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About me 2

Education and formation

▪ Engineer in Geomatics and Topography

▪ Engineer in Geodesy and Cartography (2nd cycle degree)

▪ Master's Degree in Remote Sensing

▪ PHD IN MATHEMATICAL METHODS AND MODELLING IN SCIENCES AND ENGINEERING
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Current position

Department:

Remote sensing and GIS

Applied Mathematics
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1. Gap Filling

Goal: 
To reproduce spatially continuous fields from
discontinuous data and cloud contamination



Harmonic methods
• Fourier analysis including  offset, rate 

and quadratic terms

• Sliding window approach

Matlab methods

Double sigmoid functions
Nonlinear least squares regression

Machine learning algorithms

Satellite Image Gap Filling Methods 6

Polynomial fitting
Linear
Nearest
Next
Previous

Spline
Pchip
Cubic
Makima

Bagtree
Ares
ELM
Boost
KNRR
GPR

KRR
LWP
LSLR
MSVR
NNIPL
RKS

RF1
RF2
SKRRlin
RVM
RLR
SSGPR

SKRRrbf
TREE
WGPR
VHGPR
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Satellite Image Gap Filling Methods

Fourier Analysis: Sliding window MODEL



2. Vegetation phenological parameters 8

Goal: 
To study of recurring patterns of
vegetation growth and development, as
well as their connection to climate.

In agriculture studies, they are used for
yield determination, and to improve
management and timing of field works.

With long-term and frequent satellite
observations, it is possible to monitor
changes in key biophysical attributes.



Vegetation phenological parameters 9



Some of the seasonality parameters generated
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3. Synergy of Satellite observation
▪ The presence of clouds reduces the availability of optical information of any land cover.

▪ The synergy of different satellite observations could help to obtain a more complete picture of phenological 
dynamics than could be gleaned from any single satellite on its own.

▪ Nowadays, a growing number of Earth Observation data comes from different satellites (e.g. Sentinels).

▪ The synergy of different satellite observations could help to obtain a more complete picture of phenological 

dynamics than could be gleaned from any single satellite on its own.
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Synergy: Research purpose 

Using Multi-Output Gaussian Process (MOGP) regression to establish a
synergy between vegetation descriptors from active-passive imageries,
and tackle the problem of cloud-induced data gaps over vegetated areas.

Sentinel-1

Radar Vegetation Index (RVI)

Sentinel-3

Leaf Area Index (LAI)



Why MOGP regression?
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MOGP is a machine learning technique that

learns automatically the statistical relationships

among multisensor time series (capture the

dependencies).

Limitation of single Gaussian Process (GPR):

the obtained models are independent and do not

take into account the relationships among outputs

It is based on the linear model of

coregionalization (LMC), also known as co-kriging

in the field of geostatistics.

MOGP can be trained at any scale, e.g., per-

pixel or averaged per land cover.

For each multisensor time series, it creates a

specific model providing a prediction of the

vegetation descriptors at any date along with an

estimation of its uncertainty.

MOGP method provides a quantifiable

measure on how well two distinct Earth

Observation products sources are expected

to complement each other in time series

gap filling.

See Alvarez et al. (2012) for details of the mathematical formulation
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RVILAI

Multioutput Gaussian Process Regression Modelling (MOGP)

The time series of the two input parameters to be

linked by MOGP, DPS1 and DPS2, are used to train

the model.

The trained MOGP model provides a prediction of

PS1 and PS2 along with their uncertainty for each

input time t.



Acronym:

Descomposition and Analysis of Time Series

(DATimeS)

Gap Filling

Future Tasks
Automatic Harvest 

trends and Disturbance 
detection

Vegetation 
Phenological 

indicators

Synergy
Fusing multi-sensor 

time series

DATimeS Modules



Data Inputs 16

Images can be processed 
in multiple formats

Single pixel from .txt fileRegion of Interest



Gap filling: GUI
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Examples: Different seasonality patterns 18

Average Computation time:

Sigmoid         1.012 sec

GPR              0.088 sec

KRR              0.020 sec

SW Fourier    0.059 sec



Examples: Different seasonality patterns 19

Average Computation time:

Sigmoid         1.299 sec

GPR              0.092 sec

KRR              0.023 sec

SW Fourier    0.063 sec



Examples: Different seasonality patterns 20

Average Computation time:

Sigmoid         9.264 sec

GPR              0.215 sec

KRR              0.078 sec

SW Fourier    0.089 sec



Interpolation of only clouded/filtered pixels 21



Interpolation of only clouded/filtered pixels 22
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Phenological Parameter: GUI

▪ Use ”Min Prominance” option to locate

the peaks that have a prominence of at

least ...

▪ Find Peaks with Minimum Separation
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Start and end of Season (SOS/EOS): different methods



Post – Processing: Spatial interpolation

This module only spatially interpolates
NaN/clouded/filtered pixels.
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As an example, the phenological indicators were
spatial interpolated:
• Amplitude
• Maximum value
• Day of maximum value
• Area
• Length of season
• Start/End of season

User can choose any image or the outputs
previously estimated by using DATimeS.
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Post –Processing: SOS / EOS

Spatial Interpolation



Post –Processing: More available products
27
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Animations after temporal or spatial interpolation



User’s Manual 29



Demonstration Case 1
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Heterogeneous crop area of

approximately 140 km2 within the

Castile and León region, North

western Iberian peninsula

The Area of interest (AOI) belongs

to a wider validation region of the

H2020 Sensagri Project

Mainly dryland farming in winter

(cereals, wheat, barley, or forage);

irrigated farming in summer

(maize, barley, wheat, sugar beet,

alfalfa and potato).

A land cover map is generated

yearly since 2013 using a random

forest classifier

Sentinel-2 / Leaf Area Index (LAI): From 2015 to 2019

Interpolation methods and phenological indicators
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Testing interpolation fitting methods
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Testing interpolation fitting methods



Phenological metrics between different crops and seasons
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The phenological metrics derived from the mean LAI of
different crop types
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Is there any relationship with the Crop Yield and Weather?



Demonstration Case 2: Synergy

From January 2015 to October 2018

S2 imagery:

97 partially-cloudy images

S1 imagery: 

246 (ascendant orbit)

267 (descendant orbit)



Sentinel 1/2 preprocessing Chain

MOGP synergy



DATimeS Toolbox: MOGP Synergy module

INPUT 1: LAI

INPUT 2: RVI



MOGP time gap-filling on crop polygon: TRAINING

Figure. MOGP predictions (circles) of LAI and RVI on the union of S1 and S2 acquisition dates
provided by the MOGP model trained on input time series (asterisks).

Prediction analysis of temporal profile



MOGP vs standard GRP time gap-filling: ASSESSMENT

Figure. Assessment of standard GPR (a) and MOGP (b) predictions (blue circles) for data gap-filling on S2

cloud-free captures (magenta) eliminated from training information (red asterisks) and here used as reference.

GPR --> R2 = 0.90 and RMSE = 0.95

MOGP --> R2 = 0.99 and RMSE = 0.24

Prediction analysis of temporal profile



Prediction analysis of temporal profile



MOGP LAI mapping and assessment (vs standard GPR)

Spatial prediction analysis: long temporal gap



MOGP LAI mapping and assessment (vs standard GPR)

Spatial prediction analysis: long temporal gap

ALL VEG IMAGE PIXELS

PIXELS fulfilling 

model-based 

conditions for 

profitable active-

passive synergy 



DATimeS GOAL: improve the knowledge of crop dynamics, essential for agricultural applications
(e.g. productivity, management and timing of field works).

Gap Filling

Future Tasks
Automatic Harvest 

trends and Disturbance 
detection

Vegetation 
Phenological 

indicators

Descomposition and Analysis of Time Series (DATimeS)

Synergy
Fusing multi-sensor 

time series

Let’s review DATimeS

GAP filling: More than 30 methods

Phenological studies with different crop types
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Images can be processed 

in multiple formats
Single pixel from .txt file

Region of Interest

Animations (videos)

Spatial Interpolation

Let’s review DATimeS



User friendly
Compiled Version 

available

Different images 

formats

Future: Automatic
Harvest and Disturbance
detection (Pest and
disease alarms).

Sustainable crop 
Production (global 
warming )

Let’s review DATimeS: 
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Make smart and timely 
decisions to improve yield 
and profit based on the 
right and accurate data

Advanced Harmonic analysis , machine learning algorithms and 

double sigmoidal functions have been implemented



Any questions?

You can find me at:
» Santiago.belda@uv.es
» Jochem.verrelst@uv.es
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