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* Remote Sensing and image interpretation

(Thomas M. Lillesand, Ralph W. Kiefer and Jonathan W. Chipman,
2008)
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* First Aerial Photograph from balloon

* 1858 — Gaspard Tournachon “Nadar” used balloon to
photograph

* Bievre, France (80m high)
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2 . Earth Resources Technology Satellite
3 . Landsat
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An example:
Flood hazard analysis
The Ganges and Jahmuna rivers Bangladesh
Dry season
Moderate severe flood
i b
Severe flood
26
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An example:

Flood hazard analysis

The Ganges and Jahmuna rivers Bangladesh

Dry season
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Hazard map of Severe flood
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Bands: 2-1-1 (Resolution: 250 m)
Uromia Lake, 2001, 9, 2

Once the sixth largest salt lake in the world, Lake Urmia covered nearly
half a million hectares in 1989.
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By 2012, the lake had lost many of the islands that provided
feeding and breeding grounds for migrating birds.

The lake covered around 62,000 hectares by 2014—a decrease
of nearly 90 percent since the 1970s.
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Scheduling irrigation based on weather variables often leads to over-irrigation. Remote
sensing tells a farmer how much water a crop is using, which conserves water and cuts costs.

37

Health Monitoring
A farmer finds his corn production ranges from 75 bushels to nearly 200 bushels,
often in the same field. Remote sensing identifies localized nutrient deficiencies and
enables crop inputs by zone management.

N, X ¥ I3

Alive and at risk

38

10/2/2017

19



935 3l Shewew (slad ) 93

s (6 S Sy oS oo (555 01 0y S oS Aalllaa 1
il S a SaS O S S3e Jolge 5 Jrme SH0 4 ede glaais
e Jelse g lasee LS GG dau s 5 e 4l L3
ha g g oS Ghlie a3 S5 Uy Comear S5l ol
i go i Gl 3 0 5 255 0 4 1 (9345 5L (Bl (e
Sl 03V ol ol 353 e 2 sl Ll el e 5o SISCE 5
S bl pelastl A5 o e 4 g odd plulld dydor Gbla 5 b
St el pee p ke 5 a5 ae Dladllae wia) 03 i 3e Sl
e Sl ol ol (glo)lgale (gloosls 51 (5 S0, 9 (em)s3

39

e 5Ly slmotsy by 5 AU it 5 Dobor ol S i
&:_JT S s glale glaai S = o0l {_gﬁ b b al30bLy dacodh.
ool ol Sl B 5 4 lizs a3 (il o Lo o e 5 (S
LS e gr Bl (glo st gals (glrosls (6 1SS0 5 i35 S5 S
2% 8osld el el 5050, 9935 e S 5 B R 4

: u;‘j_}-"ﬂ! .'._;!-L'LI ;-"-n-'-‘J;L’;L:"“"b )

40

10/2/2017

20



g by ol ol Jasn ez (62l 5 b SIS S o, 15
s g Bl O uas 5 YL S a8 b Laeylgale s s
I (8l 355 oo i 65313 ol Coad] 38l o BLBI 1paes 8,5 (555 45
Ly S oS Loty shabine OUSal YL (S8 oy Y w4551 5 sale
03,51 pmal b 5Ly 93 1) (S5 S 1 U e slacs 5ol wsle L
3 s Sl AY T IS (S8 Sy b e s oS0l 6l pale sl Bylie o
OLe 51 dms e OLES 1) 20 VA S5 &yl by e id 55l 4als MSS 5l
YE) ossSal 5ylsale O 0ley B (VAVY w3 YY) ERTS- &5l 4ale U,
390> (gloylsale s slial SIS oo yUs o 05 my 3905 45 (V499 e
ol il 2l (Clae Bl 50 il Veven g b Blod 51 Ve
=213 1 5o 5l e (653l 50 ity Jges Sl ge S0y g

Sy bl 2l O 30518 5 (6,815 5 el gyl 35l s

41

S dae 5 53 ey e slaelsale slaesls 3518

slaail (pmerr azes (mbis do gaza ) oty Ok Are 5 40 O 81 2
PRI W7D V I LA PR EV R RERE @L‘..a sl A &L».:::—l 3
OF 3 cbliz 5 aasa olasstl 555 4 by ptuem opl 3l oge oo s
aos 31 LMl S lmoly il 1l L fa s ool b
5 2Ll g Sledlbl Bl b ol 3l 5 535 5 s § 5305 (6,8 Sy
Lz e iy i 53 GO Al e b oplale ol S
bl 350l e Ll 58 5 el 4 la S opl &8 S 4 b
i 5 Corge e G RS Cans b plaodiy g el dalllas
RGO IS WAEP TR

42

10/2/2017

21



10/2/2017

Life
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The Electromagnetic Spectrum
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Reflectors

* When a surface is smooth we get specular or mirror-like reflection
where all (or almost all) of the energy is directed away from the surface
in a single direction

* Diffuse reflection occurs when the surface is rough and the energy is
reflected almost uniformly in all directions.

27

Specular Reflectance- Diffuse Reflectance-
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31

-a Lamp; PIMA (or ASDGER
«in a lab. Setup)

32
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* The sensor is mounted on a platform
J : satellites carry sensors
Platform Altitude(km)

e Geostationary Sat. 36,000 Km
e Earth Observation sat. 500 - 1000
e Space shuttle 240 - 350
. Airborne observations are carried out using aircraft

with specific modification to carry sensors

Airplane 0.3-7.5
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TDR (Time Domain Reflectometry)

Under ground

GPR (Ground Penetration Radar)
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Sun-synchronous orbit

Sun-synchronous orbits

orbit inclination around 98° L) sl CoiSm 4 (b e g9 SO &AT%‘"JP e
e Aqua 13:30 (A) 23 (0L jwe oulw) (pao) 4 Connnss 8)lged 45 Canl (305 Ol
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Resolutions of Remote Sensing
1. Spatial (what area and how detailed)
2. Spectral (what colors — bands)

3. Temporal (time of day/season/year)

4. Radiometric (color depth)

Resolution ggeg 4> ;0 £l9i

Spectral Resolution (_il) v

Radiometric Resolution (. zs:01)) ¥

Spatial Resolution (i) v/

Temporal Resolution (_sl; v
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Information loss & pixel resolution

&

15

Spatial Resolution
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¥

/)

Panchromatic Orthophotograph Advanced Terrestrial. Applications Sensor  Landsat Enhanced Thematic Mapper Plus
2foot (0.6 meter) resclution 7.5 meter resolution 30 meter résolution
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Incoming EMR

Reflected EMR.

Emiited EMR

EMR
patterns are
recorded by
sensors
with
separated
spectral
bands.
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Spectral Response Curve

23

The spectral
reflectance curves,
or spectral
signatures, of
different types of
ground targets
provide the
knowledge base
for information
extraction.

Spectral Reflectance Curves

50 1 for Selected Materials
Grass
40
— * Sty OSS e v
= e Conerete
= 30 A -
;;3 /-/ Sandy Toam seil
= [
E . __,_.::_":‘: Shingles
E 20 /”m“ Fallow field
10 - Asphalt
Artificial turf
“s~. Clear water
0 T =

T 1

T T
0.5 0.6 0.7 0.8 0.9
Wavelength, um
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Spectral Response Curve

25
April and May Spectra for P. australis
and S. patens
Blue Green Red NIR
06
i — April P. australis
hion ~—May P. australis
05 e April 5. patens
s -May S. patens
§ 04 —
E i :.; [" vv\\//
@ .:{. i /
B , ~
01 = ’
P g
=-ahin
0 T 1
350 450 550 650 750 850 950
Wavelength (nm) 26
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Reflectance (%)

Spectral Response Curves

086

Violet Blue Green Red NIR Mid-IR

April and May Spectra for P. australis
and S. patens

05

? = April P. australis

=May P. australis

o
b

April S. patens
May S. patens

e
w

e
ha

01

8, I N N I O N 66
3, 112 ot e 1 K O o 3 Gt 5 41 £ 1l B

-
AT

550 650 750 850 950

Wavelength (nm) 27

0.4pum

Black & White

Colour

Hyperspect

Spectral Resolution

e Sensitivity range of the

0.7 :
"™ detector defines the spectral

differences which may be

Blue+Green+Red observed.

e Spectral resolution describes

4 05 06 07 the ability of a sensor to

Biue |Green

define fine wavelength
Red intervals. The finer the
spectral resolution, the

narrower the wavelength
range for a particular channel

or band

28
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pectral Resolution

* Number of pectral bands (red, green, blue, NIR,
i , etc.)

+ Width o n
* Certain spectral bands ( rcombmatlons) are
good for identifying specific ground features

* Panchromatic — 1 band (B&W)
* Color — 3 bands (RGB)

Multispectral — 4+ bands (e.g. RGBNIR)
* Hyperspectral — hundreds of bands

»

29

Temporal Resolution

e Temporal Resolution: The
fi&*ﬁf ﬁé‘:ﬁ smallest period (in time)

.. ¥ | between two images of o) JBlo & il S5 2535
R 4 the same area. Sp Ny o oximie Sy S
Ih \ & e This refers to the length ghe I S nps S,

of time it takes for a 0938 Je Olyin; .25 445 e
satellite to complete one Ceaid e loplo sl Slo S84
entire orbit cycle (revisit
period).

DS oo g0 NS 9N S

30

15



10/16/2017

Radiometric Resolution

* 256 Grey Levels

Gl ¥ 338 Slie o 45 Calisen (5l 535w 3 yiS1ao ol 9 jio ISl Olio lomunds 31225 4 : Sy yiags sl ) SuS & )23

-3igdh (50 BRI

AOlg 4 F oy Canl POF U jieo I Cawdd (5l 45 (5SS 5 425 Ol jwe 40 33,5 (g0 0 (S f0923) SuS&5 )28 Lxig] >

The maximum number of brightness levels available depends on the
number of bits used in representing the energy recorded. Thus, if a
sensor used 8 bits to record the data, there would be 28=256 digital

values available, ranging from 0 to 255.

8 bits 11 bits
1 2 3 4 5 6 7 8 9 10 11 Number of bits
2 4 8 16 | 32 | 64 | 128 | 256 | 512 | 1024 | 204 Maximum
8 Values

32
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35
Satellite Temporal Ground | Spatial Resolution| Radiometric | Spectral Bands
Resolution Swath Resolution | (micrometers)
Landsat 7TETM |18 days 185 km 15 15m(ETME), |8 bis 1) 0.45-0.52
3030 m (TM1-5.7), |(256 levels) 21 0.52-0.80
B0 x B0 m {TM BHL) 3 0.A3-0.4
p) 0.52-0.80
SPOT-5 26 days 117km 10 x 10m (MLA], 8 bits 1)1 5N A
5 3 5m (PLA). {256 levels) 210 A1.0 GR
25x25(PLA)
IKONDS 3-11days 13 km 4 3 4m mult, 11 bits,
1% 1m pan (2048 levals)
GQuickbird 1-3days 18.5 km 244 x 2 44m multi, 11 bits,
D81 = 0.67m pan (2045 levals)
p} 0.45-0.80 36
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Landsat
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S5 0 0wl (Landsat data continuity mission) LDCM A cosil

"JB)" Oy Mb} U:JJ_)‘).:)L....: c..L..:I JL..J Yoo 39 Lol ‘.L...AL “3*‘]‘3'_5‘5&’))1 03‘51 ‘.\JL:.I S )JBLGS
A8 Sl e VAYY Lol palad ailey e Lo

LSA!\_JL;).:_ Y-vY LJL..\J )Jq ] .:,.s)i )1)5 )]JAJ.} Lg‘_vi )]L;.: as b uU).iLdsd.: o)bﬁLo/'\ ug.‘.fls
4 ey mlie (65516355 ojlgale Q-| Pl as ol £0,5 1AVY Lo 0 SO cannsd Ol bl opl 0l
.olak_;.;_bélljlpi\;.?é.:fghml{alm S TRUAK S BRI SUUES LR VI

g S loy CulAS L Ll g g FeocuaS b JIaSul (e Wb B el ool YUY ceadd )

o S8l @ez e Ve B e V0 b Y o) palai A cwadd 05 oy (e b 5 SIS pBgly,
a8

38

19




10/16/2017

2955 VAYY L 50 S cannaisd iy ke L dy 33 0,lpale prass 1AV Lo 4o
e ol aslip o eVl 0l ol
A% g0

ol 4 a5 55 ol o laals sl
25 e Jsb g 39 oo >

cunls

39

F o | B Cawti]

can Jold 308 e saali pl 5 esasd a Jl ¥ s 8 e Liojleals ol
2g b 2l o eylsale b e lyie

P lawadd
S8l 3 a8 seal 5 6l pb cos
Seleg, Sy wily ol o lgnle ol 28,55

g S VO

40

20




10/16/2017

7

| 1
g oo anslid i 3k pl (g sl pli 4
CeSl 2li g a8 3 o lsala 5l aw a8

Crogless 5l a4 o gl e jlsale gl 595

LY fls 5 e jeein g0 el

FoY o sl of i on o Sl 5o
V0 55 T sl ol o5 o

Sl ol stV s 55
55 (oo (gliis o1 as e Gl

().PBLGS 5"“").'3“:"3L’_)‘> Jg.f....m) USGSs(Lﬁh c)‘}bl.o \.:]3)._: J&:—\M) L-JLauuLs)mA Gy camad )l

2,18 59>

C | @ Secure | https;/earthexplorer.usgs.gov

> = g3 il
* | L
i Apps B Google Transiate M Free Text to Speech

[ suggestedSites [} Indexof /pub/ & VONA Text-to-Spes. [[H Elseviercom - Authe | CATENA - Journal - £

& Roundcube Webmail  » Cther bookmarks
‘ Home 1 New System Message Login Register [ Feedback Help
Dl ok Search Criteria Summary (Show) Clear Criteria
yhiLE I’ 2
1. Enter Search Criteria P [ . ;
Map  Satellite | - |
To narrow your search area: type in an address or place

B (35°16'49"N,046° 59 49"E) Options  Overlays
name, enter coordinates or click the map to define your
4 search area (for advanced map tools, view the help

documentation), and/or choose a date range

Path/Row | Feature

Predefined Area

Decimal
4 | |

‘ 1. Lat: 35° 19' 18" N, Lon: 046° 59" 10" E e ‘
b

US| Result Options

Search from: |mr

Search months: (all) >

(o]

21



10/16/2017

‘“3“3\ Eits)

Band 4 Visible green 0.51t0 0.6 pm 60 meter

Band 5 Visible red 0.6t0 0.7 pm 60 meter

Band 6 Near infrared 0.7t0 0.8 pm 60 meter

Band 7 Near infrared 0.8to 1.1 pm 60 meter
[A) 3‘; Seandi]

Band 1 Visible blue 0.45 t0 0.52 pm 30 meter
Band 2 Visible green 0.52 to 0.60 pm 30 meter
Band 3 Visible red 0.63 to 0.69 pm 30 meter
Band 4 Near-infrared 0.76 to 0.90 pm 30 meter
Band 5§ Short-wave infrared 1.55t0 1.75 pm 30 meter
Band 6 Thermal 104 to 12.3 pm 120 meter
Band 7 Short-wave infrared 2.08 to 2.35 pm 30 meter

43

Band 1 Visible blue 0.45t0 0.52 pm 30 meter
Band 2 Visible green 0.52 t0 0.60 pm 30 meter
Band 3 Visible red 0.63 t0 0.69 um 30 meter
Band 4 Near-infrared 0.76 t0 0.90 pm 30 meter
Band 5 Near-infrared 1.55t0 1.75 pm 30 meter
Band 6 Thermal 104to 123 pm 60 meter
Band 7 Mid-infrared 2.08t02.35 pm 30 meter
Band 8 Panchromatic 0.52 t0 0.90 pm 15 meter

44
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A

e |

Band 1 Coastal / Aerosol 0.433 to 0.453 pm 30 meter
Band 2 Visible blue 0.450 to 0.515 pm 30 meter
Band 3 Visible green 0.525 to 0.600 pm 30 meter
Band 4 Visible red 0.630 to 0.680 um 30 meter
Band 5 Near-infrared 0.845 to 0.885 pm 30 meter
Band 6 Short wavelength infrared 1.56 to 1.66 pm 30 meter
Band 7 Short wavelength infrared 2.10t0 2.30 pm 60 meter
Band 8 Panchromatic 0.50 to 0.68 pm 15 meter
Band 9 Cirrus 1.36to 1.39 um 30 meter
Band 10 Long wavelength infrared 103to 11.3 pm 100 meter
Band 11 Long wavelength infrared 11.5to 12.5 um 100 meter
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Ground Spectral Swath Repeat

Satellite Resolution Bands Width Cycle

Archive

80m multispectral . Since
LANDSAT MSS ceare 4 multispectral 185 km 16 days 1973

30m thematic Since
LANDSAT TM 7 multispectral 185 km 16 days
mapper 1984
30m thematic 7 multis val Since
LANDSAT ETM mapper 1 panchrpoama:t tic 185km 16 days 1999
15m panchromatic
10 multispectral Since
LANDSAT 8 15/30/60 pectral 485 km 16 days
1 panchromatic 2013
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Terra (satellite)
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ASTER - specifications

Advanced Spaceborne Thermal Emission and
Reflection Radiometer

- Width of one scene 60 km.

- 14 image bands:
Visible & Near IR (VNIR)
3 bands; resolution: 15 m.
Short Wave Infra-Red (SWIR)
6 bands; resolution: 30 m

Thermal IR (TIR)

5 bands; resolution: 90 m.

Shuttle Radar Topography Mission

Resolution: cell size of
approx. 92 m

Blocks of 1 x 1 degre
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IRS Indian National RS Agency

I[5d

‘ www.nrsa.gov.in/e

Data Reservolr for
Planet Earth
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Serial : Date of Launch
No. Satelite Launch Vehicle Status
17 March Vostok, o
1 IRS-1A 1988 USSR Mission Completed
_ 29 August Vostok, i
2 IRS-1B 1991 USSR Mission Completed
20 September Crashed, due to launch failure of
3 IRS-P1 (also IE) 1993 PSLV-D1 PSLV
4  IRS-P2 13920“"’” PSLV-D2 Mission Completed
_ 28 December |Molniya, .
5 IRS-1C 1995 Russia Mission Completed
6 IRS-P3 f;g"gamh PSLV-D3 Mission Completed
7 IRS1D fggsfptember PSLV-C1 Mission Completed
8 IRS-P4 (Oceansat-1) 27 May 1999 |PSLV-C2 Mission Completed
Technology Experiment 22 October 2 o
9 Satellite (TES) 2001 PSLV-C3 Mission Completed
10 IRS PG 17 October ’
(Resourcesat-1) 2003 PSLV-C5 In Service
23
1 IRS P5 (Cartosat 1) 5 May 2005 |PSLV-C6 In Service
12 |IRS P7 (Cartosat 2) ;36173””3“’ PSLV-C7 In Service
13 Cartosat 2A 28 April 2008 | PSLV-C9 In Service
14 IMS 1 28 April 2008 | PSLV-C9 In Service
15 Oceansat-2 23 September | PSLV-C14 In Service
2009
16 Cartosat-2B 12 July 2010 |PSLV-C15 In Service
17 Resourcesat-2 20 April 2011 | PSLV-C16 In Service
18 | Megha-Tropiques ;123 1?°t°ber PSLV-C18 | In Service
19 RISAT-1 26 April 2012 | PSLV-C19 In Service
20 SARAL 25Feb 2013 |PSLV-C20 In Service
21 RESOURCESAT-2A 07 Dec 2016 | PSLV-C36 In Service
22 Cartosat-2D 15 Feb 2017 |PSLV-C37 In Service
23 Cartosat-2E 23 June 2017 |PSLV-C38 In Service

24
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1 - Notional Oceanic and Atmospheric Adminstration (NOAA)
2 - Advanced Very High Resolution Radiometer (AVHRR)
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KOMPSAT (Korea Multi-Purpose Satellite)
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Parameter / KOMPSAT-1 KOMPSAT-2 KOMPSAT-3 KOMPSAT-5

Mission

Launch date Dec. 20, 1999 July 28, 2008 May 17, 2012 August 22, 2013

Main payload EOC (Electro MSC AEISS (Advanced Earth COSl{Corea SAR

Optical Camera) (Multispectral Imaging Sensor System) Instrument), X-band
Camera)
Resolution/swath | 6.6 m (Pan) 1m (Pan)/ 15 0.7 m (Pan)/ 16.8 km 1m/5km
width 17 km km 2.8 m (4 x MS)/ 16.8 km 3m 30 km
4m(4xMs)/ 20 m /100 km
15 km

Orbital altitude 685 km 685 km 685 km 550 km

LTAN 10:50 hours 10:50 hours 13:30 hours 6:00 hours

Spacecraft 3 years 3 years 4 years 5 years

design life

Spacecraft mass 470 kg 770 kg 980 kg 1400 kg

Spacecraft 636 W 1.0 kW 1.3 kW 1.4 kW

power

37
Satellite mission Launch date Mission altitude Remark
KOMPSAT-1 Dec. 21, 1999 685 km SSO End of mission on Dec. 30, 2007
KOMPSAT-2 July 28, 2006 685 km SS0O In operation
KOMPSAT-3 May 18, 2012 685 km SSO In operation
KOMPSAT-5 Aug. 22, 2013 550 km SS0O In operation
KOMPSAT-3A Mar. 25, 2015 528 km SSO In operation
38
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KOMPSAT-3A (Korea Multi-Purpose Satellite-3A) / Arirang-3A
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o Formosat-2
gl B

Spatial resolution:
- panchromatic: 2 m
- Multi-spectral: 8 m
- Daily revisit capability
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Key parameter FormoSat-5 FormoSat-2
Orbit, SSO (Sun Synchronous Orbit) 720 km 891 km
Revisit time (capability) Every other day Daily

LTDN (Local Time of Descending Node)

9:45-10:15 hours

9:30-10:30 hours.

Spacecraft design life

5 years

5 years

Reliability

>0.6 as a design goal at EOL

>0.6 at EOL

GSD (Ground Sample Distance)

2m (Pan), 4 m (MS)

2 m (Pan), 8 m (MS)

Swath width 24 km 24 km
Spectral bands 1Pan +4MS 1Pan+4MS
System CTF (Contrast Transfer Function), Pan 201 2012
SNR (Signal-to-Noise Ratio), Pan 202 292

Duty cycle of RSI (Remote Sensing Imager)

> 8% per orbit

> 8% per orbit

FOR (Field of Regard) +45° +45°
Spacecraft agility Roll : 24960 s Roll : 60960 s
Pitch : 24°/60 s Pitch : 50°/60 s
Yaw : 7°/60 s Yaw : 35960 s
Pointing accuracy 0.1° per axis 0.1° per axis
Geo-accuracy of imagery With GCP: 2 m With GCP: 2 m

W/O GCP: 390 m

W/O GCP: 470 m

On-board storage capacity 80 Gbit 45 Gbit
Downlink availability for image data 27 orbits/day 27 orbits/day
Spacecraft mass ~525 kg 764 kg

43
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Quickbird - specifications

| Spatial and Spectral Resolution

I B T

Black & White Blue Green Red Meat IR

Spectral Characteristics

450 to 900-nm 450 to 520-nm | 520 to BO0-nm [630 to B90-nm | 760 to 900-nm

Piel Resolution’ B1-cm to 72-cm 244 to 2.58-m
%El REznLLon (210 2 4-1t) (810 9.4-1t)
Zcene Dimenzions 27 852w 2T 424 pixels 5,888 x B 856 pixelz
272-km2 (nadiv) to 435-km2 (25" off-nadic) (105 to 168-mi2)
Scene Sized

16.3-km2 (nadir) to 20.8-km2 (23° off-nadir) 103 to 12.9-mi2)
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Geoeye 1

W8 Launch Medio 2008

8 pan 0.41 cm
MS 1.65cm
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i S S O 55 L 511 (1 el sale sl 1 (A o e
T
aigala s2ipdes 23 g () (Aen S 53 sl
ALOS-2 PALSAR-2 1 1,3,100 2014
RADARSAT-2 SAR 3.8.12,18,25,30.40,50,100 2008
o L
TerraSAR-X SAR 1.3.16 2007
ALOS PALSAR 1 10,20,30,100 2006
EnviSat ASAR 1 125 2002
RADARSAT-1 SAR 8.25,30,35,50,100 19496
JERS-1 SAR I8 1992
g 2 S 5 Sentienl 1A #2014 April.03
entinel-1A/ £ 2 2. i :
Sentinel-1A/18B C-SAR 80,250,400,25,100 Sentienl 1B B 2016, April22
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Easy is to dream every night
Difficult is to fight for a dream

FIGHT FOR YOUR DREAMS
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» The shape of the tree crowns in the
lower-left image is indicative of the
type (deciduous/conifer) or even
species of tree. The image key
graphics (upper right) indicate the
importance of crown shape on large
scale photos. The shape of the
area (rectangle) in the upper left
photo is indicative of the land use

(harvesting).
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Size is usually evaluated by looking at
objects that the interpreter may be
familiar with and comparing their relative
size to less familiar objects. For
example: an interpreter might look at the
discrete vegetation dots in the red
rectangle and interpret those as trees.
However, by comparing the relative size
of the vehicles and the one-lane road
with the vegetation dots, it becomes

obvious that the trees are actually shrubs
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* Texture can offer the interpreter clues
about the density, age, and type of

vegetation present.
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» Shadows cast by objects in the
image can give the interpreter
information about the shape
and size of certain features in

the image
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* By observing objects in the image and
the features surrounding them, the
interpreter can make inferences about
what the objects really are. In this
case, the presence of a dam suggests

that this waterbody is a reservoir.

Without that association, the water
body could not have been further

classified as a reservoir.

33

Elements of Image Interpretation

Site

Shape Tone {location helps
(depends on the object (relative to one (brightness-hue, recognition)
outling) an other) color)

Association otk ey
Texture ) ) (features that are normally
(SmGG"'l or C-Garse) {helps to determine he!ghl} found near Obiacn

34
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TM band 1 TM band 2 TM band 3
\ " |
|
‘ |
|
|
|
| |
blue 43 - 233 green 11-121 red 10-153
TM band 4 TM band 5 TM band 6 TM band 7
| |
VNIR 4-149 SWIR 1 —246 ThermIR 62-116 SWIR 1-249
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| — Geometric correction

41

Digital correction of image
coordinates involves 2 steps

« georeferencing

= calculation of the appropriate
transformation

- geocoding
« resampling the image so that the pixels
are exactly positioned within the map
coordinate system

42

21




10/31/2017

s Sloslsaln asiy psldd Sl dis Sl 55 93 ¥ s
]

S lets Sloezenad ()

Sl b Sloesmnas (1

3 3 SST 51 b el i 000 ol oy Slazocw Olovoeas
Slosl sl 5Ll s praomas g go planil 2,5 )l 3 O diSealinad
2 pdy o ol ) Al 2 b

leslsale i glas 03 g0 wrh pea =)

: Y:.b_uLg_,i:.ﬂaJ_,Aj—T

s ol e K 5 Al ety S b Sl slolgale sl
I s Sl Ly bl 655 S disleie A0 s 5 o

I - Image referencing
2 - Resampling
3 - Raster

43

B S 4 J =S Bl L sl pale s sbas 035 o e Sl ol
oLl (gl g ad S i 5o JSo 5 408 9y ol ST L s s
Olaises 45 o) 3l pesede § mwbn Lo L wdis Obeseas
b s Al o Bl ol 35,8 Ol el jasede Uids OF ol s
oS ol az g Bl ool 5 eS8 slalily < el 555 CL:LL. Like
) J S Lo 1 B slaas Calg 5 a5 Al sl S 4 Ll bla Ol

ui.‘.SlJJE_g:U.»JV—'I"Jﬁ.:ﬁo:biwmwdiﬁwbﬂ\ﬁl{

44

22



10/31/2017

c

3 RS BB S (B i s 353 ki sl 1y s J S BAE A (@ VT S
O3 ki et Sl 3 SRS B Sy et 5 3l (€ 5 S e ki s (5

N —

45

JSi 6la Sy 5 (GCP). e S bl o slamsn- daily 5L (g1,
NVsbma jl eslazad (gl 555 oo eslinal Cilasre lamja U 8l ) <Nolea
53 i (8l sl 3Y U5 Bl a1 e Jili il il 3 L
L;‘éLlJ .\Iﬂ.!b) . C.....:‘)L_.; 40 JJ"-S M“J;Ll?u_i.!‘ t‘t:_-_)b Usles CJL.A[:«.A

Pl a3 i T B Sl s S eskind Sl ladortin

S dor o Wslas
X =a,+ax+a,y
{Yl =b,+bx+b,y

35 Aoy aslas
{X] =a, +ax+a,y+axy+a,x’ vay’

Y, =by +bx+b,y+bxy+b,x> +by*

dw A:-): Jslae
X, =a, +ax+a,y+axy+a,x’ +ay’ +axty +a,xy’ -r-"a,,x3 +a,y’
Y, =by +byx +b,y+byxy+b,x* +bsy* +bex’y +b,xy* +byx’ +b,y’

T

1 - Ground control points
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NOBODY DESERVES YOUR
TEARS, BUT WHOEVER :
DESERVES THEM WILL NOT

MAKE YOU CRY.

-Gabriel Garcia Marquez
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Figure 7.2 Resampling results: (a) original Landsat TM data; (b) nearest neighbor assignment; (c) bilinear
interpolation; (d) cubic convolution. Scale 1:100,000.
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Figure 7.3  Eifects of seasonal change on solar elevation angle. (The solar zenith angle is equal to 30° minus the solar
elevation angle.)
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 LANDSAT-TM without and with atmospheric correction
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Atmospheric/Radiometric Correction

Before Haze/Cloud Removal After Haze/Cloud Removal
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Figure 7.6 Destriping algorithm illustration: (a) original image manifesting striping with a six-line frequency;
(b) restored image resulting from applying histogram algorithm.
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TRUE COLOUR / FALSE CO

True Colour

e False Colour Infra-red
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Stretching

* Linear contrast stretch is a simple grey scale transformation
where the lowest input DN of interest becomes zero and the
highest DN of interest becomes 255.

* Histogram equalization is a non-linear transformation
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| - Low pass filter
2 - High pass filter
3 - Band pass filter
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Filter operations

* Filtering is usually carried out on a single band. Filters can
be used for image enhancement, for example, to reduce
noise (“smooth an image”) or to sharpen a blurred
image. Filter operations are also used to extract features
from images, eg, edges and lines, for automatically
recognizing patterns and detecting objects.

Input Cutput

12
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1 - Window filter
2 -Average

3 -Mode

4 -Median

56



508y Ol JLitl o go oS )l pen 2l U I8 -0 ol 5l asliz
A8 ol ks leslan wl b ssd oo ol dsetn 4 ol Sl dor o
spriny oot S L i Ol U IS5 5 by e 28l S0 b &l
oS oS ol g S 538 Gl 2l Sl ol pesl w255
Slpodsds (6 gl Sy 3D ..1_11"_5» Sty HASYL 2l Jol>= gl
SV oty a3 e 0L 1) (65685 5 e Sloyr W alids, Borys (sl
ol by il 03 S 55 o)l Wl o JuSly (oLl Ao e SO

3,5 o3l Loy o 5 (o (o5le dalllas 55 gols ior 5l Ol o0
Sro iy Sel 342 58y Connn 45y 55 55 555 Bl (g1 5 I8 b sl 2L
Oy peslaw ._U_,,__f,;._a_;lj.j odliiuil 3 90 385 0 o geas 5 axwl U Sl
DSl b oSy a5l OF 53 oS ool 80l 1S oSl gen 2l
53,8 e o > bl slo oy ol

57



B o YU ol g, aar s 5l (g ai Oljae JEH o e IS YL S
5G5S JS sl ulad s a8 Laad Silwpesls gl LBV gla AT
4S) o Ran sble 53 Jle (gl 558 o0 oslizal Cl OF Lluor sla JuSs
33 5 Aia e i Ul Gloests (ol Sl iy By ol s
Bl Sy 5 Ko S ol B e o3l oslis &5 D>
Sl dal g B (S5 e b Cude et (3L aziils 345 wlan
i Y yane 45 el IS L3S0k i Al K g
Jlas! o 2l ,;,..u_l sl asls Lg_):.;S salazol JKYL! 3 _,.lfm._..l._,_ sla b
E:_,.l_af_aa_x.zj aJl :Hd upj_.a.::-u ‘_b_lb..i_” laas s sl (_g;...*.._. OU:.A
.;;(f O ) gt QT&J.I_}L';.:EDU A bl olds, E.:-ﬁ

58



Spatial Filtering

» Low pass filters emphasize low frequency
features

» Compute the average values of moving windows

59



Spatial Filtering ..

» High pass filters emphasize local details
» [t subtracts the low-pass filter from the original
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Filtering
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Original Image mage w ow Fass
Filter Applied
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mage wi igh F as
Filter Appplied

Original Image
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Life.But My lips don't know
that!

-They always Smile:
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Image Enhancement
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* Color composite

* Shadow effect & Band ratio
* Stretching

* Filtering

* Fusion

* PCA

and etc....
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1 - Spectral ratioing
2 - Brightness variation
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Band Ratios

DN, (x,y)
"™ DN,(x,y)

Why calculate Band ratios?
* Enhancement spectral contrast
* Elimination topographic effect
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Digital Number

i_“and Cover/ Band Band Ratio
[Mlumination A B (Band A/Band B)

Deciduous

Sunlit 48 50 0.96
. Shadow 18 19 0.95
Sunlight -
Coniferous
Sunlit 31 45 0.69

Shadow 11 16 0.69

Figure 7.25 Reduction of scene illumination effects thorugh spectral ratioing. (Adapted from Sabins, 1997.)
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It should also be noted that ratios can “blow up” mathematicallv (become
equal to infinity) in that divisions by zero are possible. At the same time, ra-
tios less than 1 are common and rounding to integer values will compress
much of the ratio data into grayv level 0 or 1. Hence, it is important to scale
the results of ratio computations somehow and relate them to the displav de-
vice used. One means of doing this is to employ an algorithm of the form

DN,y
DN =R alctan(DN ) (7.7)

where

DN’ = digital number in ratio image
= scaling factor to place ratio data in appropriate
integer range
angle (in radians) whose tangent is the ratio of the
digital numbers in bands X and Y; it DN, equals 0,
this angle is set to 90°

~
|

arctan (DN/DN,)
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In the above equation the angle whose tangent is equal to the ratio of
the two bands can range from 0° to 90°, or from 0 to approximately 1.571
rad. Therefore, DN’ can range from 0 to approximately 1.571R. If an 8-bit
display is used, R is tvpicallv chosen to be 162.3, and DN’ can then range

from O to 255.

13

Figure 7.26 Ratioed images derived from midsummer Landsat TM data, near Sturgeon Bay, WI
(higher ratio values are displayed in brighter image tones): (a) TM1/TM2; (b) TM3/TM; (c) TM5/TM2;
(d) TM3/TM?7.

Figure 7.26 illustrates four representative ratio images generated from
TM data. These images depict higher ratio values in brighter tones. Shown in
(a) is the ratio TM1/TM2. Because these two bands are highlv correlated for
this scene, the ratio image has low contrast. In (b) the ratio TM3/TM4 is de-
picted so that features such as water and roads, which reflect highlv in the red
band (TM3) and little in the near-infrared band (TM4), are shown in lighter
tones. Features such as vegetation appear in darker tones because of their rel-

atively low reflectance in the red band (TM3) and high reflectance in the near
infrared (TM4). In (¢) the ratio TM53/TM2 is shown. Here, vegetation generally
appears in light tones because of its relativelv high reflectance in the mid-
infrared band (TM5) and its comparatively lower retlectance in the green
band (TM2). However, note that certain vegetation tyvpes do not follow this
trend due to their particular reflectance characteristics. They are depicted in
very dark tones in this particular ratio image and can therefore be discrimi-
nated from the other vegetation tvpes in the scene. Part (d) shows the ratio
TM3/TM7. Roads and other cultural features appear in lighter tone in this
image due to their relatively high reflectance in the red band (TM3) and low
reflectance in the mid-infrared band (TM7). Similarly, differences in water
turbidity are readily observable in this ratio image.

14
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()aVE (Rouse ) : NDVI Lasls
NDVI= ( NIR-Red )/ (NIR + Red) .
_ ‘(VAYY Miller s Pearson)  : 'RVI astls
RVI=NIR/ Red . |

( YAAMA ,Huete ) SAVI LaxLls
_ NIR -Red
(NIR +Red + L)1+ L)

SAVI

.@thﬂﬂrs‘;qungfumﬁ@ﬁ 105 S5 aLS il

1 - Normalized differece vegetortion index

4 - Ratio vegetation index
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2- Weighted dlfference vegetation index
3 - Soil adjusted vegetation index
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Image Enhancement
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* Color composite

* Shadow effect & Band ratio
* Stretching

* Filtering

Fusion
PCA
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Band Combinations

4,3,2
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Image classification

redm

Thematic map

urbanl
Morro Bay, Max Likelihood Classification without Band 6

Training pixels

©

35

What is a Classified Image

* Image has been processed to put each pixel into a category

* Result is a vegetation map, land use map, or other map grouping
related features

* Categories are defined by the intended use of the map

* Can be few or many categories, depending on the purpose of the
map and available resources
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Post processing « i o5l » ¥

(Image Classification) cu. 4l ©
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(WL der 5 L S ) s iy,

(Density Slicing) wL <&
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Density Slicing

DNs along the x axis of
an image histogram are
divided into a series of
analyst-specified
intervals or "slices”

U DNs falling within a given
interval in the input image are
then displayed at a single DN in
the output image.

O If six different slices are
established, the output image
contains only six different gray
levels

38
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A technique normally applied to a single-band monochrome image for highlighting
areas that appear to be uniform in tone, but are not. Grayscale values (0-255) are
converted into a series of intervals, or slices, and different colors are assigned to
each slice. Density slicing is often used to highlight variations in vegetation.
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41

Classification

* Three types of classification
* Supervised

* Requires “training pixels”, pixels where both the spectral
values and the class is known.

* Unsupervised

* No extraneous data is used: classes are determined purely
on difference in spectral values.

* Hybrid
* Use unsupervised and supervised classification together

42
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Anyone who has never made a
mistake has never tried
anything new. k.
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Unsupervised Classification

* In unsupervised classification, the spectral data imposes constraints on our

interpretation

* How? Rather than defining training sets and carving out pieces of n-dimensional
space, we define noclasses beforehand and instead use statistical approaches to

divide the n-dimensional space into clusters with the best separation

» After the fact, we assign class names to those clusters

Unsupervised Classification

The analyst requests the computer to examine
the image and extract a number of spectrally

distinct clusters.. Spectrally Distinct Clusters

Cluster 3 Cluster 6 |
Cluster 5, Cluster2

Cluster 1 Cluster 4

]

Digital Image
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Unsupervised Classification

Output Classified Image

Saved Clusters

Cluster 3 Cluster 6
Cluster 5,
~Cluster1 Cluster 4

JAVAVA

Next Pixel to
be Classified

Unknown

Unsupervised Classification

The analyst determines the
ground cover for each of the
clusters...

The result of the
unsupervised classification is
not yet information until...

B >
| L
???
???

7?7

??

Vv

Water

Water

Conifer

Conifer

Hardwood

Hardwood
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Unsupervised Classification

It is a simple process to The result is essentially
regroup (recode) the clusters the same as that of the
into meaningful information supervised classification:

classes (the legend).

Land Cover Map

Legend

Labels
. Water

. Water

B conifer

Hardw.

B conifer

D Hardwood

D Hardwood

Unsupervised Classification
Results from Clustering - Spectral Classes
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* There are three distinct stages:
— Training
— Classification
— Output
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Supervised Classification

A, = wraber
B = agriculbure
= rock

—_——
B
)
IMAGE DATA SET
(Five digital numbers
it CATEGORIZED SET
I {Digital numbers replaced
= . by category types)
- : FIETETETEIFIEIFIEIE
= s : FIF[F]F FEFIFICIC
3 1= — DN SFFI_F'ULc:
au: - =2 B WISTEpREIGOLS
e o] ' INGEEE
y s
E—I— ¥
{1} TRAININGSTAGE (2] CLASSIFICATION STAGE {3} OUTPUT STAGE
Collect numerical Compare each unknown Present results:
data from training pixel 1o spectral pattems; maps
areas on spectral assign to most similar tables of area data
response patterns category digital data files
of land cover
Fio 7 17 categories
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Supervised Classification

Supervised classification requires the
analyst to select training areas where
he/she knows what is on the ground

and then digitize a polygon within that ~ The computer then creates...

area...

Known Conifer
Area

Known Water

Area \

Known Deciduous
Area — |

Digital Image

Mean Spectral
Signatures

Conifer

Water

Supervised Classification

Mean Spectral

Signatures Multispectral Image
Conifer
Deciduoy;
~“Water Unknown

Information

(Classified Image)
]

|

Spectral Signature
—————— of Next Pixel to be
Classified




12/18/2017

sty L}L:-v j‘l.) CJJM ;:)'u_,:;u.a IJ oJ...:n:.J_}Ud.v LS.Luts...b ‘_}"'l_f“

AJJ‘ LSLA(_J"'J‘;J"“\ Y

(.S.)L—""‘ L’_g.u fJL_..a.- JL}u|J~1G.-l__AU.uJ|JJJ &,,,5’)" rl:u‘ 4,15-‘,0 LJ"‘ J.}
Mwh_wbjyjbe\jggtkwﬁ)ﬁtﬁj@Lﬁj«-@duwt}&nﬂi&m

‘ e.l....w.su)Ua.a (SMA-LJG L.a J;Jl_.m _)‘ 4..]‘3‘ uLﬁ'DUs' 2 _)La‘ (‘:‘J}wﬂ‘ L&ebb

FOW W (TS LSLMLJL, S a5 s Sy u...e:»)"

o S 93 5l u,...>..._... LgL.Ao:i: Lg.\,.;a\_:..b uLJ.a.G L;IJ., nglsfm}.w |
_u_:l.xua uL..l.a.c Dl dde 5 5B Soledlbl Lg)}\co- 9 s e Olles
)szuw_, (Sledia Slhes m_,S,a u..IJ..b ol MJAJJJJ—SL,JJ Yjw
Slles dlyz 4 (6l god olin (gLa 2y sl 5 g5l
(L;.J‘JM L.JL_JA.G dL‘JJS‘ s Wi 3l Hlows das u...mle ‘_;,lJM
alllon 3,50 Adbeta S (6ol e g laabe s Ol b Oleger o i
Slalian 5 (51, WL 66 2 4 5 o ol 0 L Ll Lol JT1 sl
Al 5 i b A 5531 0 5 ols Sidas Jlason
ERVENE & GETRE NETU AR SOt D G
S i oW s Tl 5l s S8 LS LS, S g8

20

10




12/18/2017

H—‘Oi‘ Gooylgan 53,8 S C35 L AL Al s, g gl WIS Ol
S = Gl oS 5 S o DLl ke &S 2L e DBl a5
o=t aols sy bl ol (i Gl WDIS) 55 S Jramis (slaesls
Slaci o 5 Laggasl Las 5 aw b Ll e &S Sl oo sl W o
L SLedbl sla S 5 Lid sl oS 3 36 JSCi o oSS 5l ilie
S S S Ol g S IS 05 S T (gl Jle (gl kST -
o= A LS LS 5 i Sl 60l paisad ) e ks ¢ 5
Sl OIS 4 Wl a5 ba S 5 ol elesl b colg 5o G el
ALSTL b b oS sl aaly o 03 so0pl 5l e 55 ot g
s 5y 5 dilate Comdy 9 Lo WS 55 e i sOUSL 5 S
2,8 Lo

21

'.)‘3_)‘9-"_)" ybwbl cé)léﬁbw&u)eﬁy J)j,a ),3 LS_)"S("“"‘A"

22

o.l_.-.u :Lg._.a L‘SJ‘DJJMJ,Q-! Lgljua.LngLauﬂ” :)l.s 6)1.)_;;44)44 L5.>-|J.\;:7‘

M Ji,,a) w\j

11



12/18/2017

Sampling— (& g5 4909
1SS a4 logae (615 5 4 gas®
simple random sampling — .5l _éslas -

stratified random — s s 4l dslas —Y
sampling

systematic sampling — olciww Y
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Stratified R. S.
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Partitioning of the feature sf

Box or Parellepiped Minimum Distance to Mean Maximum Likelihood
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Decision Rules

in Spectral Feature Space
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Comparison of SPOT image classified by Maximum
Likelihood, and Minimum Distance to means classifiers

Figure 5. The classification result of SPOT Image of HK by MLC.

Figure 5.2 Classification result of SPOT Image of HK by MINDIS.
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* Several different approaches:
— Minimum-distance-to-means classifier
— Parallelepiped classifier
— Gaussian maximum likelihood classifier
— Neural network
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Validation = error mat

Reference
(ground truth)

Accuracy for class A= 35/61 (are correctly classified as A
Overall accuracy = total all correctly classified pixels/163
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Kappa statistic

Interpretation
Result
A
B

D
Total

¥ ¥
N Z Xig — Z iy Ky
_ =l i=1

K=
¥
2
N™ - Z Xy Xy
where i=1

X, is the diagonal entries

X, is the sum of column i

X;, is the sum of row i for the r rows and columns.
7ero = no agreement

one = perfect agreement s
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