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Digital Image Processing

Unit 1 INTRODUCTION TO DIGITAL IMAGE PROCESSING . .
M.Tech Geoinformatics
¢ Remote Sensing Process Course: Digital Image Processing

¢+ Analog to Digital data

¢ Digital image data formats

¢ Image processing system characteristics

¢ Initial statistical extraction: histograms, univariate and multivariate statistics
¢ Scientific visualization - Image Preprocessing: calculating radiance from DNs

¢ Atmospheric, radiometric and geometric correction.
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Remote Sensing Process

Statement of Data

. . Information
the Problem ™| Collection Data-to-Information Conversion

Presentation

* Formulate Hvpothesis
(if appropriate)

» Select Appropriate Logic
- Inductive and/or
- Deductive

- Technological

* Select Appropriate Model
- Deterministic
- Empirical
- Knowledge-based
- Process-based
- Stochastic



Remote Sensing Process

Data i
Statement of » Data-to-Information Conversion Information

the Problem gl Collection Presentation

* Remote Sensing

* In Situ Measurements ' - Passive analog
- Field (e.g., x, v, z from GPS, - Frame camera
biomass, reflectance) - Videography
- Laboratory (e.g., reflectance, - Passive digital
leaf area index) ' - Frame camera
- Scanners
« Collateral Data - Multispectral
- Digital elevation models - Hyperspectral
- Soil maps - Linear and area arrays
- Multispectral

- Surficial geology maps

- Population density, etc. - Hyperspectral

- Active
- Microwave (RADAR)
- Laser (LiIDAR)
- Acoustic (SONAR)




Remote Sensing Process

Data
Collection

Statement of
the Problem

Data-to-Information Conversion [

Information
Presentation

1

« Analog (Visual) Image Processing * Digital Image Processing

- Using the Elements of - PTEPTDCE:SSIU.% _ _
Image Interpretation - Radiometric Correction

- Geometric Correction
- Enhancement
- Photogrammetric analysis
- Parametric, such as:
- Maximum likelihood
- Nonparametric, such as:
- Artificial neural networks
- Nonmetric, such as:
- Expert systems
- Decision-tree classifiers
- Machine learning

- Nonmetric, such as:
- Expert systems
- Decision-tree classifiers
- Machine learning

- Hyperspectral analysis

- Change detection

- Modeling
- Using GIS data
- Scene modeling

- Scientific geovisualization
-1, 2, 3, and n dimensions




Remote Sensing Process

Statement of u Data
the Problem Collection

Information
Presentation

Data-to-Information Conversion

* Image Metadata
- Sources

- Processing lineage

* Accuracy Assessment
- Geometric
- Radiometric

- Thematic
- Change detection

* Analog and Digital
- Images
- Unrectified
- Orthoimages
- Orthophotomaps

- Thematic maps
- GIS databases

- Animations
- Simulations

» Statistics

- Univariate
- Multivariate

* Graphs
- 1, 2, and 3 dimensions




Analog (Visual)

Image Processing

Elements of Image Interpretation

* Grayscale tone (black to white)

* Color (RGB = red, green, blue)

* Height (elevation) and depth
» Size (length, area, perimeter, volume)

* Shape

» Texture
* Pattern
« Shadow
* Site

* Assoclation
* Arrangement

Digital Numbers
(DNs)

206 245 193
228 210 90
210 185 107
213(189)127
221 185 114
217 185 114
221 171 107

Raster Array of Pixels




Extracted or Used in Digital Image Processing

aof Digital ., * 8- to 12-bit brightness values or scaled to
1 o ﬂ surface reflectance or emittance
W = * 24-bit color look-up table display
\EM - Multiband RGB color composites
e - Transforms (e.g., intensity, hue, saturation)

* Soft-copy photogrammetry, radargrammetry,

RADAR interferometry, LIDAR, SONAR
* Soft-copy photogrammetry, radargrammetry,
_ RADAR interferometry
Raster Array of Pixels * Soft-copy photogrammetry, radargrammetry,
interferometry, landscape ecology metrics,
object-based image analysis (OBIA) segmentation

(DNs) .
206 245 193 * Texture transforms, geostatistical analysis,
e . landscape ecology metrics, fractal analysis
213(189)127 . » Autocorrelation, geostatistical analysis,
221 18% 114 - -
217 188 114 I landscape ecology metrics, fractal analysis

A n a I O g a n d D ig ita I | How the Elements of Image Interpretation Are

Digital Numbers

221 171 107 * Soft-copy photogrammetry, radargrammetry,
measurement from rectified images

* Contextual, expert system, neural network analysis

* Contextual, expert system, neural network analysis

* Contextual, expert system, neural network analysis




iD

2D

1D

Dimensionality of the Visual Representation

Scientific Visualization Mapping Space

Icons

Attribute
mapping

Images:
- pseudo-color Adiribuie
- true color :
Height fields appine 5
Contour maps
Contour maps | 3D vector nets |
Field vectors Field vectors
Space curves | Ribbons
Scatterplots Scatterplots
Particles _| Particle tracers
Dotsurfaces | Dot surfaces
1D 2D 3D nD

Dimensionality of the Conceptual Domain




» Simple Image Formation Model:

.v/'ll
Enefgy Humination (encrgy)
(llumination) -7/ s
source AL

’

I’,
: b
@ Output (dugtzed ) image
,/’

Imaging system Digmzed imaw

Imaging
system

(Internal) mage plane
Scene clement Projection of the scene
Element of a Scene onto the image plane

Digital Image
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Origin
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« Spatial resolution:
« Itis a measure of the smallest discemible detail in an image.
» Spatial resolution can be:

— line pairs per unit distance, and

— dots (pixels) per unit distance

» Dots per unit distance is a measure of image resolution used commonly
in the printing and publishing industry, expressed as dots per inch (dpi).

. s o s % 8w u « For example:

One pixel —” flxy) — Newspapers are printed with a resolution of 75 dpi,
- Magazines at 133 dpi,

— Glossy brochures at 175 dpi, and

* A digital image is composed — Book page is printed at 2400 dpi.

of M rows and N columns of
pixels each storing a value

Number of
Intensity Levels
2
4
16
256
65,536

Number of Bits

* Pixel wvalues are most
often grey levels in the
range 0-255 (black — white)
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Understanding the pixel grid

* Coordinates 0 1 2 3 4 5

» @Grid system

X-axis

(1, 1)
(255,255,0)

e 5.2

(51,51,255)

(x-axis, y-axis)

(red, green, blue)

(0, 5)
(57,181,74)
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Remote Sensing raster (matrix) data format

Digital Image Terminology

Brightness value Associated

Columns (/‘) range (often 8-bit)  grayscale

3 255 white

Rowe(z) l/l()/15ﬁ7 0 71/
2
Bands (k)

3 127 gray

0 black
N N Picture element (pixel) at location row 4, column 4, band 1

x-axis (j columns) ;

has a brightness value of 24, i.e., BV VN 24

Jensen, 2004




Statistical description of images

image histogram
individual pixel values

univariate descriptive statistics
statistics derived from a single variable

multivariate statistics
statistics derived from multiple variables

]
. Band: 2
2L
0
0 0 10C¢ 50 20 o0
0
¢ Band: 3
2-
D‘_M i
0 S0 0C 50 200 5
o Band: 4

(d)Histogram(HJ1A-CCD1)



Image histogram

® The frequency of occurrence of individual
or binned brightness values in an image

Histogram of Thermal Infrared Imagery of the Savannah River

1307
REVELE]
File Info:| -0 ame: Layer 1 River
Last Modified: Sat Oct 27 2012 Number of Layers:1
Width: 100 Height: 120 Type: CDﬂtlDllDllS )
Layer Info:| Block Width: 64 Block Height: 64 ~ Data Type: Unsigned 8-bit South
Compression: None Pyramud Layers: Absent Carolina
Min: 38 Max: 188 Mean: 72.983
= b Statistics: Mcdlan 68 Mode: 75 Std_l. Dev: 21.543
= Skip Factor X: 1 Skip Factor Y: 1
E Last Modified: Sat Oct 27 2012
E‘- Upper Left X: 0.0 Upper Left ¥: 0.0
€3
Map Info- Lower Right X: 99 Lower Right Y- -119.0
" | Pixel Size X N/A Pixel Size Y- N/A
Unit: other Geo. Model: None
o Projection: Unknown
Projection Info:| Spheroid:
Datum:
0
0

Brightness Value 255

b. Histogram of the original thermal infrared data.



Histograms provide a lot of information on images even
without looking at the images themselves such as
presence or absence of features, distribution etc.

Histograms help evaluate images statistically e.g. normal,
skewed, bimodal distribution

Histograms are used in individual image enhancements
Histograms are used in image classification
Histograms are used in image segmentation

Histograms help matching of images across time or space



Frequency

Frequency

Histograms of Symmetric and Skewed Distributions

Symmetric

Mean
Median
Mode

Normal Distribution

Bimodal

Frequency

Frequency

Multimodal Distribution
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Histograms of Symmeftric and Skewed Distributions

Symmetric Skewed
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Frequency

Frequency

Histograms of Symmeftric and Skewed Distributions

Symmetric

Mean
Median
Mode

Normal Distribution

Bimodal

Multimodal Distribution
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Histograms of Symmeftric and Skewed Distributions

Symmetric Skewed
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Individual Pixel Values

geographic - Projcson  Ueknown
area

20
cursor
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b. Individual brightness value extracted using the cursor.
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a. Nightime thermal infrared image of the Savannah River. c. Brightness values in a geographic area for an individual band. 85 |170[118]221]| 17 |136
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