Univerzita Pavla Jozefa Safarika v Kogiciach
Prirodovedecka fakulta

Ustav geografie

Dialkovy prieskum Zeme

Pasivne multispektralne skenovanie

Doc. Mgr. Michal Gallay, PhD.
michal.gallay@upjs.sk



Pasivhne multispektralne
skenovanie

Pasivna metoda DPZ
00 II. sv. vojne nahrada analdgovej fotografie

oroblémy klasickénho filmu
— obmedzené spektrélne rozlisenie (VID + blizke IC)
— latentny zaznam — film treba vyvolat, ustalit, oprat
— prenos na dialku nemozny

skener — digitalne rozkladové zariadenie

— obraz vznika po riadkoch na rozdiel analogove
fotografie

— prenos obrazu mozny na dialku (digitalny)




Dva zakladné sposoby ziskania
digitalneho obrazu:

e ziskat obraz v analdgovom formate (fotograficky
film alebo papier) a potom ho konvertovat do
digitalneho formatu v procese digitalizacie,

e ziskat obraz priamo v digitalnom formate (napr.
systém Landsat / Enhanced Thematic Mapper Plus
(ETM+)).



Transformacia analégového zaznamu DPZ do digitalneho
zaznamu a jej prenos na Zem do podoby uzitocnej informacie

Sensor System

Remote Sensing Onboard
System

analog-to-digital

conversion
and calibration

Direct telemetry to Earth
or indirectly through tracking
and data relay satellites (TDRS)

\4

Ground

Visual or Digital
Data Preprocessing Information Extraction Distribution
» Radiometric » Biophysical and Use of
» Geometric o Land use/cover Information

Incorporation of
ancillary data
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Rastrovy Udajovy format zaznamu DPZ
(matica hodnot, angl. matrix, grid, raster, array)

Digital Image Terminology
Brightness value  Associated
Columns (j) range (often 8-bit)  grayscale

1 ) 3 4 5 | 255 white
Rows (i) 1/10/15/17/20/21/
2/15/16/18/21/23

Bands (k)
3 127 gray

0 black

Picture element (pixel) at location row 4, column 4, band 1
has a brightness value of 24, i.e., B V4 471" 24
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x-axis (j columns)




Konverzia analdogového zaznamu do digitalneho

* Opto-mechanicky princip

e Opto-elektronicky princip
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Flatbed Densitometer

Receiver I

L

Color filter wheel

< £
s ©?> Positive

Brightness value
in the digitized

photograph X
ransparency
B Vi, ik
o) °
sV F 4 Flatbed
Y - surface

x-axis (j columns)

e

Light source
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Drum Densitometer

Receiver I
Color filter wheel

Positive

transparency
image on drum

Light source
inside drum

x-axis (7 columns) | Jensen, 2007 I



Stolovy riadkovy skener

‘ Linear Array CCD I

B .
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Stolovy plosny skener

‘Area Array CCD I

‘Area Array CCD Image Digitizer I
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CCD

« Charge-Coupled Device" - nabojovo viazana struktdra

« Svetlocitlivy Cip zlozeny z detektorov o velkosti cca. 20 x 20 mikrometrov

* Naboj, ktory vznikne na polovodici po osvetleni vdaka vnutornému
fotoelektrickemu javu (Einstein), je postupne vysuvany k okraju prvku
(Cipu), kde je elektricky zosilneny a nasledne spracovany.

Courtesy of
SPOT Image, Inc.
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Digitalizovana fotografia s
roznym rozlisenim obrazu
(DPI)
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Pixel Ground Resolution at Various Scales

Digitizer Detector IFOV of Photography (m)

Dots per inch

Micrometers 1:40,000 1:20,000 1:9,600 1:4,800 1:2,400 1:1,200

Useful Scanning Conversions
DPI = dots per inch; pm =micrometers; I=inches; M =meters
From DPI to micrometers: um =(2.54 /DPI)10.000
DPI =(2.54 / um)10,000
M=1Ix0.0254
I1=M x 3937

From micrometers to DPIL:
From inches to meters:
From meters to inches:

Computation of Pixel Ground Resolution

PM = pixel size in meters; PF = pixel size in feet; S = photo scale

Using DPL: PM = (S/DPI)/39.37 PF = (S/DPI)/12

Using micrometers: PM = (S X uym) 0.000001 PF = (S X ym) 0.00000328

For example, if a 1:6,000 scale aerial photograph is scanned at 500 dpi, the pixel size will be (6000/500)/39.37 = 0.3048 meters per pixel,
or (6000/500)/12 = 1.00 foot per pixel. If a 1:9.600 scale aerial photograph is scanned at 50.8 ym. the pixel size will be

(9.600 x 50.8)(0.000001) = 0.49 meters. or (9.600 x 50.8)(0.00000328) = 1.6 feet per pixel.

Relationship
between digitizer
Instantaneous-
field-of-view
measured in dots
per inch or
micrometers, and
the pixel ground
resolution at
various scales of
photography.
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Ziskavanie zaznamu DPZ priamo v digitalnom
formate

Multispektralne skenovanie



Skenery a DPZ

Princip funkcie skenera je v snimani zemského povrchu
v pruhoch kolmych na smer letu nosica skenera.

Nosicmi su napr. druzice Landsat, SPOT.

Skenery

— opticko — mechanické - pruh snimaju po castiach
(jednotlivych pixloch)

— opticko — elektronické — pruh snimaju naraz (cely riadok
alebo plochu pixlov naraz)

Na snimanie ziarenia snimace vyuzivaju zrkadlovu optiku.
Monospektralne alebo multispektralne snimanie



Vseobecna geometria snimania a klucoveé slova

Satellite

Along-Track Direction
Satellite Nadir Line

Satellite Nadir Point

Cross-Track Direction



Rozlisovacie schopnosti senzora

lonﬁ . - 1. priestorova (mm, cm, dc, m, km)

o - 2. spektrélna (spektralny rozsah)

I:- - VID IC, termélne, radar

B G R NIR

e 3. rddiometricka (rozdelenie toku radiacie)
1 - elementarna jednotka <0, 255>

I I - 4. temporalna (Casovy interval 2 zaznamov)
Jan Feb

5 15 - operativnost nosicov — lietadla, druzice



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

Photograph & Red
& Green Objective
c

Discrete
detectors

Hyperspectral Area Array Digital Frame Camera
h Area Arrays

9,
Q)
&

element

0,','
Y7

Y 7/
AN

2
X

Detectors
Detectors

Q
QR
‘0\‘0‘. aly 0.’

0
-y ()
"

Y {

Linear Array “Whiskbroom”

Xy
l.’
LR
XL
8

X

Lens and
filtration

DPZ systémy pre
multispektralne a
hyperspektralne
skenovanie

SPOT
LANDSAT
MODIS
SENTINEL 2
IKONOS
Geokye
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Porovnanie LANDSAT 7 ETM+ a LANDSAT 8 OLI/TIRS

Linear Array “Whiskbroom™

Rotating mirror [ NIR

Linear Array “Pushbroom™

[retectors

Objective
Green
. Blue
n bands
d.
L7 L8

Scenes/Day ~450 ~650
SSR Size 378 Ghits, b -pased 3.14 Terabit, file-based
Sensor Type ETM<_Whisk-Broom @ushbroom th OLI and TIRS)
Compression “No '~2:1 Vanable Rice Compression
Image D/L X-Band GXAx3 X-Band Earth Cowerage
Data Rate 150 Mbits/sec x 3 Channels/Frequencies 384 Mbits/sec, CCSDS Virtual Channels
Encoding not fully CCSDS compliant CCSDsS, LDPC FEC
Ranging S-Band 2-\Way Doppler GPS
Orbit 705 Km Sun-Sync 98.2° inclination (WRS2) | 705 Km Sun-Sync 98.2° inclination (WRS2)
Crossing Time ~ 10:00 AM ~10:11 AM

Table 1-1. Comparison of Landsat 7 and Landsat 8 Observatory Capabilities




Pozemné kontrolné stanice druzic LANDSAT

Key: L7 Stations L8 Stations L7 & L8 Stations (5 degree station masks)

VAW W

Pacific

South
Pacific

Atlantic

http://landsat.usgs.gov/about_ground_stations.php

Earth Explorer: http://earthexplorere.usgs.gov
. Global Visualization Viewer: http://alovis.usgs.gov
3. LandsatLook Viewer: http://landsatlook.usgs.gov




Geometria opticko-mechanickéko skenera

@
-0 Max az + o max
| pri Ao, h AX0, AyO
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Digitalne snimace
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Geometria opticko-mechanickéko skenera

.29 Resolution cell size variation.

Digitalne snimace



Geometria opticko-mechanickéko skenera

Scanning ) |
Mirror _ /119. -— Point”
it . Detector
: Imaging
Optics

Hlavny problém:
« Obsahuje pohyblivé casti
« Kratky ¢as snimanie EMZ
pre jeden pixel (nizka
citlivost snimania)

Wiskbroom scanner geometry.



Geometria opticko-elektronického skenera

Line Array
v, /7 Detectors

?5:’ Imaging Optics

Pushbroom imaging geometry.

Hlavna vyhoda:

neobsahuje pohyblive
casti

DIhéf ¢as snimania EMZ
pre jeden pixel (vyssia
citlivost snimania)
Ostrejsi obraz, vacsi
rozsah hodndt (,farieb”)



Geometria opticko-elektronického skenera

CCD — Charge Coupled Device
AX'= Ay’
skutocnost Ax = Ay

n Ay

IIIIIIIIIIIAX/

Ay = Ay z%

Mms

AX = At.V

> s—Sirka stopy na Zemi
: Y (swath width)
x| I I T T T I T T ]ax n — pocet pixlov v riadku
v A Delta(t) — casovy interval
y snimania jedného riadku
V — rychlost letu nad Zemou

Digitalne snimace



Jednoriadkovy skener

Digitalne snimace



Trojriadkovy skener




Skener s rotujucim zrkadlom

« /lozitejSia tvorba obrazu po
pixloch,

» KratSia doba snimania pre 1
pixel,

« Zaznam EMZ s nizSou
citlivostou, vyzaduje sirSie
spektralne pasmo,

« NizSia geometricka presnost
zaznamu,

* Kratsia zivotnost DPZ systemul.
* Napr. LANDSAT 4 MSS, 5 TM, 7

ETM+

Riadkovy skener

Jednoduchsia tvorba obrazu (po
celych riadkoch)

Dlhsia doba snimania pre jeden
pixel

zaznam EMZ s vysSou
citlivostou, uzsie spektralne
PAsSMO

Vyssia geometricka presnot
zaznamu,

DInhsia zivotnost.

Napr. LANDSAT 8 OLI/TIRS,
SPOT, ASTER, ALOS, SENTINEL 2,



Digital Frame Camera

= - losny snimac
(frame camera)

The area on the surface imaged by a framing camera is the projection of the detector array on
the surface. If the surface has no relief, the projection will look like the “image” on the left.
Local relief distorts the pattern to look more like the “image” on the right.



Digital Frame Camera
Area Arrays

Plosny snimac
(frame camera)

Detectors

Image Overlap

—

- - it

S

A HHL .
r_“r J)"T—

Along-Track Size of Image

Image 1 Image 2 <~
ﬁ
J

Cross-Track Size of Image

Framing cameras build up strips of images by acquiring successive images in the along-track
direction. The images overlap in the along-track direction to ensure that the distortion
introdiced by the relief does not cause gaps between the images.



Priklady multispektralnych
skenerov



Chronological Launch and Retirement History of the Landsat Satellites

72( |74 |76] (78| 80| |82| |84 86| (88| 90[ (92| (94| 96 98| 00| (02| |04

Launch and Retirement Dates

Landsat 1 - July 23, 1972, to January 6, 1978
Landsat 2 - January 22, 1975, to July 27, 1983
Landsat 3 - March 5, 1978, to September 7, 1983
Landsat 4 - July 16, 1982

x 80 m Landsat 5 - March 1, 1984

Landsat 6 - October 5, 1993, did not achieve orbit
> Landsat 7 - April 15, 1999

data
>| gap?

L A ND S AT

¥ LDCM
ity Mission

Data Continu

>

14 x 14 m
28 x 28 m




Landsat, SPOT,..

Digitalne snimace



Landsat Multis

NN\
W\ Attitude-control
NN subsystem
Solar array N
3 /
I
FJ\J\ SN N\ij\
{\[\: h \\
M Wideband rec order
H (|||~ electronics
) )
Attitude
4— measurement
sensor
Data
collection /' T '\ Multispe ctral
antenna Return Beam Scanner (MSS)
Vidicon (RBV)
cameras (3)

pectral Scanning System (MSS)
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Components of the
Landsat Multispectral
Scanner (MSS) System
on Landsat 1 Through 5

Landsat
Multispectral

Scanner <— Aperture

sunshade
.~'."
STHY
‘ .Eﬁ::
")

Six Dete : ’

per band
(24 total)
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Landsat Multispectral Scanner (MSS) Landsat 4 and 5 Thematic Mapper (TM)

d Spectral Radiometric Spectral Radiometric
Landsat Resolution Sensitivity Resolution Sensitivity

Multispectral Band (um) (NEAPY Band (zm) (NEAP)
Scanner (MSS)
and Landsat
Thematic

Mapper (TM)
Sensor System
Characteristics

IFO‘at .I.I ; d lr ....................................... ke thmug.}; S .....30 D e
240 x 240 m for band 8 120 x 120 m for band 6
Data rate | 15 Mb/s | 85 Mb/s |
Quantization levels 6 bit (values from 0 to 63) 8 bit (values from 0 to 255)
Earth coverage 18 days Landsat 1, 2, 3 16 days Landsat 4, 5
16 daxs Landsat 4, 5
“nmde 9 : 9 - -OSkm
Swath width 185 km 185 km
Inclination 99° 98 2°

* The radiometric sensitivities are the noise-equivalent reflectance differences for the reflective channels expres:ed as percentages (\'EAP\ and

temperature differences for the thermal infrared bands (NEAT).
® MSS bands 4, 5, 6, and 7 were renumbered bands 1. 2, 3, and 4 on Landsats 4 and 5. | Jensen, 2007 I
© MSS band 8 was present only on Landsat 3.




Inclination of the Landsat Orbit to
Maintain A Sun-synchronous Orbit

Equatorial

plane and __, &=

direction of
Earth rotation

Jensen, 2007 I



Landsat Multispectral Scanning System (MSS) Orbit

Orbit 16, day 2
Orbit 2, day 1

Orbit 15, day 2
/ Orbit 1, day 1

/

185 km wide —»

<« 2875 km _’l |‘_ 159 km
at equator <
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Orbit Tracks of Landsat 1, 2, or 3
During A Single Day of Coverage

Landsat Orbital Tracks

RAVAVAEY,
LSS S S S S S

[ ) ) ] ]
///////
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Landsats 4 and 5
Worldwide Reference System

© Nomina
South scene center
Carolina

o @
Alabama

Georgia
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[ " USG5 Global'Visualization Viewer - A

Sensor Resolution MapLayers Tools File Help

-P th 16
a

E——

cene Information:

ID: 5016037000512810
Cloud Cover: 0% Qlty: 9
Date: 2005/5/8

May v’]z'uus v’ﬂ

Prev Scene ‘ Next Scene

Landsat 4-5 TM Scene List
016037000512810

http://glovis.usgs.qov

Add H Delete H Order ‘ http:

landsat.usgs.gov/band designations landsat satellites.php
Landsat 4-5 TM 1000m  |No Limits Set Jensen, 2007



http://glovis.usgs.gov/
http://landsat.usgs.gov/band_designations_landsat_satellites.php

q_1zA |>|Ei

WRS-2

Path Row:| ° ‘ £
Lat/ ”

o ’33 2 80.1 6o |

Max Cloud:

100% ¥ ’J[;

Scene Information:

ID: 5016037000512810
Cloud Cover: 0% Qlty: 9
Date: 2005/5/8

South Carolina

May v ” 2005 v ” 6o |
Prev Scene “ Next Scene ‘
Landsat 4-5 TM Scene List
5016037000512810 [
Add H Delete H Order ‘
Landsat 4-5 T 240m Mo Limits Set
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w B USGS Global Visualization Viewer

6 il ® earthnow.usgs.gov/earthnow_app.htmli?sessionld=d22c64ff4f585e6764d6f57a6022bcf159400

| EarthNow! Landsat Image Viewer x| { | Technical Details « Landsat Science | il What are the band designations f

| —

SHMU &2 Google Translate | web gallay || MIV portal € jedalen UPJS 2 Google Maps mﬂ SIR citatiof

{8 Most Visited { Getting Started €3 UPJS P Gmail O sciencedirect

Help | FAQ i

EarthNow!

Landsat Image Viewer

Now Showing: Landsat 7
Replay
Acquired: 8:00pm 10-Apr

Next Pass: Unknown

Landsat 7 scenes over the U.S.
are available for download within 24 hours
of acquisition at http://glovis.usgs.gov.

Landsat satellites have been acquiring images of
the Earth’s land surface since 1972. Currently
there are more than 2 million Landsat images in
the National Satelfite Land Remote Sensing Data
Archive. For more information about Landsat
visit http://landsat.usgs.gov.

P~

-

‘ Acquired at the U.S. Geological Survey

2 3 2 : ~4 % 5 ; " gk ‘ L Earth Resources Observation and Science
science for a changing world : 3 wL - g w| (EROS) Center, Sioux Falls, SD

Acces Privacy

U.S. Department of the Interior | U.S. Geological Surve

URL: http://earthnow.usgs.gov/earthnow_app.html

Page Contact Information: http://landsat.usgs.gov/contactus.ph
Page Last Modified: Wednesday, 27-Nov-2013 13:30:39 CST
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Spectral Viewer
l/ View Graph |/§elect Spectra r Select Bands r Select Convolve r Add Atmosphere
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http://landsat.usgs.gov/tools viewer.php


http://landsat.usgs.gov/tools_viewer.php

Spatial Resolution (m)

Spatial and Spectral Resolution of Landsat Multispectral Scanner,

Landsat Thematic Mappers, and SPOT Sensor Systems

Panchromatic

Panchromatic

R]
Panchromatic

]

E[R]

NIR

| Panchromatic

Os

NIR

Near-
infrared

Landsat Thematic Mappers (TM) 4 and §

Infrared (HRVIR)
SWIR

2R Infrared (HRVIR)

W SPOT 1, 2, and 3 High Resolution Visible (HRYV)

| | | | | | |
Landsat 7 Enhanced Thematic
Mapper Plus (ETM™)
60 m

Middle

infrared

120 m

Middle Middle

SPOT S5 High Resolution Visible

SPOT 4 High Resolution Visible

infrared infrared

Landsat Multispectral Scanner (MSS)
<« 1,2,3,4,and 5

Thermal
infrared

Thermal
infrared

e N N e e e S B T

Wavelength, um

11 12
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LANDSAT 8 OLI/TIRS  : smeveisiranes

Earth-View Baffle

_ Tertiary
Mirror

\ OLI

Instrument Support = Focal Plane
Electronics Electronics

Figure 2-2. OLI Instrument

TIRS
(Earthshield Deployed)

Blackbody Cal
Radiptor

Earthshield ™
Latch

Extarnal
Alignment Cube

Bus

Focal Plane
Electronics Interconnecting

Panel Harmess Bracket

N LAN DSAT 8 (L8) Figure 2-6. TIRS Instrument
DATA USERS HANDBOOK with Earthshield Deployed



LANDSAT 8 OLI/TIRS

Landsat-7 ETM+ Bands (um) Landsat-8 OLI and 7/RS Bands (um)

30 m Coastal/Aerosol 0.435 - 0.45] Band 1
Band | 30 m Blue 0441 -0.514 | 30 mBlue 0.452-0.512 | Band2
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 - 0.673 Band 4
Band 4 30 m NIR 0.772 - 0898 | 30 m NIR 0851 -0.879 Band 5
Band § 30 m SWIR-I 1.547 - 1.749 | 30 m SWIR-I| 1.566 - 1.651 Band 6
Bamnd 6 60 m TIR 10.31-1236 | /00m TIR-1 10.60 11.19 | Band 10

100 m TIR-2 1150 1251 | Band 11
Band 7 30 m SWIR-2 2,064 -2.345 | 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 1.363 - 1.384 Band 9

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



Dalsie

Sentinel 2

ASTER

MODIS (Terra/Aqua)
Geotye

WorldView

IKONOS

SPOT
QuickBira




