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Project objectives

» Rice mapping
—Rice identification

—Rice species discrimination

» Rice monitoring

—Rice phenology retrieval

—Rice parameters estimation
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SAR data used

Ten temporal RADARSAT-2 data in FQ20Wand FQ9W mode were
acquired, and the corresponding compact-pol data were simulated.

Resolution (m) .
. Incidence
Image size .
Date Mode Product (krm?) angle Look Polarization

Range | Azimuth (°)
2012-06-27 | FQ20W SLC 5.2 7.6 565 38.89 1 HH/HVIVH/VWV
2012-07-11 FQIW SLC 5.2 7.6 571 27.53 1 HH/HVIVH/VWV
2012-07-21 | FQ20W SLC 5.2 7.6 565 38.89 1 HH/HVIVH/VWV
2012-08-04 FQIW SLC 5.2 7.6 571 27.53 1 HH/HV/VH/VV
2012-08-28 FQIW SLC 5.2 7.6 571 27.53 1 HH/HVIVH/VWV
2012-09-07 | FQ20W SLC 5.2 7.6 565 38.89 1 HH/HVIVH/VWV
2012-09-21 FQIW SLC 5.2 7.6 571 27.53 1 HH/HVIVH/VWVW
2012-10-15 FQIW SLC 5.2 7.6 571 27.53 1 HH/HVIVH/VW
2012-10-25 | FQ20W SLC 5.2 7.6 565 38.89 1 HH/HV/IVH/VWW
2012-11-08 FQIW SLC 5.2 7.6 571 27.53 1 HH/HVIVH/VWV
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In situ data

RO IR — Japonicarice
(Direct-seedling)
12 sample plots
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In situ Data

Category

Parameters

Geographic Information

Location, plots boundaries, elevation, topography, etc.

Meteorological data

Temperature, humidity, wind direction, precipitation, etc.

Planting dates, growth stages, cultivation methods, irrigation,

Calender rice varieties
Geometry Bio-physical
- Height, diameter of cluster, LAI. moisture. fresh
density weight
) . Freshweight, dry weight,
Stem Length, diameter, inclination )
moisture
Rice
Leaf Length, width, depth, Freshweight, dry weight,
inclination, density moisture
Ear Length, diameter, inclination, | Freshweight, dry weight,
density moisture
Water Depth
Surface ) Types , moisture, Organic,
Soil Roughness
pH, TN, etc.
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Collaboration

» Weiguo LI, from Jiangsu Academy of Agricultural
Sciences, has extensive experiences In Situ
observation. We work together for field work and
In site data collection.

» Brian Brisco, research scientist in CCRS, who i1s
an expert in SAR and rice. We collaborate to

explore the potential of compact SAR data In rice
monitoring.
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Results

» Backscatter behavior of rice
» Scattering mechanism of rice
» Fine rice mapping

— Rice species discrimination

» Rice monitoring
— Rice phenology retrieval (qualitative)

— Rice parameters estimation (quantitative)
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Backscatter behavior of hybrid rice
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Backscatter behavior of japonica rice

Contrary to the conventional
backscatter behavior of rice. s
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Scattering mechanisms of rice

» Backscatter iIs the result of interaction between
targets and radar signal, which is influenced by
many factors, such as Incidence angle,
precipitation etc.

» Scattering  mechanisms  present how the
Interaction of radar signal with the targets, which
Indicate the essential characteristics of targets.
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Scattering Mechanisms Analysis of rice
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Scattering mechanisms analysis of different rice species

" Japonicarice
(Direct-seedling)
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The surface scatterings of two kinds of rice fields have great difference on
June 27 (15 days after transplanting) , which is the optimal temporal for
rice species discrimination.



Rice mapping with scattering mechanisms
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Rice mapping using polarimetric SAR data on June 27, 2012

Direct-seedling: 84.25%; Transplanting: 89.16%

JECAM

Joint Experiment for Crop Assessment and Monitoring

GED

GROUP ON
EARTH OBSERVATIONS



33°7'50"N 33°11'0"N 33°14'10"N
L 1

33°4'40"N

33°1'30"N
L

32°58'20"N

=

Rice mapping with muti-temporal CP SAR

118°53'20"E 118°57'30"E 1H9°1'40"E 119°5'S0"E 19°10'0"E na“s.}'zo"r | I!l".‘?l'.‘ﬂ" E ll'i"l;#ﬂ"l". Il9°.‘.'.‘ll"F. 1 l"l?'ﬂ"l‘?
1 1 1 ) ! 1
<, z z
s 7 =
Sy = -5
= =7 b
. =
-,
z &
s £ :
LS & L=
5 = b
a4z 3
z Z
L2 & L3
-~ 2 -
2 ] >
“ - -
£ o z
E 5
= =
> F >
sz -
-
z z
|5 £ =
- % = =] -5
= & == z
g LI =
-
z 7
e B 7z =
> s = | 2
el 2 o 3
o’ = ~
2 -
-
T 1 L) T L] \J L L) Al T
118°53'20"E 118°57'30"E 19°1'40"E 119°5'S0"E 19°10'0"E 1S53 20"E 118°57'30"E NP r40"E HY5'50"E 19100 E
2,000 4,000 8,000 12,000 16,000 : : 0 2,008 4,000 8000 12,000 16,000 W ey W Coobpoord (05) I flayed Land (BL) vz e
Meters Rice - Non-rice N S B— M AT T iyt o) e 016 B Darectiiern s e 0

Two scenes(July 11, Oct. 15) Eight scenes (all data except Aug. 28
and Sep. 7)
Direct-seedling: 86.38%;

jECAM Transplanting: 94.230éc|>mUPDN

Joint Experiment for Crop Assessment and Monitoring EARTH OBSERVATIONS



Rice phenology retrieval

70-Milk stage

80-Dough stage




No. of sites | Percentage | 2012-6-27 | 2012-07-11 2012-07-21 2012-08-04 2012-08-28 2012-08-21 2012-10-15 2012-10-25 2012-11-08

“HR".7 Correct | 92.2177%
Error 13105% | 14113% 1.2096% 1.3105% 1.3105% 3.8306% 0.3024% 0.3024% 0.3024%
Unclassified | 64718% | 64718% 6.4718% 6.4718% 6.4718% 6.4718% 6.4718% 6.4718% 6.4718%
“H-R”-8 Correct | 94.2638% 89.4634%
Error 02710% | 04517% 1.8067% 1.8067% 4.1553% 4.4390% 5.0713% 1.1743% 1.1743%
Unclassified | 54652% | 5.4652% 5.4652% 5.4652% 5.4652% 5.4652% 5.4652% 5.4652% 5.4652%
“H-R-15 | Correct | 94.3051% 89.2712%
Error 0.5424% | 0.7797% 2.2712% 2.2712% 2.2373% 4.9491% 5.5763% 1.0847% 1.0847%
Unclassified | 5.1525% | 5.1525% 5.1525% 5.1525% 5.1525% 5.1525% 5.1525% 5.1525% 5.1525%
Error 09233% | 02131% 0.2131% 0.9233% 2.8409% 3.2727% 0.9943% 0.9943% 0.9943%
Unclassified | 6.3920% | 6.3920% 6.3920% 6.3920% 6.3920% 6.3920% 6.3920% 6.3920% 6.3920%
Error 1.1111% 1.1966% 1.1966% 1.7094% 1.7949% 1.8804% 12821% 12821% 1.2821%
Unclassified | 8.6325% | 86325% 8.6325% 8.6325% 8.6325% 8.6325% 8.6325% 8.6325% 8.6325%
“H-R’-40 | Correct | 92.8544% 88.6877%
Error 0.0958% | 1.8199% 1.9157% 1.9157% 2.7778% 3.8314% 4.2625% 0.5268% 0.5268%
Unclassified | 7.0498% | 7.0498% 7.0498% 7.0498% 7.0498% 7.0498% 7.0498% 7.0498% 7.0498%
TR | coneer |[90:363%] 90.4537% | 045370 | NESNNGHN 57.9733% | 7.9733%
Error 10361% | 13187% 13187% 2.3548% 3.7990% 3.7990% 4.4051% 4.4851% 5.2747%
Unclassified | 82276% | 82276% 8.2276% 8.2276% 8.2276% 8.2276% 8.2276% 8.2276% 8.2276%
Error 16801% | 2.1103% 2.1103% 3.3601% 4.0175% 4.0175% 5.4785% 2.6297% 3.5062%
Unclassified | 7.1782% | 7.1782% 7.1782% 7.1782% 7.1782% 7.1782% 7.1782% 7.1782% 7.1782%
TR0 | Comeer |[913078%T] s8.3692% | s.369200 | NNSGNR] 57.9515% | s79919%
Error 23327% | 5.0710% 5.0710% 5.9838% 5.4483% 5.4483% 6.0852% 5.6369% 6.1866%
Unclassified | 6.5598% | 6.5598% 6.5598% 6.5598% 6.5598% 6.5598% 6.5598% 6.5598% 6.5598%
Error 10467% | 0.5636% 0.5636% 4.2673% 3.7842% 3.7842% 3.6570% 3.4622% 3.8648%
Unclassified | 7.0531% | 7.0531% 7.0531% 7.0531% 7.0531% 7.0531% 7.0531% 7.0531% 7.0531%
TR | _coneer|[9isaamea o1s933% | sisvssve |NENSSSHRN 9iss95% | sissnve
Error 0.7905% | 0.8399% 0.8399% 2.1739% 1.3834% 1.3834% 6.1265% 4.0514% 4.4960%
Unclassified | 7.2668% | 7.2668% 7.2668% 7.2668% 7.2668% 7.2668% 7.2668% 7.2668% 7.2668%
TR Comeer | [SUsATSN o17143% | 9171430 |NSMNESSNN] 050799 | 9050790
Error 0.1429% | 0.2698% 0.2698% 1.0953% 1.4763% 1.4763% 2.6984% 3.2381% 3.5079%
Unclassified | 80159% | 80159% 8.0159% 8.0159% 8.0159% 8.0159% 8.0159% 8.0159% 8.0159%
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Rice phenology retrieval

Seedling  Tillering Elongation Heading Milk Dough Fallow
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Rice parameter est

mation
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<HH>/<VV> (dB)

Normalized volume scattering intensity
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Rice scattering model

» Scattering model I1s the key point for rice

parameter estimation using SAR data.

» A coherent microwave scattering model of rice
using Monte-Carlo numerical simulation methods,
considering the ear layer, was developed to

simulate backscatter of rice in the whole growth

stage.
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Rice field simulation
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Rice scattering elements
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Rice components backscatter calculation
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Rice ear backscatter calculation
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Four scattering mechanism
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Coherently summing the four scattering mechanisms as the total
backscatter :

1.Rice canopy direct backscattering
2.Ground-Rice scattering
3.Rice-Ground scattering

4.Ground-Rice-Ground scattering



Model inputs and validation
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Conclusion

A single polarimetric SAR data acquired 15 days after rice planting
can be used to discriminate hybrid and japonica rice, with the

accuracy better than 84%o.

Eight-temporal Compact SAR data can be used to classify hybrid and

japonica rice, with the accuracy above 86% ;

Less than 4 compact parameters from a single compact SAR data can

retrieve rice pheological stage, with accuracy of above 85%.

<HH>/<VV>, <VH>/<VV>, Freeman_Volume are most sensitive to rice

parameters with growth change.

Based on model simulation, in reproductive stage, the ear layer plays

an important role in rice total backscatter.



Future work

» Futher validation will be done for rice mapping
and phenology retrieval algorithm;

» More Field work will be conducted to improved
our rice scattering model in order to estimate rice
parameters.

» The ear layer will be considered for rice yield
estimation.
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