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Satellite imagery

Low resolution satellite imagery is generally available for free, while high-resolution
imagery must be purchased and licensing usually restrict its distribution

Freely available low resolution multi-spectral & radar satellite imagery
* Landsat 7 ETM+, Landsat 8... : Earth Explorer (http://earthexplorer.usgs.gov)
* Sentinel-1,2,3 : Copernicus Open Access Hub (https://scihub.copernicus.eu)

Ocean monitoring

* Sea Surface Temperature, Chlorophyll-a (SeaWIFS), MODIS : NOAA/NASA
(https://oceancolor.gsfc.nasa.gov)

Commercial high-resolution imagery

* |KONOS, Geokye, QuickBird, WorldView-1,2,3,4
Pléiades,...




lmage acquisition
Karena tidak ada stasiun penerima di Pasifik Selatan, akuisisi citra harus dijadwalkan terlebih

dahulu, disimpan di pesawat, dan ditransfer saat berada di atas stasiun penerima.
Akibatnya, tidak banyak gambar yang tersedia untuk area tertentu, dan mungkin berawan

Transfer picture

Schedule acquisition

Acquire picture
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Image acquisition

Pencitraan diperoleh di sepanjang orbit, dan area yang diinginkan mungkin tumpang

tindih dengan beberapa orbit

Path 70 Row 73 & "" Path 69 Row 73 Path 68 Row 73
) :
; i
i" I
I
I I
I’ i c 1[ Satelit Landsat 8 dan Landsat 7
;@ ;L / keduanya mempertahankan orbit
¥ . . .
:I ol ,’ mendekati kutub, sinkron matahari,
patfl 70 Row 74 g rneron e || mengikuti Sistem Referensi Dunia
,' ! (WRS-2). Mereka masing-masing
:I 2’ membuat orbit dalam waktu sekitar
p f 99 menit, menyelesaikan lebih dari
I’ I’ 14 orbit per hari, dan menyediakan
I @? I cakupan lengkap Bumi setiap 16
F‘i:-lhl?EI Row 75 d Path E?Ruw 75 h .
J . J ari.
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Obtaining free imagery

Untuk citra yang tersedia secara gratis (Landsat, Sentinel), Anda cukup menelusuri katalog
gambar yang diarsipkan dan memilih satu dengan tidak terlalu banyak awan di atas area
yang diinginkan (menggunakan quicklooks sebagai panduan). Kemudian Anda mengirimkan

permintaan dan menerima tautan untuk mengunduh gambar. Sebuah gambar biasanya
berukuran sekitar 1 GB

X, o b TS YE e -;fn"
A % L N £

N
Summary B 524 MSILAC_201003167214901_N0Z  TOZLMK_20180316 1225005 SAFE
Date: 2019-03-16721.49.01 0242

. AE_DATA
Filename:
S2A MS21C 201903167214901 NO20T RO43 TDZLMK 20190316T225905 SAFE
Identifier: S2A MSILIC 20190316T214309 N0Z07 RO43 TOZLNVK 20130316T225905 i
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Ordering commercial imagery

Untuk citra resolusi tinggi, Anda membuat poligon untuk area minat dan membuat
guery citra yang tersedia untuk poligon tersebut. Karena gambar ditagih per km
persegi, Anda hanya memilih area yang Anda butuhkan, namun ada batasan pada
bentuk poligon dan area minimum untuk pesanan (25 km? untuk citra WorldView
misalnya)

Total area 25 km?

Min width




Ordering commercial imagery \«{,

x Q» \ =4

\\L 7
Harga per km? tergantung pada resolusi, satelit, jumlah pita (4 atau 8), perizinan dan
pemrosesan.

Gambar multi-lisensi berharga sekitar USD 50 per km? dengan harga publik

SPC adalah reseller Digital Globe dan dengan demikian mendapatkan harga murah
untuk beberapa citra, tetapi lisensi membatasi penggunaan gambar kepada pemerintah
tempat gambar tersebut dibeli : (citra komersial yang Anda peroleh melalui SPC
umumnya tidak dapat dibagikan dengan pihak ketiga)

Hubungi SPC Geoscience, Energy and Maritime Division (GEM) yang Anda butuhkan
untuk mendapatkan akses ke citra yang sudah dibeli atau memesan citra satelit baru.

Banyak citra telah dibeli selama 10 tahun terakhir, Anda mungkin beruntung
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lmage mosaic

Karena jalur dan tutupan awan, kombinasi (mosaik) gambar yang diambil pada waktu
yang berbeda umumnya diperlukan untuk mencakup area yang luas.
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Satellite sensors

Citra adalah output dari sensor satelit, pada resolusi spasial tertentu dengan pita yang
sesuai dengan rentang panjang gelombang inframerah yang terlihat (atau panjang
gelombang radar untuk satelit radar)

Pkl | L8 Y

m SENTINEE | ) ight Direction
] /

SENTINEL 1
1

Sub-Satellite Track

Orbit Height
~700 km

Mode

Interferometric Wide Swath
Mode
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Radar imagery

Air tidak tembus cahaya untuk panjang gelombang radar. Pencitraan radar dapat

digunakan untuk mendeteksi kapal, tetapi sulit dan seringkali tidak praktis untuk aplikasi
pesisir

* Sebuah perahu kecil hanya akan menjadi beberapa piksel pada gambar radar
e Gambar tidak diterima secara real time

* Setelah kapal terdeteksi dan ada kecurigaan aktivitas ilegal, Anda masih perlu

mengirim pasukan udara dan angkatan laut untuk mengendalikan kapal dan
mengumpulkan bukti.

Boats

m . Sevcen B vaim
o m mm Sverige =



Multispectral imagery

Satellite Resolution Bands
Landsat-8 30m/15m Pan+8 MS +TIR
Sentinel-2 10m-60m 12 bands

IKONOS 4m/1m Pan+4 MS (defunct)

QuickBird 3m/.7m Pan+4 MS (destroyed)

GeoEye-1 1.8m/.5m Pan+4 MS

WorldView-1 .6m Pan

WorldView-2 2m/.5m Pan+8 MS

WorldView-3 1.2m/.3m Pan+8 MS +SWIR+CAVIS

Sentinel-2 Bands Central Wavelength (um) | Resolution (m)

Band 1 - Coastal aerosol 0.443 &0
Band 2 - Blue 0.490 10
Band 3 - Green 0.560 10
Band 4 - Red 0.665 10
Band 5 - Vegetation Red Edge | 0.705 20
Band 6 - Vegetation Red Edge | 0.740 20
Band 7 - Vegetation Red Edge | 0.783 20
Band & - NIR 0.842 10
Band 8A - Vegetation Red Edge | 0.865 20
Band 9 - Water vapour 0.945 60
Band 10 - SWIR - Cirrus 1.375 60
Band 11 - SWIR 1610 20
Band 12 - SWIR 2.190 20
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e W W Sverige



Hyperspectral imagery

Airborne (AVIRIS, CASI) and satellite (EO-1, HySIS)

mattispectrol [ I [
Hyperspectra -.ll[ |- R “Hf_l

500 600

wavelength

1
0. Sediment (n=1)
0.8 ~— Benthic micro-algae (n=1)
0.7 = Algal turf (n=10)
S 06 —— Crustose coralline algae (n=2)
g 0.5 - Brown macro-algae (n=2)
;6 0.4 ~—Green macro-algae (n=13)
0.3 - Red macro-algae (n=5)
0.2 ~— Live coral (blue-mode) (n=11)
0.1 - Live coral (brown-mode) (n=30)
0 Soft coral (n=1)

400 450 500 550 600 650 700 750 800
Wavelength (nm)



Sea surface temperature

https://www.ospo.noaa.gov/Products/ocean/sst/50km_night/index.html

NOAA/NESDIS 50 km Nighttime Sea Surface Temperature [deg C), 1/3/2018

1840 —1&d =140 =124
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Winds

https://manati.star.nesdis.noaa.gov/datasets/ASCATData.php

Ascending Pass

ASCAT—A ZEKM MOSA Winds Apr 4 0002 UTC 2015 Gscen-
D 5 10 15 20 25 30 35 40 45 5D knots
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Satellite bands

WorldView-2 : MSS bands 1-8 have a resolution of 2m, while panchromatic is 50 cm
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Pan-sharpening

~. b P Yo 11
€ ST A

Panchromatlc Resolutlon 5m

Pan-sharpening
meningkatkan resolusi
spasial gambar
multispektral dengan
menggabungkannya
dengan gambar
pankromatik resolusi lebih
tinggi

P
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Image rectification




Image rectification




Image rectification




Image enhancement: dehaze




Image classification: isodata




Image classification: k-means




QGIS: Processing Toolbox

Enable the Processing Toolbox panel to access advanced tools

Processing Toolbox

VIETN Layer Settings  Plugins  Vector Raster Database V o .
; 'ht a L E S,
¢y Mew Map View Ctrl+M
oy Mew 3D Map View Ctrl+Shift+M - .
b [ Recently used
{r_,” Pan Map Y
v ) Cartography
" .
&% Pan Map to Selection b () Database
v',"!"i Zoom In Ctrl+Alt++ b () Filetools
= Zoom Out Ctrl+Alt+- v (2 Graphics
— b ) Interpolation
v ) Layertools
Toolbars 4 Browser .
¥ ) Network analysis
Toggle Full Screen Mode F11 Browser (2) b () Raster analysis
Toggle Panel Visibility Ctrl+Tab GP5 Information » (Y Raster terrain analysis
.
Toggle Map Only Ctrl+5Shift+ Tab Layer Order b (3 Rastertools
..
Layer Styling b ) Vector analysis
V| Layers v () Vector creation
Log Messages b ) Vector general
Overview ¥ () Vector geometry
Processing Toolbox v G Vector overlay

b ) Vector selection
b ) Vectortable

b oim GDAL

b 4y GRASS

v & SAGA



Image classification: k-means

Open the Landsat 7 ETM image and launch k-means clustering from the toolbox

Layers Processing Toolbox
s F® Y > L | e A (L 5
v ¥ landsat 7 ETM k-means
v Recently used

& K-means clustering for grids
* ( Vector analysis
% K-means clustering

~ & SAGA

ys1s

& K-means clustenng for gnds

~ & SAGA

Split RGBE bands

Climate tools

Georeferencing

Geostatistics

Image analysis
6 Artificial neural network classification (opency)
6 Automated cloud cover assessment

i~

6 Boosting classification (opencv)
& Change detection

& Confusion matrix (pelygons / grid)
6 Confusion matrix (two grids)

6 Decision tree classification (opency)
@ Distance (vigra)

@ Edge detection (vigra)

& Enhanced vegetation index

6 Fast regien growing algerithm

6 Fourier filter (vigra)

@ Fourier transform (real, vigra)

@ Fourier transform (vigra)

& Fourier transform inverse (vigra)
6 Fourier transformation (opency)
6 Isodata clustering for grids

K-means clustering for grids

@ K-nearest neighbours classification (opency)

B =55
= = Sverige
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Image classification

Image classification can be supervised or unsupervised

Advantages Disadvantages
- No prior knowledge of the -  Spectral grouping may
Unsupervised region is required not correspond to
Classification - Allows for minimisation of information classes of
human error interest to the analyst
- Spectrally distinct areas - Analyst has little control
presented which may not have over the classes
been obvious to the human eye
- Analyst has control - Collecting training data is
Supervised - Operator can often detect and time consuming and
Classification rectify images costly
- There is no way to
recognise and represent
categories which are not
represented in the
training data
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Image classification: k-means

Select the Landsat 7 ETM image as Grid and set the number of clusters to 12

Run k-means clustering
Q

Parameters Log
Grids
1 elements selected
Method
[1] Hill-Climbing (Rubin 1967)
Clusters
12
Maximum Iterations

0
Mormalise
Old Version

v Update View
Clusters

[Save to temporary file]

v | Open output file after running algorithm
Statistics
[Save to temparary file]

v | Open output file after running algorithm

| 0%

Run as Batch Process... Run

(=) Multiple selection

/ v | Landsat 7_ETM [EPSG:32636]

L1

Cancel

Close

Select Al
Clear Selection
Toggle Selection
Add File(s)...
8.4

Cancel



Image classification: k-means

Set render type to palette and classify with random colors. Remove colors

corresponding to deep ocean

@ Layer Properties - Clusters | Symbology

Clugiass a _
. 1 ! Zoom to Layer w Band Rendering

5 | 92 Show in Overview

v Lar Copy Layer

&) -iomaiic
2 ' Information Render type |Paletted/Unigue values ~

J{:\? Source Band Band 1

# Symbology Color ramp

Rename LE}"EF Value Color Label

Iﬂ Transparency

v}"ﬁ: Zoom to Mative Resolution (100%5)

i Histot 1
Stretch Using Current Extent IR tiistogram

rd
& Rendering

‘ Pyramids 3 . 3

L] Duplicate Layer
[l Remove Layer...

! Metadata 6 6
Change Data Source..
. . Legend
Set Layer Scale Visibility... 7 7
QGIS Server
Set CRS . .
Export Classify
St_','"ES w Color Rendering
Blending mode | Mormal
B”ghtness __[
Saturah'on __[
Hue Colorize

w Resampling

Zoomed: in | Mearest neighbour = | out | Mearest neighbour = | Oversampling | 2.00 |+

Random colors

g | = Delete Al

-
V] > [Contrast Il

0 = [Graysmle Off

Strength

| -
S = = Sverige

9 Reset

0

_J | 100%

-



Image classification: k-means

Compare the classified image with the original image
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Image classification: raster to vector

Polygonize the clusters image

EEEd Database Web Mesh Processing Help
’__—‘_:; Raster Calculator... ‘

13'“ 5

Align Rasters...
Analysis >
Projections 4
Miscellaneous »
Extraction
Conversion

B
€ (Vector to Raster)...
? “5_RGBtoPCT...

2 1, Translate (Convert Format)...

i Pol’ygokr:ize (Raster to Vector)...

G! Polygonize (Raster to Vector) >

Parameters Log
Input layer

o Clusters [EPSG:32656] -
Band number

Band 1 -
Mame of the field to create

|Class|

|se 8-connectedness

Vectorized
[Gave to temporary file]

v | Open output file after running algorithm
GDAL/OGR console call

python3 -m gdal_polygonize C:/Users/FranckM/AppData/Local Temp/
processing_8fd 12ddc298b46969a 39 1807 7e 2fd 592 5b Fo08f50 144503909
Ocefar66e450/CLUSTER, sdat C: Users/FranckM/AppData/Local Temp)/
processing_8fd12ddc298b46969a39c 1807 Fe 2fd 59/

b4113a6990 2240 76ace0as3b 1147980, /OUTPUT.shp b 1 -f "ESRI
Shapefile™ QUTPUT Class

0% Cancel

Run as Batch Process... Run | Close Help
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Image classification: raster to vector

Set the symbology and remove classes for deep water

(2 Layer Properties - Vectorized | Symbology

| = Categorized
rfi‘; Information Coumn  123Class
'?s\ Source Sysbal
Color ramp
(;( Symbology
Symbol ~ Value Legend
3 Labels vl 1 !
v I 3 3
Diagrams v 4 4
viEl 5 5
vill ¢ 6
vill ¢ ¢
v Bl 10 10
! Attributes Form
Joins
ﬁ Auxibary Storage
o@ Actions
- Disphay Cassfy dfs || == Delete Al
‘/ Rendering » Layer Rendering
Style

-
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Image classification: surface areas

Use Group Stats to calculate the surface area by class

10

il

12

1.18387e+07

£.95808e+07

3.04414e+06

8.8788e+06

3.09126e+06

6.969%e+06

1.26649e+07

5.21624e+07

1.17207e+07

1.0385e+07

9.16248e+07

6.05657e+07

-
Control panel (e
Layers

Vectorized e
Fields

g Perimeter

ally average

allf count

ally max

gl median

allf min

gy stand.dev.

g} sum

allf vunique

" ) 4
Filter Columns
Raws Value use NULL values
e Class ally sum

e Area
Use only selected features Clear
Calculate
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Ing: PCA

Spectral process
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Application to North Efate mangrove

4 km




Sampling points in the mangrove

Sampled points for the area

Gpx File :  GPS 1-Waypoints_04-JUN-16_GPS1 |v|  Exportdata: v &)

Mapping point properties

Surve}f* Paunangisu KW 2016 |~| Surveyor: Rolenas Baereleo  |~| Site * Paunangisu |~
GPSNo ™ 1 Date : * |2016—05—31 Time: [1350 |(O

Waypoint * 113 Longi 168.442596 Latitude : | 17534031 ~

Photo #s separated by 0982:0984

Main sediment type : w
Mangrove species . Acrostichum aureum v-‘ Species % cover
Percent cover : Add => Rhizc-phora samoensis a5
Lumnitzera littorea 1
Web database interface Total| 96

o ay A




Species composition for sampled points




PCA vs species composition for sampled points




Delineation of zones based on PCA and species composition
and extraction of polygon area in Ha

/' Field calculator

Only update O selected features
[ Create a new field

[[] Create virtual field

Output field name !Axea_Ha

Output field type  Decimal number (real)
Output fieidlength (10 (3] Precsion |2 |

Oxgression | Funcion Editor |

== LA = AT PG E) | [
sarea /10004




Intersection of mapping points and polygons

,/ Intersection

Parameters Log Run as batch process. ..
Input layer

Mangrove Mapping point LTM [EPSG: 32759] - ||... ;_i_)jl
Intersect layer

Mangrove Mapping UTM [EPSG:32759] i

|| Tgnore MULL geometries [optional]
Intersection

| [Create temporary layer] |

) 4

AcAu AcSp AvMa BaRa ExAg Heli  Luli RhAp RhSa  XyGr Polyid Area Ha
20 0 0 0 5 0 2 0 0 0 14 15.94
90 0 0 0 2 0 0 0 0 0 14 15.94

> 40 0 0 0 3 0 30 0 0 0 14 15.94
1 0 0 0 1 0 1 0 0 0 14 15.94
2 0 1 0 0 0 2 0 0 0 14 15.94
0 0 0 0 2 0 5 0 0 0 14 15.94
0 0 20 0 0 0 0 0 0 0 14 15.94
0 0 40 0 0 0 0 0 0 0 14 15.94
0 0 20 0 1 0 10 0 0 0 14 15.94
0 0 0 0 0 0 1 0 95 0 13 7.15
0 0 10 0 0 0 0 0 40 0 13 7.15
0 0 0 0 0 0 10 0 30 20 12 0.4
0 0 0 0 10 1 1 0 0 20 12 0.4
0 0 0 0 0 0 0 0 70 20 13 7.15
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Averaging species composition by polygon

and calculation of a weighted average (using area Ha) for the whole area

Polygon AcAu AcSp AvMa BaRa Heli ExAg CeTa BrGy Luli Rhap Rh5a Rh5t RhXLa RhXSe Soll XyGr Sum
1 6.0 1.4 8.7 0.8 3.7 8.4 0.8 1.9 12.5 14.3 6.8 1.6 6.8 6.8 3.6 36.8 76.9
2 0.e 0.0 6.2 Q.0 Q.0 Q.0 Q.0 Q.0 Q.8 a.1 @.e 57.8 .0 @.e 8.3 8.0 64.4
3 8.0 8.0 0.0 2.0 2.0 2.0 2.0 2.0 0.0 37.5 0.0 42.5 8.0 0.0 6.3 8.0 86.3
4 8.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 6.7 8.e 73.3 8.e 8.e 8.e 0.0 8e.e
5 8.0 8.0 6.0 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 79.1 8.8 8.8 8.0 8.0 79.1
6 8.0 8.8 0.8 n.A n.A n.A n.A n.A n.a n.e a.a 78.8 a.a a.a a.a a.a 78.8
7 €.e e.e €.5 Mangrove specios distribution
8 8.0 8.0 0.0 P 2
? €.a 6.0 e.a L ARG GUeNed
18 .0 0.8 1.8 Lo & X gty asasal
11 0.0 0.0 0.0 ¥ qoena aormvng
12 8.0 0.0 0.0 Rsdyine crnrnin)
13 0.0 0.8 0.4 : :;':':_’;"::;w
14 3.3 3.8 1.6 Plled.nns
15 0.0 0.0 0.0 [ R
16 8.0 10.4 0.0 Armomtctoem wworars
17 8.8 8.6 0.0 | Qe
B ee e oo oo
19 0.0 0.0 1.3 _,_m‘u"m'&d_‘
20 8.0 0.0 1.3 B conues
21 8.0 8.0 8.0 W s aymvormxee
22 8.8 8.8 e.8 = nvinem
SN G
23 0.0 0.0 0.0 BB it i
B oo sirkse
B oo & el
Arurnetom X eckels
Sarmvecates 20
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