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Microwave radar can penetrate cloud cover regardless of weather conditions and can be used day and
night. Especially a A ground-based polarimetric scatterometer operating at multiple frequencies can
continuously monitor the crop conditions. We analyzed scattering characteristics of rice and soybean
using pauli decomposition method. Surface scattering (o) is the dominant component over the entire
stages for all bands and pauli decomposition value was the highest for L-band. Double bounce scattering
(8) and volume scattering (y) were approximately equal for C-band and volume scattering was higher
than double bounce scattering for X-band in rice field. In soybean, double bounce scattering becomes
higher than volume scattering during the R2 stage (DOY 224) and there was a significant difference
between the two components after the R4 stage (DOY 242) for L-band. The maximum growth stage of
soybean can also be detected using L-band double bounce scattering. The peak of double bounce effect
coincides with the peak of growth biophysical variables on DOY 271. We found that pauli decomposition
can provide insight on the relative magnitude of different scattering mechanisms during the rice and
soybean growth cycle.

Key words: Microwave remote sensing, Pauli decomposition, Surface scattering, Double bounce scattering,
Volume scattering
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POLSAR decompositionS }7] ¢J3t AlgtdlS 7fEks)
a1, Junichi 2} Yoshifumi (2008)+= decomposition *'H
ol-gste] AU ZEAYS Sl Blo| AIEAS doli
=8 X-di=0] Z¢- 3 Algto] 2 dofiial I-m
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U= 7Rt W oA A4 J (intuitive) Y 52 3}
L}o|t} (Lee and Pottier, 2009).

o x2

Pl

lrl
fr

A}
Al

ich

rlr 1o

pottier—

B =B ulo| F 2u} AR A AElS 1 &3t B,
T T AES eR A4 BsAZIE A AsHstE

HUE S, = ZEof o3l pauli decompositione =3
IR FS AREBIYITE ESE Decompositione E3 Ao]R
QAR A BA ST H)E HAE o AR ST

£ skt

¢

Mz H g

HEAXY  mpo|aR2at AREAE o]8dto] f-2jutet
Sl v} o) thet RS HE V2SI, el
785 20099 = s AL AR (37° 157 28.07 N,
126° 59" 21.5” E)oll X =3 (Oryza sativa L, var, sativa)
S er A5 skaleh AEEAY] WA 22 m
X 3l m o3, oY H7F15 cm A= F o AU =7} 30

cm X 15 cm RO 2 HE o]sict B o] 59
18 (Day Of Year, DOY 138), $3+d-2& 10¥ 12 (DOY
pg)olct. plo|aLmst AlRA ABTE ALHL TE5Ho]

1 o]o}7] A (20099 59 16Y)ol] AR o] AAEL A
2] g & v 2] (109 129714 dlojd ARPEAS 1
UEE kel

Fo FAekuale] A|FxA; (37° 15 834,77 N, 126°

58" 32.52" E)ollA 201090) thEF (Glycine max L, Merril))

Table 1. Soil chemical properties of the study sites.
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Kieldahl Z5AX|2 ALg5te] HAlstelch, Eopsley B
4] A= Table 137} 2},
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v, F ABEFAR= 24 (plant height), AJAE (fresh weight),
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89 W] 4211 of 3
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pH OM NH,-N CEC . .
Crop P,0s K Ca Mg Si0; density
1:5 g kg-l mg kg-l mg kg-l """"""" CmOlc kg_l """"""" mg kg_l g Crn_3
Rice 5.9 20 9 38 0.5 6.6 1.9 18.1 143
soybean 5.9 18 173 0.3 53 2.0 12.7 1.26
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Table 2. Specification of the L, C and X-band automatic scatterometer system.
Specification L-Band C-Band X-band
Center frequency (GHz) 1.27 53 9.65
Antenna Gain (dB) 12.4 20.1 224
Antenna Type Dual polarimetric square horn
Number of Frequency points 201 801 1601
Band Width (MHz) 120 600 1000
Wavelength (m) 0.23 0.056 0.031
Slant range resolution (m) 1.23 0.25 0.15
Polarization HH, VV, HV, VH
Incident angle (°) 40
Platform height (m) 4.16
Measurement time 1 per 10 minutes
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(A) Transplanting (DOY 143)

Fig. 1. Field photos of rice in various growth stages.
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Fig. 2. Temporal variations of rice growth biophysical
variables: fresh weight (FW), LA plant height and grain
dry weight (Gdw).

7] (B: DOY 173, 6¢ 232)), 24417 (C: DOY 179, 6< 29
o]), E¢17] (D: DOY 200, 7€ 20¥) 2 JLEE T}

Y282 71= 7WEHA] (E: DOY 214, 8€Y 3%), 7HEHg7]
(F: DOY 224, 8¥ 132), Z&A] (G: DOY 228, 8 172,
215 A47] (H: DOY 242, 8¢Y 31%), £AW|jA] (I: DOY
249, 99 7)), Al8|tj7| (J: DOY 277, 10¥ 52)), =414
2] (K: DOY 280, 10¢ 89)), £4142:7] (L: DOY 287, 10
2 1592 FEE) (Fig. 3).
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(A) Vegetative Emergence
(VE, DOY 166)

(B) Vegetative Cotyledon
(VC,DOY 173)

V>

(E) Beginning bloom
(R1, DOY 214)

- A
(I) Beginning seed (J) Full seed
(R5, DOY 249) (R6, DOY 277)

(O) Vegetative First trifoliolate (D) Vegetative Nine trifoliolate

507

(V1, DOY 179)

Jh

(V9, DOY 200)

X

(G) Beginning pod (H) Full pod
(R3, DOY 228)

(L) Full turity
(RS, DOY 287)

(R7, DOY 280)

Fig. 3. Field photos of soybean in various growth stages.
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Fig. 4. Temporal variations of soybean growth biophysical
variables: fresh weight (FW), LA plant height (PH) and pod
weight (PW).
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Fig. 5. Components of pauli decomposition (a, 3 and v) in (a)
L-band, (b) C-band and (c) X-band at the rice field.
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ol 7P w=keh mE WA i ARRE Xa1gk DOY
271 (9¥ 28] el L-WEoA= R2 (DOY 224, 8
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UERFIL, R4 (DOY 242, 8 31%) o] 2= = Q4719
Zk 2ozt 2A YRt (Fig. 6(a). C-HIEE o]5 ARzt
I AA ARES] decomposition gho] Ae] EQLaL (Fig,
6(b), X—ME9] A AH Akt decomposition 4o ©]%

At Hob A YRt (Fig. 6(c)).
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Fig. 6. Components of pauli decomposition (c, (3 and ) in
(a) L-band, (b) C-band and (c) X-band at the soybean field.
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FA% = S} (Fig, 7(2). C-HHEE ¥ A
FH ARt o] L-HiE Hot Weky A
Z At 4|8 (volum scattering ratio)< ©]% Akt W&
(double bounce scattering ratio) 2t} ¥ AJSx7]9} v &
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ratiogr o]85le] ¥ 7] 3740 7hs Aoz Az

X—HHE= ¥ Aol XY= HA| T Abet B]Eo] st
t}7} DOY 170 (6€ 199)& 7132 & A H o5 B 7]
(DOY 243, 8¢ 31 o]l thA] F71staiet (Fig, 7(c)). Bl =5
7] (DOY 243) o] A4 Aket v]&-o] §435] 453t o]
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