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Remote Sensing Systems Used to Collect Multispectral and Hyperspectral Imagery

Analog Frame Camera Linear Array “Pushbroom”
and Film (silver Scanner
halide crystals)

Scanning mirror Detectors

= Aé%ﬁlﬁ

Photograph
) Green Objective

) Blue

Discrete
detectors

Object
space

Hyperspectral Area Array Digital Frame Camera
A \ Area Arrays

"
0
R
OO
’i’:’.

Dispersing
| element

[ {
G
XK
"
Q

v

Detectors

~)_ Detectors

oy
‘5
G

X

Y 7
/7
O

2

~‘

Linear Array “Whiskbroom”

K

17

=
s
‘0.'.

N

Rotating mirror

Lens and
filtration

-

Jensen, 2007

5t % aéeavazxérBNG]

K& LJS NB LJSkgnovddief

Py

N

S

Vd

SPOT
LANDSAT
MODIS
SENTINEL 2
IKONOS
GeoEye

J



Comparison of Landsat 7 and 8 bands with Sentinel-2
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Sentinel-2 Msl
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Raw Images

Landsat 8 Collection 1 DN values, representing
scaled, calibrated at-sensor radiance.



Top of Atmosphere

Landsat 8 Collection 1 calibrated top-of-
atmosphere (TOA) reflectance



Surface Reflectance

Atmospherically corrected surface reflectance
from the Landsat 8 OLI/TIRS sensors



Sentmel 2A(Red BZ Green=B3, BIue=B4) cell= 10m Komce 17 feb 2016




Landsat-7 ETM+ Bands (um)

Landsat-8 OLI and 7/RS Bands (jum)

30 m Coastal/Acrosol 0.435 - 0.451 Band 1
Band | 30 m Blue 0441 -0514 | 30 m Blue 0.452-0.512 | Band 2
Band 2 30 m Green 0.519-0.601 | 30 m Green 0.533-0.590 | Band3
Band 3 30 m Red 0.631-0.692 | 30 m Red 0.636-0673 | Band 4
Band 4 30 m NIR 0.772 - 0898 | 30 mNIR 0.851 -0879 | Band 5
Band 5 30 m SWIR-I 1.547 - 1.749 | 30 m SWIR-I 1.566 - 1.651 Band 6
Band 6 60 m TIR 10.31-1236 | /00m TIR-1 10.60 11.19 | Band 10

100 m TIR-2 11.50 1231 | Band 11
Band 7 30 m SWIR-2 2.064-2345 | 30 m SWIR-2 2.107-2294 | Band 7
Band 8 15 m Pan 0.515-0.896 | 15m Pan 0.503-0.676 | Band 8

30 m Cirrus 1363 - 1.384 | Band 9

Table 2-1. OLI and TIRS Spectral Bands Compared to

ETM+ Spectral Bands
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Planck’s Blackbody Radiation Law

._[ Yisible radiznt ere gy band

AT Clackbody raciatior curve
T e at the sLr's 1amperature

v B ackbody -adialion curve
;‘K .',/_"“ \< at irzandescert lamp tamperalure

oI K — \

;42000 K \\

Describes the electromagnetic
radiation emitted from a blackbody at
a certain wavelength as a function of

its absolute temperature.

2 hc’
M, 7 ( e:m Ar(; —l)

M, = spectral radiant exitance [W m=um-]
h = Planck’s constant [6.626 x 10-34 J s]
¢ = speed of light [2.9979246 x 108 m s7]

k = Boltzmann constant [1.3806 x 10-2 J K]
T = absolute temperature [K]

A = wavelength [um]

Speciral radiant extance, M, (Wm? um=1)

102~
108
107
106~
105

I‘D"' .

Dr. Claudia Kuenzer

German Remote Sensing Data Center, DFD

German Aerospace Center, DLR
email: claudia.kuenzer@dlr.de

7 Blackbody radiation curve
at the ea‘th's temoeralure

Wavelergth {zm)
Source: Lillesand et al. (2008)



Stefan-Boltzmann Law

Visible radiant energy band
Describes the total electromagnetic 107 /.
radiation emitted by a blackbody as a 105 El
. . 6000 Ki"
function of the absolute temperature which — E
corresponds to the area under the radiation EL 40*;94':
. I 108 _ L . t
curve (integral). s 13000 K
4 = qpe - Ji2000K
M=cT
| | £ 104+ 00h Area under
M = total radiant exitance [W m?] & the curve
5 103
T = absolute temperature [K] - e
c = Stefan-Boltzman constant g 102 f-*, 00K .
[5.6697 x 108 W m=2 K] 7 5’,5 / m\
- The higher the temperature of the radiator, e /-&1 Sy
0.1 0.2 . 1 2 5 10 20 50 100

the greater the total amount of radiation it emits.

Wavelength (um)

Source: Lillesand et al. (2008)



Wien’s Displacement Law

. . - I VIslble radiart ensrgy band
Describes the wavelength at which the 10° *

maximum spectral radiant exitance occurs.

Maximum spectral
radiant exitance

hmay = Wavelength of maximum
spectral radiant exitance [um]

A = Wien's constant [2897.8 um K]
T = absolute temperature [K]

Spaectral radiart exitance, M, (Wm= um=1)

= With increasing temperature 2.,

shifts to shorter wavelengths. Waveleagth (um)
Source: Lillesand et al. (2008)
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SWIR versus TIR
Landsat 7 ETM+ 14. Feb. 2000, Kilauea Volcano (Hawaii)

Gray scale Gray scale
Band 7 Band 6




VIS versus SWIR
Landsat 7 ETM+ 14. Feb. 2000, Kilauea Volcano (Hawaii)
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Interaction of Radiation with Terrain Elements

Incoming radiation reflected radiation (p)

o,+p,+7, =1

\ transmitted radiation (1)

a, p, T are wavelength dependent and represent ratios between the absorbed,
reflected and transmitted components of the incident energy striking a terrain
element and the total energy incident on the terrain element, respectively.



Radiation of real Materials and Emissivity

Real materials do not behave like blackbodies. They emit only a fraction of
the radiation emitted by a blackbody at the equivalent temperature. This is
taken into account by the EMISSIVITY, or the emissivity coefficient (g):

radiant exitance of an object at a given temperature

E. =
* radiant exitance of a blackbody at the same temperature

Emissivity can have values between 0 and 1. It is a measure of the ability of a

material both to radiate and to absorb energy.
M = total radiant exitance [\WW m?]

T = absolute temperature [K
g = Stefan-Boltzman constant]



Kirchhoff’s Radiation Law

According to Kirchhoff’s radiation law: &, =, (for a blackbody)

Spectral emissivity of an black body object equals its spectral absorbance:
“good absorbers are good emitters”

On the basis of Kirchhoff’s radiation law a, can be replaced with ¢,:
E,+p,+7,=1

Since most objects are opaque (do not let radiation transmit) to thermal
infrared radiation (7, = 0): |
e, +p, =1

- The higher an object’s reflectance in the thermal IR region, the lower its
emissivity and vice versa.



11l Radiation of real Materials !!!

Provided that the emissivity of a material is known, its absolute temperature
(kinetic temperature, T, ) can be derived from the radiation it emits. If the
emissivity is not considered, only the brightness temperature (radiant
temperature, T._,) of the material can be determined. Since it is valid that:

jr;wf — é;?}ﬁn

sensed touched

the radiant temperature of a real material is always lower than its kinetic
temperature. However, for a blackbody with € = 1 it applies that:

jr;nf —

7 kin



Radiation of real Materials

Emissivity depends on wavelength, surface temperature, and some physical
properties of the surface, e.g. water content, or density.

Material Average Emissivity
over 8-14 um

Clear water 0.98 - 0.99

Healthy green vegetation | 0.96 - 0.99

Dry vegetation 0.88 - 0.94

Asphaltic concrete 0.94 -0.97 g
Basaltic rock 0.92-0.96 g
Granitic rock 0.83-0.87 &
Dry mineral soll 0.92 - 0.96 %
Polished metals 0.06 - 0.21 3
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Ali Soltanj EhsanSharifj Dailyvariationof urban heatislandeffectand its correlationsto urban greenery:.
A casestudy of Adelaide Frontiersof ArchitecturalResearchVolume6, Issue4, 2017 Pages529-538.
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I Continuous urban fabric I Mineral extraction sites [1 Non-irrigated arable land [T Broad-leaved forest

I Discontinuous urban fabric I Dump sites [7] Fruit trees, berry plantations [E2d Mixed forest

B Industrial or commercial units I Construction sites [ Pastures [ Transitional woodland-shrub
Il Road, rail networks, assoc. land [_]Green urban areas 1 Complex cultivation patterns [_] Water bodies

[JAirports [ISport and leisure facilities [ Land occupied by agriculture

Figure 1. Location of the Kosice City as the administrative area (thick black solid line) and urbanized core (thin black solid
line) overlaid on CORINE Land Cover 2012 and land swrface temperature (LST) 6 August 2015 with the meteorological
stations at the airport (1). city centre (2). and at the Technical University in Kosice (3). Vertical profile along the line
A-A° 1s displayed in Figure 3.
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Figure 3. A-A’ profile in Fig. 3 through CLC 2012 land cover classes and the LST surface on 6 August 2015 with
photographs illustrating the land cover.
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