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Radar (SAR) Imagery
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Department of Geoinformatic Engineering, Inha University

Abstract

This paper is related to the correction of radiometric distortions induced by topographic relief.
RADARSAT SAR image data were obtained over the mountainous area near the southern part of
Seoul. Initially, the SAR data was geometrically corrected and registered to plane rectangular
coordinates so that each pixel of the SAR image has known topographic parameters. The
topographic parameters (slope and aspect) at each pixel position were calculated from the digital
elevation model (DEM) data having a comparable spatial resolution with the SAR data. Local
incidence angle between the incoming microwave and the surface normal to terrain slope was
selected as a primary geometric factor to analyze and to correct the radiometric distortions. Using
digital maps of forest stands, several fields of rather homogeneous forest stands were delineated
over the SAR image. Once the effects of local incidence angle on the radar backscatter were
defined, the radiometric correction was performed by an empirical function that was derived from
the relationship between the geometric parameters and mean radar backscatter. The correction
effects were examined by ground truth data.

Keywords : SAR, terrain/topographic effects, radiometric correction, radar backscatter.
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T ue AFE B4 2 yeha 5 ‘”71 g #oll, SAR G2 AFEY, AA 284

4 FAANYAE FE, FR L kWES Fod ZAHoE ARREHI A (A FATA,
1994: Bruckstein, 1988; Moon et al, 1994; Desilets et al, 1996; Leberl, 1990).

Folt YAAEE AFEA 2 AYHRYEN Adg 540] opd, AxE AA B3 A
g FE3ed AT A A F3F0) web A EE A Wele Axed] HEd
A& Totshed Aozt 2 4 Aok 7HE, #eold ARARE B 7150 A A
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Raw image of RADARSAT SAR data over the study area near Seoul.
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Table 1. Characteristics of RADARSAT SAR data used for this study.

Data acquisition date December 26, 1995

Data acquisition time 18:34 in local time (09:34 GMT)
Orbit Ascending

Orbit altitude 793 ~ 821 km

Wavelength C-band (5.6 cm wavelength, 5.3GHz)
Polarization HH

Incidence angle 425°

SAR Mode Fine resolution beams

Number of looks 1

Pixel spacing 6.25 m

& 7HE &% (fine resolution mode)ol A ol xF otk RADARSAT SARGAAHE
AFSAGA FAIE Hojo] BIMNAEE AHelete] FUYREE TES FA M AHEAY] &%
o et o) FHY BHA AR FEEE d, A BANG S ARSI FHEEEHE (sant
range)ol Wl 7158 F &K (raw data) N EEH BE 7884 g4E B H ALFH
BF8A 58 AR C)EZ7HA kst YR FFEL AUtk ATl AHEE JdAEE
ARAEE AT AR 715 o1&t ARALE A A2 (ground range) 2 A FH3}e] 7]
28 As5elH, o] YAY YA ANAM 7 FHRUS 16bite] HAE 7HHh 2EFEe] SAR
FAAET dA st 3T 625me] A S 2L E EEHAJIEY, FAAMYE AT AR
°of & Foli FHEHC ¥4¥ FAIEAE(DEM)Y HAPEE r#ste] el shivt

of
o>
P

o
to

of AFase] WAt} 1Y o ARE AFs7] A% FAASEA, kit
fEA, hetk(age class), Bk (stem diameter class), B (crown density)d] wel AlgS B3
& MAEEE AFS SRt 3R AA JGATEAA A 197192 E oF 109 FU)=2 4
A8l Sl A=A AAZAIALG ) oJste] A 25 o], AR AT W ol A 9
A8, AAZAL T BEATE Fokd dY AMEEHI e ARtk AT A
1:15000 & 9] FFARE o] 83t tdA g S AEs L HAZAE 53 A5 L&
F 74 55 st 1125000 71EEE RO RE ARSI Jom, 33 A ARE AR
B e s AHALAEAIAY FEALAE 8t FAAES HAUAT (JFATY, 19930 ©]

%, 19%). ¥ A4A g sFsts ZHY dAE FAALE AT ILZRY F 55y
T Agto) M2 0 {2 BHAT § SAR GAAEY ZHst Al&-sigt)
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Pl e 2F 5 £AF H, XA B BIH ARE o] Este GRS T BTH
(grid/raster) W49 FAXE=AE7 AU AAY FAL=AFY A& MK

(interpolation) & ©|8-3ke) A&HA. Hd, 7 ANHANY AVLEFE W ST @
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FAY HARE ZES 125X125 m” WH AAZ wgHo) 2 @it s duEgie] Yo
ATk S TEG 019101] AY AL veEilE AARME FARES} abme) w97 Fo
Aewl ele e e FALEARE A2l Foiol AEHsiG

3

SAR 94 7% w7y 0 4E5S

7—} staghell 23 Ao ot FEFE Haskslr] 93t WA Golrgate 7z skt
HEshs A AME Wil 1 NP AFYA 5SS dolof g}, F3hE A9 AAEY
71&tetd HAge dwrdo g it AxoA FA " & e 47153 (ground control
points)& At 7EHES] FAHITYG AEFHE Alole] HTHERAS AET F, o] 4L
Tt A 7 gAaFEs AEFR 2A AMEFOEN ARSI AL e 7158
H4E BAstE FA A=RHd $E3T SAR JAAN Yehgs 7188k 38 R
B (side-looking) ol &J8te] #o|tiuhe] YALZtL o A FHE] AAE 2 w9 zhe] uje} uhap s
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d APl ME 7EHE )& FxugwozEs AAd 5 gk (Leberl, 1990).
Foreshorteninge QAR &) o)d #k2] whAlol] Qola] AALAY Zd)7] 9} updo) A e] BAL 7+F o]
T AR ARAGRT A #A 7= Aol GelA Fold deluE et e

A )

= 34
A o] HALEAH AT dEF o] A JEhe #4Jolt) Layovers: foreshortening
of Hldle] ApHY) AALEZL & AS- AAFHS Zu7)o A wALE Ho|timzb nletel A JEAL
B ARG 9A |SHHoZN, JioA AAIHES] ot HR7F nupHo] HolA Hrh
Shadows SAR ¢Hete] wht) wHbakof AFA A LEE A0 R, o] Al &Y
= deolEazt §l7] mEe] o] X = HRALEE AE7F fle] AA Helx, ol
shadow H2 HA 02 BAE F gle 449 diFolet & + AUtk (Trevett, 1986).

olg} Zo] SAR 9iFol 7ML gle 7188y 5AS st s o 7hA] R
E2 #5402 FAIEAR(DEM)E o4t WS A U tH(Guindon and Adair,
1992; Domik et al, 1986). TR X LEAFTE o3 goj gAY 7leterd BA Wy & ujws
Ago] 7hddt shte] WS Adsded, 1 AHE YL IA F dAR A 9
(19 2).

FATEAF Y SARYAS 5 Ao 53 7T o] H e S SA
DEMALR 9] o] Reg BAGSE Weto|ul, SARGSH DEMGAdA 34 < *4%_' T
£ NE2AE Zetes AL 0% o8 dojt) web HHFAAZAA N T35 FA
AZZRE HOSARY A (simulated SAR image)S A ZH3ta] o] GAbo] SARFANS 2
B2 7318t BAe] AHUT EYSARGAS dT7AGY FANEE AL FA

2]

IS

4

Rl
Lo o i 3o o

Geocoded DEM

Simulated SAR image Uncorrec‘Fed Raw SAR
image
GCP ‘

Resampling to DEM geometry

Relohonshlp between DEM and
grey value of Simulafed SAR

________________________________________

\i

Geocoded SAR image

Figure 2. Geocoding of SAR imagery with terrain correction using DEM data.
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RADARSAT 9149 A8 AL (Anzol, AW, ety daz 5)9 4124
Fol| oste) gAHE ARAAY 715153 AA we} o= HolHAAE XA skek 7
ojt} o] oA DEMAR S 7t #ugkat RO SARGA ] shagh7he] AA7F A= Fo)
g o]t g ¢& DEMO] %iﬂ Z]E]Z‘Jrﬁ of BEE Aujdste FHFAA AFEHETE EESARY Y

l‘l

2 A SARGAAA B F A& A¥ @ FApe FEHEE S FASA LA,
et F A %‘3;}/\1%‘ T e oF 1579 71FA(GCP) g FE 7 AT F A8 F
25 A 7Ede B e Wl gels] FREE B57) @ ARRA A 2
T AU N1FR g HE WIS Fopo] Ao SARGYS LSARYY FHE(DEM
Age) Fxe Tl wA A Hed, of AR NN SellM FHHUNE DEMA
29} RSARGAT) #E ol §3lo] foreshortening¥ 2 A Hel ote] T 7)3ketH
H3tE ol HAHA ok
[¢) o]

Ry H
AN,
3
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F (o)

Figure 3. Geometric rectification of
SAR data: (a) uncorrected
raw image, (b) simulated
SAR image from DEM data,
{c) geocoded SAR data with
terrain rectification.
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g garol Fg FAo) AAALY AHE AAZE DEMARY HE5he AAHAU ot
o] Jahe A EH }FAL gl FUT A BHE JHd st Aol sl WA= @
olt] WALA UM HUEEh GAre| B2 SARGAY shge] uvehuie A Ao 54 Al
2 EEYA &gtk 29 SARGANF Aol SARGAS wws AAR Y ZofAE Zolst
AAR, AR e weke] wal Yehe B89 et Xele FREHE TA 5o A4 5
AL F GAdA BF #3238 5 glon, olfs NHES Addste SAR e B 4
§ 71FH 0] ARHA ¥ 3ok 713882 dFo] RA T DEMAE S 2 HH Azt
Axo) £29 gaoltt. 71skeHy ¢ Fol BAE SARGFS do] G4 Hlwste] e
NEE7} A Gl g S ARE 4 9i=r), o]E foreshortening®] ¥ F HAPH REA =

3] 71 xpol7b Wdeith AAIHE AA AAAGEG #A HAY foreshortening®] FES 718
34 BA A oste] AA AAATLE Eoliuby] wiEe] fE GAdA FH e iR

] B FoE g8 W 202 U "ok gt BRE PN E
A GAolM F& Foz WA BAY AAHol AFAde) ek MRS webx HA A
Awrg gaEe yehe A& £ 4 Aok olg 22 71 BAAE Qe e} v
Wk X8l ojd it 2gatA] £3 o AATHAA B F v LEW /4 (shadow)
< FAHA XA

4. AP gt g YARA

dold 94 /e 4% st FATEABY FUT AEAT $3Y F
oIl 7 LT AR ANES WA 17 Ao Z R Holtie] A
5o QAR At 74 SaBANS Y A% JFL FA) 4D AARA
0 AR AR delustel Jlekeha BAE vehlE AHS (ocal incidence angle) &
o] &3t FEPAZE dolHsieh AR AKA Aelel 2o A, doluisteh HA)
AR M0) YR HW FAPAE 00] S JUAOE 7bg AE doldual Ast o4
A0 REYAZ 0% skiEe YeRA gevhd gANAE goltishel FAHlook
angle) Q8 A9 ZARAD, AARNNS FEAMNL 65 FAZL QoA AP A7 2
o 71E7h BT (19 4-ab). SAR 49 4 shel APekE 3T FAYAL) BELS S
AEAgel ofste] ALE 2} AW AR AAES AAe] AR W 22T AT
o) 9IAs Aeltishe) Aapgael olstel AHAG AR FRAN F A4 Abole) A
or ¥ A4 Wl sk AN S i, ATARY AevA BLFA o2k
o7t o e Jfst AAEe FH9 Ho| o] B MEl ND] o] FE Zo] fEAUA]
o (18 4-0). @714 FEAAE O TH o) 2)ste] Abeh

6 =cos [ ] .................................................................................. (2)
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N (surface nomal)

—_——» Azimuth

Ny
3 (c) Range

Figure 4. Georﬁetry of local incidence angle(9) on flat area(a), slope terrain(b), and a DEM
grid on slope terrain(c). M=look vector from SAR antenna to a grid point P,
N=surface normal vector at point P.

golt Jdel 7158 3z digital number value) S A FEol A BAE A F 9} xFHo| ¢

B 9Y 5ol TUE FU 44T 4 o
DN, = Z-T)*N e (3)
17161 Zi FARE Yolushotel A SJete] AXBOIH WAHE S48 ATT $
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7F AL S FholH, Tor KEAAIZHO) S Qate] HAE Ao o3 & 18 N
glolt gido] A e el BFE A &S (random noise) o]tk ot whe] AFE 7 E
el gt WA= Fe N o545 Z29 SPH0 7 whdrts durge] 714 S wols
o] % (Lee, 1986), 1 Hto] 10] HBR 919 24 (3)2 DNe= Z- Tv7} Btk

B @M A¥ 2HE HAgE] 93 ARRAN BR ZAREE o] 4§ HF A A

e AU sagel ekt AYES BAS 98 A ez 94 7 sa9A0)
A AYA S0tk stagel 27 HE WolF BAeL, o Aste] meh AN wiel
2 S shedel 9L BlAE AY B3 FFRA] Astel S FFANY A%
ARl et AE YPEE 15ee 1ol ABH SARGA 9o FASAHLA 5).
WIEE PB) 53, A7, F1L, UE S ek 4PS FED 202, e R o)
of dated BAY 4L 2uF THYL AL Aok AFAGNN TP He MAoR
Eohs 29 F(11-2094)9) BA5Y) APk A9 SAR YANRE WAKAG, ol9) 2

ol FUT FE Y ARGA TR AA Gl gloj = AP Y AALgt kel whal @ o] T RkA}
Az v GFshA vebg Zlolth N FEAY W dolduiate] B S B4
FAE SAR G4 7 xR A s Fete R YA local incidence angle) 05 9] 21(2)d]
st ARG H, Z7+e) 09 webA Yehde BE stagtEe] HwS 7ty

I

Figure 5. Geoboded SAR imagery overlaid by forest stand map.
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)l A} AR AYHE BE ANIAANE F4E AN et AR ¥, 27
o sagel WE BAL Thed do] FALEATRYE BER F2HW FEUAZHO

Ze= DN +(DN:/ DNo) =~ (4)

A7)0 A Zey HAFE J)FOR sl
DN AREAT P A AAHE 7
A7 09 WE BaBagolt oldT I
Ao AHE AsE Gael 53T éﬂrfﬁl D BAS 99 BEA B2 A%
o AEANY ARAL W] 49 A }04 AN T
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o0
! . Figure 6.  The relationship between mean
7 S S SU— radar backscatter and local
0 20 40 60 80 incidence angle, observed from
Local Incidence Angle(0) the uncorrected image.
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Figure 7.  Effects of topographic normalization of SAR data over Kwangmyung (a,b) and Mt.
! Kwanak(c,d). (a) and (c): uncorrected images, {b) and (d): radiometrically corrected

images.
2 U9 B QR A7, wol, ek BF HAE 5AS /T Ak TY slA BEY
o5 il oA BAFYAM HF WAL AEFHIY FFEAH vk
A7k & B AY o7t G AR Uehgth Aol AR AR SN A
g FerTiy, glo] oln) Wold FASFHH T ARHAY AejHe dA 4uEd F UL
Zolth Q¥ Fzol W2 Folr WS #E B4 SAR A2 g wm A
(polarization) 5 BH 02 wejsta] AAHojo} alv), HYL PO § SAR A TA

#% AFE F

M
ol
N

A EZ TR0, 1992).
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Figure 8.  The relationship between mean radar backscatter and local incidence angle, observed on
the radiometrically corrected data. These sample data were obtained from three
homogeneous stands of (a) deciduous, (b) mixed, and (c) coniferous forests.
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