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Image Processing System

~Image acquisition— ~Display
Communication

S | | T -

CCD camera Monitor

Printer
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CD ROM Flash Disk
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A Gray Level Image is a Matrix

f(0,0)  f(0,1) f(0,2) .... ... f(0O,n-1)
f(1,0)  f(1,1) f(1,2) ... ... f(1,n-1)

f(m.—l 0) f(m-1 ,1.) flm-1,2) ... .... .f(m—l ,n-1)

An image of m rows, n columns, f(i,j) is in [0,255]
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Raster Model Resolution

- i
100 meter resolution
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Raster Model Resolution

30 meter resolution
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Raster Model Resolution

5 meter resolution
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Raster Model Resolution
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Multispectral Imagery

The "Layers" of a Landsat Image

Ch. 1
Blue

Ch. 2
Green

Ch. 3
Red

NIR

Ch. 5
MIR

Ch‘4 -

BSQ
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> 3 X
Pseudo-natural colour False colour composite (4,3,2)
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eye sensitivity
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wavelength (nm)
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Gray and Color Image Data

» 0,64, 144, 196,
225,169, 100, 36

(R, G, B) for a color pixel
Red - (255, 0, 0)
Green -( 0, 255, 0)
Blue - ( 0, 0, 255)

- (0,255, 255)
Magenta - (255, 0, 255)

- (255, 255, 0)

Gray - (128, 128, 128)

e_rastgou@yahoo.com 28

14



WWW.GeoGlIS.ir

RGB s jo oz gl i

WWW.GeoGlS.ir
e_rastgou@yahoo.com 29

HSI (S 3 ol

ryad Giales slaygiile ;5 ook s 5,8 aSul L RGBS s
S5, fiier 5 055 (o0 18 oolitul 3 90 y1aS o (Jgene (S5 50 (g o)
(g Sy 0 2l 655, 08 2D S o0 Ol pliind b Bad Bl e b,
S 4 kS olo @ &5 Wl sz war () phen g, o0
adlge dw slyls a5 HSI el cwl 2Soop Ll od So 4y aS o3ls, o
el il SLSS5 Ol sl 2

(Sa) Intensity « (e b glosl) Saturation o So,> L d>) Hue »

WWW.GeoGlIS.ir
e_rastgou@yahoo.com 30

e_ rastguo@yahoo.com
Rastgou@GeoGIS.ir

15



WWW.GeoGlIS.ir

Sanuration

WWW.GeoGlS.ir
e_rastgou@yahoo.com

31

ans e lad |, HSE g RGB s s bl ) S ol >

oy bype jime ()] 50 45 sl gl b e Sy sl » HSI s
(SATURATION) (sLish) (5 yoms ,S5ko 970 3l alols « (INTENSITY) cois
il o (HUE ) Ol>) So,5 Sl il ahaie Lo (55, Cusdn

x> L 1, (INTENSITY) &, ous oS cwl o Jow opl ,0 0
S > (R=G=B) &, cxSe Lol ,hd 15 .05 pns R,G,B sless )
prnd (G S K o wels LS ol s e 4 ol
il Ky sl ol Lo INTENSITY 5 Le 4 SATURATION=0

a5 olal> =y REG-GREEN,GREEN-BLUE,BLUE-RED (slaaisS ,o b
rosmSlo & 90 4 SATURATION (i )ls 13 Lol slacSs, o5, cuSe jo
5 Sl do s o glsl Gl @l K Sile 4 L cil vs s v S
5 eslS Sk O YL polie 5 Slad LSS, (5 Nl gt bawgie ol

WWW.GeoGlIS.ir
e_rastgou@yahoo.com

32

e_ rastguo@yahoo.com
Rastgou@GeoGIS.ir

16



WWW.GeoGlIS.ir

HSI S s

S ol oS o oS Lol yhab p sgee bs 4 L HUE o 6l >
,5 0,8 LSy cud i eedl Allls a0 Y S > nlgie b
as 6‘4;9‘) 4 w9 ‘oo)fb.o > )A)ﬁ 4 0)1.390 as L§’L> L. 9
Dgu so AT HUE a> 055 )3 ol b X,
1207 S ol (e ) ze Job S5k Jeol 0 HUE »
# QBM‘SAO\.\QLM.HQ

DU Zuz 50 g ond g9,0 ja K, 5l (o b
oo a8l il (s 55T 0) cel sloas yic
@MA(SLQW)QYOQLJ’ Lj\”'ﬂ'l.u' o)l;
Oo7e S35 )3 Yoo 5l 5 bl Jlade 098 oo iy 5
NEYEN S99y as (LSH" A ‘_gl.mw )o) YOO U
WS o S Sl bog e

ue (Colour) Wheel

WWW.GeoGlS.ir
e_rastgou@yahoo.com 33

HSI (S 3 ol

5 oS 5 A S ) 4 S 1, S5, glesl L SATURATION »

8.5.1 Introduction to RGB and IHS color model

To understand image fusion methods operating in color space, it is important
to have basic knowledge about the RGB (red. green, blue) and IHS (also
referred to as HIS or HSI: intensity, hue, saturation) color spaces. Similarly to
geometrica 3 s spa pir ite systems. Due to
their defin s s
to the othe
derived by

=red + green. The IHS model is different; here. the intensity (sometimes also

Intensity
¥
Yellow Red
Blue ~7|Cyan / Ny
©.0285),/ 1 /" |(0.255,255)
/o /
Magenta (- (White
(255,0.255) ! (255.285,258)
&
Black .- Green
0,00) /" (0.255,0)
00, / 0zss0)
P /7
Red Yellow
(255.0.0) (255,255.0)

Fig. 8.8. Left: RGB (red, green, blue) cubic color space; right: THS (intensity, hue,

saturation) hexcone color space (adapted from Mather, 1999:09)
pece (adepted FRy) B o GISir
e_rastgou@yahoo.com 34
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Subtractive Color. When we mix colors using paint, or through the printing process,
we are using the subtractive color method. Subtractive color mixing means that one
begins with white and ends with black; as one adds color, the result gets darker and
tends to black.

The CMYK Those colors

color system is used in

the color painting—an

system used example of

for printing. the
subtractive
color
method.
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Apple RGB
Cc

CIECAMO2
CIELUV

Color solid

»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»

Coloroid

Absolute color space
Color space
List of color spaces and their uses

Adams chromatic valence color space
Additive color

Adobe RGB color space
Amber shift

CcMmYK color model
CIE 1931 color space

CIE 1960 color space
CIE 1964 color space

CMYK color model
Color difference
Color model

Color theory
Color triangle

)i.’.*-’ c;i;) QSLQWL‘“':E'“"
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S oo ool Ll
F

Farrow & Ball

Federal Standard 595

Fine Paints of Europe

G

Gamut

Glob (visual system)

H

Hexachrome

HKS (colour system

HSL and HSV

|

ICAM (Color Appearance Model)
ICC profile

Imaginary color

International Commission on Illlumination
L

Lab color space

LMS color space

M

MacAdam ellipse

Munsell color system
Template:Munsell-5PB-5Y
Template:Munsell-hues
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» N

» NTSC

» O

» OSA-UCS
» P

»  PAL

» Pantone

» Natural Color System

» Planckian locus
» ProPhoto RGB color space

» Q
» Quattron
» R

» Rcont.

e_ rastguo@yahoo.com
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» RAL (color space system)

» Rg chromaticity
» RG color space

» RGB color model
» RGB color space

» RGBA color space
» RYB color model

590 () b psowsw

» S

» Sample (graphics)
» ScRGB

» SECAM

» Specifications for Web Offset Publications
» Spot color

» SRGB

» Subtractive color
» T

» TSL color space

» W

» Wide Gamut RGB color space
» X

»  XvYCC

» Y

» YCbCr

» YDbDr

» YIQ

» YPbPr

» YUV

» T

» Template:Color space
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Sampling and quantization
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Sampling and quantization

[y I I |
Quantization
Lrrrrerd

a b
=1

FIGURE 2.16 Cic
used to illustrat
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LQJ.HS.;..’ Oy Gi.’w Ja.g‘g)

Na(P) ={(X+ 1Y), X, Y+1),(X-1Y), XY -1)}

Ns(P) = N4(P) U Np(P)
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ND(P) = {(X+LY+1),(X+1LY—-1),X-1Y—1),(X —1Y +1)}
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Pixel Histogram for a Face Image

2500

UU 01 02 03 04 05 06 07 08 09 1

>> hist(reshape(faceimage,120*128,1), 100)
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A Cross-section of an Image

>> plot(faceimage(50,:))
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0 0
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14 1| 0.00 1 0.00
16| 2| 000 s| oo | DN: Digital numbers in the range
2| oalooa| ces| oss| [0...259] o
4 1 7 .07 .
s wlosl 7o 1ol eNPIX: The number of pixels in the

02 | 1392 | 190 | 25118 |  34.36 image with DN(frequency)
103 | 1719 | 235 | 26837 |  36.71

104 | 162|150 | 2eea | 3s30| *PERC: frequency as a percentage
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5| 416 057 | 72474 9914 g percentage of the total number of
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TABLE 6-1. Catalog of local filter types.

type output examples applications
Low-Pass Filter (LPF)
R o P High-Pass Filter (HPF) enhancement, sensor simulation,
< /e1g S . i g
= High-Boost Filter (HBF) noise removal
Band-Pass Fllter (BPF)
minimum, maximum
e Sl median noise removal, feature extraction,
o © o standard deviation SNR measurement
mode
gradient | vector gradient Sobel, Roberts edge detection
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7 = 7 neighborhood

image(x,y) = LP(x,y)+ HP(x,y)
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» Fig. 5.5. Examples of mean value smoothing of a Landsat multispectral
scanner infrared (band 7) image. a Original; b 3 3 smoothed version; c
3 1 smoothed version; d 5 5 smoothed version
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g(X, y) = [f(X’ y) * *haveragef (X9 y)] * *haveragef (X9 y)
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Median Filter

scanline noise

3 x I median
filtered
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Median Filter

» lllustration of the effect of
median filtering on an
image which contains
impulsive noise.

» a) Original image; b) Image
with noise; c) Filtered image
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Median Filter
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all al2 a1l

a2l a2 [a23

a3l a32 | a33
Input image

kernel =

b2 =-an+an-az+axs-ayn+an

(pgad 3l (G p5 Gimn) pguai (30,5 35 Sl £l

b11 | b12 | b13
b21 | b22 | b23

1 (0 |1

1 0 -1 b31 | b32 | b33

1 g
Output image (Gx)

WWW.GeoGlS.ir
e_rastgou@yahoo.com 125

Prewitt Filter example
Convolve the Prewitt kernels to the
original image
1 -1
10 | 50 | 10 | 50 | 10 1 =
10 | 55|10 | 55 | 10 1 1
10 | 65| 10 | 65 [ 10
10 | 50 | 10 | 50 | 10
1055105510 | | =
o|0f|oO
Original image 1 1
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(Line detection) b L5 50
Horizontal Edges Vertical Edges

-1 -1 -1 -1 2 -1

2 2 2 -1 2 -1

-1 -1 -1 -1 2 -1
Left Diagonal Edges Right Diagonal Edges

2 -1 -1 -1 -1 2

-1 2 -1 -1 2 -1

-1 -1 2 2 -1 -1

Sobel filter

-1 -2 -1 -1 01 0
0 0 0 -2 0 2 1
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(Gradient Detection (Embossing)) W yls 55

North West North east

1 2 1 -1 0 1 2
South East South west
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(Gradient Detection (Embossing)) b s ;550

131

(Laplacian Filter) 1 L3 ,%50
3x3 kernel
0 -1 0
-1 4 -1
0 -1 0

5x5 kernel

1
1
24
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! 1 i
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(Smoothing and Blurring)  sLs 50

Arithmetic Mean Basic Smooth: 3x3
L L 1L
? ? ? 1 2 1
? ? ? 2 4 2
5 5 3 1 2 1

Basic Smooth: 5x5

11 1 1 1]
1 4 4 41
14 12 4 1
1 4 4 41
1 1 1 1]

[ 1
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a. Low Pass: simple mean kernel.
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111]1]10 1)1 11 1 M2 |2 [Z2]1 1
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Raw data Output data
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b. Low Pass: center weighted mean kernel.
1 1 1
112 |1
1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 |2 |2 |2 |1 1
1 1 1 10 |1 1 1 1 1 2 |3 |2 |1 1
1 1 1 1 1 1 1 1 1 2 |2 |'2 |7 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
Raw data Output data
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c. High Pass kernel.
11141
118 |1
-1 -1 [
101101010 [10[10] 10 0 ([0 [0 |0 |O |O |O
10110 (10(10 [10)10] 10 0 |0 |0 [0 JO |O (O
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10{10]10[15 |10 10] 10 0 [0 [-5]40|-5|0 |O
1010 (1010 | 10|10 10 0 |0 |-5]-5([-5]|0 (0
101101010 [10[10] 10 0 ([0 [0 |0 |O |O |O
10)10({10( 10 [10)10] 10 0 ]0 |0 [0 JO |O (O
Raw data Output data
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d. Direction Filter: north-south component kernel.
102 [
21 [-2
112 -1
1 11 [1 |2 1 11 (1 0|0 (418 [4]0 |0
1 [1 [1 ]2 1 11 |1 0 [0 |48 [4([0 |0
1 11 11 |2 1 11 (1 0 [0 [4]8 4]0 )0
1 1A 12 1 11 |1 0O [0 (48 [4[0 |0
1 11 [1 ]2 T |1 |1 0 [0 [4]8 4]0 )0
1 11 11 12 1 11 [1 0 [0 [4]8 ]|]41]0 )0
1 11 [1 |2 1 11 {1 0 |0 [418 [4]0 |0
Raw data Output data
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e. Direction Filter: East-west component kernel.

-1 ]1-2 |1

2 [4 |2

-1 ]1-2 |1

1 1 1 |2 1 |1 1 0 0 (0O |O |JO |O (O
1 1 1 |12 1 1 1 0 0 |0 [0 [O |JO |O
1 1 1 |2 g T 1 0 0 [0 |O |O |O (O
1 1 1 [2 1 |1 1 0 O [0 |O JO |JO (O
1 1 1 2 1 1 1 0 0O [0 [0 |O |O [O
1 1 1 |2 1. |1 1 0 0O (0O |O |JO |O {O
1 1 i |2 1 |1 1 0 O (0O |O |JO |O (O
Raw data Output data
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Band-pass filters (BPF)

Lol sl (Gloy90 5 Soog 0 slogs B> g g5l lax gl S g9 (pl P

BP(x,y) = HPF[LPF[image(x,y)]] = HPF[LPF(x, y)]
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Band A Bnghtness Value

Figure 5-14. Plot illustrates the spectral variance between two bands, A and B. PC; is the
line that captures the mean of the data set. PC; is orthogonal to PCy. PC, and PC; be-
come the new horizontal and vertical axis: brightness values are redrawn onto the PC;
and PC; scale
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Data Fusion - You already do it!
SAR + Landsat

Fusion of SAR & Landsat Data

SAR panchromatic Landsat FCC: RGB-543 Product of data fusion
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Unsupervised Image Classification
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Feature Space Partitioning - Box classifier
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2. Bilinear Interpolation

Cubic Convolution
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In order to actually geometrically correct the original distorted image, a procedure called
resampling is used to determine the digital values to place in the new pixel locations of the

corrected output image. The resampling process calculates the new pixel values from the
original digital pixel values in the uncorrected image. There are three common methods for

resampling: nearest neighbour, bilinear interpolation, and cubic convolution. Nearest
neighbour resampling uses the digital value from the pixel in the original image which is
nearest to the new pixel location in the corrected image. This is the simplest method and does
not alter the original values, but may result in some pixel values being duplicated while others
are lost. This method also tends to result in a disjointed or blocky image appearance.
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e

Bilinear Interpolation

Bilinear interpolation resampling takes a
weighted average of four pixels in the original
image nearest to the new pixel location. The
averaging process alters the original pixel values
and creates entirely new digital values in the
output image. This may be undesirable if further
processing and analysis, such as classification
based on spectral response, is to be done. If this
is the case, resampling may best be done after
the classification process. Cubic convolution
resampling goes even further to calculate a
distance weighted average of a block of sixteen

"‘5"‘5 'T pixels from the original image which surround the

new output pixel location. As with bilinear interpolation, this method results in completely new
pixel values. However, these two methods both produce images which have a much sharper
appearance and avoid the blocky appearance of the nearest neighbour method.
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Original Image

Cubic Convolution
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