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Short reminder

Image processing library covers all needs in Remote Sensing: https://www.orfeo-toolbox.org/
Funded and developed mainly by CNES: ORFEO program, SWOT Aval, Theia, ...

A 15-year-old story

OSGEO Open-Source : Apache V2.0

Maximum reach : for all kind of users, SIG, scientists... laptop to clusters computers

Big data capable <‘*> OSGeO

Streaming / pipeline

Ccnes

Visualization

Parameters mning P Monteverdi End users software
Processing chains _ . . . i, i .
High level tasks ):D OTEB Applications — CLI, QT or Python API High level tools
Fast prototyping i, Y .
development [ OTB Core - C++ API ] Full API
ITK GDAL OSSIM MuParser Third parties
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OTB since LPS 2019 - OTB 7.x

« OTB7.x:

New set of applications:
Regression framework
Hyperspectral image processing
Image processing: FastNLMeans, ...
Utility: Zonal statistics

Improve support for SAR image:
New SAR sensor models :

CosmoSkyMed, TerraSAR-X

Improvement of the Sentinel 1 model for S1Tiling and
DiapOTB
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OTB since LPS 2019 - OTB 7.X

Support for GDAL 3
Switch from Python 2 to Python 3
Logs for the Python wrapper

NoData extended filename for output images:

&nodata=(double) value

The Java wrapper has been removed

New CI platform
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New OTB Continuous Integration platform

— Trigger jobs é
otb-build-env | Git | Kaniko
build
Push containers container
Dockar
Riar,.;u.-?.trg.cr
Provide runners
» Cloud
oth “Git Trigger pipeline Precheck
LFS
. Push XDK A AN
superbuild | Git |4 | @ @ | Prepare
-artifacts | LFS L '/
Pull XDK 'y Oy
T > @ @ | Build
4
Push QA report
sonar.orfeo-toolbox.org | sh QA reports &) Report
Publish binaries
vmworfeo toolbox.org |- J Deploy
cdash.orfeo-toolbox.org ==Lmk5 (0 dashboard | \W External
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OTB since LPS 2019 - OTB 8

* Remove OSSIM
Why?
Hard to package (Debian, Conda, Superbuild) -> Python
Hard to follow Ossim development cycle
Many Ossim functionalities are also implemented in GDAL
Large impact:
Metadata parsing and management refactoring
DEM handler refactoring -> more flexibility
RPC handling
Reuse RPC parsing from GDAL and new RPC class
SAR model reimplementation
Modern time points and duration
* Improve OTB integration into QGIS
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OTB 8 and QGIS = New interface

Parameters Log Parameters Log
Input Image 4| Channels
/mnt/datas/S2Data/S2A.Lif - [ ... v Band 3 Select Al
X coordinate Band 1 (Gray) :
Band 2 Clear Selection
0,000000 - Band 4
Toggle Selection
Y coordinate
0,000000 - Fox
Coordinate system used to designate the pixel
index -
Channels
Channel3
0% 0%
©OHelp Run as Batch Process... @close | @Run | Run as Batch Process... |W| X Close 5 CHelp
OoTB 7.4 OTB 8.0
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OTB 8 and QGIS = New interface

ComputeOGRLayersFeaturesStatistics X ComputeOGRLayersFeaturesStatistics (on b72f224cfaeT) X

Parameters Log

Parameters | Log
Vector Data 4| Feature
/mnt/datas/OTB2/otb/Data/Input/waterways.shp || ... osm_id E ——
Feature ?ame X
ype Clear Selection
Width| v width
Toggle Selection
ok
Oukput XML File
[Save to temporary file]
0% 0%
@ Help Run as Batch Process... Qclose || @Run | Run as Batch Process... | @Run | Xclose % SHelp
OTB 7.4 OTB 8.0
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OTB 8 and QGIS = New interface

Radiometricindices X

Radiometricindices (on c0a364045c48) x

Parameters Log Parameters | Log
. Tl |a 4 | Available Radiometric Indices
Red Channel [optional]
= V| Vegetation:NDVI Select All
0 - Vegetation:TNDVI
i Vegetation:RVI Clear Selection
NIR Channel [optional] Vegetation:SAV]
] - Vegetation:TSAVI Toggle Selection
Vegetation:MSAVI
Mir Channel [optional] v Vegetation:MSAVI2 Fox
Vegetation:GEMI
2 - Vegetation:PVI
. . . . Vegetation:LAIFromNDVILog
Available Radiometric Indices Vegetation:LAIFromReflLinear
. Vegetation:LAIFromNDVIFormo
Vegetation:NDVI v
Water:NDW/| Water:NDWI2
Water-MNDWI
Water:NDTI
b Advanced parameters Soil:Rl
Soil:Cl
Qutput Image Soil:Bl
. — Soil:BI2
[Save to temporary file] BuiltUp:15U
¥ Open output file after running algorithm -
0% 0%
©Help Run as Batch Process... Qclose ‘ Orun | Run as Batch Process... | @Run || XClose 5 ZHelp
OoTB 7.4 OTB 8.0
] | 1 | — :E ] — 1L} ] N LA | § ] ]
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OTB User day in 2021
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PyOTB - A PYTHONIC EXTENSION OF OTB

https://gitlab.orfeo-toolbox.org/nicolasnn/pyotb/

Using OTB Python API:
import otbApplication

resampled = otbApplication.Registry.CreateApplication('RigidTransformResample’')
resampled.SetParameterString('in', 'my_image.tif')
resampled.SetParameterString('interpolator’', 'nn')
resampled.SetParameterString('transform.type', 'id')
resampled.SetParameterFloat('transform.type.id.scalex', 0.5)
resampled.SetParameterFloat('transform.type.id.scaley', 0.5)
resampled.SetParameterString('out', 'output.tif')
resampled.ExecuteAndwWriteOutput()

Using pyotb:
import pyotb
pyotb.RigidTransformResample({'in': 'my_image.tif', 'transform.type': 'id', 'transform.type.id.scaley': 0.5,
"transform.type.id.scalex': 0.5, 'interpolator': 'nn', 'out': 'output.tif'})
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PyOTB - A PYTHONIC EXTENSION OF OTB

https://gitlab.orfeo-toolbox.org/nicolasnn/pyotb/

Prerequisite: having pyotb objects

import. pyotd INRAZ

# transforming filepaths to pyotbh objects
inputl, input2, input3 = pyotb.Input('imagel.tif'), pyotb.Input('image2.tif'), pyotb.Input('image3.tif')

Shape attribute Slicing
print(inputl.shape) # (width, height, channels) inputif[:, :, :3] # selecting first 3 bands
inputaf[:, :, [0, 1, 4]] # selecting bands 1, 2 and 5

inputl[:1000, :1000] # selecting 1000x1000 subset
import pyotb
import numpy as np
input = pyotb.Input('image.tif') # this is a pyotb object

# Creating a numpy array of noise
white_noise = np.random.normal(0, 50, size=input.shape) # this is a numpy object

# Adding the noise to the image
noisy_image = np.add(input, white_noise) # magic: this is a pyotb object that has the same georeference as input

noisy_image.write('noisy_image.tif')
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PyOTB - A PYTHONIC EXTENSION OF OTB

https://gitlab.orfeo-toolbox.org/nicolasnn/pyotb/

Example: masking clouds on a satellite image \totic

Cloud mask Masked image
1 band 4 bands

import pyotb

masked_image = pyotb.where(pyotb.Input('mask.tif') > 0, 0, 'image.tif')
masked_image.write('masked_image.tif', pixel_type='intl6')

13
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PyOTB - A PYTHONIC EXTENSION OF OTB

https://gitlab.orfeo-toolbox.org/nicolasnn/pyotb/ SR 2017-11-02

import pyotb

imagel = pyotb.Input('SENTINEL2A 20171023-105154-753_L2A T31TCJ_C_V2-2_FRE_10m.tif")
maskl = pyotb.Input('SENTINEL2A_ 20171023-105154-753_L2A T31TCJ_C_V2-2_CLM_R1.tif'")

image2 = pyotb.Input('SENTINEL2A_20171102-105210-461_L2A_T31TCJ_D_V1-4_FRE_16m.tif') 2 bande SR Cloud mack
mask2 = pyotb.Input('SENTINEL2A 20171102-105210-461_L2A_T31TCJ_D_V1-4_CLM_R1.tif') HEE NN SIONEERES i S"mage -

. , , . . Y
ndvil = (imagel([:, :, -1] - imagel[:, :, 2]) / (imagel[:, :, -1] + imagel[:, :, 2]) NDVI NDVI
ndvi2 = (image2[:, :, -1] - image2[:, :, 2]) / (image2[:, :, -1] + image2[:, :, 2])
merged_mask = (maskl > 0) | (mask2 > 0) \\\\ \\\
masked NDVI masked NDVI
masked_ndvil = pyotb.where(merged_mask == 1, -999, ndvil) ‘\\\\
masked_ndvi2 = pyotb.where(merged_mask == 1, -999, ndvi2) R

C'hange detection )
pyotb.MultivariateAlterationDetector(inl=masked_ndvil, in2=masked_ndvi2, out='changes.tif"') :

Y
Changes

14
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OTBTF — integration with TensorFlow

« Developed at INRAE to put in production research results N tetis
* Uses the C++ TensorFlow API |NRA®
« Enables to apply TF models on raster in OTB filters and applications

* Preserves the streaming in OTB pipelines

= O

atial imageg
09 geosP 9€sin oyg

S
&
O
@t

B remicres/ otbtf rFusic

Deep learning with otb (mirror of https://gitlab.irstea.fr/remi.cresson/otbif)

&8 Apache-2.0 License

¥r 106 stars % 30 forks

ttps://github.com/remicres/otbtf

« Docker images at https://hub.docker.com/u/mdl4eo

10
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OTBTF — integration with TensorFlow

New OTB Application:

* TensorflowModelServe: Inference
* TensorflowModelTrain: Training/validation (great for educational purpose) INRA@
* PatchesExtraction: extract patchs in one or multiple rasters

* TrainClassifierFromDeepFeatures: connects TensorflowModelServe to TrainlmageClassifier

* ImageClassifierFromDeepFeatures: connects TensorflowModelServe to ImageClassifier

* PatchesSelection: for patches selection from rasters (experimental)

* LabellmageSampleSelection: select patches from a label image (experimental)

* DensePolygonClassStatistics: same as PolygonClassStatistics but faster (experimental)

ExtractROI

) LN TensorflowM IServ i
OpticalCalibration SNSOrie odelServe ManageNodata
OTB_TF_NSOURCES=2

BandMath LU 16
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OTBTF — integration with TensorFlow

[+]
D B
METEO

"""" FRANCE

# Download the pre-trained SR4RS model

wget https://tinyurl.com/srdrsmodelv2

unzip srdrsmodelv2

# Run SR4RS over a Sentinel-2 image (Bands 4, 3, 2, 8)

python srdrs/code/sr.py \

--savedmodel srdrs_sentinel2_bands4328 france2020_savedmodel \
--input S2_image_channels_4328_10m.tif \

--output S2_SR.tif

if _name__=="_main__":
# Some secondary stuff to retrieve parameters values, etc

# The important stuff

infer =
otbApplication.Registry.CreateApplication("TensorflowModelServe")
infer.SetParameterStringList("sourcel.il", [params.input])
infer.SetParameterint("sourcel.rfieldx", rfield)
infer.SetParameterint("sourcel.rfieldy", rfield)
infer.SetParameterString("sourcel.placeholder”,
constants.Ir_input_name)
infer.SetParameterString("model.dir", params.savedmodel)
infer.SetParameterString("model.fullyconv", "on"
infer.SetParameterStringList("output.names", [ph])
infer.SetParameterint("output.efieldx", efield)
infer.SetParameterInt("output.efieldy”, efield)
infer.SetParameterFloat("output.spcscale”, ratio)
infer.SetParameterInt("optim.tilesizex", efield)
infer.SetParameterInt("optim.tilesizey", efield)
infer.SetParameterint("optim.disabletiling", 1)
infer.SetParameterString("out", out_fn)
infer.SetParameterOutputimagePixelType("out"”, encoding)
infer.ExecuteAndWriteOutput()
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OTBTF — integration with TensorFlow
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OTB In operational chains

Atmospheric correction
and cloud screening

Biophysical indices
software

generation

Create monthly

Ccnes < Theo
ﬂgro =S

GROUP
Ortho-rectification of h
inel- 4 magellium
Sentinel-1 data on THALES g

MGRS grid

(& RUS

ai‘ge-

Snow cover extent
detection algorithm syntheses of cloud- processing chain mapping
free reflectances 0
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DiapOTB — Results with Sentinel-1

ascending orbit (2020 jan 11-17)

P. Durand, N. Pourthie, G. Usseglio and C. Tison,
"DiapOTB: a new open source tool for Differential SAR
interferometry,” EUSAR 2021; 13th European Conference
on Synthetic Aperture Radar, 2021, pp. 1-4.

Main Processing DEM
Reference Image

: 8 Secondary Image

Coregistred
Secondary Image

Amplitude . I Coherence
Image . ‘i\ | Image
W Lvan |
4 \ix Phase Difference

.\w! Image
N fod %

Filtered
Interferogram

1
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iii
1
|
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i
1|
1!
i
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S1Tiling

EODAG for data provider management

« OTB for building in memory pipelines

» DASK for running pipelines in parallel Fialie \

Analyzeborder
|

e Sources: https:// gitlab.orfeo toolbox.org/s1
tiling/s1tiling
« Available on PiPy / Conda

« Documentation:
https://s1tiling.pages.orfeotoolbox.org/s1tiling/la
test

* Used in TropiSCO and WorldCereal projects at
large scale

Ccnes

L L p 21
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https://s1tiling.pages.orfeotoolbox.org/s1tiling/latest

MAJA Processor

»”»

Landsat-8 L2A 2020-10-19

Hagolle et al. (2015)

A Multi-Temporal and Multi-Spectral Method to Estimate
Aerosol Optical Thickness over Land, for the Atmospheric
Correction of FormoSat-2, LandSat, VENUS and Sentinel-2
Images

Remote Sensing 7(3), 2668 — 2691,
https://www.mdpi.com/2072-4292/7/3/2668.J.
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WASP processor- L2A Temporal synthesis

Mosaic of WASP L3A Norway Cloud-free mosaic 2021 Mosaic of WASP L3A September 2021
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Conclusion = OTB Future

« OTB is alive and more and more used for operational use but less by researchers
 Roadmap to 9.0:
Remove GUI -> QGIS main interface
Drop support of MacOSX thanks to official docker image: https://hub.docker.com/r/orfeotoolbox/otb

Continue the Python integration

* And Next?
How to reached new contributor in C++?
Keep some machine learning module in OTB?

Focus on pre-processing to python array

 Your contribution are welcome:

- FI554G
QIRENEE 2022 )
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on the OTB Forum: https://forum.orfeo-toolbox.orqg/

At FOSS4G this summer with one workshop and two presentations



https://hub.docker.com/r/orfeotoolbox/otb
https://forum.orfeo-toolbox.org/

