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PHOTOGRAMMETRIC PROFILE SURVEY IN SCALE MODEL TESTSOF
RUBBLE-MOUND BREAKWATERS

R. Lemos and J. Santds
Abstract

Profile surveying in scale model tests of rubble-mound breakwaters, during a test series is,
somehow, a time consuming procedure.

Aiming to speed up this procedure, a photogrammetric method has been tested, as an
alternative to the mechanical profiler.

This technique makes use of a software package that allows one to correct the refraction of
light at the air-water interface, enabling the realization of surveys without having to empty the
canal. This survey technique was already tested for two-dimensional scale models. The goal of
the present work is to extend this survey technique to three-dimensional scale models.

1. Introduction

In Portugal, rubble-mound breakwaters are a very common harbour protection structure and scale
model tests are still a valuable tool in their design and lay-out.

During stability scale model tests, the eroded volume from the armour layer can be determined
from consecutive surveys of the breakwater envelope and the damage of the structure can be
inferred from it.

Alternatively to the mechanical profiler, the measurement of the eroded volume can be carried out
using a technique based upon the reconstruction of stereo pairs, in which, refraction due to the air
water interface, is corrected (Ferreira, 2006). This means that it is not necessary to empty the
flume or tank in order to get a good coverage of the whole armour layer with one of such pairs.

This survey techniqgue was already tested intensively in long-term scale models for two
dimensional scale models where rock elements were used (Lemos, 2010). Several tests were also
carried out, aiming to measure the breakwater armour layer erosion, in which both natural and
artificial units were used (Lemos et 2012).

The goal of the present work is:

e To briefly describe the performance of the photogrammetric method survey, applied to
two-dimensional scale models tests of rubble-mound breakwaters, whose armour layers is
a combination of artificial and natural units;

* To describe the on-going tests for the application of his survey technique to breakwaters
three-dimensional scale models.

2. The Photogrammetric Method

This technique consists of identifying depth from two different views of the same scene (stereo
image pairs). Since the scene-reconstruction software used, rectifies the distortion introduced by
the air-water interface, it is possible to reconstruct both the emerged and submerged scenes thus
avoiding the need of emptying the tank.

The photographic equipment consists of two cameras mounted side by side in a support structure
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and able to photograph simultaneously the samesq€egure 1).

Throughout the tests herein described, we usedligital SLR cameras (Canon EOS 350D) fitted
with fixed focal length lenses (Canon EF 35mm fM)is setup is capable of acquiring images
with 3456 by 2304 pixels (8.0 megapixel), as wallimages with 2496 by 1664 pixels (4.1
megapixel) and 1728 by 1152 pixels (2.0 megapixel).

Figure 1. Photographic equipment

Because the photographic equipment is made of éparate cameras, the separation between the
lenses centre can be customizable.

Being stereopsis the base of reconstructing a tbneensional scene from a pair of images
acquired from two slightly different locations, ader separation between the two cameras lens
centre should imply a better ability to reconstrtiee three dimensional scene. However, the
separation between the two cameras lens centr® s kept within an acceptable size since too
large separations may lead to photographing diftei@ces of an object with each camera, which
would render the scene reconstruction impossible.

In the present study, the profile surveys wereiedrmut with a fixed separation of 16 cm between
the camera lenses centre.

The software package available allows a completer&idnstruction environment, using stereo
image pairs as input. It consists of two distingplacations implemented in MATLAB™ (Ferreira
et al, 2005) each with a specific objective:

» Camera calibration, which consists of identifyithe parameters describing the projective
cameras used and their position and orientationinvihe observed world;

» Scene reconstruction, which consists of idemtdydepth from two different views of the
same scene.

Camera Calibration

As camera calibration is of utmost importance ig s@rious precision measurement system using
stereo vision, before each test session, the casstup was calibrated. It is recommended that
each session of image acquisition has its own reaidn step.

The calibration process defines the metric usednéasure distances and angles, as well as
absolute positions in the reconstructed 3D world.a€complish this, several shots of a planar
calibration chequered pattern were taken (Figure 2)
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Figure 2. Set of stereo pairs used to calibratedimera setup

The calibration procedure consists of clicking theide 4 corners of the calibration pattern in a
specific order (counter clockwise). The first ckckcorner specifies the origin of the pattern and
the second clicked corner the direction of the ¥ &xigure 3).

In the present study, it was possible to succdgstalibrate the system using as few as 18 stereo
image pairs.

At the end of the calibration process, for eacto$stereo pairs (left and right), it is obtainefil@a
containing the camera parameters.

Figure 3. Clicking the inside corners of the cation pattern

Scene Reconstruction

Reconstruction consists of identifying depth framo different views of the same scene (Figure 4).
It is possible to reconstruct both above water @nslibmerged armour slope.

The output of the package consists of a (x,y,®) di€scribing the cloud of reconstructed points.
This is a standard file format which can be impaidy various modeling tools. Using the Golden
Software Surfer™, it is possible to create reggkals, enabling profile definition as well as the
armour slope envelope (Figure 5).
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For damage progress assessment, damage is defimedimensionless index (S=Aefly. using
profile data (Broderick e Arens, 1982 and and VenMeer, 1988).

For each survey, it is possible to measure theegfr@tea, Ae, using a Visual Fortran™ code,
which enables to compare each surveyed profile thi#hundamaged profile.

3. Physical Scale Models
3.1 Two-dimensional Scale M odel

Tests were conducted in one of the LNEC's irreguave flumes, named COI1l, which is
approximately 50 m long and it has an operatingthwighd an operating water depth of 80 cm
(Figure 6). It is equipped with a piston-type wameker and an active wave absorption system,
AWASYS, (Troch, 2005), which allows the dynamic agion of reflected waves.

The tested structure was a regular rubble-mounakirater, comprising a quarry-run core and an
underlayer consisting of a double rock layer. Tiraaur layer and the toe berm were adjusted, in
what concerns to blocks type, weight and placinglen@as well as blocks chromatic arrangement
(factors which could potentially affect the surveliability). Figure 7 illustrates some of the bt
model variants.

f)
Figure 7.a) Tested profile for Variant 1 b) Variant 2, c)rimt 3, d) Variant 4, e) Variant 5 f) Variant 6
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3.2 Three-dimensional Scale M odel

Three-dimensional tests were conducted in one & INEC's irregular wave basins,
approximately 40 m long and 23 m wide (Figure 8).

Figure 8. Overview of one of the LNEC's irregulaawve basins

The breakwaters’s head armour layer consisteddufudle rock layer Antifer cubes of 80 g.

(Figure 9). The crest height, measured from th¢obbobf the wave basin, was of 19 cm (model
dimensions).

Surveys of the breakwaters’s head section weremeetl with and without water in the wave

basin, in order to test the mobility of the flogtinhequered pattern and how much this mobility
affected the reconstruction quality.

el
s,
S

The two cameras, mounted side by side in a 2 m bigiport structure, were plugged into

laptops, being able to photograph simultaneously ghotogrammetric pairs by remote
triggering from the computers (Figure 10).

vt Ll g

Figure 10a)Set-up of the cameras b) Simultaneous photo shp&tim two laptops.
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4 RESULTS

In this section, some profile surveys comprising different armour layers variants, carried out in
the two-dimensional model, are graphically presgnte

Preliminary tests, aiming to apply the photogramimemethod to 3D scale models, are also
described.

41 Two-dimensional Modd

Model physical conditions as well as artificial tsniarrangement and color patterns were
optimized, in the tests performed for several anntayer variants (Lemost al, 2012).

In this paper only Variant 6 results are presenbegause it is the one that best represents this
optimization.

During these tests, the quality of the surveysathlthe armour layer envelope and of a cylindrical

rock-filled structure was assessed by comparing dylendrical structure actual size with its
dimensions obtained through the survey (Figure 11).

a)

Figure 11. Variant 6 (a). Armour layer surface esponding to initial survey (b) and final survey (c

Both the undamaged and the eroded profile surveyprasented in Figure 12.

The survey error (difference between the actualimam rock-fill level and its surveyed level)
was of 2 mm.
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Figure 12. Profile P3. Inicial and final surveys
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4.2 Three-dimensional Modd

A survey was conducted with the empty tank andteraine with the partially submerged model.
For a better evaluation of the technique, threfewifit profiles were surveyed;
» For both surveys: Profile P1 representing a cressien from the bottom of the tank to the

superstructure level. The cross-section actual émas are 19 cm high at crest level and
0.6 m wide (model values).

» For the survey conducted with the empty tank: Rrdfi2 representing a head profile
cross-section at an armour layer level of 17 cntoughe bottom of the model. The actual
section width is approximately 1.10 m.

* For the survey conducted with the partially subredrghodel: Profile P3 representing a
head profile cross-section at an armour layer le¥/&6 cm up to the bottom of the model.
The actual section width is approximately 0.8 m.

Figure 13 illustrates a photogrammetric pair retmesion, obtained with the empty tank.

Figure 13. Photogrammetric pair reconstruction ioleté with the empty tank

Figure 14 illustrates the armour layer envelopeyelt as the surveyed profiles P1 and P2. In this
survey, profile P1 also comprised a 3 cm heighif@ntube located on the superstructure.
Despite some deficiencies at the left side of tloeleh probably due to a poor color contrast of the
armour layer blocks, the surveyed profiles P1 aBdditnensions are consistent with the actual
model geometry.

Figure 15 illustrates a photogrammetric pair retroresion obtained with the partially submerged
model. Some Antifer cubes were relocated, in otdgurovide some random color placement. A
6 cm high concrete cube was placed on the supetstey to test the profile survey reliability.
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Figure 14. Armour layer envelope and surveyed [@®#1 and P2 obtained with the empty tank.
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Figure 15. Photogrammetric pair reconstruction ioleth with the partially submerged model

During the survey with the partially submerged mpdee floating chequered pattern suffered
some movements, resulting in a poorly accuratensoaction, impeding the profile survey in the

vicinity of the reconstruction right lower corne

r.

The concrete cube was not well represented indgbenstructed model, probably due to its poor
contrast due to shadows. Despite the poor definitiothe profile surveys, mainly in the right side
of the model, the general geometry of the modelwelsrepresented.

The armour layer envelope, as well as the survgyadiles P1 and P3 with the partially

submerged model are also illustrated in Figur

e 16.
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Figure 16. Armour layer envelope and surveyed [@®#1 and P3 obtained with the partially submerged

model.

4. CONCLUSIONS

In what concerns the performance of the photogramertechnique, the main conclusions arisen
from the tests performed both in two-dimensional timee-dimensional models are:

It is of simple use. Nevertheless, the camera @lidn procedure should be carefully
carried out, since all the following proceduresetepon it;

It requires quite cheap equipment - only two phodpbic cameras;

Test performed at the 2D model, using differenbaopattern arrangements of the armour
layer blocks, showed that the more heterogeneows phttern, the better the
photogrammetric reconstruction;

In the 2D model, light reflection in the water, sad distortions in the photogrammetric
reconstruction;

In the 3D model, motion of the chequered patterrused distortions in the
photogrammetric pairs reconstruction;

For large scale three-dimensional models, it mayliffeeult to get an appropriate focal
length, while framing the complete scenery.

In order to minimize those adversities, the follogvactions should be considered:

The use of contrasting colours in the armour layets;
To confine the chequered pattern mobility, so dsriid it movements in all directions;
To test the use of circular lens polarizer in ortdeminimize light reflection.
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The present work is part of an on-going study aEON The continuity of the study comprises
carrying out more experiments in order to optimihe application of the photogrammetric
technique to three-dimensional scale models.
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