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AUTOMATED CORRECTION 
OF REFRACTION RESIDUALS
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REFRACTION ERRORS: FIVE STAGES OF GRIEF

§ Stage 1: Denial

§ Stage 2: Anger

§ Stage 3: Bargaining

§ Stage 4: Depression

§ Stage 5: Acceptance



STAGE 1: DENIAL





STAGE 3: BARGAINING





STAGE 5: ACCEPTANCE?







TU DELFT SOUND SPEED INVERSION

§ Snellen et al. (2009)

§ Funding available for commercial 
implementation (2016)

§ Cooperative partnership with TU Delft 
and QPS (2017)

§ Released exclusively in Qimera 1.6, 
February 2018

Snellen, M., Siemes, K. and D. G. Simons (2009). A model-based method for reducing the sound speed induced 
errors in multi-beam echo-sounder bathymetric measurements. OCEANS 2009 - EUROPE, pp. 1-7.



BENEFITS

§Objective
§Automated
§Physics-based
§Accountable
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AUTOMATED

§ Does not require 
data review

§ Select lines, run 
algorithm

§ Small number of 
parameters to 
choose from

‒ Speed
‒ Spatial Scale
‒ Smoothing



PHYSICS BASED
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PHYSICS BASED: HARMONIC SOUND SPEED

Geng and Zielinski (1999), Precise Multibeam Acoustic Bathymetry, Marine Geodesy, 22:157–167, 1999

“…the depth estimate difference related 
to these two sound speed profiles is 
almost a function of only the relative 
area difference eS. The difference is zero 
when eS = 0.”



PHYSICS BASED: HARMONIC SOUND SPEED
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“for the same propagation time, the position at which a sound pulse impinges on the seafloor is almost the 
same for a family of sound speed profiles with the same surface value c0 and the same area under them, 
which is defined as an integral of c(z) with respect to depth z.”

Geng and Zielinski (1999), Precise Multibeam Acoustic Bathymetry, Marine Geodesy, 22:157–167, 1999

c0



ACCOUNTABLE

§ HSS time-series results for every survey line

§ Different runs preserve different results

§ User can review, vet, edit or even reject entirely
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ACCOUNTABLE



COMMUNITY ACCEPTANCE?

TEST AGAINST BASELINE



TEST AGAINST BASELINE

Raw False SVP TU Delft
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TEST AGAINST 
BASELINE

Fake SVP TU Delft
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FUTURE WORK

§ What can improve?
‒ Dual-head with minimal line overlap 
‒ Case of sub-optimal vertical positioning

§ Better understand sensitivity to
‒ Survey line spacing
‒ Seabed morphology
‒ Oceanographic conditions

TU Delft

Fixed



1.5x w.d.
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SENSITIVITY TO LINE SPACING

• 11 survey lines, as long as normal for a patch test
• Space lines at ½ water depth, e.g. 10 m spacing in 20 m of water
• Good vertical control, RTK or SBET
• Need SVP cast immediately before and after
• QINSy .db, Kongsberg .all/.kmall, Hypack .hsx, Reson .s7k
• Email beaudoin@qps.nl

What’s in it for you?
Free TU Delft add-on 
for 1 year



SUMMARY

§ Partnerships work for transfer of 
research ideas to operational tools

§ New tool that is
‒ Objective
‒ Automated
‒ Physics-based
‒ Accountable

“I just processed a client’s data 
with the Inversion Algorithm and 
‘POOF!’ 95% of the refraction 
problems were gone.”
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YOUR ATTENTION

QUESTIONS?


