UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION

A< | INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS
LCT.P., P.O. BOX 586, 34100 TRIESTE, ITALY, CABLE: CENTRATOM TRIESTE

Q@E INTERNATIONAL ATOMIC ENERGY AGENCY

H4.SMR/383 - 07

WORKSHOP ON REMOTE SENSING TECHNIQUES
WITH APPLICATIONS TO AGRICULTURE, WATER
AND WEATHER RESOURCES

(27 February - 21 March 1989)

OPERATIVE SENSORS
OPERATIVE SATELLITES

C. MARINO
UNIVERSITA' DEGLI STUDI DI MILANO
DIPARTIMENTODISCIENZEDELLATERRA
SEZIONEDIGEOFISICA
20129 MILANO
ITALY

Mais Bubine STRaDA CoOSTIERA, 1}

Trr 22400 Teierax 224163 Teiex 460397 Apmiamico GuEsT Boust Vi Gricsane, 9 Tey
Microrrocessor Las, Via Burit, 31

226041 TeebFan 224531 Terky dnoddv
Ter 224471 TELFrax 224163 Teiea 460392 GaLlibo Goest Houst Vs Broees, ? Tre.

22400 Trewerar 22455y Teops do0iel



e e ek s A e e e 2 o eeam e e - - - —
“Alrcrait
O Depression angle (y)
SLAR antenna ~%; €&
Ground surface — 2T
Ground Buiiding  Hill  Shadow
traek _
' Schematic illustration of a side-looking airborne radar (SLAR)
Wavebands commonly weed in reder remote semsing
Band designation Wavzlmgtb range (mm) Frequency (GHy)
Ka -1 28-37.5
K 11-17 18-28
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The Satellite Communi-
cation Circuil.” All satellite signals
must be uplinked from a high power
amplifier (HPA), channeled into a
feedhorn and reflected from the an-
tenna towards the comrmunication
satellite. The signal is received by the
spacecraft’s antennas, amplified,
lowered in frequency and redirected
back 1o earth. Typical Ku-band up-
link frequencies are 14.0 to 14.5
GHz. In North America, F§5 down-
link frequencies are 11.7 to 12.2
CHz for satellites orbiting from 57 to
146 degrees West. Different down-
link frequency ranges have also been
allocated.

The Geosynchronous Arc. Sates
in higher or lower positions than the geosta:
ary orbit of 35,803 kilometers (22,247

over the equator will rotate more slow!
Mz‘v"“s'tgfju quickly, respecti vely, l!:ian the speed of the
THAN LARTH below. Only satellites in the geostationary -
appear (o stay in a fixed position relative 1
observer on the earth befow.,







Solar Ay ——ar Attitude control subsysism

Wideband Recorder
Elsttronics

MULTISPECTRAL
SCANNER

$ band antenna

RETURN BEAM
VIDICON CAMERAS

The first generation Landsat platform

Voner o F Opem:ion‘pm'ods of the Landsat 13 satellites

Satellite Launch date . End of operation
Landsat 1 23 July 1972 6 Janusry 1978
Landsat 2 12 January 1975 27 July 1983°

Landsat 3 5 March 1978 7 September 1983**

Sowrce: NOAA (1986)

*Interruption in 197980
**Standby mede from 31 Macch l’l3
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Band 7 "wekngib rmge (]l.ﬂl) e App!mmons

4 0.5-0.6 o Sediment lo_odn; shallow water
] 0.6-0.7 . . Vegetation; culrural features

[ 07-08 ' . .. . Land/water'separation . =

7

0.8-1.1(1.0*} ' "}Vegetanon a.nd geolopul sudies

*The upper Limit of bad 7 is mermaly quoted s 1.1, Bt has also been quoted 21 104
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ingtruments

FiG. 23 - Sistena di visione in cui lavorane in parallelo i due HRV.

Pass on day D pass on ey E

' paraliax

Fic. 24 - Possibiliti di ripress siercoscopica del sistena SPOT, con visione Juterale della stessa
zona da due orbite diverse con due diversi sngoli di ripresa,




- SCAN

SURFACE PROJECTION COR‘;:;:ETOR
_ OF THE DETECTOR IFOV'S
r BANDS M AN~ ng .
12348 g .‘@@}ﬁ“
l. .. .. ..Q .. - - }
seiisiniiis O] ALONG / / |
elerarge el ] TRACK SILICON COOLED !
eveteseseses [T DIMECTION T DETECTORS DETECTORS
et aTaton qe g0 : . AND FILYERS AND FILTERS
* 8 .. [ ] L] 'Auos ‘
©2 BANDS §
* o ; :

SCAN DIRECTION

"GROUND IFOV .
- BANDS 148 &7 30 METERS
BAND ¢ . 120 METERS

_ DATA RATE - §4.9 MBPS

QUANTIZATION LEVELS -~ 256

|

« Schema di principio di funzivnamente dello wanner TAL (Landsat 4.9 tFigurs teatea
Ju NASA Technical memo n. B6149). .

SCANNER
MUL TISPETIRALEMS.S.)

In questa figurs 3000 1 resentati § traccinti délle orbite Landsat (1,2, ) relative o
24 ore (14 orbite cumplers). In tearteggio & riportata whs delie orbire « notumne =,

rotations
intercorga
da Aa B

‘:: :lrf:el;:z? dells wonsione M$SS Landiar: cimscuna delle 4 bande he o dispo-

Prrceccinne dalle mrhiie rha fammlemmn. . -



Fig, 20 - | satcllite SPOT.

off-axis (£27") de) sistema SPOT.

Fic. 22 . Possibilita di visione
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Meteosat wavebands

Band Wavelength range (um) Resolution (km) at
) 0 latitude O° longitsede
Visible/near infrared 0.4-1.1 25
Water vapour 5.7-71 5.0
Thermal infrared 10.5-12.5 5.0
polar orbiting
satollites
METEDSAT 200- 1000km  §0E8 8
{ESA) - (USA)
- N
NOAA {USA) M8 ew
’% ¥, 500im
INSAT
{incka) 135°w @& GOES 1

BPOT ( e (e

. 4

Polar and geostationary orbits used fer motéorologaed and Earth oburnnon o

satellites. (Modified from ESA 19l5) , L i,

S et
,,.;_.:;; ..'...__.?: __‘_ﬂ}%
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Characteristics of the Mudltispectral Scanner (MSS) and Thematic
Mapper (TM) carried on Landsats 4 and §

MSS wavelength TM wavelength Principal applications for

Band range (wm) range {nm) TM data
1 0.5-0.6 0.45-0.52 Coastal water mapping
Soil/vegetation differentiation
2 0.6-0.7 0.52-0.60 Green reflectance by heaithy
’ vegetation
k| 0.7-0.8 0.63-0.69 Chlorophyl} absorption for
' plant species differentiation '
4 0.8-1.1(1.0) 0.76-0.90 Biomass surveys
5 1.55-1.7§ Vegetation moisture
Snow/cloud discrimination
é 10.4-11.7* Thermal mapping including
7 plant stress
7 2.08-2.35 Vegetation moistute and
- geological mapping

Ground pixel .
size 82m 30m (Bands 1-5, 7}

120m (Band 6) !
Quantization \
Jevels 64 156 |
Data rate 15 Mbps 85 Mbps "
Weight 68kg 258kg
Size 035 %04%09m 1.1 x 0.7 X 2 _
Power 50 wats 332 watts !

Souress: Freden and Gordon (1983}, Nationsl Remete Sensing Centre ’(1985). See also
Markham and Barker (1985a, b) : _
*Pralounch ealibradon showed this wavelength range, The design range was 10.4-12.5pm



Principal recent and current satellite remote sensing systems

Satellite
Image repeat Wavelength(s)  Spatial , Main
ICM ry Hs) Lownch date(s) possibility frequency resolution Swath width applications
GOES series Visible  Series from 19 minuees  Visible O8km  FullEanh  Metcorology
and Infrared Spin-  Ocrober 1975 disc or
Scan Radiometer ‘ Thermal IR~ 6.9km quarter disc
{VISSR) USA N
_ Meteosat series 30 minutes  Visible 24km  FullEamh  Meteorology
_Radiometer Middle IR Skm disc or Vegetation
Meteosat 1 November 1977 Thermal IR Skm sceton Environmental
Meteosat 2 June 1981 : hazsrds
ESA
GMS series Sevles from July 30 minwtes  Visible 125 or 4km Full Earth  Meteorology
{Himawari) 1977 Thermal IR Sor?km  discor
. Visible and Infrared quarter disc
 Spin-Scan Radiometer
Japan - _ _
Insat [ series LA April 1982 30 minutes  Visible 1.75km  Full Earth  Meteorology
Very High Resolution (abandoned disc
Radiometer September Thermal IR 11km
India 1982) - :
z IB Augus: 1983 i
 Tiwos-NMNoss series Serica from  12hours  Visible *  ‘Ltkm  2400km  Metworology |
_Advenesd Very High October 1978 - Neat IR ) Oceanography
Resolution Middle IR Hydrology
‘Radiomens Two therma! Vegenntion
{AVHRR) IR bands
(USA
TirosN/Neas saie Sories from 12 hours  Twenty IR ' i
Tirss Oporationsl  Oetobe 1978 . bands 17.4hm _ Metsorology |
Verstoal bounder - Three IR bands 147.3km .
(Tove) ' Four micro-  10Skm
UsA _ _ wave bands (st madir) ) AT
Delense Metoore-  Block SD series 12 howns  Vinible snd 0.6k Messorology
“logiaal Batelive from Seprember ‘ thermal
_Program DMSF) 1976 m
Operationa! Linsscan . S
Sywem (OLS) ST B
:
iy,

\i¢ (5%' A %

" 7 The Landsat receiving stations and their coverage areas - .

[T T TR
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Satellite . .
Image repeat Wavelength(s)!  Spatial L Main
i Ic“m‘:;m“‘) Lawnch date(s} pom'br‘h‘ry frequency resolution Swath width applications )
Meteor series Series from 12 houn Visible Meteorology
USSR 1969 Thermal
: IR ¥
| Kosmot series . 3 daps Fourbands  1.5km  1930km  Meteorology
Multispectral scsnner visible and Land
\ Kaosmos 1500 September 1983 near [R applications
' Kosmos 1602 September 1964
USSR
Landsat series
USA
Multigpectral scanner Four bands in  79m 185km Land use
(MSS) visible and Vegetation
Landsat 1 July 1972 18 days near IR Geology -
Landsat 2 Janvary 1975 18 days Thermal IR 237m Geomor-
Landsat 3 Marech 1978 18 days (Landsat 3 phology .
Landaat 4 July 1982 16 days only) Hydeslogy
Landsst § March 1984 16 days
Landsat 4 July 1§82 16 days - Six bands 185km Land use
Landsat § March 1984 16 days visible, neat and  30m Vegetation
Thematic Mapper middle IR Geology
™) : L Thermsl IR 120m  Geomor-
Hydrology
. Cantography
- SpOT February 1986 2.5 days (of(- Visible 20m 60km Land use
High Resolution nadir) Near IR Agrieubrure -
Visible (HRV} ! Panchromatic  10m Carrography !
France Exploration o
Seasat June 1978 . Limited cover 23.5am (L~ 2$m 100km  Oesancgraphy
Synthedc Aperture . band) IS
. Radar (SAR) R
= USA . y--‘
PR . Ty
L Sposeshuede Limived ecver 23em (L- Grolegy :
r ~ Shumle lmaping Redar band) Qeemet- e
o SIR-A November 1981 40m - S0k  pholegy ~"’;".. 1
o SIRB - Ocrober 1984 om 20-50km  Soils ;i
. USA ' L ~ Landuse - '_‘..‘_;,»,.
SIS |  Oceanography
: CommeTs o T RPN
" - Space Shunle November 1903 Limived cover Panchromatic ¢.30m 190ken Yopographic 1
A (1:50,000-
' : 1:100,000
_ . sonles)
+ Space Shufte 1984 Limired cover Panchromatic £.30m ‘Clmp-'lphy
Large Format Gamana Colour - (1:30,000
LUsA £ Near IR scale)
" Spees Bhuttle me 1983 Limised cover Visible 19-20m 140k quuuon
. MOMS ary 1904 Near IR Siéreo . Land use
W-t Qermatiy Thermal IR ’ " “Hydrology
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Fig. 8 — Schema 0! scansions oltico-meccanica. L'energia raccolta dalio specchlo retants 81 {masso dai motore
M) & rinviata attraverso |a serle di specchi fissi $2-85 sl due detectors D1 D2 termostatali dai sisiemi C1 ¢ C2. Lo
specehio dicroico S, separa la tadlanza in due campl di lunghezza d'onda contigul. CH1 ¢ CN2 sonc dus riferimen.
ti costitulti dai corpi neti 8l calibrazior=.



Costi epprossimetivi delle inimagint

Si portano alcune considerazioni relative ai costi e costi per ettaro delle im-
magini pib frequentemente utilizzate; poiché i prezzi sono soggetti & variszione
81 riportano cifre (19831 che non vanno prese come assolute:

1) Immagine digitale TM completa (7 bande) = L. 7.300.000
2t 13 immagine digitale TM completa (7 bande) = L. 2.000.000
3 Immagine digitale MSS ecemplera {4 bande) = L. 1.200.000
4) Negativo (1 bands 240 m) TAl 13 immagine = L. 200000
$) Negativo (1 bsnda 240 mm). MSS = L. 100.000

Sulls base di queste cifre si pud ottenere una indicazione del cono/ettaro
. Superheie (Ho) Lire/Ha

mn 422,500 2.1

2) ., 830.000 .33
3 3.422.300 0.33
4) £50.000 0.2)
3) 3422300 0.0

che: ‘
—— Per le immagini digitali ¥ necessario wn centro di calcole (spesa di investimente)
pes il funzionamento del quale 3i deve tener conto delle spese di gestione, spese
per contratto di sssistenza, smmortsmento ece. Non solo, ms anche l'sequisto

o ba produricne di seftware di trattamento vanno contepglati in quests fase.
— Per le immaginl su supporio forografico & necesssris uns camera scurs dotata
i ot‘immure opportune sll'vopo ¢ di tutto il materisle chimico per i tratte-

:— Per ehborare I lmm-jlni i.li;iull o lotografiche occorre i:crtonolc specisliz-

zato, H eui eoste incide comunque sul coste glebale del risultato Anale.

Sorge ipontanes un eonfronio con | cestifettiro delle Immeglnl tradisionali
tiprése da séreo, ms una compatstiont con #sse t praticamente impossibile, dara
la nstura £rotondlmmc diverss delle carsuieristiche dei due fodi di ripresa: In

quests se

o l'alirs dipende ensenzialmente dal sisultasto che si vuole ottenere ¢ dille specih-
che esigenze del problema.

Questl costi — elire ad essere spprossimstivi — non tengono conto del fatto

I e

ptrtsnto non si titiene competitivo Fun metodo rispetto ofl'stiro ma
sl sottolinea che — posto un problema di ripresa — adottare uns tecnica di tipress

‘r
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delaciocs
(0.5- 0.8um) Photodiode

Osclllating - detactors
scan (0.8 - 1.1 um)
miror Fibee optics
Metcury - cadmium -
totiurice detectors
(104 -12.8um)
Energy from Secondary Primary Rolating shutier
4 Earth and [ miror mirror
atmosphere

Scanning
ladiofneter

]

Schematic disgram of she Landeat 3 Multispectral Scanner scanning rediomerer

(top) and its orbital scanning pattern. (In pant after Freden and Gordon 108))
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matrice £x§
Ottica
Specchio

Rivelatori

SCANNER
MULTISPETIRALE (MS.5.)

716, 16 - Schema di principio della scansione MSS Landsat: ciascuna delle 4 bande ha a dispo-
sizione & rivelatori.

LANDSAT.D
Thematle Meapper Bpectral and Rediometric Characteristics

== 8" Solar Zenith Angle T s 4g¢ Solar Zenith Angle MSS
=== 10° Boler Zenith Angle TM wmmmyge g 1, Zenith Ang o MSS
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Fic. 18 - In quests figura sono rapprcsq(mu fe bande 1.2.3.4.5.7 &l TM. L foro posizione

sulio speitro ¢ In loro larghea. (Figura tratta dal Manual of Remote Sensing).
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Conversione sul rubo & raggi catodici di un impulso radwr.
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Cuntiguraziom: clemeatare i un sistoma Fuint







