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Image processing

1. Visual interpretation of single spectral band

Readout of DN and coordinates: x,y

2. Image enhancement

Histogram calculation

Linear histogram streatching

Image comparison before and after stretching
Different parameters of linear stretching
Histogram saturation and equalization

3. Visualization of multispectral bands

RGB
FCC




Normalized ratio — Normalized Vegetation Index (NDVI)

Image processing

4. Multi bands operation

Multi chanel statistics
Principal Componemt Analysis (PCA) (presented live — Lecture 5)

Map algebra
Image fusion

5. Image classification

Density slicing

piece-wise linear stretchning
Mulispectral image classification

Sampling
Different algorithms
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Classification accuracy assessement

Post classification operation
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Ratio Vegetation Index VI=NIR/RED

Ve g etati O n i n d eX NDVI Normalized Difference Vegetation Index

NDVI=(NIR-RED)/(NIR+RED)

VI=TM4 /| TM3
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NDVI — Normalized Differential
Vegetation Index
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Normalized Burn Ratio

* Normalized Burn Ratio
NBR = (TM4 - TM7) [ (TM4 + TM7)
« Normalized Difference Burn Ratio (NDBR)

NDBR = NBR,, — NBR

post
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Sl radiometry units

Guantity Symbol® 1] S| unit Symbol Dimension Notes
Radiant energy Q.2 joule J M-L2-T2 | energy
Radiant flux oRULE] weatt W M-L2-T% | radiant energy per unit time, also called radiant power.
Spectral power Do " 2O =1 gatt per metre Wt M-L- T | radiant power per wavelength,
Radiant intensity la watt per steradian Wogr ! M-LZ- T3 | power per unit solid angle.
Spectral intensity foy[nE 31 watt per steradian per metre Wosr 1 m? M-L- T | radiant intensity per wavelength,

watt per steradian per power per unit solid angle per unit profected source area.

Radiance L Wogr o -T2 . . S
® sguare metre confusingly called "intensity" in some other fields of study.
; 3
o3 \;\’f“ per steradian per matre VR \.[=1.7-@ |commonly measured in Wesr - m™ nm™ " with surface area and either
. wavelength or frequency.
Spectral radiance o wiatt per steradian per square | o ’ i '
Late i PETSHIATE Ty gt m 2 M- T2
metre per hertz
pawer incident on a surface, also called radiant flux density,
Irradiance F e 2l watt per sguare metre Y- e b -T% . . L
sometimes confusingly called "intensity" as well.
3 ; -2
watt per metre _ _ cammonly measured in Y- m™ - nm
Ee, It 2l WY -1 _ 5 e :
cectral imad = ar ar 1072202 Hz ™" known as solar flux unit, (B 5
ectral irradiance or or or
3 b 4] watt per sgquare metre per m -1 5
By Wem e -Hz h-T
hertz
Radiant exitance / o .
S e M, e 2l watt per sguare metre W e b -T3 power emitted from a surface.
3
Spectral radiant watt per metre - - .
efitancef M, [ne = or W W-LT T | power emitted from a suface per wavelength or frequency.
or ar ar

Spectral radiant [nb ] watt per square
ME'\I’

: Weom 2 Hz ! h- T2
ernittance metre per hertz



Irradiance

Irradinace - ratio of incidient radiant flux on elementar unit flux stosunek strumienia
padajgcego w elementarnej jednostce czasu na element powierzchni odbiornika do
wielkosci tej powierzchni dla waskiego przedziatu spektralnego p.e.m. (emitancja
spektralna)

E = dQ/dt/dA=®/dA W/m?
Constant on the top of atmosphere : mean value 1366,1 W/(m?) — solar constant

E, = dQ /dt/dA/ kat brytowy W/(m?2 sr um)

Table 9.1 Solar Spectral Irradiances
(watts/m2/nm)

band 1 1969.000
band 2 1840.000
band 3 1551.000
band 4 1044.000
band 5 225.700
band 7 82.07

band 8 1368.000

Earth-Sun Distance, D —



Albedo

Albedo (reflectance coefficient) = Energy reflected fr om the Earth/
Energy incident on the Earth = Q ,/Q,=L,/E,

(in all EM range)

Albedo depends on:
-Enegry incident (solar zenith angle) — on horizontal and sloping surfaces
-Reflecting object surface (color, charakter, roughness, wetness)

Lambert’s law:;

Energy incident on the Earth = Energy incident on the Eart h (vertical) * cos (Vo)

- Vo — local zenith angle

Example albedo:
* Soil 5-10%
* Conifer forest 15-20%
» Grass 20-25%
* Snow: fresh 75-95%, old 50-60%
« antopological materials ( 5-20% asphalt, 10-35% concrete, 20-35% stone, 10-35% tile



Map algebra - radiance

Radiance (luminance) calculation:

L, = gain[DN +offset = ((L,, — L)/ 255)[DN+L_,

max

L, — spectral radinace recorded by sensor

L., — minimal radiance of detectors in PAN: — 5.00
L., — maximal radiance of detectors in PAN: 244.00
DN — of channel 8, PAN



Map algebra - albedo

Albedo
P L, [d?
ESUN, [0sE,
where:
p— albedo

L, — spectral radiance recorded by sensor

d - distance between Earth and Sun in astronomical units
for given day of the year

ESUN, - mean irradinace = 1368.00

B; — Sun zenith angle



Map algebra - albedo

-3.05
1233
27.83
4327
5871
74,18
8560
105.04
120,45
135,92
151.36
1EE.80
18224
19768
21312
22856
244.00

DN

PAN

Band 8
Landsat ETM+

o
0.04
0,08
013
017
0,22
0.25
0,30
0,35
0,39
0,44
0.48
053
057
052
086
071

Albedo
(0.52 -0.90 pm)




Prawo Kirchhoffa: a=¢

Wspotezynnik odbicia

Wspotezynnik absorpeji (emisyjnosci)
Wspétezynnik transmisji

sensor

1=pttto

p=1-—a

VIR, SWIR, TIR

Spectral curves
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Specific Emissivity

Specific Emissivity
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EM laws TIR
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EM laws TIR
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Map algebra - temperature

Radiant temperature T =47

rzecz

E= oT4=0[(e)Y*T . ]*=0€cT*

rzecz rzecz

& &

Temperatura radiacyjna Temperatura radiacyjna
(0.06)¥4 283 °K = - 133 °C (0.97)¥4 283 %K = +8°X
Powierzchnia wypolerowana Powierzchnia pomalowana
wsp. emisyjnosci 0.06 wsp. emisyjnosci 0.97

Aluminium kinetic temerature
100C +273= 283 %K



Radiant temperature

Porownanie temperatury kinetycznej i radiacyjnej typowych obiektow [°C]

obiekt emisyjnosc¢| T.kinetyczna |T. radiacyjna
clato doskonale cz. 1,00 27,0 27,0
roslinnosé 0,98 27,0 25,5
gleba wilgotna 0,95 27,0 23,2
gleba sucha 0,92 27,0 20,8

Zrodio Kurczynski 2006/ Lillesand, Kiefer, 2000
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Map algebra - temperature

Temperature
L, =gain[DN +offset =((L.., =L )/255)[DN+L__
(VVDITI_Z i D'Jm_l)
* where:
» L, —spectral radiance of the sensor,

e L_.,— minimum spectral radiance , in
thermal band 0.00,

e L ., — maximum spectral radiance , In
thermal band 17.04

e DN - of thermal band
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Map algebra - temperature
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Normalized ratio — Normalized Vegetation Index (NDVI)

Image processing

4. Multi bands operation

Multi chanel statistics
Principal Componemt Analysis (PCA) (presented live — Lecture 5)

Map algebra
Image fusion

5. Image classification

Density slicing

piece-wise linear stretchning
Mulispectral image classification

Sampling
Different algorithms
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Classification accuracy assessement

Post classification operation
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Image fusion

Multispectral image

composition _ PAN _
low spatial High Sp_atlal
resolution resoluion

merging, band sharpening ...
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Image fus

IHS TRANSFORMATION
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Image fusion




Image fusion




