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Arid Lands As Viewed From Space
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Use of Remote Sensing

The unique perspective from above (space or airborne
platforms) is ideal for understanding the changes to the
environment in space and time.

Information can be gathered without disturbing the site.
Cultural resources can be monitored and protected.
Natural resources can be explored and managed.

Non-destructive Remote Sensing (RS) investigations range
from site- specific to regional analysis (site detection;
natural/cultural resources management).

RS enables interdisciplinary research (geography, botany,
forestry, soil sciences, hydrology, geology etc.). All
contribute to a more complete understanding of the Earth,
climate shifts, and how people make use of the
environment and its resources.




Remote Sensing Systems

An orbiting platform containing imaging equipment
gathers data from a specified section of the Earth and
transmits the data to an earth-bound receiving station.
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Remote Sensing Process: (A) energy source/illumination; (B)
radiation and atmosphere; (C) interaction with target; (D) recording
energy; (E) transmission, reception and processing; (F) interpretation
and analysis; (G) application.




Remote Sensing

Definition:

Remote Sensing means obtaining information about an object
without touching the object itself. It has two aspects:

« The technology of acquiring data through a device which
is located at a distance from the object, and

« Analysis of the data for interpreting the physical
attributes of the object.

Both aspects are intimately linked with each other.
Measurement of phenomena or objects can be obtained with
devices that are sensitive to force/energy components.




Advantages of RS Technology

Major advantages of satellite borne RS techniques over other
methods of ground investigations are:

1.Synoptic overview: Remote sensing permits the study
of various spatial features in relation to each other, as well
as delineation of regional features/trends/phenomena.

2.Feasibility aspect: as some areas may not be
accessible to ground survey, the only feasible way is from
remote-sensing platforms.

3.Time saving: the technique saves time and manpower.

4.Multidisciplinary applications: the same remote
sensing data can be used by researchers/workers in
different disciplines, like archaeology, geology, forestry,
land use etc. => overall benefit to cost ratio is better.




Earth Observing Satellites
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Sensor Characteristics
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Solar Spectrum
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Solar irradiance at the top of the atmosphere
(solid line) and at sea level (dotted line).
Differences are due to the atmospheric effects.
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Imaging System
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Landsat Multispectral Scanner (MSS)
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Landsat 1 was the first Earth-observing
satellite launched (in 1972) to space for
civilian use. It carried the multispectral

MSS sensor.




Sensor Bands & Spectral Curves
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Figure 2.2 Angular instantaneous field of view (IFOV), «,
showmg the p?ojection XY on the ground. Note XY is the Figure 2.3 Instantaneous field of view based on the amplitude
diameter of a circle. of the point spread function (PSF).




Characteristics of IFOV

IFOV (instantaneous field of view) is defined as the area on the ground that
is visible by the instrument from a given altitude at a given instant of time.

IFOV is influenced by:
1. Changes in orbit altitude (pixel size of a given sensor varies);

2. The point spread function PSF (the way a sensor sees a reflective point
source; recorded intensity distribution of the signal).

Spatial Resolution _ . .
Spectral Resolution <> SNR (Signal-to-Noise Rano%
Radiometric Resolution IFOV (Instant. Field of View

High spatial resolution (small pixel size) — smaller IFOV (lower SNR)
High spectral resolution (many narrow bands) — lower SNR (more noise)
High radiometric resolution (bytes per pixel) — larger IFOV (lower spatial res.)
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Image Structure
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Spectral Curves }‘.

Spectral Reflectance Curve: describes the type or condition of the
surface material, also called spectral signature of a specific material; it
may change over time. Many earth surface features can be identified,
mapped, and studied on the basis of their spectral characteristics.
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Digital Image Processing

Digital image processing techniques can be divided into four categories:

Image restoration: involves processes to remove systematic errors in
data such as noise or geometric distortion. Procedures include
restoring periodic line dropouts, filtering random noise, and correcting
for atmospheric scattering. They are also called preprocessing
methods.

Image enhancement: includes any alteration of the data that
improves the interpretability of the image information. Procedures
include contrast stretching, edge enhancement, false color composites
and image transformations.

Image extraction: involves spectral data analysis and the application
of statistically based decision rules for determining feature
identification. Procedures include density slicing, principal component
separation and pattern recognition (classification).

Image merging: aids interpretation by manipulating and merging
several data sets together (multi-source and multi-temporal data)




Visual Image Interpretation

Remote sensing analysis involves identification of various targets
(environmental and/or artificial features). Recognizing targets is the key to
interpretation and information extraction.

Visual elements used to differentiate between targets and their background:

« Tone: relative brightness or color of objects

« Shape: general form, structure or outline of individual objects

« Size: is a function of scale and affects level of extractable information

« Pattern: spatial arrangement of visibly discernible objects

« Texture: arrangement and frequency of tonal variation (rough texture —
gray levels change abruptly in a small area; smooth texture — little tonal
variation)

« Shadow: provides an idea of the profile and relative height of targets

« Association: relationship between recognizable objects in proximity to
target
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Visual Image Interpretation

Visual image interpretation: relies on a series of interactions
involving shapes, patterns, assemblages of tones and colors,
texture, scale and context.

Four steps:

Detection (perception that something of interest exists)
Localization (defining the position of this ‘thing’)
Recognition (that it is a particular category of ‘thing’)
|dentification (of its unique attributes/features)

> o~




