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Abstract

We examined the feasibility of multi frequency, full polarimetric Synthetic Aperture Radar (SAR) image data

from Spaceborne Imaging Radar-C (SIR-C) around the southern part of Ibaraki prefecture for possible application to

disaster observation. For comparative analysis of this SIR-C image data, we used ground truth data and optical

sensor (LANDSAT TM) image data acquired in the same region. We then analyzed five ground cover types to

confirm the classification ability of the SIR-C image data. The polarization synthesis images and the polarization

signature diagram classified these cover types well. The radar backscatter characteristics of scattering mechanisms

for the different surface types could be compared with the ground survey. We also compared the SIR-C image data

with the LANDSAT TM image data by principal component analysis. We found that the synergistic use of the SIR-C

and the LANDSAT TM image data increases the amount of information on ground cover types.
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Table 1 SIR-C and TM System Parameters.
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Data Acquisition 1994. 04. 17
Radar Frea. / Pol L 1.275GHz / HH, HV, VV, VH
C 5 304GHz / HH, HV, VV, VH
Track Ang. 37.6 dg. E of North
Incidence Ang 51.3 de.
Antenna Direction Left {North) Looking
Orbit Direction Ascending
Pixel Spacing 12. 5m
™
Data Acauisition 1994. 04. 22
Subsystem Band No. Spectral Range Resolution
(im) (m)
VNIR (visible to near infrared) 1 0.45~0.52 30
2 0.52~0.60 30
3 0.63~0.69 30
4 0.76~0.90 30
5 1.55~1.75 30
7 2.08~2.35 30
TIR (thermal infrared) 6 10.4~12.5 120
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(a) C/N¥ Fo SIR-C Hifg 7 — & O &7 7 — & Hilifg (CHH (FRfs), CHV (fkfa),
CVV (F@)). AR &SRS H 2 W GO T RAEIZH > T2, (b) LYY RO SIR-
Clifg7— % OFL s 7 — &l (LHH GRf), LHV (Gf), LvV (Ff)). mifg
LJES OIS Lband D7 — F O 575 Chand D7 — % L ) b K&,

(a) C-band SIR-C color composite image of the test site. The image is composed of CHH
(red), CHV (green) and CVV (blue). The Tone River and Sotonasakaura are seen in the middle
of the image. (b) L-band SIR-C color composite image of the test site. The image is composed
of LHH (red), LHV (green) and LVV (blue). The upper side of the L-band image has much
more contrast than that of the C-band image.
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2  (¢) LANDSAT TM i {% 7 — % @ 57 5 — & pe i % (band3 (FRfh), band4 (Fkfh),
bandl (F)). W{Ed, #EoRXKIroa 74 VviEEOGHid R L Twa, (d) LN
YREBLOC/NYF OSIR-C H%E 7 — % & LANDSAT TM [li{$ 7 — % & % @& L 7%
75— &g (LHV (FRf), TM band4 (fkfa), CHV (F)). Wi{g b ofit %
IR HHIRD 7 T — B HAIL T b, TXTORIZBWT, 5 OO TSk E %
WAPT/R LA (WL waterl, W2 : water2, G : grassland, R : reedy land, U : urban).

Fig. 2 (¢) LANDSAT TM color composite image of the test site. The image is composed of band 3
(red), band 4 (green) and band 1 (blue). The green region shows vegetation with chlorophyll.
(d) SIR-C L+ and C-band and LANDSAT TM composite image of the test site. The image is
composed of LHV (red), TM band4 (green) and CHV (blue). Information on the color of the
vegetation region has increased in the upper part of the image. In all figures, the five test
ground cover types are indicated by the square frames (W1, waterl ; W2, water2 ; G, grassland ;
R, reedy land ; U, urban).
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(b)

(c)

Plate 1

B R A T L 2T St o 5 &, (a) KM, (b) A b — 27 24750 %
FHELZTVE (R). (6) AM—27 A 75O %FHHE L7-&L (G).

Photographs of the test site taken for ground truth data. (a) Paddy field. (b) Reedy land (R)
used to calculate the mean stokes matrix. (¢) Grass land (G). Used to calculate the mean stokes

matrix.
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Fig. 3 Normalized backscattering coefficients (+") of HH, VV, RR, LL, HV and RL, and TM digital
number (DN) for the five test ground cover types (see Fig. 2).
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Fig. 4 Copolarized signatures for each of the five test ground cover types (see Fig. 2). The polariza-
tion signatures of water 1 and water 2 are different. We note that the observed signature of
water2 resembles the Bragg signature. The polarization signatures of reedy land and grassland
in C - band have a greater flat bias of relative «° than those of other areas. The urban signature

exhibits a dihedral-type return.
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Cross-polarized signatures for each of the five test ground cover types (see Fig. 2). Results for

Fig. 5
the five test sites generally agree with the results of the scattering mechanism presumed by co-

polarization signatures (Fig. 4).
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Table 2 Ratio of principal components of SIR-C data and TM data calculated from the five test

ground cover types (see Fig. 2).

PRINCIPAL LANDSAT SIR-C SIR-C SIR-C SIR-C and LANDSAT
COMPONENT ™ C band L band C and L band C.L band and TM
(=) (%) (%) (%) %) (%)
1 88.725 96.933 94375 95.602 87.845
2 9.734 2511 5449 3.421 9.258
3 1.316 0.556 0.160 0.933 2.729
4 0.226 0.000 0.016 0.044 0.168
5 0.000 0.000 0.000 0.000 0.000

%3 o'l ZiRICT /MM (v, w)

LW (4, 3 ORERE. 2T

0'0w1:J71<Ms1>..]1, JOZJ,T<M52>.]1VG§)V), Ms| li waterl O A ]\—'717 ]" ]) 7X’i’, MSZ
ES2DA =2 AT MY 7 ARBERT S.

Table 3  Ellipse orientation angle (¥, %) and ellipticity angle (y., y.) to maximize |7 - 'wil. o'w =
J X Msi0J:, Ms stands for waterl’s stokes matrix, «° = J/'< Ms;>J,, and Ms, stands for S2’s

stokes matrix.

S2 band W, [deg]l X, [deg]l WV, [deg]

X, ldeg]l 0Bl 0% 8] 0 -0,

water2 C 85.0 -35.0 350 -2690 2558 -1.32
L 112.5 -30.0 75 -3125 2237 -8.88
grassland C 175.0 0.0 100 -15.87 -30.27 14.39
L 925 -20.0 -100  -19.35 3449 15.14
reedy land C 35.0 -15.0 0.0 -985 -2884 19.00
L 1725 -15 —200 -16.38  -33.67 17.29
urban C 150.0 25 . -12.5 -0.11 -28.26 28.16
L 0.0 -25.0 145.0 -35.0 =156  -29.99 28.44
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