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Dr. Anders Tengberg
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BACKGROUND

• Aanderaa Product Manager for water quality sensors

• 25 years experience in development and use of 
underwater technology.

• His work is reflected in ~50 scientific publications.

• Since 1997 product manager for water quality sensors at 
Aanderaa/Xylem in Norway and part time with 
oceanographic research at the University of Gothenburg, 
Sweden



• TRANSFER FUNCTIONS FOR DIFFERENT WAVE SENSORS, MEASURING PRINCIPLES
• MOTUS NOISE REDUCTION & APPLICATIONS
• ACOUSTIC WAVE– ADAPTIVE BROADBAND/NARROW BAND PULSE TECHNOLOGY
• PRESSURE BASED WAVE SENSORS & APPLICATIONS
• INTERCOMPARISON OF FOUR WAVE SENSORS
• MEASURING CURRENTS FROM BUOYS AND MOORED PLATFORMS
• MEASURING CURRENTS IN HIGH SEA-STATE
• NEW SENSORS FROM AANDERAA IN 2021
• SUMMARY & QUESTIONS

AGENDA



Different wave measuring methods all rely on low noise
Aanderaa offers three methods to measure waves
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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
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Poll Question #1
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What is your preferred device 
for measuring waves??



Motion based wave measurement
How to reduce noise from an accelerometer based wave sensor

• When measuring long wavelengths up to 30 seconds, it is required that the 
accelerometers have low noise. (Acceleration attenuation at low frequencies ~𝜔𝜔2)

• Low Noise Accelerometer
• Mechanical filter (vibration isolation) implemented.

• Digital filtering FIR/FFT take care of noise with frequency up to fs/2 (50Hz).
• Wind and current can induce high frequency vibration on the buoy. 
• Performance of mechanical filter verified at lab.
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18 m waves measured with buoy

Sensors inside 
PVC tube

Surface currents 
(single point DCS) 
+ Current Profile 

(DCPS)

Gill or Vaisala wind 
and weather sensors

Motus directional 
wave sensor
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Gill or Vaisala wind 
and weather sensors

Motus directional 
wave sensor

Sensors inside 
PVC tube

Surface currents 
(single point DCS) 
+ Current Profile 

(DCPS)
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YSI EXO water quality 
sensors w antifouling

Gill or Vaisala wind 
and weather sensors

Motus directional 
wave sensor

Sensors inside 
PVC tube

Surface currents 
(single point DCS) 
+ Current Profile 

(DCPS)
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10 m diameter buoy with:
Motus, DCPS, GPS compass

0.6 m long autonomous, wind driven

3.5 m long autonomous, wave driven

http://www.sailbuoy.nohttps://autonautusv.com



Adaptive BB pulse (570 – 630kHz) & NB pulse
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• 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.



Pressure based Wave and Tide sensor
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• Utilize 24bit low noise A/D converter.
• Gives both time series output at 4 or 2Hz along with Energy spectrum for post processing purpose 

(see datasheet for all parameters available 
https://www.aanderaa.com/media/pdfs/d407_aanderaa_wave_and_tide_sensor_5218_5218r.pdf) 

• By evaluating the energy spectrum, the original cut-off frequency was found to be to conservative.
• New! The wave bandwidth used for significant wave height can be extended by user settings.
• Sensor has been revalidated together with SGII DCP Wave

Wave height new (#415) and old software

https://www.aanderaa.com/media/pdfs/d407_aanderaa_wave_and_tide_sensor_5218_5218r.pdf
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Ultra Sensitive Wave/Tide/Depth sensor have a wide use

Barrier and Dam operations Port Operations Off shore including slope stability and oil well monitoring

Tsunami and flood
warning sustems Cabled Observatories Autonomous Platform Moorings



Overview of provided wave parameters
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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



Poll Question #2
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Why do you want to measure waves??



Comparing different systems to measure waves

• Four different wave measurements systems are deployed close to the shoreline off the south west coast of 
Norway at approximately 20m depth.

• One Waverider is located in South West.
• One EMM2.0 Buoy with Aanderaa MOTUS wave sensor,  Aanderaa DCS single point current meter and 

Aanderaa SeaGuardII DCP (ADCP) profiler in North West.
• One Aanderaa submerged bottom frame equipped with a SeaGuardII DCP Wave and a Aanderaa pressure 

based Wave and Tide Sensor in East.
• Depending on wave direction some discrepancies in the wave field is expected to be observed between the 

different locations.
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Test equipment
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Averaged Energy Spectrum Motus – SGII DCP Wave

Result highlights
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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



Hm0 comparison at Karmøy
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1) Comparison Motus swell (0.03 – 0.2 Hz) Hm0 versus Tide (0.05 – 0.2Hz)

2) Comparison Motus Hm0 versus Waverider Hm0

3) Comparison Motus Swell Hm0 versus AWS (0.03 - 0.3 Hz)

4) ASW (0.03 – 0.2Hz) versus Tide Wave (0.05 – 0.2Hz)

1

2

3

4



Wave direction comparison
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Wave Peak direction vs Hm0 and Peak Period – One year of wave data
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Open water sector
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Poll Question #3
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What is the water depth that you will be 
carrying out current measurements??



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
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Sensors inside 
PVC tube

Surface currents 
(single point DCS) 
+ Current Profile 

(DCPS)



Three ways to measure waves: Theory, Solutions and Applications
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SUMMARY

• Aanderaa/Xylem offers 3 different ways to measure waves: Motus 
(accelerometer), SeaGuardII (acoisutic) and Pressure based (5218)

• Innovative solutions like Adaptive Tx pulse (SGII DCP Wave) and 
mechanical anti vibration filter (MOTUS) have been implemented 
Aanderaa wave sensors. This give high quality data

• Wave data from different platforms using different technologies agree well
• Current measurements from different sensors and platforms agree well
• From platforms that are moving in the waves/vibrating Narrow Band gives 

much better current measurements than Broad Band. Every acoustic ping 
has to be compensated for movements (Accelerometer & 3D compass)



New technology from Aanderaa in 2021
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Cond with 
antifouling

Turbidity
0-2500 NTU

6000 m

Cond/Sal
0.002 mS/cm

5730 optode
Open sales

All optodes
40 p calibrated

Trace O2
Nano molar

From 0-10 %

Wave/Tide
cm waves
from  40 m

Ultrastable O2
WTW foils, deep
0.2 % drift/year

Q3Q3Q3Q2

Q4 Q3 Q4

Q3 Q1



Poll Question #4
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Would you like an Aanderaa product specialist 
to contact you with more information??



Questions?

Xylem APAC & MEA
info.apac@xyleminc.com

CONTACT US

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

Dr. Anders Tengberg
anders.tengberg@xylem.com

SeaGuard II DCP WaveData Validation for the MOTUS 
Directional Wave Buoys

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
https://www.xylem.com/siteassets/brand/Aanderaa/resources/specification/aanderaa-seaguardii-dcp-wave-white-paper.pdf
https://www.xylem.com/siteassets/brand/Aanderaa/resources/white-paper/aanderaa-white-paper-2018-data-validation-motus-directional-wave-buoys.pdf


Thank you.
Jun, 2021
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