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Extensive use of coastal areas

The increasing use of the coastal environment (tourism, fishing,
recreation, environment, infrastructure, security, etc.) requires
detailed bathymetry as provided by the high resolution satellite
(WorldView 2). This satellite bathymetry (WVZ2) has the
following characteristics:

Fast and detailed results, down to 30 m, from extensive marine
areas at reasonable cost that can be integrated into a
Geographic Information System (GIS). Including land satellite
imagery to facilitate reference.

Multitemporal results that allow to compare the differences
between the destructive winter profile (storms) and constructive
summer (less intensity waves).

|dentification of underwater sand deposits that can be exploited
in dredging operations to replenish the loss of sand from
beaches during winter storms.

|dentification of surf channels where sand beaches disappears
by flowing rip currents which constitute a high risk to bathers
that can not swim (even when rips are not developed).



Features of WorldView 2 imagery (WV2)

Spatial resolution: 0.5 meter panchromatic and 2 meters
multispectral. To preserve as much as possible the original
spectral characteristics, the 2 m band was used for
bathymetry analysis.

Spectral resolution: 8 bands located approximately between
40 and 900 nm

Radiometric Resolution: 11 bits, 2048 gray levels per band
and pixel



Features of WV2 bands

Wavelengths of WV2 bands (Nm)
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Features of WV2 bands

Refer to slide 4.

Band 1. "Blue Coast". Located in the electromagnetic
spectrum within the range of the visible blue (on the left).

It can penetrate clear waters down to 30 meters. Particularly useful for
bathymetric and benthic analysis, marine habitat mapping, improved
atmospheric corrections (important for cover classification and change
detection studies).

Band 2: Visible Blue
Band 3: Visible Green

Band 4: "Yellow". Located in the visible spectrum (between
the green and the red).

Very important for cover classification studies, detects the "yellowness'
of vegetation both on land and in water, improves the visual appearance
of the image, it detects damaged by the oil and gas exploration
vegetation. Assists in mineral geological mapping



Features of WV2 bands

Refer to slide 4.
Band 5: Visible Red

Band 6: "Red border." Located on the border between the
visible and near infrared.

Very important to measure the health of groundcovers even at the level
of individual tree. Assistance in the classification of vegetation.
Improvement of Vegetation Index studies so far made with the
traditional red.

Band 7: Near Infrared
Band 8: "Near Infrared 2, or high wavelength".

Improves the quantity and quality of analysis of vegetation and biomass
studies. It is less affected by the influence of the atmosphere than the
Near Infrared 1, which means more reliable results. Assistance in
mapping and mineral exploration.



Features of WV2 bands
Standard bands:

* Band 2: Visible Blue. It is identical to the traditional visible
blue. Of interest for coastal, marine and water studies.

* Band 3: Visible Green. Important to calculate the vegetation
index, very important to classify types of vegetation if used
iIn conjunction with the yellow band.

* Band 5: Visible red. Narrower than the traditional visible red,
more focused on detecting red light by chlorophyll in healthy
vegetation. Very useful in classifying bare soil, paths, roads
and geological coverage.

* Band 7. Standard Near Infrared 1. Very effective for
estimating biomass and moisture content of the vegetation.
Support for separation of water bodies and vegetation, help
in identifying vegetation types and the separation between
soil types.




WV2 satellite images

Only the scene of the southern part
was used due to the abundant cloud
cover and haze of the northern scene
and also due to excessive solar
reflectance of another northern scene.




WV2 satellite images

Detail of the excessive solar reflectance of the northern scene compared to the




Image processing

The following processes were undertaken:

* Calibration and Atmospheric Correction. To reduce the
influence of the atmosphere in the spectral values of the
image.

* Orthorectification. For the coordinates of the image to be as
accurate as possible to facilitate geographical reference.

* Filtering the sampling points depths received from the client
and to eliminate points that:

— Fall out of the picture
— Fall on clouds and/or cloud shadows
— Fall onto the white foam where the waves break

— Reserve points for the subsequent verification of the
accuracy of the bathymetry analysis



Filtering depth sampling points
received from the client for
calibration and validation.




Image processing

Various color tables were tested in the visible range of the
WV2 image and its correspondence to the bathymetry
points provided.

Logarithmic transformation band ratios. The following three
methods were tested:

Using band 1 ("blue coast”) as a fixed band and also using
the band 3 Visible Green

Using band 1 ("blue coast”) as a fixed band and also using
band 4 yellow

Using band 1 ("blue coast”) as a fixed band and also using
band 4 yellow; clouds and cloud shadows were previously
subtracted to the image.

Calibration for absolute depths.

In cases 1 and 2, subtraction of clouds and cloud shadows
were made. Areas where white foam is formed where the
waves break were not detracted. These areas can show
errors.



Image processing

Absclute Depth Calibration

An exponential function was
used for the calibration of
absolute depth values
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Bathymetry results

Using the Green band (Band 3).

Clouds and cloud shadows appear in white
surrounded by a pink line; these areas do not have

bathymetry values.




Bathymetry results

Using the Yellow band (Band 4).




Bathymetry results

Using the yellow band (Band 4) and subtracting
clouds and cloud shadows before the analysis
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Bathymetry results

(N Location of clouds and cloud shadows. These
areas were cut from the final results. The
white areas where the waves break were not
cut and in some cases may show errors



Bathymetry results

Bathymetry scale (m

[10.109543483 - 1.643152237
Bl 1643152238 - 2957674026
[ 2.957674027 - 4381739299
[14.3817393 - 6.024891535

B 6.024891536 - 7.668043772
[ 17.668043773 - 9.201652527
B 9.201652528 - 10.73526128
Il 10.73526129 - 12.04978307
B 12.04978308 - 13.25476138
Bl 13.25476139 - 16.97923978




Bathymetry results

Detailed 3D bathymetry looking to land showing reef
development (the Z is exaggerated for better appreciation)
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Bathymetry resulits

Detailed 3D bathymetry showing reef development
(the Z is exaggerated for better appreciation)

Julio de la Cruz 2016



Bathymetry results

Detailed 3D bathymetry showing reef development
(the Z is exaggerated for better appreciation)
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3D Bathymetry Shading
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PERFIL 2

PERFIL 1
Bathymetry profiles




PERFIL 1 Bathymetry profile 1

1: Pseudo Layer —

o e

E 558164.11 55326545 55337133 553484 05 hh3hOB G4 HHEV1573 HHBRIINE 55805234 55007104 55919226 5HHO31348 hhHO42B 06 55054432 55OGEIHE 55973492
N 206597133 20636438 20695891 20635475 20635053 20604717 206044595 20604137 2060402 20693872 20603725 20633367 20632333 20652353 20692715




PERFIL 2 Bathymetry profile 2

1 : Pseudo Layer —

o Pt

s

E 56383689 56409263 56423143 56445033 564689.57 H64832 47 564966.36 56495011 56433925 H6484166 5647162 56457343 5643396 56422868 56405667 H64024 55
N 20638505 20633956 20630432 20635501 2064034 20640038 2064244 23 2064445 20646495 20648252 20649361 20651288 20652362 20653415 20654522 2065635.9
I | : : :




Bathymetry contours
(1 m apart)



Bathymetry contours
(1 m apart)



Bathymetry contours and WV2 satellite imagery (2 m)




Bathymetry contours and WV2 satellite imagery (2 m)
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3D View




3D View




3D View




3D View
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3D View




Validation of the results

From all the bathymetry sampling provided by the client, 375 points
were not used in the analysis. They were reserved for use as
checkpoints for calibration and validation of the results. For each of
the three results with the different bands used, the average error,
RMS error and the standard deviation error, were calculated.

The three errors above were calculated for the entire study area and
also for three depth ranges: 0 to 3.5 meters; from 3.5 to 8 meters and
greater than 8 meters.

In general terms, the best-performing method is obtained using the
yellow band without subtracting the clouds and cloud shadows with
an RMS of 1.7 meters. However, for depths greater than 8 meters the
method that gives less error is using the yellow band but previously
subtracting clouds and their shadows with an RMS of 1.8 meters. The
overall results can be improved by combining these two methods,
taking into account depths greater than 8 meters.

The use of the green band gives worse RMS values in all depth
ranges but nevertheless seems to delineate better the entire seafloor.

The results obtained are shown in the following slides:



Validation of the results

Banda Amarilla (Batimetria)

T T
] 20 40 B0 G0 100 12 140 160 180 200 220 240 260 250 300 320 340 360
Puntos de Merificacion

Julio de la Cruz 2016

— Average
— Rz
— StdDeviation




Validation of the results

Amarillo Recorte (Batimetria)
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Validation of the results

Verde (Batimetria)
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Validation of the results

Amarilla (Profundidad <= 3.5 m)
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Validation of the results

Amarilla Recorte (Profundidad <= 3.5 m)
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Validation of the results

Verde (Profundidad <= 3.5 m)
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Validation of the results

Amarilla (P entre 3.5y 8 m)
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Validation of the results

Amarilla Recorte (P entre 3.5 v 8 m)
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Validation of the results

Verde (P entre 3.5 y 8 m)
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Validation of the results

Amarilla (P = 8 m)
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Validation of the results

Amarilla Recorte (P > § m)
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Validation of the results

Verde (F > 8 m)
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Customer evaluation (TecnoOceano)

The bathymetry obtained by processing WorldView 2
satellite imagery has the following characteristics:

Bathymetry of high detail due to the adequate spatial
resolution satellite image of WV2 that was used (2 m).

The bathymetry obtained by this methodology extends to
large marine areas and therefore represents an economic
saving compared with traditional techniques, although these
are more accurate. The error in the satellite bathymetry is
about 1 meter (by excess or by defect).

The satellite bathymetry is a good choice when it comes to
extensive marine areas where fast and detail results are
required.

The satellite bathymetry requires some precise bathymetric
data with which to calibrate and validate the results
(absolute values). Otherwise, only relative values (based on
a color scale) pending calibration would be obtained.
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