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Course Overview

Direct measurement of physical properties
of the Earth surface

SAR radar
Hyperspectral sensors
Airborne platforms

Object-based image analysis

High resolution optical imagery
Computer vision techniques
Object recognition, Al, ...

Data-driven image analysis

Statistical properties of remote sensing data
Image transformations (PCA, MNF, Fourier, ...)
Supervised classification, data clustering
Unsupervised change detection

Forschungszentrum Julich

im Institut fir Chemie und Dynamik der Geosphére (ICG) in der Helmholtz-Gemeinschaft



Outline

Representing images

image formats, vector representation, matrices, eigensystems, finding minima
and maxima

Image statistics

random variables and vectors, probability distributions, parameter estimation,
hypothesis tests, entropy, regression, regularization and dual formulations

Spectral transformations

principal components, kernel PCA, minimum noise fraction, spatial correlation,
noise estimation

Supervised classification

Bayes Theorem, maximum likelihood, neural networks, support vector ma-
chines, adaptive boosting, accuracy evaluation, linear unmixing

Unsupervised classification

cost functions, K-means, kernel K-means, hierarchic clustering, fuzzy clustering,
expectation maximization, multi-resolution clustering, mean shift segmentation

Change detection

iterative PCA, kernel PCA, MAD, iterative MAD, automatic radiometric nor-
malization
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Topic 1
Representing Images
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Digital images

A multispectral image is represented as a three-dimensional array of gray-scale
values or pixel intensities

gr(i,7), 1<i<e, 1<j<r 1<k<N,

where c is the number of pixel columns (also called samples) and r is the number
of pixel rows (or lines). The index k denotes the spectral band.

For data at an early processing stage, a pixel may be stored as a digital number
(DN), often in a single byte, so that 0 < gi < 255.

Processed image data may be stored in byte, integer or floating point format
and can have negative, or even complex values.
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The conversion between DN and at-sensor radiance is determined by the
sensor calibration as measured (and maintained) by the satellite image provider.

Ignoring all absorption and scattering effects of the intervening atmosphere,
the at-sensor radiance available for measurement from reflected sunlight from a
horizontal, Lambertian surface is given by

Lax(z,y) = Eax - cosf, - Rax(z,y)/m.

The units are w/(m? - sr - um).

EA» is the average spectral solar irradiance in the spectral band A\,

0. is the solar zenith angle,

Rax(z,y) is the surface reflectance at coordinates (x,y) (between 0 and 1),

7w accounts for the upper hemisphere of solid angle.
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For example, for ASTER VNIR and SWIR L1A data,
Lax(z,y)=A-DN/G+ D.

The quantities A (linear coefficient), G (gain), and D (offset) are tabulated for
each of the detectors in the arrays and included with each acquisition.
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Various storage conventions can be used for storing the image array gx(i,7)
in computer memory or other storage media. For example, a two-channel, 3 x 3

pixel image would be stored as
band interleaved by pixel (BIP):
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band interleaved by line (BIL):

band sequential (BSQ):
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In the computer language IDL, so-called column major indexing is used for
arrays and the elements in an array are numbered from zero:

If a gray-scale image g is assigned to an IDL array variable G, then the intensity
value ¢(i, ) is addressed as G[i—1,j—1].

BIP format: N X ¢ x r array in IDL,
BIL format: ¢ x N X r array in IDL,

BSQ format: ¢ x r x N array in IDL.

For example in BIP format the value gi(4, j) is stored at G[k—1,i—1,j—1].

ASTER image
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Vectors and matrices

An image pixel (observation) is represented in the form

g1 (Zaj)
g(i,j) = : ,
which is a column vector of spectral intensities at the image position (7, j).

A vector can be thought of as a point in N-dimensional Euclidean space, com-
monly referred to as input space.
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T2

x1

Figure 1: A vector with two components.

The transpose of the two-dimensional column vector

is the row vector
r = (22‘1,1'2).

The sum of two column vectors is given by

x1 Y1 1+ Y1
€T —|— e + = s
Y <£L’2> <y2> (x2+y2)
and their inner product by

wTy = (21, 22) <‘Z;> = T1Y1 + T2Yy2.
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= R I e i

z'y = |lz][ly] coso,

If @ = 90° the vectors are said to be orthogonal, in which case ="y = 0.

T cos

Figure 1: The inner product.
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Topic 2
Image Statistics




im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



im Institut fir Chemie und Dynamik der Geosphére (ICG)



Topic 3
Spectral Transformations
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Topic 4
Spatial Transformations
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Topic 5
Preprocessing
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HSV.PRO
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Stereo Imagery

Terra is the flagship of NASA's ESE (Earth Science Enterprise).
ASTER Is the zoom lens of Terra!

MODIS

ASTER (TIR)
ASTER (SWIR)
ASTER (VNIR)

MISR

— MOPITT
CERES

A
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Topic 6
Supervised Classification
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The Monty Hall Game
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Topic 7
Unsupervised Classification
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Topic 8
Change Detection
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Automatic Change Detection Algorithms
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Significant
Changes

Rur catchment
June-August
2001
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Automatic Radiometric normalization

ASTER VNIR radiance

: Normalized
registered at sensor
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