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Introduction

Rice Is the staple food of about half population of the world.

Rice monitoring is very important. Previous works mostly
concentrated on rice identification and yield estimation.

Full-pol SAR is an effective tool for rice monitoring.

Compact polarimetric (CP) SAR provides wider swath than
full-pol SAR, while it includes similar information.

Rice variety classification iIs very important for vyield
estimation.

Phenology can help farmers know the current situation of rice
and plan cultivation practices. Q



Objectives

0 explore the potentiality of Compact
SAR data In rice variety discrimination
and rice phenology retrieval, then to guide
farming activites and management of
domestic supplies and market value for
farm managers.
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est site and data
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Hybrid rice

Japonica rice
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SAR data 2

Incidence Pixel spacing Phenology stage
Date Mode
angle(° ) (AXR, m) J-R H-R-I H-R-II

2012-06-27 FQ20W  38~41 52X7.6 Seeding Seeding Seeding
2012-07-11 FQYW 27~30 52X76 Tillering Tillering Tillering
2012-07-21 FQ20W  38~41 52X7.6 Tillering  Elongation Elongation
2012-08-04 FQ9W 27~30 52X7.6 Elongation = Heading  Elongation

2012-08-28 FQ9W 27~30 52X7.6 Heading Heading Heading

2012-09-21 FQYW 27~30 52X7.6 Heading Milk Milk

2012-10-15  FQYW 27~30 52X7.6 Milk Follow Dough
2012-10-25 FQ20W  38~41 52X7.6 Dough Follow Follow
2012-11-08 FQOYW 27~30 52X7.6 Mature Follow Follow
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Compact SAR parameters 2

RADI

Symbol Meaning
RH Sigma naught backscatter value at RH polarization
RV Sigma naught backscatter value at RV polarization
RR Sigma naught backscatter value at RR polarization
RL Sigma naught backscatter value at RL polarization
m Degree of polarization
alphas (a;) Dominant scattering angle related to the wave ellipticity
delta (0) Relative phase of RH and RV
u Conformity coefficient
m-chi-db Double bounce scattering based on m-chi decomposition
m-chi-v Volume bounce scattering based on m-chi decomposition
m-chi-s Surface bounce scattering based on m-chi decomposition

www.radl.cas.cn



2
Results vt

» Rice variety discrimination

— Rice fine-classification in whole growth
season;

— Rice classification In early growth season
(before heading stage);

» Retrieval of rice phenology



Rice fine-classification 1n whole season ?/JJ

> Methodology
— Rice 1dentification:

— Hybrid and japonica rice discrimination;



Rice identification
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Algorithm of rice fine-classification <

> Water, C-P (Crab Pond), B-L (Bare Land), Forest and Urban can
be classified by importing Compact SAR parameters on Aug. 04,
Sep. 21 and Oct. 25, based on rice variety identification.

9 Temporal
Simulated CP Data

v

1025_RV < -20 dB

0804_RR =< -13.46 dB and 0721_RH << -13.56 dB 1025_RH =< -23.24 dB and 0711_RR < -23.77 dB
/ /
1015_RH = -7.44 dB and 1108_RV = -8.23 dB @ 0921 RV < -23.5 dB @

0627_RL-1108_RL = -3.56 dB
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Rice fine-classification in whole seasonm’o")

Class Water C-P B-L Urban Forest H-R J-R Total Use(g/’Scc.

Water 5238 31 0 0 0 0 0 5269 99.41
C-P 50 198 0 0 0 0 0 248 79.84
B-L 2 0 2956 0 14 3 0 2975 99.36

Urban 0 0 0 2535 0 8 3 2546 99.57

Forest 0 0 82 572 3039 212 24 3929 77.35
H-R 0 0 16 55 127 4670 88 4956 94.23
J-R 0 0 0 16 109 261 2449 2835 86.38
Total 5290 229 3054 3178 3289 5154 2564 22758

Prod’

Acc. (%) 99.02 86.46 96.79 79.77 9240 90.61 95.51

Overall Acc. =21085/22758 = 92.65%, Kappa Coefficient=0.91




Rice classification in early of season ?/JJ

» Early rice monitoring are important to facilitate food price
stability for regions at risk, and for agriculture exporters, to set
market price.

> The temporal Compact SAR parameters on June 27 (seedling),
July 11 (early of tillering), July 21 (tillering) and August 4
(elongation) are analyzed. (4 temporal before heading stage)

» Through analysis of parameters, rice and non-rice can be
classified firstly, then June 27 (seedling) is the optimal for
classifying hybrid and japonica rice in early of season.



mchi-Dihedral component (dB)

Rice 1dentification ?-//J
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Hybrid and japonica rice identification @/)

CompactParameters 07 - 60
RH RV RL m-chi-db m-chi-v m-chi-s N _
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The parameter of m-chi-s or RL in June 27 (seedling) Is the
optimal for classifying hybrid and japonica in early of season.



Rice classification in early of season Q/J

The Early Four Temporal
Simulated CP Data

v

0721 _Dihedral < -30 dB and 0804 Dihedral < -26 dB

0721 Volume < -18 dB
/
0804 Dihedral < —22 dB @

0627_Dihedral = -14 dB

0627 Volume > -12 dB @

0627 Surface < -14 dB
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Rice identification in early season ‘2

RAD

—~

Class W?te C-P B-L Urban Forest H-R J-R Total Usig/,o‘?cc'
Water 5245 124 907 2 31 6 0 6315 83.06
C-P 45 84 0 0 0 0 0 129 65.12
B-L 0 21 2114 41 310 130 48 2664 79.35
Urban 0 0 0 2705 88 34 4 2831 95.55
Forest 0 0 2 313 2632 337 208 3392 74.65
H-R 0 0 6 105 282 4171 411 4975 83.84

J-R 0 0 25 12 46 476 1893 2452 71.20
Total 5290 229 3054 3178 3289 5154 2564 22758

Prod.
Acc. (%) 00.15 36.68 69.22 85.12 76.98 80.93 73.83

Overall Acc. =18744/22758 = 82.36%, Kappa Coefficient=0.79



Retrieval of rice phenology <

RADI

> As the phenology of hybrid and japonica rice are different,
their phenology retrieval should be considered respectively.

> The rice phenology Is quantized using BBCH scale. And all
Compact parameters are analyzed with different rice
phenology stages.

> Based on different features of these parameters, rice phenology
was retrieved using decision tree algorithm.

germination seedling tillering elongation booting heading flowering milk dough ripening

o 1 2 3 4 5 6 7 8 9

| | | | | | | | | |
° >
! ! ! ! ! ! ! ! ! |

The rice growth stages
(on BBCH scale)




Analysis of Compact parameters
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Analysis of Compact parameters
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(a) u for hybrid rice

u — the conformity coefficient
0.3<u<1, the scattering element is identified as a surface;
-0.1<u<0.3 identified a volume;
-1<u<-0.1 describes a double-bounce scattering.

(b) u for japonica rice

From stage 20~90, the dominant scattering of rice always is volume scattering.
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Algorithm for phenology retrieval ‘D//J

m-chi-db <= -17 dB and
RL >=-13.5dB

(a) Hybrid-rice

0L.03 <= p<=005or -1 <= p<=-L03 and -17 dB <= m-chi-db <=
-14 dB and RL <= -10.8 dB

-0.03 <= p<=0.03 and RL <=-10.8 dB

/

m == 0,54 and m-chi-s >=-15 dB
and RL <= -10.8 dB

/

-16.2 dB <= m-chi-s <= -15dB and RR >=-
11.7 dB and »>= 0L05

RL >= -10.8 dB and ﬁ
RV >=-12.2dB m-chi-s <= -16 dB and RH >=-11.5 dB
m-chi-s >=-15.5 dB and u<015and RH >-11.5dB
and RV < -13.5 dB

-11.9 dB <= m-chi-v <=-10 dB
and RV >=-13.5dB and u<=0.15 Headlng

‘ 0.46 <= m <= .54 and RR >=-12.5 dB and

Milk stage

n>=0.15 and m-chi-db >=-17 dB
and m-chi-v <=-10.5 dB

\ u <=0.1and RH <= -11.5 dB \

RL <=-13.5 dB |

Seedling

Unclassificd

m-chi-v >= -10.5 dB

n>=0.25 and . .
m-chi-db <= 195dj (b) Japonica-rice
elasified } www.radi.cas.cn




Retrieval of rice phenology %

. Results and accuracy assessment
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Retrieval of rice phenology Q/J

. Results and accuracy assessment

No. of sites 2012-07-11 2012-07-21 2012-08-04 Ol 08 8 2012-09-21
e | et

2012-10-15

2012-10-25 2012-11-08

20- Txllermg

50-heading
60-Flowering

80-Dough stage




Retrieval of rice phenology
« Results and accuracy assessment

No. of sites | Percentage | 2012-627 | 2012-07-11 | 2012-0721 | 20120804 | 2012-0828 | 2012-0921 | 2012-10-15 | 2012-1025 | 2012-11-08
“H-R™-7 Comect | 922177% 92.3185%
Error 13105% | 14113% 1.2096% 1.3105% 1.3105% 3.8306% 0.3024% 0.3024% 0.3024%
Unclassified | 6.4718% | 6.4718% 6.4718% 6.4718% 6.4718% 6.4718% 6.4718% 6.4718% 6.4718%
HR™§ | Comect | 04.2638%
Error 02710% | 04517% 1.8067% 1.8067% 4.1553% 4.4390% 5.0713% 1.1743% 1.1743%
Unclassified | 5.4652% |  5.4652% 5.4652% 5.4632% 5.4632% 5.4632% 54632% 5.4652% 5.4652%
“HR™-15 | Comect | 043051%
Error 0.5424% | 0.7797% 22712% 22712% 27373% 4.0491% 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%
“HR™-19 | Comect | 02.6847%
Error 0.0233% | 0.2131% 0.2131% 0.0233% 2.8400% 32727% 0.0043% 0.0043% 0.0043%
Unclassified | 6.3920% |  6.3920% 6.3020% 5.3920% 6.3920% 6.3020% 6.3020% 6.3020% 6.3020%
“H-R™-24 | Comect | 90.2564% 80.6581%
Error 1L.1111% 1.1966% 1.1966% 1.7004% 7949% 1.8804% 1.2821% 1.2821% 1.2821%
Unclassified | 8.6325% |  8.6323% 8.6325% 8.6325% 6325% 8.6325% 8.6325% 8.6325% 8.6325%
“H-R™-40 | Comect | 92.8544% 88.6877%
Error 0.0958% | 1.8190% 1.0157% 1.0157% 2.7778% 3.8314% 4.2623% 0.5268% 0.5268%
Unclassified | 7.0498% |  7.0498% 7.0498% 7.0498% 7.0498% 7.0498% 7.0498% 7.0498% 7.0498%
“FR™18 | Comect | 00.7363% | 90.4537% | 90.4537% |NNGOMUGGUONN §7.9733% | $7.9733%
Error 1.0361% | 1.3187% 1.3187% 2.3548% 3.7990% 3.7990% 4.4051% 4.4851% 5.2747%
Unclassified | 8.2276% | 8.2276% £.2276% 8.2276% 8.2276% 8.2276% £.2276% 8.2276% 8.2276%
“FR™26 | Comect | OLIANT% | 90.7034% | 90.7034% |NNSOMGIGONN| $8.8042% | $8.8042%
Error 1.6801% | 2.1103% 2.1103% 3.3601% 40175% 40175% 5 4783% 2.6207% 3.5062%
Unclassified | 7.1782% |  7.1782% 7.1782% 7.1782% 7.1782% 7.1782% 7.1782% 7.1782% 7.1782%
“FR30 [ Comect | O11075% | $3.3692% | $5.3692v |INGNMSGMOGNN $7.0919% | $7.9919%
Error 23327% | 5.0710% 5.0710% 5.0838% 5.4483% 5.4483% 6.0852% 5.6369% 6.1866%
Unclassified | 6.5508% |  6.5508% 6.5508% 6.5508% 6.5508% 6.5398% 6.5508% 6.5508% 6.5508%
“TR™32 | Comect | 01.9002% | 92.3833% | 92.3333% |NNGBIGIUSWONN 89.1626% | 8$9.1626%
Error 1.0467% |  0.5636% 0.5636% 42673% 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%
“FR33 | Comect | 9194379 | 91.8933% | 91.8933% |NNGOISSUSWONN| 01.3498% | 91.3498%
Error 0.7905% | 0.8399% 0.8390% 2.1730% 1.3834% 1.3834% 6.1263% 4.0514% 4.4060%
Unclassified | 7.668% |  7.2668% 7.2668% 7.2668% 7.2665% 7.2668% 7.2668% 7.2668% 7.2668%
“FR34 | Comect [ OLSAIS% | 91.7143% | 91.7143% (NNGOMSROUGNN 00.5079% | 90.5079%
Error 0.1420% |  0.2698% 0.2698% 1.0853% 1.4763% 1.4763% 2.6984% 3.2381% 3.5079%
Unclassified | 8.0159% |  8.0150% 8.0150% 8.0150% 8.0139% 8.0159% 8.0159% 8.015¢% 8.0159%
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Conclusion

« Compact SAR has great potential in rice monitoring:

— Hybrid and japonica can be discriminated by Compact
SAR data, with the accuracy of 94% and 86% respectively;

— Hybrid and japonica can be discriminated before heading
stage, with accuracy of 84% and 77%;

— Only 4 Compact parameters on one image can retrieve rice
phenology successfully, with accuracy of above 85%.

— RH/RV/RR/RL, m-chi decomposition components and
comformity coefficient () are sensitive to rice phenology;
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Future Work

FQ20W and FQ9W modes are combined to guarantee the
short revisit time. Thus, the influence of iIncidence and
orientation angle should be evaluated.

The phenology retrieval models will be improved to be more
robust and portable, avoiding the empirical threshold values.

Inversion from Compact parameters to rice growth condition,
such as the rice biomass, should be studied more.

The short revisit time of Compact SAR data, such as
RADARSAT constellation, are highly anticipated.
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