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Abstract

The entrances fo the six largest ports in South Africa are protected by rubble
mound breakwaters, which have Dolos armouring. PORTNET, the national Port
Authority, have commissioned the CSIR to conduct detailed monitoring of existing
rubble mound breakwaters including records of the wave conditions to which they are
subjected in service. This paper presents the image processing techniques used o
monitor breakwater damage as well as the wave field causing the damage. Wider
applications of these techniques have been commissioned during pipeline outfall
construction as well as during the design & modelling stage of a proposed new
harbour. The image processing techniques have been used to measure both
breakwater settling and damage as well as moored ship motion for competing
breakwater designs constructed as in scale models, of proposed harbours at the
CSIR’s physical modelling facilities in Stellenbosch.. The image processing
techniques developed by TECHTRIX International are reported here.

Context and Background

Recent trends highlighting the increased use of global satellite mosaics are impacting
on the research, infotainment, and animation industries. National Geographic
Television have for example, in a joint effort with Jet Propulsion Laboratory, taken
over 500 satellite images and stitched them together digitally covering the entire globe
at 1km resolution. Cloudy areas are replaced with cloud free data, colours are
balanced, and the infrared channels converted from infrared (for vegetation) to natural
hues.

This process is now recurring on smaller scales, with image mosaics, recorded from
helicopters, aircrafi and balloons using GPS to log viewing positions. These images are
then projected onto digital terrain models of the area of interest. By repeating flybys at
well-chosen intervals, changes, which would otherwise be too slow or subtle for the
human eye, are clearly resolved.

In the United States, highway surveys from slow flying helicopters are used for road
maintenance programs, and in South Africa annual harbour breakwater surveys use
helicopters with differential GPS for imaging. Both digital and analogue images are
recorded on pre-determined flight paths. The video sequence is digitised to supplement
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used for logging breakwater damage in scale model applications where design
storms expose the strengths and weaknesses of different harbour breakwater
designs. This kind of work has been labour intensive in the past and has not
resolved the details of the breakwater settling process, as well as the myriad of
smaller displacements which will propagate over considerable distances from a
racking armour unit. The current set-up in the CSIR’s model hall in Stellenbosch,
SOUTH AFRICA allows for a 10-fold saving in data sampling and processing,
making the systematic study of multiple large scale design variations more feasible.

¢ Off-line digital image archive analysis. When analysing an existing digital image
database sampling stations, scanners and digital frame grabbers are not required.
These systems are typically run in parallel with the multi-camera sampling systems
during a run. In this way several personnel can analyse images pairs as current
breakwater image sequences are sampled by running both systems on a common
LAN.

e Remote surveillance and environmental monitoring_systems, Cameras located on
coastal high-points are able to monitor breakwaters and surrounding wave fields
during daylight hours. These cameras running at full video frame rates can measure
wave orientation and period by continuously sampling video intensities along lines
parallel to and at right angles to the nominal direction of wave propagation.
Breakwater images can be triggered by wave drawback ensuring image sampling
when the bulk of the breakwater is exposed. The research objective here is to log
all significant armour movements by time and position and then analyse the
statistics as a function of different sea states. The sea-state system has been
deployed and a feasibility study undertaken for PORTNET on their Durban Bluff
Signal tower — one of the few land based high points with a view of the exposed
side of a harbour breakwater. Both modem dial-up for downloading processed
data, and microwave links for transmitting live video between camera and frame
grabber, have been deployed with reliable performance for environmental
monitoring contracts ranging from 2 months® to 2 years’.

Daytime Wave Field Monitoring in the Vicinity of Breakwaters

The WaveWatch© system developed by TECHTRIX International is set up during
good seeing conditions when the horizon is well resolved. The calibration procedure
automatically locates the horizon, and asks the operator to click on the positions of
several locations with known GPS co-ordinates within the field of view. This
information is used to set up a mapping locating any part of the picture in real-word
co-ordinates, allowing any sampling line to resolve true bearing and length. The
operator will then position a sampling line, which is roughly orientated along a wave
front. Intensity profiles along this wave front are then sampled 25 times a second
(using the PAL video standard) and the phase lag between intensity modulations at
opposite ends of the sampling line, used to track wave bearing in real-time on an
ongoing basis during daylight hours.

* Sappi-Saiccor 6.5km outfall pipeline construction which required pipe-flooding in the event of
design storms (1-in-1 ycar storm from 60° and a 1-100 year storm from 170°) to avoid pipeline
displacement on the seabed.

% Multi-camera systems using remote cameras on pan-tilt platforms linked by microwave to a central
operations centre where digifal itnage processing techniques are used for forest fire detection in forest
plantation euvironments.























