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Images and Digital Images

- A digital image differs from a photo in that the values are all
discrete.

- Usually they take on only integer values.

- A digital image can be considered as a large array of discrete
dots, each of which has a brightness associated with it. These
dots are called picture elements, or more simply pixels.

- The pixels surrounding a given pixel constitute its
neighborhood A neighborhood can be characterized by its
shape in the same way as a matrix;: we can speak of a 3x3
neighborhood, or of a 5x7 neighborhood.
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Aspects of Image Processing

- Image Enhancement: Processing an image so that the result
IS more suitable for a particular application. (sharpening or de-
blurring an out of focus image, highlighting edges, improving
Image contrast, or brightening an image, removing noise)

- Image Restoration: This may be considered as reversing the
damage done to an image by a known cause. (removing of blur
caused by linear motion, removal of optical distortions)

- Image Segmentation: This involves subdividing an image into
constituent parts, or isolating certain aspects of an image.
(finding lines, circles, or particular shapes in an image, in an
aerial photograph, identifying cars, trees, buildings, or roads.

Digital Image Processing Using Matlab 4
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Types of Digital Images

- Binary: Each pixel is just black or white. Since there are only
two possible values for each pixel (0,1), we only need one bit
per pixel.

- Grayscale: Each pixel is a shade of gray, normally from O
(black) to 255 (white). This range means that each pixel can be
represented by eight bits, or exactly one byte. Other
greyscale ranges are used, but generally they are a power of 2.

 True Color, or RGB: Each pixel has a particular color; that color
Is described by the amount of red, green and blue in it. If each
of these components has a range 0-255, this gives a total of
256° different possible colors. Such an image is a “stack” of
three matrices; representing the red, green and blue values
for each pixel. This means that for every pixel there correspond
3 values.

Digital Image Processing Using Matlab 5
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Binary Image

1 1 0 0 0 O
0 01 0 O O
0 0 1 0 0 O
O 0 0 1 0 O
0 0 0 1 1 O
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Grayscale Image

230 229 232 234 235 232 148
237 236 236 234 233 234 1562
25b 266 265 251 230 236 161
99 90 67 37 94 247 130
222 162 2565 129 129 246 132
154 199 255 150 189 241 147
216 132 162 163 170 239 122
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Color Image
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General Commands

 imread: Read an image

- figure: creates a figure on the screen.

- imshow(g): which displays the matrix g as an image.

- pixval on: turns on the pixel values in our figure.

- impixel(i,j): the command returns the value of the pixel (i,j)
- iminfo: Information about the image.

Digital Image Processing Using Matlab 9
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Command Window

File Edit View Web Window Help
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Data Types
Data type | Description Range
int8 8-bit integer —128 — 127
uint8 8-bit unsigned integer 0-— 255
int16 16-bit integer —32768 — 32767
uinti16 16-bit unsigned integer 0 — 65535
double Double precision real number | Machine specific

Digital Image Processing Using Matlab
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Image Information

Filename:
FileModDate:
FileSize:
Format:
FormatVersion:
Width:

Height:

Bi tDepth:
ColorType:
FormatSignature:
ByteOrder:
NewSubFileType:
Bi tsPerSample:
Compression:
Photometriclnterpretation:
Strip0ffsets:
SamplesPerPixel:
RowsPerStrip:
StripByteCounts:
XResolution:
YResolution:
ResolutionUni t:
Colormap:
P1anarConfiguration:
TileWidth:
TilelLength:
TileOffsets:
TileByteCounts:
Orientation:
Fil10rder:
GrayResponseUni t:
MaxSamplevValue:
MinSamplevValue:
Thresholding:
Software:
SampleFormat:

Photogrammetry

'aster.tif'
'13-Mar-2008 16:54:26'
17224424 .00
o B

[]

4100.00
4200.00

8.00
‘grayscale’
[77.00 77.00 0 42.00]
'big-endian'

0

8.00
"Uncompressed’
'BlackIsZero'’
[525x1 double]
1.00

8.00

[525x1 double]
1.00

1.00

‘None'

1.00
'ERDAS IMAGINE '
"Unsigned integer'

Remote Sensing
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Bit Planes

Greyscale images can be transformed into a sequence of binary
images by breaking them up into their bit-planes.

We consider the grey value of each pixel of an 8-bit image as an 8-
bit binary word.

The Oth bit plane consists of the last bit of each grey value.
Since this bit has the least effect (least significant bit plane).

The 7th bit plane consists of the first bit in each value (most
significant bit plane.

Digital Image Processing Using Matlab 13
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Spatial Resolution
- Spatial resolution is the density of pixels over the image: the

greater the spatial resolution, the more pixels are used to
display the image.

 Halve the size of the image: It does this by taking out every
other row and every other column, thus leaving only those
matrix elements whose row and column indices are even.

- Double the size of the image: all the pixels are repeated to
produce an image with the same size as the original, but with
half the resolution in each direction.

Digital Image Processing Using Matlab 18
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Arithmetic Operations

These operations act by applying a simple function y=f(x) to
each gray value in the image.

Simple functions include adding or subtract a constant value
to each pixel: y = x£C (imadd, imsubtract)

Multiplying each pixel by a constant: y = C-x (immultiply,
imdivide)

Complement: For a grayscale image is its photographic
negative.

Digital Image Processing Using Matlab 21
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Addition - Subtraction

255 259

New values
New values

0 | 0 |
0 Old values 259 0 Old values 2595

Adding 128 to each pixel Subtracting 128 from each pixel
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Multiplication-Division

255 235 29595

New values
New values
New values

0 0 0 3
0 Old values 255 0 Old values 255 0 Old values 255

y=x/2 y =2z y=2x/2+ 128
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Complement
255

New values

0 Old values 255
Yy =200 —2x
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Image: J Image: J+20
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Image: 255-]
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Histograms

- Given a grayscale image, its histogram consists of the
histogram of its gray levels; that is, a graph indicating the
number of times each gray level occurs in the image.

« We can infer a great deal about the appearance of an image
from its histogram.

* In a dark image, the gray levels would be clustered at the lower
end

* In a uniformly bright image, the gray levels would be clustered at
the upper end.

- In a well contrasted image, the gray levels would be well spread
out over much of the range.

- Problem: Given a poorly contrasted image, we would like to
enhance its contrast, by spreading out its histogram. There are
two ways of doing this.

Digital Image Processing Using Matlab 30
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Histogram Stretching (Contrast Stretching)
- Poorly contrasted image of range [a,b]

- We can stretch the gray levels in the center of the range out by
applying a piecewise linear function

« This function has the effect of stretching the gray levels [a,b] to
gray levels [c,d], where a<c and d>b according to the equation:

' j:EZ:Z§-(i—a)+c

- imadjust(l,[a,b],[c,d])

« Pixel values less than c are all converted to ¢, and pixel values
greater than d are all converted to d.

Digital Image Processing Using Matlab 31



m Photogrammetryf

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich Remote Sensing

'Histoqram Stretching
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S Before Histogram Stretching
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Histogram Equalization

The trouble with the previous method of histogram stretching is
that they require user input.

Histogram equalization, is an entirely automatic procedure.

Suppose an image has L different gray levels 0,1,2,...,1-L and
that gray level 7 occurs n, times in the image. Suppose also that

the total number of pixels in the image is n so that
n +n_+n,+...n =n. To transform the gray levels to obtain a

better contrast(ﬂ,u T e ”ﬂ.) (L l) el i to:
T ‘

and this number is rounded to the nearest integer.

A roughly equal number of pixels is mapped to each of the L
levels, so that the histogram of the output image is
approximately flat.

Digital Image Processing Using Matlab 35
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Thresholding

« Single thresholding: A grayscale image is turned into a binary
Image by first choosing a gray level T in the original image, and
then turning every pixel black or white according to whether its
gray value is greater than or less than T.

« A pixel becomes white if its gray level is > T
- A pixel becomes black if its gray level is <=T
* Double thresholding: Here we choose two values T1 and T2 and
apply a thresholding operation as:
« A pixel becomes white if its gray level between T1 and T2

« A pixel becomes black if its gray level is otherwise

Digital Image Processing Using Matlab 38
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Spatlal F|Iter|ng
Move a “mask”: a rectangle (usually with sides of odd length)

or other shape over the given image.

- A new image whose pixels have gray values calculated from the
gray values under the mask.

« The combination of mask and function is called filter.
- Linear function of all the gray values in the mask, then the filter
Is called a linear filter.
- Spatial filtering requires 3 steps:
1.position the mask over the current pixel,

2.form all products of filter elements with the corresponding elements
of the neighborhood,

3.add up all the products.
« This must be repeated for every pixel in the image.
-~ filter2(filter,image,shape)

Digital Image Processing Using Matlab 40
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Masks

1 2

Pixel at position(m,\y)

Mask

N

[~

Pixel at position (z,y)

Original image Image after filtering
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=

e
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1
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Frequencies; Low and High Pass Filters

Frequencies are the amount by which grey values change with
distance.

High frequency components are characterized by large
changes in grey values over small distances; (edges and noise)

Low frequency components are parts characterized by little
change in the gray values. (backgrounds, skin textures)

High pass filter: if it “passes over” the high frequency
components, and reduces or eliminates Ilow frequency
components.

Low pass filter: if it “passes over” the low frequency
components, and reduces or eliminates high frequency
components.

Digital Image Processing Using Matlab 43
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Gaussian Filters
Gaussian filters are a class of low-pass filters, all based on the

Gaussian probability distribution w24y

. f(xa y) =€ 27

- where o is the standard deviation: a large value o of produces
to a flatter curve, and a small value o leads to a “pointier”
curve.

 Blurrin

002 - 2-

4
x 10

0.015

001

0.005 -
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Noise
- Noise is any degradation in the image signal, caused by
external disturbance.

- Salt and pepper noise: It is caused by sharp, sudden
disturbances in the image signal; it is randomly scattered white
or black (or both) pixels. It can be modeled by random values
added to an image

« @Gaussian noise: is an idealized form of white noise, which is
caused by random fluctuations in the signal.

- Speckle noise: It is a major problem in some radar
applications. It can be modeled by random values multiplied by
pixel values.

Digital Image Processing Using Matlab 47
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Edge Detection

* Motivation: detect changes

change in the pixel value —— large gradient

image

x(m,n)

Gradient » Thresholding
operator
g(m,n)
> th
Lo = % g
otherwise

edge
map
I(m,n)

We can implement those two steps by basic MATLAB functions.

Digital Image Processing Using Matlab
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Common Edge Operators

1. Prewitt operator 2. Sobel operator

F1 0 10 10 10
vertical 7+l 0 1 =2 0 2¢
g—l 0 1F §—1 0 1E
F1 -1 -IC 31 -2 -1IC
horizontal ;O 0O O ; ;() 0 0 ;
11 1E B 2 1E

Digital Image Processing Using Matlab
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Canny Edge Detector

- Low error rate of detection
« Well match human perception results
- Good localization of edges

- The distance between actual edges in an image and the edges
found by a computational algorithm should be minimized

- Single response

* The algorithm should not return multiple edges pixels when
only a single one exists

Digital Image Processing Using Matlab 53
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Color Image Grayscale Image
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Color Images

- A color model is a method for specifying colors in some
standard way. It generally consists of a 3D coordinate system
and a subspace of that system in which each color is
represented by a single point.

 RGB: In this model, each color is represented as 3 values R, G
and B, indicating the amounts of red, green and blue which
make up the color.

- HSV:

* Hue: The “true color” attribute (red, green, blue, orange, yellow,
and so on).

- Saturation: The amount by which the color as been diluted with
white. The more white in the color, the lower the saturation.

- Value: The degree of brightness: a well lit color has high intensity; a
dark color has low intensity.

Digital Image Processing Using Matlab 56
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Color Image
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Color Conversion

Function | Use Format

ind2gray | Indexed to Greyscale | y=ind2gray (x,map) ;
gray2ind | Greyscale to indexed | [y,mapl=gray2ind(x);
rgb2gray | RGB to greyscale y=rgb2gray (x) ;
gray2rgb | Greyscale to RGB y=gray2rgb(x) ;
rgb2ind RGB to indexed ly,map]=rgb2ind;
ind2rgb Indexed to RGB y=ind2rgb (x,map) ;

Digital Image Processing Using Matlab
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SATURATION

Digital Image Processing Using Matlab 61



Photogrammetryf

Eidgendssische Technische Hochschule Ziirich C O L 0 R C 0 M P 0 S I T E

Swiss Federal Institute of Technology Zurich Remote Sensing

Digital Image Processing Using Matlab 62



Photogrammetryf

ETH . rsws COLOR COMPOSITE

Swiss Federal Institute of Technology Zurich Remote Sensing

Aster 1-2-3 Aster 3-2-1
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