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J How do we obtain the data?

d How do we obtain the subimage?

d How do we estimate the wavelength at deep waters?
1 How do we estimate the depth?

J How do we know iIf the result is realistic?
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How do we
obtain the data®?
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Data extraction

Copernicus Open
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Data extraction

Copernicus Open Access
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Data extraction
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Data extraction
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Satellite Sublmage Satellite SubSulmage Wavelength at deep waters Bathymetric estimation Bathymetry analysis

Data extraction e
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Satellite Image

http://step.esa.int/main/download/snap-download/

=» SNAP | Sentinels Application Platform
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Satellite Sublmage Satellite SubSulmage Wavelength at deep waters Bathymetric estimation Bathymetry analysis

Data extraction
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Satellite Sublmage Satellite SubSulmage Wavelength at deep waters Bathymetric estimation Bathymetry analysis

Data extraction

Fle Edt View Acelvin Liyer Vetty Ramier Optaal Rade Tock Window Help
GEDE [ (AP T UORLYL T ABREALE XBIm
".

.1 « [guoadf] - {0\ Uer asndrafemandss’ Destisg | P ortlos| PetDoc_Spacefrhon Bathymatry' Podugel 2010 mmtinel TEd5 1] - SNAP

,<
+5
a
<&
9
W
fi:
»
K
S
-
‘e
M
i
9
'\

] ground_conrol_jaants ] baewi_L

Product Eaplorer * Fast oo Mgty -
] 1A T _GRDN_ 15DV 20 190207044040 20 190207TOM4300_ 035747 _S3DCDT_N0a

e gl U

@ 12 gecnrt
) vetacetn
G vectr Date
o 0
0 wos
S
3
1
2
&
&
28 GCP_29 OCP 3
=
£
49.GCP_50'GCP 3
70.GCP
Nasigation . Coloar Me  Wocertaist Workd View  Quickiooks  Time Serms  Werkd X - C 3 GEF B F CP'8 g 3 GCP 94 GCP 96 GCP 102GCP 104

11GCP 11EGCP IGCP 11EGCP

$1GEP AMGE

B IMGCP - SIGCP 15tGCP

1GCP

CP_207GCP

o,

14




Satellite Sublmage Satellite SubSulmage Wavelength at deep waters metric estimation Bathymetry analysis

Data extraction
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Satellite Sublmage

Data extraction

Satellite SubSulmage

Wavelength at deep waters
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Bathymetric estimation

Bathymetry analysis




How do we
obtain the subimages? Pw




Satellite Image Satellite SubSulmage Wavelength at deep waters Bathymetric estimation Bathymetry analysis

GetSublmages.m e

R2018b (9.5.0,944444)
64-bit (wing4)

August 28, 2018

License Number: 40766421

in teaching, academic research, and meeting course
g institutions onhy. Not for government, commercial, or

J MathWorks
18 S
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GetSublmages.m

Input arguments:
U ImageFilename
ImageFilename="'sentinel 7odo.tiff’';

U GridFilename
* load('gcp 76d6.txt');
* XA=gcp /od6(:,1);
* YA=gcp /od6(:,2);
* LON=gcp 76d6(:,3);
* LAT=gcp 76do6(:,4)
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Satellite Image Satellite SubSulmage Wavelength at deep waters

GetSublmages.m

Input arguments:

 Coordinates of the selected SubImage

1at1=40.6836;
longl=-8.7135;

Bathymetric estimation Bathymetry analysis

1at2=40.4664;
o 1 o02--9.868;




Satellite Image Satellite SubSulmage Wavelength at deep waters Bathymetric estimation Bathymetry analysis

GetSublmages.m

Output arguments:

1 SubImage - tiff file

1 SubImage - txt file

universidade de aveiro E cesam
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Satellite Image Satellite Sublmage Wavelength at deep waters Bathymetric estimation Bathymetry analysis

GetSublmages.m

Input arguments:

 Coordinates of the selected SubSubImage

1at1=40.6836;
longl=-8.7135;

1lat2=40.3857;
long2=-9.257;

22
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| saelieimage  SaelieSuimage ____\Wawlenghatdeepwaters __Baymetrcesimaton ___ Bathymetry analysis
GetSublmages.m

Output arguments:

1 SubSubImage - tiff file

J SubSubImage - txt file

universidade de aveiro 5 Cesam
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How do we estimate
the wavelength at
deep waters?




Satellite Image Satellite Sublmage Satellite SubSulmage Bathymetric estimation Bathymetry analysis

CalcWavelengthGrid.m

1st Detection of the wave front

2nd Directional spectrum FFT

|«|«|

3rd Wavelength and wave direction

25
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| saclieimage __ Satelte Subimage ___ SateliteSubSuimage _________________Batymeuicestmaion ___ Batiymetyanabyss |
CalcWavelengthGrid.m

Input arguments:

(] ImageFilename - string with the filename of the image file to
be analyzed.

] MetersPerPixel - scalar indicating the size, in meters, of
one 1mage pixel.

(] CellSize - length, in meters, of the side of each squared
section that will be considered in dividing the image.

J GridSpacing - spacing, in meters, between two consecutive
squared sections 1n which the image 1s divided.

[X,Y,Lambda0O,Alpha,Quality]=CalcWavelengthGrid ('SubImage001l.tif£f"',10,4000,500);

26
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| saclieimage __ Satelte Subimage ___ SateliteSubSuimage _________________Batymeuicestmaion ___ Batiymetyanabyss |
CalcWavelengthGrid.m

Ouput arguments:

JX - matrix (RxC) with the horizontal position, in meters, of
the centers of the 1mage sections that were considered for
processing.

JdY - same as X, but for the vertical coordinate.

J Lambda0 - matrix (RxC) with the determined wavelengths of the
sea waves for each image section (wavelength given 1n meters).

JAlpha - matrix (RxC) with the wave direction for each section,
in degrees.

dQuality - matrix (RxC) with a value indicating the quality of
the obtained solution for each section, according to the
sharpness of the FFT results.

27
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Satellite Image Satellite Sublmage

CalcWavelengthGrid.m

Y (in pixels)

- Bad - Weak |:| Reasonable |:| Good - Verygood - Excelent

¥ (in pixels)

Satellite SubSulmage

8000

Bathymetric estimation

Bathymetry analysis
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CalcWavelengthGrid.m

QualityO0 5=Quality;
Quality0O 5(Quality <5)=NaN;

LambdaO 5=Lambdal;
LambdaO 5 (Quality <5)=NaN;

Lambda05=[reshape (Lambdal0 5,m*n,1)];

iversidade de aveiro a cesam
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| sateliieimage  Sateliie Sublmage __ SatellteSubSumage ______________Balhymetricestmaion __Bathymetry analysis |
PixelToGroundCoordinates.m

Input arguments:

Uxp - matrix (Nx2) with the image coordinates of N
selected pixels,1n the format:[n m] where

Udn is the horizontal coordinate (in pixels)
dm is the vertical coordinate (in pixels)

J GridFilename
p=10;
X=X./p;
Y=Y./p;

Grid point initial X=7902;
Grid point initial Y=2004;
[m n]=size (X);

xp=[reshape (X+Grid point initial X,m*n,l)reshape (Y+Grid point initial Y,m*n,1)];

[xg]=PixelToGroundCoords (xp, 'gcp subimagem 76d6.txt'");

universidade de aveiro w Cesam
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| sateliieimage  Sateliie Sublmage __ SatellteSubSumage ______________Balhymetricestmaion __Bathymetry analysis |
PixelToGroundCoordinates.m

Output argument:

Uxg - matrix (Nx2) with the calculated ground
coordinates corresponding to the respective 1mage
pixels of xp (in the same units provided 1in the
grid file).

Xg=xg(:,1)3sLongitude
Yg=xg(:,2)sLatitude

LambdaO 5 76d6o GCP27 76 celld000=[Xg Yg LambdaO5];

31

universidade de aveiro a Cesam

ynmental and marine studies



Satellite Image Satellite Sublmage Satellite SubSulmage Bathymetric estimation Bathymetry analysis

o o o)

ArCG I S° ArcMap™

32
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Input file: LambdaO 5 76d6 GCP27 76 cell4000.txt ﬂ
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Satellite Image Satellite Sublmage Satellite SubSulmage Bathymetric estimation Bathymetry analysis

Output file: LambdaO 5 76d6 GCP27 76 celld000.shp
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Satellite Image Satellite Sublmage Satellite SubSulmage Bathymetric estimation Bathymetry analysis

Input/Output file: LambdaO 5 76d6 GCP27 76 cell4000 z200.shp
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Satellite Image Satellite Sublmage Satellite SubSulmage Bathymetric estimation Bathymetry analysis

Output file: LambdaO 5 76d6 GCP27 76 celld000 =z200.shp ﬂ
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R2018b (9.5.0,944444)
64-bit (wing4)

August 28, 2018

License Number: 40766421
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F=load ('LambdaO 5 76d6 GCP27 76 celld000 z200.txt’);
LambdaO 5 z200=F(:,5);

LambdaO=nanmean (Lambdal0 5 z200) ;

39

universidade de aveiro 5 cesam
cantre for enviro

ynmental and marine studies




How do we
estimate the
depth?
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| sateliieimage  Sateliie Sublmage ___ Satelle SubSulmage _ Wavelengihatdeepwaters _____________Bathymetry analysis |
PixelToGroundCoordinates.m

p=10;
X=X./p;
Y=Y./p;

Grid point initial X=7902;
Grid point initial Y=2004;
[m n]=size (X);

xp=[reshape (X+Grid point initial X,m*n,1l)reshape (Y+Grid point initial Y,m*n,1)];

[xg]=PixelToGroundCoords (xp, 'gcp subimagem 76d6.txt'");
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Satellite Image Satellite Sublmage

Satellite SubSulmage

Wavelength at deep waters

Bathymetry analysis
Bathymetry.m
» 1lst Selecting wavelengths with Quality>3
| Lambda 3=Lambda;

. Lambda_3(Quality <3)=NaN;
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Satellite Image Satellite Sublmage Satellite SubSulmage Wavelength at deep waters

Bathymetry.m

» 2nd Estimation of the bathymetry with Linear Wave Theory

Bathymetry analysis

h=zeros (size (Lambda 3));

for i1i=l:size(Lambda 3,1);
for j=l:size(Lambda 3,2);
1f Lambda 3 (i,J) < Lambda0

else
h (i, 7J)=NaN;
end
end
end

h (i,3j)= (Lambda 3 (i,3)./(2*pi)).*atanh(Lambda 3(i,j) ./Lambdal) ;

universidade de aveiro m cesam
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| saeliemage ___Satelite Subimage ____ Satelte SubSulmage __ Wavelengthatdeepwaters _________________Batymeryanass |
Bathymetry.m

» 3rd Application of tidal correction

load ('pred ba 2019 2 1.dat’);
tide=pred ba 2019 2 1(308,5);

h def=-1*(h-tide);
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Bathymetry.m B
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Satellite Image Satellite Sublmage Satellite SubSulmage Wavelength at deep waters Bathymetry analysis

Bathymetry.m

> 4th Application of filter to obtain a smooth bathymetry

for g=2:size(h def,1)-1
for r=2:size(h def,2)-1
if isnan (h def (g, r))
h def (g, r)=nanmean([h def(g-1,r) h def(g+l,r) h def(g,r-1) h def(g,r+l)]);
end
end
end

FilterWidth=0.5;
FilterSharpness=1;

h defs=FilterBathymetry(h def(2:end-1,2:end-1),FilterWidth,FilterSharpness);
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| salieimage __ Satlite Subimage ___ Satelite SupSumage __ Wavelengthatdeepuwaters ________________ Baliymetyanass |
FilterBathymetry.m

Fitered Bathymatry (FW = 0.50 ; FS = 1.00)
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Satellite Image Satellite Sublmage Satellite SubSulmage Wavelength at deep waters Bathymetry analysis

Bathymetry.m

[mm nn]=size (h defs);
Z s=[reshape (h defs,mm*nn,1)];

Xg2=[reshape (Xg,m,n) ];
Xgs= Xg2(2:end-1,2:end-1); XgsZ2=[reshape (Xgs,mm*nn,1)];

Yg2=[reshape (Yg,m,n) ];
Ygs= Yg2(2:end-1,2:end-1);
Ygs2=[reshape (Ygs,mm*nn, 1) ];
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How do we know
If the result Is
realistic?




Satellite Image Satellite Sublmage Satellite SubSulmage Wavelength at deep waters Bathymetric estimation

o o o)

ArCG I SG ArcMap™
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Satellite Image Satellite Sublmage Satellite SubSulmage

Wavelength at deep waters Bathymetric estimation

Bathymetry » 2nd Interpolate
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Satellite Image
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Satellite Image Satellite Sublmage

Bathymetry

Bat s raster file

Observatorio Oceanografico
da Marxe Ibérica
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Satellite SubSulmage Wavelength at deep waters
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Satellite Image

Satellite Sublmage

Satellite SubSulmage

Wavelength at deep waters

Bathymetric estimation
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Bathymetry
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> 5th Estimate the difference between ﬂ

measured and derived satellite depth
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Bathymetry e
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Thank you very much for
your attention!
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