves & Current measurements easily combined with water 
quality parameters on the SeaGuard multiparameter platforms 
to collect the information needed in many projects

Summary



Hand outs

www.xylem.com |  www.aanderaa.com |  Xylem Analytics Webinar Library

and this presentation in pdf and the webinar recording

http://www.xylem.com/
http://www.aanderaa.com/
https://www.xylem-analytics.asia/newsdetail.php?Xylem-Webinar-Series-27
https://www.xylem.com/siteassets/brand/Aanderaa/resources/white-paper/aanderaa-white-paper-2018-data-validation-motus-directional-wave-buoys.pdf
https://www.xylem.com/siteassets/brand/Aanderaa/resources/specification/aanderaa-seaguardii-dcp-wave-white-paper.pdf


Poll Question #4

34

Would you like an Aanderaa Product Specialist 
to contact you with more current and wave 
monitoring information?



Questions?

Xylem APAC & MEA
info.em@xylem.com

CONTACT US

www.xylem.com |  www.aanderaa.com |  Xylem Analytics Webinar Library

Dr. Anders Tengberg
anders.tengberg@xylem.com

http://www.xylem.com/
http://www.aanderaa.com/
https://www.xylem-analytics.asia/newsdetail.php?Xylem-Webinar-Series-27
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