2.1
2.1.1
AIRSAR  Airborne Synthetic Aperture Radar
(The National Aeronautics and Space Administration
NASA)
AIRSAR
Jet Propulsion Laboratory (JPL) ~ NASA AIRSAR
DC-8 ( AIRSAR
2539-2540)
AIRSAR  Airbore Synthetic Aperture Radar
(side-looking radar) ( ) 3
C-band ( 57 . ) L-band ( 25 .)  P-hand
( 68 . ) (full polarimetric) POLSAR
(geometry)
(dielectric properties) AIRSAR interferometric
(cross-track) TOPSAR

2- (side-looking radar)  AIRSAR
- http:/Amaw.cers.nrcan.ge.calecrs/leamvtutorials/stereosc/chapb/chapters 5 e.html
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210 (Banawidth) 40 MHz
TOPSAR XTI 1
C - band DEM (Digital Elevation Model)

L-band  HH,HV,\H
P-band  HH 1HV,\H
20-60 10*10

AIRSAR

(gray scale image)
“Pixel" (Intensity)
(backscatter) 3

Surlace g i! z t 5 / “\ /Iﬂ
“~ // | |
4 UL S ARR S A g Gz ‘fﬂml l

Rat Forest Cropland  Mountains Rougn aty
Surtace Shar faCP

3
» http:/www.geog.ucsh.edu/~jeff/115a/remote_sensing/radar/rad

(dark)
( , 2544)
(type) 1 (size), (shapes &
orientation), (moisture content), (frequency)

(polarization pulses® (incident angles)


http://www.geog.ucsb.edu/~jeff/115a/remote_sensing/radar/rad

AIRSAR 3 C-hand
57 ) L-band ( 235 ) P-band ( 63

( B4

C-HH
4 - ]
http://airsar.jpl.nasa.gov
AIRSAR (Polarization)
(Vertical - V) (Horizontal - H)

like-polarized ~ HH
cross-polarized HV

!

U7 5 - UAMIAMNUANGINLENRA AUAT B UuSar Image RiNs adfisnari
http://airsar.jpl.nasa.gov


http://airsar.jpl.nasa.gov
http://airsar.jpl.nasa.gov
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( Imaging Radar ) )
)
] * active microwave sensor" “RADAR" ) !
, , 3-12.5 GHz ( , 2.4- 100 )
RADAR RAdio Detection and Banging

| Microwave

(Pulse)

2 6

14

0/
oY% INTINT 7NN ZaN )
M A e et A T A (1 A L

Pulse strength —»

e = e ] /T\ __q//’r‘\

0 2 4 6 8 10121416 18 20 22 24 26
Time—>

Rerdtung vtenna sotum (aler Dravy, 1990, LiDesard and Fisfer, 1694)

http://www.geog.uc.sh.edu/jeff/155a/remote_sensing/radar/radarl .html


http://www.geog.uc.sb.edu/jeff/155a/remote_sensing/radar/radar1
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side looking airborne radar

?

. 2543, 4-3
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2.1.3
Side Looking Airborne Radar (SLAR)
Rea Aperture Radar 8
(resolution) (rd 0)
® (k)
[A_Xr 1 | s )
A =
Ao = S
| =
R =
. !r""" -—_Jj Transgqlsv#t'crﬁceive
A /;"‘\7—-: [ T{ﬁpesg% (Eoctroi-ta
,:, ( ; FOTS recorder
ge | m

8-
- Lillesand & Kiefer, 1979

Side Looking Airborne Radar (SLAR)
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Synthetic Aperture Radar
Doppler Effect

(.9

Real Aperture 13" m /I
. Synthetic Aperture r3* 112
(Lfln?th of : ) P
Synthetic .~ ¢ Example: 4cm Wavelength
Aperturel g7 N Spacecraft Radar
2K!‘f¢¢

\ — X

\

é,.._f’i;m‘ ‘ PR LI S o
0 { \“ ) P \ /-'7 ,r
\ /

Lencth of = 7 P
Real 7 _~=Resclution
Aperture) N\ _Am>~  of Synthetic
L2 s NN Aperture
7 — “\—,?f Zxm
& Resol ution
of Real
Aperture
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Range and Azimuth Direction

SAR
(1
. Range Direction
(Across-track)
near range
far range Range direction 2 “slant range”
“ground rang” (incidence
angel) slantrang  ground range

. Azimuth Direction
(Along-track)

Airborne Radar Geometry

254
&/
g
Q\Q/
Swath Width
I ‘;:‘,:\ s - A Near Edm ol g
e h \;_::\
b h <N ./ 3
Vg : & /S A
,r‘/ | ,’-" /! ._\\ ~ ///-
s 6‘\ "tjlv ~. . o
@,f £ ' \\é\ v 7 :
& & ‘-}) s :
4y 0‘ Py Far Edge
09 N
& F&
\.d' /
."‘ <

Range Direclton
(Croas-Track)

10- Range and Azimuth Direction  SAR
: http; v, geog.ucsh.edu/~jefrf/1159/remote_sensing/radar


http://www.geog.ucsb.edu/~jefrf/1159/remote_sensing/radar

. Resolution
2
range resolution
- azimuth resolution
range resolution (rp)
(pulse ;)

azimuth resolution (rg)

(bfy

71U 11 : usAssIEszIaEa (resolution) 193diayaisang

2.14

15
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& - (Intensity)
b f (radar equation)

Pr="x2/ (41)3. & g2 RACPAA. ..o (3)
Pr n
Pt
G antenna gain
A
R
0
CT
cr 7 (db)
(Radar scattering)
2 12
(specular reflection) (diffuse reflection)

(Conner reflection)

black - scattering !
?

W

Oiime Heflecton Sooodar Rofecton

coo
ooo
ooa

2 12- 2
. http:/lwww.dweb.ccrs.urcan.ge.calcers/db/polarim/chapterl/chapl 5 e.cfm


http://www.dweb.ccrs.urcan.gc.ca/ccrs/db/polarim/chapter1/chap1_5_e.cfm

(surface scattering)

? 13
(surface roughness)

(incidence angle)

Incident Weve
Incident

Incident Wave
: -7&:uhg~um
Bmooth

Wave

Rough

7 13-

surface roughness

(water content)

Surface scattering
) R
(Volume scattering)
(? 14
scattering

(dielectric constant)

1

17
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A DIRECT BAGKSCATTER FROM
w  PLANTS ® 3cm (X-Band)

IKn  DIRECT BACKSCATTER FROM
A SOIL 24 cm (L-Band)

il e @ PLANT/SOIL MULTIPLE
SCATTER @ 6 cm (C-Band)

14
http://www.geog.ucsh.edU/~jeff/L115a/remote_sensing/radar/radarl .html

(Conner reflect)

Conner reflect

AN =
B T T o & T e o o — ".‘AL':"'L'W “mh 5
(n) (1)
5.
()
()

C 2543, 44


http://www.geog.ucsb.edU/~jeff/115a/remote_sensing/radar/radar1

2.1.5
1 f (Image brightness)
L (System parameters) , *
( wavelength )
| ’ |
!
X C
L
" 16
Xbwai'lo) cWad <~«0») UWnd 1-Hem)
NotpoM tnt* Alaoot poattrato — p*n*tr*t*
16 - !

. http:/lwww.gisdemelopment.net/application/archeology/site/archs0002.htm

(Polarization)

} |

(Vertical) ! (Horizontal)

(cross-
polarization VS. right -polarization)


http://www.gisdemelopment.net/application/archeology/site/archs0002.htm

(Incidence Angle)

RADAR

Radar Wave

17

. http://www.geog.ucsh.edU/~jefrf1159/remote_sensing/radar

(Incidence Angle)

4®

20


http://www.geog.ucsb.edU/~jefrf/1159/remote_sensing/radar

o2 J"TV « ) 21

(Object Parameters)
( A (Surface roughness)
f
2
?
(surface textural features)
Rayleigh Criterion 4 4 5

N <AL 25SIN0 e (4)
?
h> AT 44 SIND..vesesirinn (5)

h = ?

A1 = 2

0 =

gﬂﬁ 18: zﬂuuwnmﬁuﬁwnszuuushqq
j 5 ? 2543, 46



Rayleigh Criterion ( 4 5

( | 2543)

(Dielectric Properties)

dielectric constant (e) (permittivity)
(conductivity) e e

3-8

(Orientation and topographic feature)

2 A
?
2
( Corner reflector)
? bowtie effect

resonance (1 )

22
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(Back-scattering) 2

(Back-scattering from water)

Surface scatter

(Back-scattering from land)

Volume scatter

(canopy) £ 19

By

AMWMB Multiple scatienng C. Backscatter from
and Volume scattering  land surface
in the vegetatica

£1 19-
: http:/lwww.gisdemelopment.net/application/archeology/site/archs0002.htm


http://www.gisdemelopment.net/application/archeology/site/archs0002.htm
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1 ]
Conner reflector
Laili, Mariamni and Noh (1998)
(backscattering coefficient )
(color), (texture), 2 (pattern) (size)
1 , (clear-cut)
! AIRSAR (L-HH,L-W,L-HV,P-HH,P-W  P-HV)
(moisture content)
?
L (HH.HV.W)
L (HH.HV.W) P(HH,HY, ) L (HH.HV)
Laili et al. X (vegetated area)

(non-vegetated area) AIRSAR

7

24
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(homogenous)
Lee, Liew and Kwho (2001) ) AIRSAR
6 (Runway)
(Built-up area)
Maximum Likelihood (Decision
Rule) ) AIRRSAR ¢ (HHRV, ) L
(HHHY, ) 3 199%  LEEetal Lee
filter 5%
) LEE et al.
L
, L-HH
] AIRSAR L-
HH
L
(medium scattering) C
(vegetation scattring)
L C
C-HV L-HV
C-
HH  L-HH )
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l- 6

Percent of correct classified into
Paddy  Rubber Builtuparea Grassland Rumway Waterbody Overall ACC.
Chand 8078 859 1344 79.18 [ 7082 7818
l-band 8765  80.12 85.83 75 7408 7109 80.74

+ http:// waw.gisdevelopment net/aars/acrs/2002/luc/iuc0LL shtm

1 LEE etal L
C 80.74

Enrico, Epifanio, Florence, and Randy (1998)

5 1 1 ]
1 (fish ponds)
f 1 ]
AIRSAR (C-HH, C-HV, C-W,L-HH,L-HV L-W,P-HH,P-HV P-W) 28
19% Coastal Panay 20
e == & A
20 -

( Enrico a et.,, 1998)
Enrico al et.


http://www.gisdevelopme

(Conner scattering)

C )

(diffuse scattering)
(bounce Connor)

Prakoso (2003)
AIRSAR ¢ L P(HHHY, )

(Supervised Classification) Maximum  Likelihood

Vlamjrnvs

MamjrovaJsl

primary Forest

Primary Forest(s)
'JE‘ Primary-Farea-Bumt

Primary!lores' Biitnlis;

Secondary Fares!

Secondary Fcrsstfsi

Gamma [dB]

m Hv PH v M v W

| ie. 2 Averaged haeksealtej in L- and P-hand for mangrove. primary forest < >umi). primary forest burnt and
secondary foresi.

21-
http://earth.esa.int/polmsar/participants/prakosol5/Kemal paper POLINSAR 2003 final.pdf

C (HHHY, )
L (HHHY, ) 85.91
C (HHHV, ) L (HHHY, ) P (HHHV, )
9071

21


http://earth.esa.int/polmsar/participants/prakoso15/Kemal_paper_POLinSAR_2003_final.pdf
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Brisco, Fan, Guo and Shao (2002)

(Trunk)
(Branches) 22
. tintiiiceous Whixly
Uik - ike reaf uljuulk hialiuumiLA Ixinli Okxkl " ; Hike G:af 1S kmail -cal' SritiMmxjxl leaf >Jiruh
A
%
Locus Silfter calll tiitii.Hia 1iYiM Elll-util
Trunk None cyiinclranl tmnlex wilh high tiifleurric (ylimJrical Inir.kic Mggzc?friréa(lgl_ﬁ&wcvaﬂli
Rnirches-  Non-woody stems, stand] the .ler lie None Maoy Siaail biiajichtt.
M"1.0 n”L-like knves, open ll|! anl 14 iy IxeyiiZhia:fc-Tike leaven. :mriHV Juy.ithnMillleaver I'rciwilIf kU like nr hrixul leaves
npv-nrii vieil Monti~ Million'liifcle dtyerjc.ily
hp \ Al
C \ Y M
A Liraf. . (0t “kuifIxiu A-( Xir|<x;c- -aiClein. fir A fixsimd tiirlaimt sci-H - s 1A-al'aml Ivug veilmnt!
sral nCIL-1>(ifil" 10z Xl fslco Malk tilu. ~ 1i 2 Ci *iriacc->Slem nr Sion- > A Wl
IV Water y.irracc-istem ijrsicni-**au:i M Scattering from :.tanil I - _ionul SHlace .. 1 H: 1) Cil'Ulid S'alleliejy
KHilaeC S lilll v : CiftHinil Furrjux- Si'suicring C  Lojd' shtHwc Jicuclerhg or ;onf- 2) Ground-runopy
<" Mirrnrjetelanc® (ilominunlin early jiklcmnnm-itiMily a. 1) iLiif xSk MVIEEliE ClCKitA
SUEC
Herbwious
Disc-like leuraquatic herbaceous LSInclo-fke tone Bieadkif Brond-fikc leal
Grnsi ptalu s 3nd sevhenns Rice
Tmk None NOe Moue Nule
lirtmVs  Non-woody seems grow under : .cr N-in-WiXiiiy XCJW. W wixuly sicllk Mini-wikxly stems

eilijin - PistHjice feiliej *itli simili ivrinklrx — liade-lke leaveS mdidy | firivixl lewves, mrdora!)  Bludc-likf flav:K creel Jtwingin less25"

t\ Mirrive iLtkinarice ni *y.:cit.{uifacc A siinixit @Mivotiir.ur keanitinit et taiNltike ssivwik K\ 1IMimirjelK cliinci‘cir cvuic- wrfuce.'
IT: v PlArymiromefkeiiLiucodleur &, 1) Klecursciiiir ( finarilillTOrly )
21 Partiy lealKifliice scanning 2) Gittlind—€tMiopy iriluairliuid 2) X BLU-driuu  * yi(junLIKn,
Lln”UC” |>y ernk|eS C: Surface mlll «iluinc- semierinu DI hKxul lcauci OrRice I,ai XTyy-+Wn|Ef.|Ur|l]LC‘nllCItICIIWI
) Double bexine;

Q: ScamermgdilLvily  Lite cniUlpj

22 -
: Analysis of Multi-temporal RADARSAT Imagery for Rice and Land Cover
Discrimination in Subtropical Region. Asian Journal of Geoinformatics 2 : 21-32
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Dupas (2000)
IHS ( Intensity Hue :Saturation Color Transformation) Brovey Transformation
2
2
Fused Image Imagery used Transformation Used
T™JC Landsat TM 95 /JERS-1 IHS Cylindrical Transformation
T™MIB Landsat TM 95 / JERS-1 Brovey Transformation
TMEC Landsat TM 95/ERS-2 IHS Cylindrical Transformation
TMEB Landsat TM 95/ERS-2 Brovey Transformation

International Archives of Photogrammetry and Remote Sensing,. Vol 33, P98

(original forest) (native forest”
, 1
( ) (Supervised
classification) Maximum  Likelihood
Overall Error Matrix
IHS ( Intensity Hue

Maturation Color Transformation) Overall Accuracy

Brovey Transformation ( 3)
3

Classified Fused images Classified Fused images

IHS cylindrical transf. Brovey transf.

Cover Class T™IC2 TMEC2 TMJB2 TMEB2

User Prod User Prod  User Prod User Prod
Forest A 333 A1 538 538 429 462 300 2314
Forest B 500 69.2 600 600 455 385 250 1.7
Eucalyptus plantation 818 69.2 66.7 769 615 615 417 769

Overall Accuracy 53.8 59 48.7 359

Forest A = original forest ~ Forest B = native forest



Kumaran and Shyamala (2001)
IHS Color composite Principal Component Analysis (PCA)
RS 1C RADARSAT-1
i IHS Color composite

PCA
(most spatial distortion) Pohl (1999)
IHS Color composite
| 1 (2545)
{ £
(Grey Level Value) 9
3
J 1
{
J 2
?
{
J 3
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L 2 ! P
(2545) SAR
)
(Multiplicative) SAR
"Speckle Noise” Salt and Pepper"
) SAR
1
2. (Number of Look)
1 (2549)
AIRSAR
AIRSAR , 2539-2540
2
L Leefiltering o 1M
2. Gamma filtering o 1M1
A ' Lee filtering
Gamma filtering Lee filtering
1
Lee filtering 11*11
Lee filtering 1



(2545)

23:

Lee filtering

71

AIRSAR

AIRSAR

L-HH

, 2545

32
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