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Construction of X-band automatic radar scatterometer measurement
system and monitoring of rice growth

Yi-Hyun Kim"’, SukYoung Hongl, and Hoonyol Lee’*

'National Academy of Agricultural Science, Rural Development Administration

ZDepartment of Geophysics, Kangwon National University

Microwave radar can penetrate cloud cover regardless of weather conditions and can be used day and night.
Especially a ground-based polarimetric scatterometer has advantages of monitoring crop conditions
continuously with full polarization and different frequencies. Kim et al. (2009) have measured backscattering
coefficients of paddy rice using L-, C-, X-band scatterometer system with full polarization and various angles
during the rice growth period and have revealed the necessity of near-continuous automatic measurement to
eliminate the difficulties, inaccuracy and sparseness of data acquisitions arising from manual operation of the
system. In this study, we constructed an X-band automatic scatterometer system, analyzed scattering
characteristics of paddy rice from X-band scatterometer data and estimated rice growth parameter using
backscattering coefficients in X-band. The system was installed inside a shelter in an experimental paddy field
at the National Academy of Agricultural Science (NAAS) before rice transplanting. The scatterometer system
consists of X-band antennas, HP8720D vector network analyzer, RF cables and personal computer that
controls frequency, polarization and data storage. This system using automatically measures
fully-polarimetric backscattering coefficients of rice crop every 10 minutes. The backscattering coefficients
were calculated from the measured data at a fixed incidence angle of 45° and with full polarization (HH, VV,
HV, VH) by applying the radar equation and compared with rice growth data such as plant height, stem
number, fresh dry weight and Leaf Area Index (LAI) that were collected at the same time of each rice growth
parameter. We examined the temporal behaviour of the backscattering coefficients of the rice crop at X-band
during rice growth period. The HH-, VV-polarization backscattering coefficients steadily increased toward
panicle initiation stage, thereafter decreased and again increased in early-September. We analyzed the
relationships between backscattering coefficients in X-band and plant parameters and predicted the rice
growth parameters using backscattering coefficients. It was confirmed that X-band is sensitive to grain
maturity at near harvesting season.

Key words: Scatterometer, X-band, Rice, Backscattering coefficients, Polarization, Rice growth parameters.
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Table 1. Soil chemical properties of the experimental plot for fertilizer recommendation.

Available Exchangeable cations Available
pH oM NH,-N CEC )
P,0s Ca Mg Si0,
(1:5) g kg'l mg kg'] mg kg'l ------------------ cmol, kg'] -------------------- mg kg'l
5.9 20 9 38 6.6 1.9 18.1 143
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Fig. 1. Field view X-band automatic scatterometer system ; (left) The Shelter installed in the experimental paddy field
with an X-band looking at the 45 degree ; (right) RF systems inside the shelter with network analyzer, RF cable and a

computer that controls frequency, polarization and data storage.
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Table 2. Specification of the X-band automatic scattero-

meter system.

Specification X-band
Frequency (GHz) 9.65 = 0.5
. E-Plane (Deg.) 11.15 ~ 15.72
Beam Width
H-Plane (Deg.) 14.62 ~ 19.36
Antenna Gain (dB) 224
Antenna Type Dual polarimetric horn
Number of Frequency points 1601
band Width (MHz) 1000
Wavelength (m) 0.031
Slant range resolution (m) 0.15
Polarization HH, VV, HV, VH
Incident angle (°) 45
Platform height (m) 4.16

Measurement time

1 per 10minutes
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Fig. 2. (a) Temporal variations of fresh biomass and backscattering coefficients in X-band during rice growth. (b)
Temporal variations of grain dry weight and backscattering coefficients in X-band during rice growth. (c¢) Temporal
variations of LAI and backscattering coefficients in X-band during rice growth. (d) Temporal variations of plant height
and backscattering coefficients in X-band during rice growth.
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Table 3. Comelation coefficients between backscattering coefficients at X-band and rice growth parameters during rice

growth stage in 2007-2008.

Parameters LAI Ttw ' Gdw' Plant height
(year)
Polarization 2007 2008 2007 2008 2007 2008 2007 2008
HH 0.80"" 0.81" 0.81" 0.73" 0.59" 0.46" 0.74" 0.55"
vV 0.55" 0.64" 0.52" 0.64" 0.87"" 091" 0.53" 0.59"
HV 0.74" 0.60" 0.64" 0.54" 0.58" 0.43" 0.62" 0.42"
VH 0.74" 0.61" 0.64" 0.54" 0.58" 0.44" 0.62" 0.44"

"Tfw : Total fresh weight *Gdw : Grain dry weight
Y level of significance p<0.05,

™+ level of significance p<0.01,

" ¢ level of significance p<0.001.

Table 4. Correlation coefficients between backscattering coefficients at X-band and rice growth parameters during various

rice growth stages.

Polatipapion—xameters Lart Tew? Gdw' Plant height
HH 092" 0.90"" 043" 0.83"
\%Y% 0.86"" 0.85" 0.94™" 0.89""
HV 0.80" 0.83" 0.85" 0.80"
VH 0.80" 0.83" 0.85" 0.79"

"Rice stage :
*Rice stage
¥ Rice stage :
"Rice stage

From mid-June (DOY168) to late-July (DOY209)
: From mid-June (DOY168) to late-July (DOY209)
From early-september (DOY244) to early-October (DOY276)
: From mid-June (DOY168) to late-July (DOY209).
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Fig. 3. (a) Relationship between backscattering coeffi-
cients in X-band (HH, 45°) and LAI for the duration
from tillering effect stage (DOY 168) to panicle forma-
tion stage (DOY 209). (b) Comparison between measured
(2007yr data) and estimated LAI by modeling (2008yr
data).
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