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BY DEVIS TUIA AND GABRIELE MOSER

FROM THE GUEST EDITORS

T
his special issue comprises a series of selected papers 

about the current status and the latest advances in 

the area of data fusion for remote sensing applications. 

It contains six original contributions, tutorial-style, 

covering a wide range of the contemporary fast moving 

topics in the field.

Data fusion has a long lasting tradition in remote 

sensing, since Earth observation is by definition 

dynamic (thus implying a tem-

poral component), multiscale 

(multiple spatial resolutions) 

and related to different physical 

quantities (thus requiring mul-

tiview/multisensor capability). 

Data quality and continuity are 

also key questions because, to 

provide the desired monitoring 

products, data must be complete 

and usable.

Nowadays, with the availabil-

ity of images being less and less of an issue, the need for 

data fusion strategies becomes even more crucial. We 

are overwhelmed by the wealth of data (e.g., the Landsat 

and Sentinel archives are growing everyday, while drone-

based imagery is widely accessible for institutional and 

private customers), and research must explore new ways 

of making sense of this huge (and still growing) amount 

of data.

In this framework, this special issue provides six 

snapshots of recent advances in cutting-edge scien-

tific directions. They have been identified through a 

two-step submission/review process including, first, 

a selection within white paper submissions and, 

then, a traditional blind peer review of full paper 

submissions:

1)  Multitemporal fusion and analysis: In this paper, the 

authors present the state of the art in change de-

tection and multitemporal image processing. It is 

a long-term topic for data fusion, as acknowledged 

by many past efforts from the whole data process-

ing community (e.g., see the 2009–2010 IEEE GRSS 

Data Fusion Contest or numerous Bayesian, kernel, 

and Markov approaches developed in the past two 

decades), and is now active more than ever thanks 

to the aforementioned increased access to data and 

to long satellite image time series.

2)  Multiresolution fusion and pansharpening of hyperspec-

tral images: Pansharpening is probably the multires-

olution data fusion technology of longest running 

tradition. Using pansharpening techniques, it has 

become possible to obtain multispectral images of 

increased spatial resolution, thus opening many re-

markable interpretation opportunities. The coverage 

of the panchromatic band usually focused this type 

of fusion to multispectral sensors in the visible and 

near-infrared ranges. However, recent studies have 

also been addressing sharpening for other passive 

data modalities including thermal bands and hy-

perspectral. In this paper, authors address the most 

recent advances of the latter challenging topic, i.e., 

pansharpening of hyperspectral imagery.

3)  Resolution blending: Another key issue in multitempo-

ral analysis is to provide time series of data at their 

maximum spatial and spectral resolutions. This topic, 

referred to as resolution blending, might conceptually 

parallel pansharpening but, instead of using a pan-

chromatic and a multichannel image for the fusion, it 

uses two (or many) multichannel images. This paper 

reviews recent methods to perform resolution blend-

ing in vegetation monitoring applications.

4)  Data fusion for missing information reconstruction: A 

critical assumption in most image processing tasks 

is to rely on complete and good quality input data. 
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When data come with gaps, due for example to clouds 

or shadows, models and processing methods may gen-

erally provide wrong predictions. Many works have 

considered how to use multitemporal imagery to recon-

struct time series of products affected by clouds, shad-

ows, or climate trends. This paper critically discusses a 

wide set of approaches used to address these missing 

data problems.

5)  Decision fusion and ensemble methods: In a supervised 

classification problem, relying on a single classifier may 

sometimes provide insufficient generalization capabil-

ity. Indeed, it has been shown methodologically and ex-

perimentally that suitably combining several classifica-

tion (or clustering) outputs turns out to be beneficial for 

the accuracy and generalization capability of the final 

classifier. This paper critically reviews, from a method-

ological perspective, the fusion of an ensemble of weak 

classifiers at the decision level.

6)  Multisensor SAR/optical fusion in urban areas: Because of 

their complexity and their applicative key relevance, 

urban areas have always been a major playground for 

data fusion activities. Previous and current approach-

es have been exploring the integration of optical, 

synthetic aperture radar (SAR), LiDAR, and thermal 

hyperspectral data, and of features extracted from 

vector web sources. This paper reviews multisensor 

strategies based on decision-level or feature-level fu-

sion for the mapping of large scale urban areas using 

SAR and optical imagery.

In addition to these technical-scientific contributions, 

the important topic of education in the field of the fusion 

of remotely sensed data is also discussed in this special 

issue. A column paper addresses this topic by building on 

the experience of the series of Pavia International Summer 

Schools on data fusion and remote sensing.

We do hope you will find this selection of high qual-

ity contributions interesting. It is also worth recalling that 

the data fusion field is very active, is always growing, and 

widely exceeds the domains depicted in these papers. 

Integration of multimedia data and data assimilation are 

also becoming new trends that we hope will appear in the 

future. The links with the machine learning and vision 

communities are getting tighter, and opportunities for new 

fusion challenges are there to be tackled. We hope that, 

through this special issue, the community will engage in 

this challenging and rewarding field, and provide new 

refreshing views adapted to the new challenges of remote 

sensing: more images, more sensors, more modalities, and 

more applications.

We would like to thank all the authors that contributed, 

as well as the numerous reviewers, who offered their time 

and effort to make this issue happen.

D. Tuia, University of Zurich

G. Moser, University of Genoa
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