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Acronyms
ARCSI: Atmospheric and radiometric correction of satellite imagery
AROSICS: Automated and Robust Open-Source Image Co-Registration Software
CDOM: Coloured dissolved organic matter
CNES: Centre national d’études spatiales (Fr)
DEM: Digital elevation model
DoD: DTM of difference
DSI: Datum-based shoreline indicators
DTM: Digital terrain model
EO: Earth observation
GRD: Ground range detected
HR: High resolution
ICZM: Integrated Coastal Management
IDA: Image data analysis
IOPs: Inherent optical properties
MSI: Multi-spectral imager
NIR: Near infra-red
OLI: Operational land imager
SAR: Synthetic-aperture radar
SDB: Satellite derived bathymetry
TBDEM: Topo-bathymertric digital elevation model
URD: User requirement document
VHR: Very high resolution
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One of the key innovative requirements that has been placed upon this project is to provide a level of accuracy
that is placed upon each pixel which surpasses the anticipated level of uncertainty in any of the derived water
and shorelines and the calculated erosion rates. A more accurate Geolocation capability is central to the preprocessing task and is conducted via a co-registration process outlined below. In order to ensure spatialtemporal monitoring of shoreline variability on large scales via satellite imagery provided by several sources
and products (HR : <Sentinel, Landsat> , VHR : <Quickbird, worldview ...> ), corrections must be applied. All
products must be on the same spatial repository, since the products are characterized by different spatial
resolution.
1.1.1

Information content and quality

Corrected products will be inter-superimposable images (co-registered images). Every pixel which presents an
object or part from a product “A” (Sentnel-2 for example) it will correctly overlap the pixel of the same object
which is in the product “B” (from a Worldview image for example). The spatial resolution of the final product
will be equivalent to the resolution of the reference product.
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Figure 1.1 : (A) Reference image subset (Landsat-8, band 5), small figure demonstrates full extent;
(B) target image (RapidEye-5, band 5); (C) calculated tie point grid before correction (absolute
shift vector length in metres) including false-positives; and (D) calculated tie point grid after
correction (absolute shift vector length in metres) excluding false-positives.
1.1.2

Product Order and delivery services

Co-registered products will be delivered as a raster (GEOTIFF format) linked with the corresponding
reference image. Co-registered products will be available to production team to run the different processor,
without forgetting the metadata file which mentions the location of the co-registered files

1.2

Quick Review – Feasibility

1.2.1

Satellite sensors and mission

In this section will be present the most used satellite and sensor for Earth observation studies and analysis.
For other EO mission please refer to Table 1.1. This table briefly present mostly used satellite missions in EO
projects, with this non-exhaustive list we can see the diversity of sensors available which makes it possible to
choose the most adapted to our project.
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a. Optical
Passive optical remote sensing sensors measures electromagnetic radiation of different wavelength reflected
from distant objects. Passive optical sensors are day and cloud dependent.
i. High resolution (HR)
Landsat mission marks the beginning of the use of Earth observation satellite data with Landsat 1 launched in
July 1972, followed by several optical satellites to improve our knowledge of the Earth. Landsat 5-7 satellites
provide high resolution imagery at 30 m resolution from multispectral and thematic mapper sensors for
Landsat 5 and from an Enhanced thematic mapper sensor for Landsat 6 and 7. Revisit time: 16 days.
Sentinel-2 mission is a constellation of two polar-orbiting satellites, A and B phased at 180°. Main objective of
the mission is to provide global acquisition of high-resolution —10, 20 and 60 meters, multispectral — 13
spectral bands, within 5 days and 2-3 days at mid-latitudes. Sentinel-2 satellites carrier an optical instrument
payload MSI allowing an optical swath width at 290 km. Coverage limits between latitudes 56° south and 84°
north. First Sentinel 2 image: June 2015 from Sentinel -2A.
ii. Very high resolution (VHR)
Worldview 2 is an Earth observation satellite launched in October 2009. It provides high-resolution
panchromatic imagery at 0.46 m resolution and multi-spectral imagery at 1.85 m resolution with an average
revisit time of 1.1 days. In a single pass, maximum continuous area collectable (30° off-nadir angle) is 138 *
112 km in mono and 63 * 112 km for stereo.
SPOT mission, initiated by the CNES in the 1970s, was designed to improve the knowledge and the
management of the Earth. Each satellite up to SPOT4 consists of two imaging instruments acquiring areas of
60*60 km. Panchromatic mode provides black and white image at 10m resolution and multispectral mode
which provides 20m colour images acquired simultaneously in three bands (red, green, and near-infrared or
medium infrared). SPOT5 satellite consists of two HRG instruments that offer better resolution: 2.5 to 5 meters
in panchromatic mode and 10 meters in multispectral mode. Revisit time: 1 day for SPOT 6 & 7.
First PLEIADES satellite, Pleiades 1A, was launched in December 2011 and Pleiades 1B followed in December
2012. Pleiades satellite can image anywhere on Earth in less than 24h at 70 cm resolution in visible and nearinfrared spectrum. Pleiades have an extremely sensitive optical instrument that reduces the exposure time
needed for each image.
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b. Synthetic aperture radar
Radar imagery is an active remote sensing tool, it is both a transmitter and receiver. Radar imagery measures
the time of return of the wave between the radar and the ground, the intensity of the received wave and
phase shift between the reference of the transmitted wave and the received wave.
Sentinel-1 carries a C- SAR sensor, SAR images (for "Synthetic Aperture Radar") are the result of a complex
processing of the raw data, and contain in each pixel, two types information: the amplitude of the signal
backscattered by the ground towards the radar, and its phase. Sentinel-1 mission comprises two polar-orbiting
satellites operating day and night. Launched in 2014 and 2016, Sentinel-1 satellites provide imagery in
different acquisition mode: Wave mode (WV), interferometric wide swath (IW) and extra wide swath (EW)
with a revisit time of 12 days, 6 days for both satellites.

Table 1.1: EO missions and their specifications with optical sensors
Satellite constellation

Landsat 7 (ETM+)

sensor & bands

pixel resolution of L1

(optical)

products

0.52 - 0.90 µm

15 m

0.45 - 0.52 µm, 0.52 -

30 m

Revisit time

Years active

16 days

1999 – 2020

16 days

2013 –

5 days

2015 –

1 day

2008 –

0.60 µm, 0.63 - 0.69
µm, 0.77 - 0.90 µm
Landsat 8 (OLI)

0.503 - 0.676 µm

15 m

0.435 - 0.451µm, 0.452

30 m

- 0.512µm, 0.533 0.590 µm, 0.636 - 0.673
µm, 0.851 - 0.879 µm
Sentinel-2 A & B /MSI

448-546 nm, 537-583

10 m

nm, 645-683 nm, 762908 nm
604-723 nm, 731-749

20 m

nm, 768-796 nm
430-467 nm, 932-958

60 m

nm
RapidEye 1,2,3

440–510 nm, 520–590

5m

nm, 630–685 nm, 690–
730 nm, 760–850 nm
Skysat 1…7

Panchro

0.8 m

450-900 nm, 450-515

0.8 m

nm, 515-595 nm, 605695 nm, 740-900 nm
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3m

2009-

nm, 420 - 530 nm, 770 900 nm
SPOT 1-2-3-4

0,50–0,73 μm

10 m

0,50–0,59 μm, 0,61–

20 m

5 days

1986 –

2-3 days

2002 –

1 day

2012 –

26 days

2009-

1-3 days

2000-

1-3.5 days

(2001)-2008-2014

≤ 3 days

2008-

1.7-5.9 days

2007-

0,68 μm, 0,78–0,89 μm
SPOT5

480 – 710 nm

5m

500 – 590 nm, 610 –

10 m & 20 m for SWIR

680 nm, 780 – 890 nm,
1580 – 1750 nm
SPOT6-7

panchro

1.5 m

0.455–0.525 µm, 0.530–

6m

0.590 µm, 0.625– 0.695
µm, 0.760– 0.890 µm
Pleiades

480-830 nm

0.7 m

430-550 nm, 490-610,

2.8 m

600-720 nm, 750-950
nm
Ikonos-2

450-900 nm

0.82 m

450 – 530 nm, 520 –

3.2 m

610 nm, 640 – 720 nm,
760 – 860 nm
Quickbird-2

450 – 900 nm

0.61 m

450 – 520 nm, 520 –

2.4 m

600 nm, 630 – 690 nm,
760 – 900 nm
GeoEye-1

450 – 900 nm

0.41 m

450 – 510 nm, 520 –

1.64 m

580 nm, 655 – 690 nm,
780 – 920 nm
WorldView

400 – 900 nm

0.5 m

450-510 nm, 510-580

-

WV-1

nm, 630-690nm, 770895 nm
WV-2

450-800 nm

0.46 m

400-450 nm, 450-510

1.8 m

2009-

nm, 510-580 nm, 585625 nm, 630-690 nm,
705-745 nm, 770-895
nm, 860-1040 nm
WV-3

450-800 nm

0.31-0.34 m
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625 nm, 630-690nm,
705-745 nm, 770-895
nm, 860-1040 nm
1195 - 1225 nm, 1550 -

3.7-4.1 m (SWIR)

1590 nm, 1640 - 1680
nm, 1710 - 1750 nm,
2145 - 2185 nm, 2185 2225 nm, 2235 - 2285
nm, 2295 - 2365 nm
405 - 420 nm, 459 - 509

30 m (CAVIS)

nm, 525 – 585 nm, 620 670 nm, 845 - 885 nm,
897 - 927 nm, 930 - 965
nm,

WV-4

450-800 nm

0.31 m

655 - 690 nm, 510 - 580

1.24 m

≤ 4.5 days

2016-2019

3 days

2008

nm, 450 - 510 nm, 780 920 nm
Theos

450-520 nm, 530-600

15 m

nm, 620-690 nm, 770900 nm

1.2.2

Existing EO Products

Different products are available for Sentinel-2. Products are a compilation of elementary granules of fixed size
along with a single orbit. Granule is the minimum indivisible partition of a product. All data acquired by the
MSI will be systematically processed from Level-0 up to Level-1C during the data-reception operation. Level1C product is orthorectify and provide Top Of Atmosphere (TOA) reflectance. Level-2A prototype product is
an orthorectified product providing Bottom-Of Atmosphere reflectance, and basic pixel classification
(including cloud).
World view images can be pre-process with AComp processing for haze and vapor particles removal and is
used to correct and clarify high resolution panchromatic and multi-spectral images. Most images are
georeferenced to within 5m of their actual location.
SPOT images are not directly usable, pre-processing involves converting the image data into standard SPOT
products. Radiometric and geometric corrections are applied according to the level of correction. Level 1A is
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quite similar to raw data save for radiometric corrections, level 1A products are computed with minimal preprocessing. Level 1B products includes radiometric and geometric corrections, they are expected to offer a
location accuracy of 500m for vertical-viewing and a relative internal error for distance of 0.5×0.001.
Two processing level have been defined for Pleiades products to fulfil user needs, the sensor level and the
ortho-image and mosaic level. Sensor level products are only corrected from on-board radiometric and
geometric distortion, no ground projection is operated. The ortho-image and mosaic level products are
resampled into a cartographic projection and corrected from sensor and terrain distortion 1.
The Sentinel-1 mission comprises a constellation of two polar-orbiting satellites, operating day and night
performing C-band synthetic aperture radar (SAR) imaging, enabling them to acquire imagery regardless of
the weather. Sentinel-1 data come at three levels:
•

Level-0. These products consist of the sequence of Flexible Dynamic Block Adaptive Quantization
(FDBAQ) compressed unfocused SAR raw data.

•

Level-1 data are the generally available products intended for most data users. Level-1 products are
produced as Single Look Complex (SLC) and Ground Range Detected (GRD). Level-1 Single Look
Complex (SLC) products consist of focused SAR data geo-referenced using orbit and attitude data
from the satellite and provided in zero-Doppler slant-range geometry. Level-1 Ground Range
Detected (GRD) products consist of focused SAR data that has been detected, multi-looked and
projected to ground range using an Earth ellipsoid model.

•

Level-2 OCN products include components for Ocean Swell spectra (OSW), a two-dimensional ocean
surface swell spectrum, and an estimate of the wind speed and direction per swell spectrum.

1

Baillarin S. & Panem C. Pleiades-HR imaging system: Ground processing and products performances. in XXXVIII, Part 7B, (Wagner
W., Székely, B., 2010).
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1.2.3

Auxiliary data

According to the level of treatment one will need images VHR and HR, as presented in the table below.

Table 1.2: Auxiliary data per level of process
Level

Master

Target

Level 1: VHR-VHR

VHR

VHR

Level 2: VHR-HR

VHR

HR

Level 3: HR-HR

HR

HR

1.2.4

Currently known issues

Handling large and high-resolution files requires significant resources whether it's CPUs or memory and even
space.
VHR and HR data have different overlapping footprints, usually VHR imagery available is smaller than a HR tile.
Moreover, geometric and radiometric distortions within the non-orthorectified VHR images implies to use
data with small nadir angle and just the central part of the images.

1.3

Potential Solutions

The follow-up of a Spatio-temporal event requires the exploitation of information coming from several sensors
and in different dates, our challenge is to put all the information in the same frame of reference in order to be
able to compare or evaluate the evolution of an event.
Our objective with images co-registration based on the exploitation of model 'AROSICS' is to be able to treat
a temporal series of data while adapting with the change of the spatial precision (resolution) / the quality,
whatever the source of information.

1.4

Product Specifications

The process will generate co-register images in single-band format, this result will be comparable in time with
other images since they have the same spatial reference (master / area image).

© 2019 ARGANS

Coastal Erosion from Space
Geolocation ATBD

2

Ref: SO-TR-ARG-003-055-009-ATBD-PP
Date: 09/12/2019
Page | 15

Algorithm Description

The “AROSICS” (Automated and Robust Open-Source Image Co-Registration Software). It is based on a phase
correlation approach as proposed by (Foroosh, Zerubia, & Berthod, 2002) and makes use of Fourier shift
theorem, enabling the determination of precise X/ Y offsets at a given geographical position. However, phase
correlation can only be used for two monochromatic (single band) input images with exactly the same pixel
dimensions, representing roughly the same (or slightly shifted) geographical position on the Earth’s surface,
ideally also with similar pixel intensity values. This is usually not fulﬁlled when dealing with multi-temporal
and multi-spectral data from different sensors (Figure 2.1 : Flow chart of AROSICS (Scheffler et al., 2017)).
Therefore, it was necessary to combine the pure phase correlation approach with additional processing and
evaluation modules that are all integrated within the AROSICS framework, representing the intrinsic
innovation of the presented work (Scheffler, Hollstein, Diedrich, Segl, & Hostert, 2017).
The workflow is divided into three major processing steps (see Figure below):
•

Input data preparation

•

Detection of geometric shifts

•

Correction displacements
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Figure 2.1 : Flow chart of AROSICS (Scheffler et al., 2017)
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Data Processing outline

According to the diagram of processing of the temporal series (see figure 2.3) a program was set up in order
to organize the co-registration ensured by AROSICS Module, this program select the images in input and it
controls and modifies the parameterized of this module, it also manages the generation of single-band and
their location also the updated metadata file.
See figure 2.1 for detailed description of process to produce a co-registered image.
Main steps are:
•

Depending of case (Table 2.1: the parameters (arosics) following the level of processing.) the user
should create a composite band image. This operation will be applied on the reference image and
target one.

•

The user should use Arosics model to start co-registering the target image by using the reference one,
after specifying some parameter such as:
o

Grid-res: tie point grid resolution in pixels of the target image

o

Max shift: maximum shift distance in reference image pixel units

o

Out resolution: out resolution value

Figure 2.2 : General Pre-processing process map approach
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Table 2.1: the parameters (arosics) following the level of processing.
Case

Composite Band

C1: VHR-VHR

Master -> Composite: 2,3,4

Grid-res

Max shift

Out resolution

100

20

Low resolution
between input

Target -> Composite: 2,3,4
C2: VHR-HR

Master -> Composite: 2,3,4

image

100

200

Low resolution
between input

Target -> Composite: 2,3,4
C3: HR-HR

Master -> Composite: 2,3,4 / All Band

image

90-100

20

Low resolution
between input

Target -> Composite: 2,3,4 / All Band

2.1.1. Sketch of the computer program

Input Definitions
image_reference : None
image_target : None
list_in : list band to merge
ListToProcess : list of data to process

Function merge_data(list_in ):
Create a Multi-Band raster from mono Band one.
Return Raster with all band

function findGDALCoordinates(path_image):
cover all parameters and criteria of image
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return extent_image ,number_column , number_row , cellesizeX , cellesizeY

function extractor_AOI (image_target , image_reference ):
1- Study the intersection between two images (All band ) , by using the function
‘findGDALCoordinates’.
2- we extrcat image following the area of intersection
return image_target_extracted , image_reference_extracted

function run_arosics(image_target_extracted ,image_reference_extracted,number_Cpu,maximum_iteration ,
maximum_shift):
run module arosics using image_target_extracted and image_reference_extracted
after using the function ‘extractor_AOI’
return image image_target_extracted_shifted
Main :
Run merge_data()
Run run_arosics ()

2.1.1

Pre-requisite:

The code is based on module exploitation named AROSICS. It is a python package to perform automatic
subpixel co-registration of two satellite image datasets based on an image matching approach working in the
frequency domain, combined with a multistage workflow for effective detection of false positives.
Option used (Local co-registration): A dense grid of tie points is automatically computed, whereas tie points
are subsequently validated using a multistage workflow. Only those tie points not marked as false positives
are used to compute the parameters of an affine transformation. Warping of the target image is done using
an appropriate resampling technique (cubic by default).
For a co-registration to success, we should use orthorectified images (or image with a low nadir angle, <6%),
less deformation implies more luck to successfully co-registration.
We should exploit the zone of the image which does not have No-data (see below - green Area).
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for a good quality of co-registration; we must have fixed reference objects in the intersection area
between the master image and the target one.

2.2

Algorithm Input

Two composite band images (Master image / Target image)
Case

Band

VHR-VHR

Master -> Composite : 2,3,4
Target -> Composite : 2,3,4

VHR-HR

Master -> Composite : 2,3,4
Target -> Composite : 2,3,4

HR-HR

Master -> Composite : 2,3,4 / All Band
Target -> Composite : 2,3,4 / All Band

2.3

Theoretical Description of the models in background of the procedure

2.3.1

Physical Description

For calculating geometric shifts between the input images within a single matching window, both subset
images are transformed into the frequency domain – in this study using FFTW (Fastest Fourier Transform in
the West), the fastest freely available implementation of discrete Fourier transform (DFT) that is described in
detail by (Frigo & Johnson, 2005). The two resulting images in the frequency domain are phase-correlated to
generate their cross-power spectrum, which is then transformed back into spatial domain using inverse FFTW
[(Zitová & Flusser, 2003), (Brown, 1992), (Rogass, Segl, Kuester, & Kaufmann, 2013), (Keller, Averbuch, &
Israeli, 2005)]. The normalized form of the cross-power spectrum in the spatial domain demonstrates a distinct
sharp peak at the point of registration of the input images (Figure 2.3: Subset images within the matching
window in spatial and frequency domains and the), which can be used for quantification of image
displacements [(Zitová & Flusser, 2003), (Leprince, Barbot, Ayoub, & Avouac, 2007) ,(Foroosh et al., 2002),
(Tong et al., 2015)]. Integer shifts can be derived from the distance between the position of the maximum
peak and the centre position of the spectrum in the X and Y directions.
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Figure 2.3: Subset images within the matching window in spatial and frequency domains and the
corresponding cross-power spectrum (spatial domain)

2.3.2

Mathematical Description and calculation procedures

Will be completed in version 2, following result from feasibility study.
2.3.3

Acceptance of the Models

Will be completed in version 2, following result from feasibility study.
2.3.4

Error estimation

Will be completed in version 2, following result from feasibility study.

2.4

Algorithm output

Co-registered products will be available for the production team to run processors.

2.4.1

Product content

Co-registered products will be delivered as a raster (GEOTIFF format) linked with the corresponding reference
image. Co-registered products will be available to production team to run the different processor, without
forgetting the metadata file (XML) which mentions the location of the co-registered files
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Algorithm Performance Estimates

A comparison of root mean square (RMSE) errors of detected displacements before and after
the correction was conducted to quantitatively assess the overall performance of the proposed
co-registration workflow. The intra-sensorial use case on Sentinel-2 band-to-band co-registration
(INTRA1) was omitted here, because a correction of the detected sub-pixel shifts has not been
considered to be beneficial. Figure 2.5 demonstrates the detected shift distributions before
and after correction for the use cases INTER1, INTER2 and INTRA2. Green markers show valid TPs,
whereas red markers stand for false positives. The indicated RMSE values were calculated based on
all absolute X/Y shifts within the whole tie point grid, after the exclusion of false-positives (Scheffler et al.,
2017).

Figure 2.4 : Summary of example satellite datasets
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Figure 2.5 :Distribution of detected geometric shifts before and after correction. RMSE in pixel
units always refers to the spatial resolution during image matching: (A,B) use case INTER1—
Sentinel-2/Landsat-8; (C,D) use case INTER2—RapidEye-5/Landsat-8; and (E,F) use case INTRA2—
TerraSAR-X. The dashed boxes in (A–C) indicate the axis limits of (B–F) for easier comparison of
geometric shifts before and after
2.5.1

Test specification

2.5.2

Test Datasets

Tests have been applied on an S2 image (as target), the reference one was selected from the same satellite
product with a spatial resolution of 10 m. After the definition of input path and the output one, and we’ve
executing the code. Below a comparison between status before and after the co-registration, to see the
difference we have using a small circle area inside the pixel. For this case of study, the results of comparison
show that we have a small a displacement of 10 m (by one pixel).
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Figure 2.6: Image (top: image large scale / bottom: Zoom), image (left side: after co-registration /
right side: image original), arrow (Direction of displacement )
2.5.3

Verification

2.5.4

Practical Considerations

In order to optimize or accelerate the calculations, and according to the quality of the input data we can modify
the following parameters in the command line Arosics:
- no data value: no data values for reference image and image to be shifted
- mp: enable multiprocessing (possible choices: 0, 1)
- max_shif: maximum shift distance in reference image pixel units (default: 5 px)
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Products Validation

The Arosics module validates the possibility of co-registration according to the number and the quality of the
points of similarity between the two images. In the case where co-registration is not possible, no results are
left.
2.6.1

Test specifications

2.6.2

Test Datasets (identification & description)

Will be completed in version 2, following result from feasibility study.
2.6.3

Validation

Will be completed in version 2, following result from feasibility study.
2.6.4

Practical Considerations

Will be completed in version 2, following result from feasibility study.
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Conclusion

3.1

Assessment of limitations

Will be completed in version 2, following result from feasibility study.

3.2

Mitigation

Will be completed in version 2, following result from feasibility study.
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