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Multiple Lens Camera

Jensen (2000)




odld Cf Bl 'll

295y ©)y9a Sledlbl (3l 0233

ASJAS,_,SA:’&) ) f “5“"% H P XV TN QM%@’MW

(asgss (55005 y29005) W' (g0 0 pilke (ginn) (Slo oSyl 43 ) 00 33 y3glias 5093y ptaspus
(n) oSyl b bl | galad )90 ,5) W o)lgale ;3 (il (g5l 0yu5-d by (S iy
pld 4 bgsye 3190 B o 4y 2T )59 (093 1o pmpas

Pt S 1050 yrgpas S pun (i # by Cud Sy (5098 (51O psaan

299) S1B s yolal iST 10 CudS alS g Las slomyl 9 JSKte poe

o Eleil

(Digital) dmb edisTuw o

™

2




o Eleil
odls g5 Bld 51 2
e (Digital) g0e8) sl esissiuw o
(652l T35 55 0olial 3,90 2t ol t 2ty ST Whuugus (guitin il s Jlda 5
B Ol i uelolitag A S Ayl Caneeo t gogfy b s O a9} JS24 o
- A5 (g0 3T 293 45 U (loj (50 o5kl g Wa5ldg <o o LS et

 (go0) 18 s 0 O

(0 32 Lo )ISET Jaugs o (3938 (03,5 395 ouiomins ol prdaws 41 (ualoliiing 25U (555 o
oS sty S Vlaisl g Jud gy S 5 gy 938 (I Slas 35955 Djge 3 S
46 55 paie o 5ly Jade &5 loj 5 digd (g (565 o3l 1o 5y ol 9 (g0 s
S5 g2 Jome 9 jlade conlplny A5 (o0 atitia |, 5Ly 0 4y Lgyje Jore sy e Sl
33,5 (g0 Cud 9 yadutia (850
K (RS o,lgale) LISS IIT 4 (SPOT o,lsals) HRV suioxiu o/




—

- i Y Y 4
il s UlE S o il s £ledl
w] qu.L\) g,L)L SlAE ) Q..w.g_))h — gD 40 PP ) Py ° A & y

‘.’00 212| 221| 230 | 240 | 244 | 255 | 255

169| 191 | 180| 175| 170 190 220| 230 ‘élé e’s sw 3' 2
158| 168| 168| 152 150| 133| 190 | 200
(Digital) goeb) (slb edioviuw o

T

116| 126| 116| 128 116 | 116 110| 140

105 115| 105| 128 105| 105| 95 | 100
1! | | + $ ! BAND 1
g | o1 | 102! 115! 110! 90| 77| 40 21 86 34 28 31 89 21...
BAND 2
70| 75| 75| 72| 58| 38| 21| 12 16 18 21 32 19 18 21
| ————— S BAND 3
08 06 04 03 06 09 10 12...
BAND 4
06 03 02 08 10 21 198 18. ..
L~
7
IMAGE s
TAPE i
\ T T N
L21 160806 86180603 34210402 _. —Kg
“A PIXEL” "A PIXEL" "A PIXEL"




otz £loll

Digital Frame Camera
Area Arrays

Lens and
filtration

oab‘;”‘equ&,gkwjl 3

b S o : (Frame Type) osdaw edissiw 1
QLS (g0 o g 33 ) gl S5 atutia

abiod 5 ;0 SO b 5b b wlSe (90 aiilbe o

»

&

O by 5 el 2 W pwaia alSoeul o
S e Sledbl gl )50l 9 (52,5923
Se pbejer Ojpe 4 e S 5l il S

'< A Ay
e B <? 4.:._{,. P

g




e ﬂ* \
O ATI g',ﬂ
oélé‘;),‘equm,&kwjl 3

b oz o35 Curettlyy 9 oy )5, il : (Linear Type)  Jas esdiw 2

Pushbroom g,qL ;| eslizul o
iysS g0 B 330 seka Jas Sy 0 K0S, LS 3 ks S8T ans o

D9t (o0 S 590 2SIy eal LR L g ual P (Gg) odiiw ©
wha;uf,’,l’a,u,iu‘,_g.wJa»»l@l,gab'[,h)u,&u‘u:é‘ o
PC .é,w“.awbﬁ Lgéq]a’,_’”.'ﬁbg o

PO o> FD

Aad o JoSiS JolS yigual S o2 0w Sy slo b5 o

j. N One image line out per
— 0\ X ’ Y

PN mcrement of linear motion YO ar e A W
- CCD array = e 20 S S > b pgar ®
: ; . ) " | = ¥ o

&89y y B k5Lf:.>

Sl Caepo b Jlas 5590 adlais

N, Imagedarea

"/ Linear motion

7 Sensor strip




Linear array
sensor

Payload
optics

| /)

Flight direction

Ground

N\

Electromechanical Satcllite Sensor

Current Ground ——— ~ =3
Resolution Cell / - 7
Scan Direction Flight Direction

K Mechanical or Whiskbroom Scanning

OIATI é',i'
oobg”‘equm,&k'a'}l 3

: (Linear Type) Jas esisiw 2
SPOT o,lgale HRG ssixius o
IRS olgale LISS I osioxias o

Lo yaai 5l das- ja 33 ol 40 0)lgnle b Leglear o
udin plSocl @ ol wWitus Cglite Zaady
e dwiin a3 10 g Cunl oS s slo oviseiw
S,k




—

Rolating
Scan

Fleld
ol View

Linear Array “Whiskbroom”

Rotating mirror NIR
" Red
i Green

o £lell

oéb‘;”"eqw,&kwjl 3

: (Point Type) (¢l daill evisiws 3
Whiskbroom (g,9lié 3l eolizwl o
Dgd g0 Cudls s S L5 axlg o] 0 o

oy o S 31 : 00t Hlugs b g olye ansl S lawgs o
&Jql,omxjﬁhuﬁawq,clyq
uowbﬁ(lb),é&o’bdﬁﬂcbuu&) 6),3"‘:..“3.“
QS

N F b (0 JuaSS ST g0 b oy Jos qialply o
&ffw,ﬂéwqu‘hwﬂﬂ]“f
’l?ﬁ“-MQO)‘,ﬁl‘

%




—

oz £lell

oélég”‘eqw,&'kwjl 3

: (Point Type) (¢l daill eviseiws 3
Whiskbroom (g,9lié 3l eolizwl o
5P S8 Sl 55T Cusjp an] e Yo 4 o

&%‘)Isbphw}')wﬁﬁ‘éJb&ww&'ﬁ@ o

.o.\i)'é (SRaS dwdid T M&' )”LA}' o

SOgd (g0 Culld 5 9 0vallie 500 awiin S b alads ;2 o

A5 ks (5550, 5938 50 (905 S5 el ©

¢ Canl 33 41550 o ottt oyl ygaml yudlS 9 Cls ¢ hilie 0 ©

HENCNEN HEEE
AW WM

AN

5 Ol yalal amsis 8 o
LANDSAT o,lgale TM oviziws o
NOAA o, lsals AVHRR oz o




Remote Sensing Systems Used to Collect Aerial Photography,
Multispectral and Hyperspectral Imagery

Analog Frame Camera Digital Frame Camera
and Film (silver Area Arrays Scanner
halide crystals)
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« Earth Resources Observation System (EROS) was
initiated in 1966 by the U.S. Department of the
Interior. Placed under the control of USGS.

launched in 1972.

the program was renamed “Landsat.”

Landsat is the oldest land surface data acquisition

Landsats 1-3
Attitude-control Conﬁgul’atiOn

subsystem

Widceband recorder

= Attitude
@ €4— measurement

sensor

Multispectral

antenna Return Beam Scanner (MSS)
Vidicon (RBV)

cameras (3) Jensen (2000)

cawdd 1

Earth Resource Technology Satellite-1 (ERTS-1) was

With the launch of the second ERTS satellite in 1975,

* Landsat Sensors:

— Landsats 1-3 had Multispectral Scanner
(MSS)

— Landsats 4 and 5 had MSS and Thematic

Mapper (TM)

— Landsat 7 has Enhanced Thematic Mapper
Plus (ETM+)
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« TM Resolutions: “ i) 4

— Spatial: Bands 1-5and 7 are 30 x 30 m. Band 6 is
120 x 120 m.

TM ovixiw o

— Spectral: 7 bands (see next slide)

(S 2w 4s1). Wiskbroom, (5,lzé... 0

— Temporal: Repeat coverage every 16 days on
Landsat 4-5.

— Radiometric: 8-bits.

o8 VP 4 (5550l e 9 0,050 ©
TM Spectral Bands 0203 S9y &yerie Yo Lo,yds sl 88T 0 o

ONSTIw 933 ¢ phaid 2o FA+ lug o b cplls o
T
Foh s k¥ ol o
£ ool g 8 0 A8 s e

Band 4 760-900 nm (NIR)

5 Ve (AP sl Sy s

Band 6 10,400-12,500 nm (TIR)
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« Band Characteristics (check p. 194 in text): Cawdd 1

— Band 1 (450-520 nm) — Water penetration; blue
chlorophyll absorption by healthy plants.

TM ovixiw o

— Band 2 (520-600 nm) — Green reflectance of
healthy vegetation.

— Band 3 (630-690 nm) — Red chlorophyll absorption,
soil boundaries. (S 2w 4s1). Wiskbroom, (5,lzé... 0

= (B:(?:git?og?GO—QOO nm) — Vegetation amount and jh)&z] \$ 4 ‘53’“ &J 9 0),5)-3 o

On0) 59y &ayarie Vo Luyis sl lSaT 1o o

» Band Characteristics (check p. 194 in text): ol 25 gy aiye gl FAs lugi o b cplplty o
— Band 5 (1,550-1,750 nm) — Water content of
plants, cloud/snow/ice delineation. -y Wt LY gl o

— Band 6 (10,400-12,500 nm) — EMR emitted from [S-93 KA WARirg: KU | ARVSINICgR VAR 30 . YARC Y P OO

surfaces.
e VY (F)y>) 7 &b JuSy olad o

— Band 7 (2,080-2,350 nm) — Discrimination of
geologic rock formations.
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« ETM+ Resolutions:

— Spatial: Bands 1-5 and 7 are 30 x 30 m. Band 6 is
60 x 60 m. Band 8 is 15 x 15 m.

— Spectral: 8 bands (see next slide)

— Temporal: Repeat coverage every 16 days.

— Radiometric: 8-bits.
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™ { ETM+ lauil olasie
Band ™ ETM+
\ .£0-.0Y um blue .£0-.0Y um blue
T Y .2Y-1 um green | LOY-1Y um green
v Y- um red Y-8 um red
£ V-9 um NIR .Yo-.2 um NIR
o V,00.),Ye ym SWIR V,00-),Yo ym SWIR
W-x Y+, £.1Y,0 ym TIR V+,£Y,6 ym TIR
v Y,A-Y, Yo um SWIR ¥,)-Y,Ye ym SWIR
A .0Y-.4 um panchromatic
\ L N /




Band 1 30 m Coastal/Aeros | 0.435 - 0.451
Band 2 30 m Blue 0.452 - 0.512
Band 3 30 m Green 0.533-0.590
Band 4 30 m Red 0.636 - 0.673
Band 5 30 m NIR 0.851-0.879
Band 6 30 m SWIR-1 1.566 - 1.651

Band 7 30 m SWIR-2 2107 - 2.294
Band 8 15 m Pan 0.503 - 0.676
Band 9 30 m Cirrus 1.363 - 1.384
Band 10 100 m TIR-1 10.60 - 11.19

Band 11 100 m TIR-2 11.50 - 12.51

W




Band 1 | 30 m Blue 0.441-0.514 7\
Band 2 30 m Green 0.519 - 0.601
Band 3 30 m Red 0.631-0.692
Band 4 30 m NIR 0.772 -0.898
Band 5 30 m SWIR-1 1.547 -1.749
Band 6 60 m TIR-1 10.31-12.36
Band 7 30 m SWIR-2 2.064 - 2.345
Band 8 15 m Pan 0.5715-0.896
Band 1 30 m Coastal/Aeros | 0.435 - 0.451
Band 2 30 m Blue 0.452 - 0.512
Band 3 30 m Green 0.533-0.590
Band 4 30 m Red 0.636 - 0.673
Band 5 30 m NIR 0.851-0.879
Band 6 30 m SWIR-1 1.566 - 1.651
Band 7 30 m SWIR-2 2107 - 2.294
Band 8 15 m Pan 0.503-0.676
Band 9 30 m Cirrus 1.363 - 1.384
Band 10 100 m TIR-T 10.60 - 11.19
Band 11 | 7100 m TIR-2 11.50 - 12.51
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(SPOT - System Pourl ¢ Observation de La Terre) cluwl

1989 | 1990

J OO 1 20(K)

™

2

[ aunch Dates:

SPCHI' | - February 21, 1986
SPOT 2 - Junuary 22, 1950
SPOT 2 - Seplember 25, 1603
SPOT 4 - March 24, 1998

| | | | l |

‘ _> Launch and duration

4&& >
>

(Moved to 1I'" quarter of 2002)




SPOT system
configuration

Jensen (2000)

[Landsat TM and
MSS 1mage area

60 km |

185 km

> |
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S - System Pour] ¢

rvation de La Terre) <

SPOT o lsale sla odizeinw Slasiie

satellite | instrument band name wavelength sampling | CCD per
range distance line
SPOT123 | HRV1 or HRV2 X5 0.50-0.59 pum 20m 3000
XS2 0.61-0.68 um 20m 3000
XS3 0.78-0.89 um 20m 3000
PAN 0.50-0.73 um 10m 6000
SPOT4 |HRVIRI or XS1 0.50-0.59 pm 20 m 3000
HRVIR2 XS2 0.61-0.68 pm 20m 3000
XS3 0.78-0.89 um 20m 3000
SWIR 1.58-1.75 um 20 m 3000
M 0.61-0.68 um 10 m 6000
SPOT5 |HRGI or HRG2 XS1 0.495-0.605 pm 10 m 6000
Xs2 0.617-0.687 pm 10m 6000
XS3 0.780-0.893 pm 10 m 6000
SWIR 1.545-1.750 um 20m 3000
HMA 0.475-0.710 pm 5m 12000
HMB 0.475-0.710 pm 5m 12000
HRS HRS1 (fore view) 0.49-0.69 um 10mx5m 12000
HRS2 (aft view) 0.49-0.69 um 1I0mx5m 12000

(1) Ground sampling distance at vertical viewing.




o 6 lenlo § ssistiw win

=S url ¢ ion de La T =L
Satellite Launch No. of MS Panchromatic  Altitude Revisit
Year bands resolution (km) time
] [nominal (nominal) (days)
resolution]
SPOT 1 1986 3[20 m] 1[10m] 832 2-3
SPOT 2 1990 3[20 m] 1[10m] 832 2-3
SPOT 3 1993 3[20m] 1[10m] 832 2-3
SPOT 4 1998 420 m] 1[10 m] 832 2-3
SPOT 5 2002 410 m] 1[2.5-5m] 822 2-3
SPOT 6 2012 4[6m] 1[1.5m] 694 1
SPOT 7 2014 4[6m] 1[1.5m] 694 1
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High Resolution Satellites

I Satellite Launch  No. of MS Panchromatic  Altitude Orbit type Revisit
Year bands [nominal resolution (km) time
resolution] (nominal) (m) (days)
IKONOS 1999 4(3.20m] 0.82 681 Sun-synchronous 3
Quickbird 2001 4(2.62 m] 0.65 450 Sun-synchronous 1-3.5
GeoEye 1 2008 4[1.84m] 0.46 770 Sun-synchronous 3
WorldView -1 2007 - 0.46 490 Sun-synchronous 1.7
WorldView -2 2009 8[(1.84m] 0.46 770 Sun-synchronous 1.1
WorldView -3 2014 8[1.24m]) (8 0.31 617 Sun-synchronous 1
SWIR [3.70m]




SA2 P § hiipien Sy
oo Jas>

|’ =
e

=~ P .
Rt Lo

o'




s 0 lsnle 9 etdsiow vy

Aster Bands Landsat Bands Sentinel-2 Bands
Spectrum Wave- Resolu- Spectrum Wave- Resol- Spectrum Central Resol-
Band Bands Bands
Covered lengths (um)  tion (m) Covered lengths (um)  ution (m) Covered Wavelength (um) ution (m)
1 VNIR 0.520- 0.600 15 1 Ultra-Blue  0.433-0453 30 1 Coastal acrosol 0.443 60
2 VNIR 0.630- 0.690 15 2 Blue 0.450-0.515 30 2 Blue 0.490 10
M 3N VNIR 0.760- 0.860 15 3 Green 0.525-0.600 30 3 Green 0.560 10 f
3 VNIR 0.760- 0.860 15 - Red 0.630-0.680 30 R red 0.665 10
[+ SWIR 1.600- 1.700 30 5 NIR 0.845-0.885 30 5 Vegetation Red Edge  0.705 20
5 SWIR 2.145-2.185 30 6 SWIR 1.560-1.660 30 6 Vegetation Red Edge 0.740 20
6 SWIR 2.185-2.225 30 7 SWIR 2.100-2.300 30 7 Vegetation Red Edge  0.783 20
7 SWIR 2.235-2.285 30 8 Pan 0.500-0.680 15 8 NIR 0.842 10
S SWIR 2.295-2.365 30 9 Cirrus 1.360-1.390 30 8SA Vegetation Red Edge 0.865 20
e SWIR 2.360-2.430 30 10 TIR 10.60-11.20 100 9 Water Vapor 0.945 60
10 TIR 8.125-8475 90 11 TIR 11.50-12.50 100 10 SWIR- Cirrus 1.375 60
11 TIR 8.475-8.825 9% 11 SWIR 1.610 20
12 TIR 8.925-9.275 9% 12 SWIR 2.190 20
13 TIR 10.25-10.95 9%
14 TIR 10.95-11.65 90




Satellites Sensor Spectral Bands (um) Spatial  Res. | Swath (km) | Radiometric Repeat
(Year) (m) Res. (Bits) Cycle (days)
IRS-1A/1B LISS I 0.45-0.52 (B) 72.5 148 7 22 b
(1988, 1991) 0.52-0.59 (G) w
0.62-0.68 (R)
0.77-0.86 (NIR)
LISS-IT | Same as LISS-I 36.25 74 7 22 w
IRS-P2 LISS-I1 Same as LISS-1 36.25 74 ; 24
(1994)
IRS-1C/1D LISS-111 0.52-0.59 (G), 235 141 7 24
(1995, 1997) 0.62-0.68 (R)
0.77-0.86 (NIR)
1.55- 1.70 (SWIR) 70.5 (SWIR) 148
WiFS 0.62-0.68 (R) 188 810 7 24 (5)
0.77-0.86 (NIR)
PAN 0.50-0.75 5.8 70 6 24 (5)
IRS-P3 MOS-A 0.755-0.768(4 bands) 1570x1400 195 16 24
(1996) MOS-B 0.408-1.010(13 bands) 520x520 200 16 24
MOS-C 1.6 (1 band) 520x640 192 16 24
WiFS 0.62-0.68 (R) 188 810 7 5
0.77-0.86 (NIR)
1.55- 1.70 (SWIR)
IRS-P4 OCM 0.402-0.885 (8 bands) 360x236 1420 12 2
(1999)
MSMR 6.6,10.65,18,21 GHz 150,75,50 & | 1360 - 2
(V&H) 50 km
respectively
IRS-P6 LISS-1V 0.52-0.59 (G) 5.8 70 10 (7) 24 (5)
(2003) 0.62-0.68 (R)
0.77-0.86 (NIR)
LISS-111 0.52-0.59 (G), 23.5 141 7 24
0.62-0.68 (R)
0.77-0.86 (NIR)
1.55- 1.70 (SWIR)
AWiFS 0.52-0.59 (G), 56 137 10 24(5)
0.62-0.68 (R)
0.77-0.86 (NIR)
1.55- 1.70 (SWIR)
IRS-P5 PAN 0.50-0.85 2:5 30 10 5
(Cartosat-1) (Fore
2005 (+26")&
Aft (-5")
Cartosat-2 PAN 0.50-0.85 0.8 9.6 10 5

(2007)
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