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Estimation of Paddy Rice Growth Parameters Using L, C, X-bands
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Abstract : The objective of this study was to measure backscattering coefficients of paddy rice
using a L-, C-, and X-band scatterometer system with full polarization and various angles during the
rice growth period and to relate backscattering coefficients to rice growth parameters. Radar
backscattering measurements of paddy rice field using multifrequency (L, C, and X) and full
polarization were conducted at an experimental field located in National Academy of Agricultural
Science (NAAS), Suwon, Korea. The scatterometer system consists of dual-polarimetric square horn
antennas, HP8720D vector network analyzer (20 MHz ~ 20 GHz), RF cables, and a personal computer
that controls frequency, polarization and data storage. The backscattering coefficients were calculated
by applying radar equation for the measured at incidence angles between 20° and 60° with 5° interval
for four polarization (HH, VV, HV, VH), respectively. We measured the temporal variations of
backscattering coefficients of the rice crop at L-, C-, X-band during a rice growth period. In three bands,
VV-polarized backscattering coefficients were higher than hh-polarized backscattering coefficients
during rooting stage (mid-June) and HH-polarized backscattering coefficients were higher than VV-,
HV/VH-polarized backscattering coefficients after panicle initiation stage (mid-July). Cross polarized
backscattering coefficients in X-band increased towards the heading stage (mid-Aug) and thereafter
saturated, again increased near the harvesting season. Backscattering coefficients of range at X-band
were lower than that of L-, C-band. HH-, VV-polarized ¢~ steadily increased toward panicle initiation
stage and thereafter decreased, and again increased near the harvesting season. We plotted the
relationship between backscattering coefficients with L-, C-, X-band and rice growth parameters.
Biomass was correlated with L-band hh-polarization at a large incident angle. LAI (Leaf Area Index)
was highly correlated with C-band HH- and cross-polarizations. Grain weight was correlated with
backscattering coefficients of X-band VV-polarization at a large incidence angle. X-band was sensitive
to grain maturity during the post heading stage.
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Fig. 1. Consist of polarimetric scatterometer system.
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Table 1. Specification of the scatterometer system

Specification L-Band C-Band X-Band
Center frequency 1.27 GHz 53GHz 9.65 GHz
Bandwidth 0.12GHz 0.6 GHz 1 GHz
Number of frequency points 201 801 1601
Antenna type Dual polarimetric hom Dual polarimetric horn Dual polarimetric horn
Antenna gain 124dB 20.1dB 22.4dB
Polarization HH, VV,HV, VH HH, VV,HV, VH HH, VV,HV, VH
Incident angle 20" ~ 60° 20" ~ 60° 20° ~ 60°
Platform height 416 m 4.16m 416 m
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Fig. 2. Temporal variations of backscattering coefficients at polarization and incident angle 30° ~ 60° for the L-band.
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Table 2. Correlation coefficients between backscattering coefficients and rice growth parameters at L-band

Plant Plant : : Coo - Plant | P
Incident . Tfw Tdw X Thw o Tdw o oy STy Tdw
height LAI heicht |~ LAL ) 2 Uheight o LALp :
angle (C,%l) : (gm?) | (gm?) (Cfl) | @) | @) ,(ci) b ¢ %) | (gm?)
20 |-093%#% 081%k | -0.90%*x 08T 0.56% [-020" 037 |-032™ | 021" | 0.38™ | 029%™ | 032%™
25 0.53%  1-020% [-037" 1-0.32% | 0247 | 0.44% | 0.38™ | 0385 [ 0.76%% | 0.85%* | 0.81%* | 0.81**
30 |-001™ | 028™ | 0.15™ | 0.18™ [-039™ |-038™ [-042*% |-040™ | 091%%%| 077%% | 0.85%% | (.82%*
35 049%  1-0.63* [-0.58% -0.62% | 040™ | 0.25™ | 0317 | 028™ | 0.89%F*| (.71 | 0.80%* | (.78**
40 0.81% | 0.58*% | 0.70% | 0.68% | 0.74%% | 73%% | Q76%% | 0.72%% | 0.89%%*| Q81%* | (.86%+*| (.85%*
45 0.9243% 1 (78%% | Q.8T4%%| (85k% | (.04%%% (8Qxk| (.92%4%| 091%k%| (Q0ke| (3 9]Hwk] QO(pewk| (,86%*
50 0.87%+% 0.63*% | 0.75%F | 0.73%% | 0.94%%) (.9]%+*| Q7%+ JOf*F**| (0,92%+%| (RE**¥| 0.90%**| (),8g*+*
35 0.85%% 1 0.62% | 0.75%% | 0.73%% | 0.93%%%| (90%**| .93%#%| 0.91%*%| (90%%%| (88*+%| (.02%#%| (,92%*
60 0.87%%% 0.74%% | 0.81%F | 0.79%F | (.86%**| (.88**+| (89%%*| (87*** (,84%* | (90%k**| (.9]%+* O'%ﬁ
Tfw : Total fresh weight, Tdw : Total dry weight

s : Non significance

* 1 level of significance p<0.05

** : Jevel of significance p<0.01
4% level of significance p<0.001
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Table 3. Correlation coefficients between backscattering coefficients and rice growth parameters at C-band

\'A% HH HV
Plant Plant Plant
Incident . Tfw Tdw . Tfw Tdw . Tfw Tdw
height LAI height LAI height LAI
angle | (oo @) | @m) | o) @md | @md | o) (@) | (gimd)

20 |-0.94%%k| 0.74%% | -0.84%% 083k | 084 |.067F |-0.76%% |-0.75%% | 0.81*%* | 0.67F | 0.74** | 0.71**
25 0.74%% | Q.72%% | 0.75% | 0.74%% | 048% | 048*% | 046* | 048*% | 0.85%* | 0.92%#*| 0.90%**| 090%**
30 0.82%% | 0.78%* | 0.82%% | 0.81%* | 0.86%**| 0.83%* | 0.84%* | 0.85%* | 0.83%* | 0.02%#¥| 0 91#**) (.020**
35 0.67% ] 0.70% | 0.67% | 0.68% | 0.93%%%| 0.84%x | 0.90%*x| 0.89%wk| (.88%*¥| 0.91*¥¥| 0.89%*¥) (.88
40 0.38™ | 0.55% | 0.50% | 0.50% | 0.95%%| (.87x| 0.92%%x| 09]#kx| 091%kx| 92%4%| (8RF*¥| (.87
45 038" | 0.64% | 0.56*% | 0.58% | 0.00%k| Q.91%k| .93k 093#k| (0 95HHk| (8RFE .90%F*) 0.8TH*
50 0.64% | 0.76%% | 0.74%% | 0.73%% | 0.04%%%| (.95%%%| (.03#%x| (0 93#kk| 0 90***| 085+ | (.88%**| 0.8TH**
55 0.56% | 0.70% | 0.68* | 0.67% | 0.93%x| 0.90%xx| 0.92%%%| 0.92%%*| 0.88%** 0.83*%* | (.86%*¥ (.84**
60 0.38™ | 046*% | 044% | 043% | 092%%x| 0.92%xx| 0.91%kx| 0.92%%¥| 0.91%¥%| 0.83%* | 0.88%*F) (.86%**

* Tfw : Total fresh weight, Tdw : Total dry weight

1 : Non significance

* 1 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 and rice growth parameters at X-band

'A% HH HV
Plant Plant Plant
Incident . Tfw Tdw . Tfw Tdw . Tfw Tdw
height LAI height LAI height LAI
angle | oo @) | @md) | o) @) | @m) | o) ) | (ghmd)

20 026" | 041% | 032™ | 032" | 0.68% | 0.63% | 0.64* | 0.63* | 0.80%* | 0.83%* | 0.82%* | 0.82**
25 0.62% | 070% | 068* | 0.67¢ | 0.72%% | 0.66* | 0.68* | 0.67% | 0.73%% | 0.74% | 0.74** | 0.72%*
30 046% | 057% | 054% | 0.52% | 0.82%* | 0.82%* | 0.84%* | 0.82%F | 0.65% | 0.75%* | 0.70%* | 0.69**
35 0.50% | 0.67% | 0.62% | 0.61% | 0.81%% | 0.83%* | 0.80%* | 0.83%* | Q.71%* | 0.79%¥ | 0.74%* | 0.74**
40 043% | 0.61% | 055% | 0.56% | 0.72%% | 0.83% | 0.79%* | 0.81** | 0.67* | 0.81%* | 0.74** | (.74**
45 033" | 045% | 042% | 040% | 0.74%* | 0.80%* | 0.81%* | 0.82%* | 0.76** | 0.81** | 0.81%* | 0.79**
50 0.23% | 020° | 028" | 024%™ | Q.71%% | 0.77%% | 0.75%% | 0.76** | 0.74** | 0.74%* | 0.76%* | 0.73**
55 S0.10™ | 020" | 013" | 018%™ | 0.75%* | 0.81%* | 0.80%* | 0.80** | 0.82%* | 0.79** | 0.83** | 0.81**
60 025% | 044% | 036" | 041% | 0758 | 0.79%% | 0.79%F | 078 | 0.81%*% | 0.71%*F | 0.77%* | 0.75%*

* Tfw : Total fresh weight, Tdw : Total dry weight

15 : Non significance

* : level of significance p<0.05

** : level of significance p<0.01
**% : level of significance p<0.001

Ze7] foh, 2922 ago] F& X-bandolA W bando] WIS) ARRIAZE A UeRE, 58] vw-d
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Table 5. Correlation coefficients between L-, C-, X-band backscattering coefficients and grain dry weight

L-band C-band X-band
Incidentangle, VV HH HY VvV HH HV VY HH ' HV
20 A0.96%4% | 085k | 0.64* -0.50* £.19% 026" | 0.54% -0.05% 0.10%
25 S0.97x | -0.74%* 0.06™ -0.19™ -0.39™ -0.70% -0.33" 035" 0.56*
30 0.78** 0.64* 0.53* -0.55* -0.38% -0.55* 051* 0.31™ -0.45*
35 0.43* 0.72% 0.72* -0.81%* 0.32% 027" 0.70* -0.30™ -0.40*
40 0.61* 0.40* 0.66* -0.22% 080" | -0.32% 0.78%* £0.36™ 0.45%
45 0.75%* 0.23™ 0.63* -0.39™ 078+ | 013" 0.87+%* | 039" 0.58*
50 0.71* -0.67* 0.29™ -0.16% -0.52% 0.23"™ 0.83** 0.55* 0.65*
35 0.58* -0.29" 0.07% 0.17™ 0.77%* 043* 0.80** 0.70* 0.71*
60 0.30" 0.18™ -0.10% 0.67* £.70* 0.51* 0.81** 0.74** 0.69*

55 : Non significance

*: level of significance p<0.05

** : Jevel of significance p<0.01
*4% : Jevel of significance p<0.001

Table 6. Optimum condition between backscattering coefficients at and rice growth parameters

o Band Polarization Inmdem‘angle Coxre;]atton coeff cumt (r): :
Plant height(cm) C-band HV 45 =0. 95***
LAI C-band HH 50 r=0.95%**
Biomass(g/m?) L-band HH 50 =0.96%**
Grain dry weight(g/m?) ‘ X-band 'A% 45 =(0.87%*
** : Jevel of significance p<0.01
##% : Jevel of significance p<0.001
WA ABART VY 28 270 Z HAZAS R V17K BHOEE o 222 B9 23S 333
FolHTable 6). °] 2= oz Az o} thFig. 9). C-band®] VH-HITHAPE 0§
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band®] cross polarization(UAFFE 457)0)A Al
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Fig. 8. {a) Relationship between backscattering coefficient in C-band(VH, 45°) and plant height during rice growth stage. (b)
Relationship between Measured and estimated plant height during rice growth stage.
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Fig. 12. (a) Relationship between backscattering coefficient in X-band(VV, 45%) and grain dry weight during rice growth stage. (b)
) Relationship between Measured and estimated grain dry weight during rice growth stage.
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