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What is Machine Learning?
Machine learning is a set of methods that computers use to make and improve
predictions or behaviors based on data.

The presentation will focus on supervised machine learning: we have a dataset
for which we already know the outcome of interest and want to learn to predict
the outcome for new data.

If the output is categorial, the task is called classi�cation, and if it is numerical, it
is called regression.

Clustering tasks (= unsupervised learning) or reinforcement learning are not the
object of this lecture.

[C. Molnar, Interpretable Machine Learning, 2021]
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Satellite image processing

Materials in a scene re�ect, absorb, and emit electromagnetic radiation
in a different way depending of their molecular composition and shape

Remote sensing exploits this physical fact

Absorption, depth, re-emissions and particular spectral features

Accurate identi�cation of bio-physical components and processes

Image spectroscopy allows to identify materials in the scene with
unprecedented accuracy
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Ocean Colour processing
Different materials produce different electromagnetic radiation spectra

The spectrum shows absorptions and emissions at different wavelengths

The spectral information contained in an image pixel can therefore
indicate the various components in the water

[Olmanson et al., 2016] [Ocean Optics Web Book]
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Standard processing chain

Many steps and by-products from signal/image acquisition to the �nal
product

Transmission � Preprocessing � Processing

A wide diversity of problems and dedicated tools

[Stelzer et al., 2020]

Ana B. Ruescas ML4OC November 4, 2021 6 / 34



Introduction Feature extraction Classi�cation Regression Conclusion

Challenges

How to select the best features that describe the problem

Extract the best combination of spectral bands

Automatically �nd groups of pixels in the image for screening,
detection...

Estimate geo-physical variables from the spectra (e.g chlorophyll-a)

Assign semantic classes to objects/regions in the scene (e.g. water
types)

High dimensional data: multi-temporal, multi-angular and multi-source
fusion

Non-linear and non-Gaussian feature relations

Few supervised (labeled) information is available (high cost)

Tons of data to process in (near) real-time
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Feature Extraction
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Feature selection

Try to �nd a subset of the input variables (also called features or attributes).
Extracting features from remote sensing images is essential to:

Compress information for storage/transmission

Reduce (spatial and spectral) redundancy

Make image processing algorithms more robust (to noise, labels, dim.)

Visualize data characteristics

Understand the underlying physical relations

Extracted features can be either:
1 Spectral:

Physically-based spectral features: erosion, dilation, �lters
Statistical multivariate methods: linear and nonlinear

2 Spatial/contextual:
Standard image processing descriptor
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Spectral feature extraction
Measured spectral signal at the sensor depends on the illumination, the
atmosphere, and the surface observed

Physically-inspired features before applying a machine learning algorithm

Adapt standard feature extraction methods, such as PCA, to include knowledge
about the physical problem

Statistical multivariate methods:

Dimensionality reduction is sometimes essential before classi�cation or
regression

Most of the spectral feature extractors are based on multivariate analysis:
“project data onto a subspace that maximize explained variance, minimize
correlation, minimize error, etc.”

Linear (PCAs) and non-linear methods (KPCAs)

[PCA and kernel PCA explained]
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Principal component analysis (PCA)

Find features maximizing the variance of the data

The Python code:

PCA transformation

from sk learn . decomposit ion import PCA
pca = PCA( n_components=2)
prinComp = pca . f i t _ t r a n s f o r m ( input_data )
p r i nD f = pd . DataFrame ( data = prinComp ,

columns = [ 'PCA 1 ' , 'PCA 2 ' ] )

Advantages and disadvantages:
X Simplicity
X Easy to understand
� Unsuitable for non-linear problems (kPCAs?)
� More dimensions than points?
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Classi�cation
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