INSHORE

Integration of optical and acoustic remote sensing data over
the backshore-foreshore-nearshore continuum,
a case study in Oostende.
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Context

Definition of Inshore:
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Figure: Coastal terminology (modified from Bird, 2003).
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Context

¢ Coastal processes act over the continuum from the dunes to the near- and even offshore
—>This shore continuum, is called here “INSHORE”

¢ Morphological and sedimentological processes in response to human interventions are
being monitored
—> the morphological and sedimentological state tell how the beach
sections respond to nourishments and natural processes

¢ Observation of the coastal sediment budget is essential.
—> studies are mostly restricted to the beach (Backshore en Foreshore)
—> observation techniques are different : optical aerial vs. acoustic subaquatic
—> still without considering the inshore continuum
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Objective

Project objective : to develop a methodology to

produce an integrated sedimentological and morphological map over the INSHORE continuum

which can also be applied in future studies.

Approach : contribution of different “remote sensing” techniques

- airborne : hyperspectral & LIiDAR
- seaborne : side-scan sonar & multibeam echosounder

in overlapping intertidal areas
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Approach

++ do near-simultaneous surveys using both hyperspectral and sonar techniques

++ do thorough field survey at time of the “remote sensing” surveys

% obtain accurate topographic information using LIiDAR and single/ multibeam surveys
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Study area

+¢ Evaluation of the coastal protection showed : Oostende is weakest link.
- Emergency beach nourishment carried out in 2004
creating a preliminary level of safety (1000-yr return storm)
- More is to follow :
bring safety level to regional level of 4000-yr return storm
meanwhile harbour upscaling is going on

2k ';"'."
;; : ¥ | - ol :‘ _...'.' '} ;
;| YL e

Aerial photo showing the beach of Oostende before 2004. Animation showing the area within the city of Oostende Aerial photo showing the beach of Oostende during the 2004
which might possibly flood in case of seawall failure. nourishment.
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Beach nourishment =

Nourishment characteristics :

e 2004 : beach nourishment of 718,000 m?

» 2004 : nearshore berm creation of 145,000 m3

2005 : beach maintenance of 159,000 m?3

» 2006 — 2008 : additional beach nourishments of 240,000 m?3

e 2008 — 2009 : beach scrapings to restore the backshore berm
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Natural beach

The beach east of the harbour channel is relatively stable.
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Hyperspectral
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CASI 1500 Specifications 7
Field of View 40° across-track over 1500 pixles g g'g ;é
Spectral Range 650nm between 380 and 1050nm 10 664.4 13
Spectral Samples Programmable, up to 288 (<3.5 nm FWHM) 1 672.4 13
12 689.0 1.4
Apertur_e F/3.5t0 F/18.0_ 13 7035 1s
Dynamic Range 16,384:1 (14 bits) 14 709.5 15
Noise Floor 3.0DN ig ;‘7‘;-2 i;
Signal to Noise Ratio 800:1 peak 17 815.9 19
Sustained Data Rate 9 Megapixel/sec 18 867.0 12.8
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Image classification

Interactive process

pre-aerial survey field inspection - first list of target classes

during-survey field work = GPS position, sand sample, pictures

post-survey GIS analysis of sample and picture positions > grouping samples into classes
classification - first classified image

GIS analysis of first classified image - second list of target classes

classification - second and final classified image
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masking of non-sediment features
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Classification result
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Classification result
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Unclassified
Eolian sand
Backshore berm
Mixed backshore slope-floodmark-white shells
Backshore slope

Intertidal shoals

Intertidal swales

Dark intertidal flats

Yellow supplied backshore

Pink supplied backshore

White supplied backshore

Red shell fragments

Intertidal shoal of supplied sand
Intertidal swale of supplied sand
Shallow intertidal

Mixture of red and white shells
Wet red shell fragments

Waves )
\ Algae Accurracy assement
(
Boulders . . .
Shp vectors _ Hardened seawall slope - Confusion matrix for the 18 defined classes
Groyne . . .
4 classes b y - Leave-one-out cross-validation is used to calculate the accuracy.
g avement
Kappa: 0,97
weighted: 97
mean: 96
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Acoustic RS

How can we study the seafloor?
—> Best way = Russian/American style!
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Acoustic RS

Multibeam echosounder and backscatter imagery

+¢ Deeper part of the area

+¢+ High performance in shallow water
+¢ Roll stabilized and dynamically focused beams
+¢ Acoustic signal with 300 kHz frequency
“ RV Belgica; 30/06/2009 till 02/07/2009

© SIMRAD
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Acoustic RS

Multibeam echosounder and backscatter imagery
Principle: '

Processing:
+¢ Tide correction
+¢ Point correction
+¢ Dual head overlap correction
++ Beam compartment correction
+» Statistic compensation with bias curves
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Acoustic RS

Side Scan Sonar imagery:
Principle

© Klein Associates inc.

Processing
¢ Roll, pitch, heave and heading correction
+¢ Lat/Lon corrections
+» Bottom track correction
+» Slant range correction
++ Statistic compensation with bias curves
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Acoustic RS

Multibeam Backscatter and Side Scan Sonar data

+» Backscatter values are relative values:
—> strong reflected signals look bright
- weak reflected signals can be seen as darker areas
-> sediment types containing different facies show similar intensity variations.

++ Sedimentological and morfodynamic maps will be made based on visual and statistic comparison of
the seafloor structures (i.e. mathematical calculation of a certain value based on neighborhood pixels —
called co-occurence matrix- in a small area and tested on the whole map).

¢+ The sedimentological information obtained from 80 field collected samples are used for
classification and validation.
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Acoustic RS
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Summary

Work done:

¢+ Hyperspectral image pre-processing and classification.

++ Acoustic multibeam and side scan sonar data pre-processing.
Work to be done:
+¢ Classification of the sonar images

s Merging the hyperspectral classification result and the sonar classification results into an
integrated and continuous sedimentological and morphological map.

¢ Interpretation of the results, especially with regard to the coastal protection works and the
evolution of the nourishment.
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Questions 7?7

Thank you for your attention!
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