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1. REMOTE SENSING FOR ENVIRONMENTAL

MONITORING

1.1 OVERVIEW

Remote sensing is the scientific discipline that allows to obtain qualitative and quantitative
information, on distant objects and on the surrounding environment based on measurements
of emitted, reflected or transmitted electromagnetic energy, which interacts with the surface
of interest. It includes the set of techniques and tools that enhance the perceptual capacities of
the eye and of the human brain, giving the viewer information about distant object and about
the surrounding environment. The study of a phenomenon or a surface made with remote

sensing techniques is composed of three distinct phases:

e Spaceborne or airborne data acquisition;
e Data processing;

e Data interpretation and use.
Application fields of remote sensing are, for example:

e Agriculture: management of production processes, checks on the types of crops, crop
yield forecasting and inventory, property control, post-disaster damage assessment;

e Forestry Sciences: Forestry cartography, state property management, fire detection,
forests monitoring;

e Geology and applied geology: geological cartography, sea and surface exploration,
environmental impact assessment, mining monitoring, subsidence, landslides;

e Topography and thematic cartography: cartography development, management and
updating, planning, cadastre, control of illegal construction;

e Environment: multitemporal classification of land use and land covers, ecosystem
control and management, pollution monitoring, industrial discharges and urban waste,
management of water supply and wetlands;

e Risk assessment: landslides monitoring, subsidence, floods, volcanoes, earthquakes
and damage assessment, polluted areas identification, planning of emergency

structures;
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e Sea and coastal areas: coastal management, coastal erosion, monitoring of glacial and
periglacial areas, planning and control of the sailing routes, presence of algae;

e Telecommunications: planning and support of transport networks and navigation at
urban and international scale;

e Media and tourism: cartography, marketing, education, property analysis, territory

development.

Nowadays large amount of remote sensing data are available, each with its own
characteristics that make it suitable for a particular purpose. Aircraft or satellite sensors
acquire data of surface reflectance at different wavelengths of the electromagnetic spectrum.

In Table 1.1 the spectral region of interest for remote sensing are summarized.

SPECTRAL REGION BAND SPECTRAL RANGE (Um) WIDTH (um) FRE@&E’;‘CY
Ultraviolet (UV) Ultraviolet 0.1-0.38 0.28 3000-789
Violet 0.38-0.43 0.50 789-697
Blue 0.43-0.475 0.45 697-631
Blue-Green 0.475-0.49 0.15 631-612
Visible (VIS) Green 0.49-0.55 0.60 612-697
Yellow 0.55-0.58 0.30 789-545
Orange 0.58-0.62 0.40 545-517
Red 0.62-0.75 1.30 517-484
Near IR (NIR) 0.75-1.3 0.55 484-400
Infrared (IR) Short Waves IR (SWIR) 1.5-2.5 1 400-231
Medium waves IR (MWIR) 3.5-5.2 1.70 200-120
Thermal IR (TIR) 7-20 13 86-58
Microwaves (MW) Microwaves 0.1-100 cm ~100 cm 300-0.3 GHz

Table 1.1: Main bands of the electromagnetic spectrum used in remote sensing application

Properties of remote sensing images that involve this Ph.D work are the spatial resolution and

the spectral resolution of the images.

Spatial resolution of an imaging system is expressed as the area of the ground represented by
one pixel. The instantaneous field of view (IFOV) is the ground area sensed by the sensor at a
given instant in time. The spatial resolution is dependent on the IFOV. The finer the IFOV is,
the higher the spatial resolution. Spatial resolution is also viewed as the clarity of the high
frequency detail information available in an image. As the spatial resolution increases the
details in an image are clear. Figure 1.1 shows three images of the same ground area but with

different spatial resolutions.

As one can see from the images, the detail information in the images becomes clear as the

spatial resolution increases from 11.2 m to 2.8 m. Spatial resolution is usually expressed in
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meters or foot in remote sensing. In medical imaging, it is expressed in millimeters and in

document scanning or printing it is expressed as dots per inch (dpi).

Images with high spatial resolution allow many applications, such as the study of shorelines

and water bodies, urban planning, the study of the urban heat island, etc..

(b)

Figure 1.1: Image of the same area with different spatial resolutions a) Spatial resolution = 2.8 m, b)
Spatial resolution = 5.6 m, ¢) Spatial resolution =11.2 m

Spectral resolution is the width within the electromagnetic spectrum that can be sensed by a
band in a sensor. The narrower the spectral bandwidth is, the higher the spectral resolution. If
the platform has a few spectral bands, typically 4 to 7, they are called multispectral, and if the
number of spectral bands in hundreds, they are called hyperspectral data. Often a
multispectral or hyperspectral sensor is coupled to a panchromatic sensor (PAN), i.e. a sensor
composed of a single band that includes all wavelengths of the visible electromagnetic region.
If a sensor has an high number of bands, it can be used for many applications such as
environmental monitoring, identification of particular substances in the atmosphere, the

spectral characterization of fires, etc.



1. Remote Sensing for environmental monitoring

1.2 MAIN GOALS OF THE PH.D

Recent remote sensing applications require sensors that provide both high spatial and spectral
resolution, but this is often not possible for economic and constructive problems. The "fusion™
of images at different spatial and spectral resolution is a method widely used to solve this

problem.

My Ph.D work is focused on the spatial improvement of satellite images acquired in the
Thermal Infrared spectral region (TIR) and in the Visible-Near Infrared spectral region
(VNIR). This spatial improvement has been obtained in the two spectral regions with two
different methodologies: in the TIR case, the Sharpening Water Thermal Imagery - SWTI
(Teggi, 2010; Teggi, 2012, Teggi et al, 2011, Despini et al, 2012, Teggi et al, 2014) has been

used while in the VNIR case, data fusion techniques have been implemented.

In both cases, however, the aim is to "merge together" low spatial resolution information with

high spatial resolution information obtained from the same sensor.

Part of the work on the TIR region has been included in a study for the Istituto superiore per
la prevenzione e la sicurezza del lavoro (ISPSEL) called "Uso di immagini telerilevate
nell'infrarosso termico per lo studio delle interazioni fra insediamenti industriali ed ambiente"
(Teggi et al., 2010) for the study of thermal pollution of coastal areas and river stretches. The
purpose of my work was the development of an automated and repeatable methodology for
segmentation, classification and analysis of water surfaces for regulatory purposes. The work
was expanded by including statistical analysis for the validation of the SWTI algorithm used

in the pre-processing of the images.

VNIR work is part of the ASI — AGI (Analisi Geofisiche Integrate) project of the Italian
Space Agency managed by Istituto Nazionale di Geofisica e Vulcanologia (INGV) in Rome.
This project provide the launch in orbit of a new satellite sensor, PRISMA, composed by an
hyperspectral camera with a spatial resolution of 30 m, and a panchromatic camera with a
spatial resolution of 5 m. the purpose of my work was the implementation and validation of
different pan-sharpening algorithm to fuse 30m-data with 5m-data trying to preserve spatial
and spectral information. In this way, users interested in data acquired from PRISMA will

also have an image with high spatial and spectral resolution from which to obtain information.
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The validation of pan-sharpening algorithm is the result of a collaboration with Prof. Andrea
Baraldi (Adjunct Associate Professor Department of Geographical Sciences University of
Maryland). And with Baraldi Consultancy in Remote Sensing (BACRES) of Andrea Baraldi.






