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Fig. 1 Development of rice planting area identification methods
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Fig. 2 Photographs for the key rice phenological periods (He et al., 2018)
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Fig. 3 Phenological variation of the SAR polarimetric parameters (He et al., 2019)
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Fig. 4 Time series VV and VH polarized backscatter over rice fields (Nguyen et al., 2016)
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Fig. 5 The performance of object—oriented classification for rice planting area identification (Zhang et al., 2018)
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Fig. 6 Development of rice biophysical parameter retrieval methods



fupE 2R A KRS

BRI WA 1 2371

3.1 RIGHER

28I R S K R A B S E R 2 Tk
L 7B SAR AR S EHUK R AL B S B G i 4y
EFNECAE DG B P, A ST B S A 750 5 B 5 Al 3
(Chakraborty %5, 2005; Chen %, 2009), il Al
VA 53 A FIAIL 288 2 > o d5e P 370 2 B S SR AR i T
o HedF (2019) ffi H £ B #H 4 1% b Radarsat-2
AR RIS [ HUR R BRI A S i S8, o 4%
Yot o B 5 42 5 B WK RS LAT S SAR 24010 4
xtE (K7), K&MEETF Freeman—Durden 53 i B9 55
SRR S KRS LATRAR OGS AR, T DA IS

LAI=8.8xe0-55RVIx)
R*=0.84
RMSE=0.81

R S
LAI

I T S e—
RVI,
(a) WAL S B0 IR Y

(a) Polarimetric decomposition based LAI estimation

(=}

LG BRI G R (R°=0.84, RMSE=
0.81). Ndikumana % (2018h) FRHUSUR AL Sentinel-1
B, A ] AR R R AL R 2 ) B I T K A R
AT A R, KB EREIE (ke R=
0.89, RMSE=9.2 cm; 4:#J & . R=0.86, RMSE=
193 o/m’) FIFEHLARM (Bk & : R=0.91, RMSE=
82 cm; W R=0.89, RMSE=174 g/m’) B ¥
(ISR T Zoe kM ik (BRd . R=
0.79, RMSE=12.4 cm; ¥ i : R=0.83, RMSE=
213 gim®), HAWES VH ARG HEAR & o

LAI=39.7xe041vvY)
R=081
RMSE=1.29

........
Yo — w0 w b Loy ®
LAI

HV/VV
(b) FETFJ ) I AR 50 S Je A R

(b) Backscattering coefficient based LAI estimation

El7 3T RVI,(Freeman—Durden 53 75 iS85 46 50 FTHV/VV KRS LAL 2256 5 B (He 55 ,2019)
Fig. 7 The relationship between rice LAT and RVI,,, (Radar Vegetation Index based on Freeman—Durden decomposition) or HV/VV
(He et al., 2019)

LR S TTIE W B AT, AN GRREAS i 2
BT, BRSO, &
P FARAR 2B — A /R X, 55 R i = 3
SES AR Y BRI A R, SRR . Y
WFFE X . AR I S AR SR U e A AR,
WHEGB AT S HON R, DT TR N R A 2
PRI ) KRS R R, (E 22 R ARG 1 S 4
Mg 17 R AREATS T L2 A K s FCE B AL o L e A 0 B
RS .

3.2 HpIEiEE

Py PAASE R 3 2ok 7 1) a SRR AULAN [7) 25 (] 45 44
PEAIRZS T B 7K RS AR R L R 3k 38, AR K
TR 2 373 5 AR S A L B ST K AR A B 2
KO IS R BR T SC R, 458 H I SAR AR A
R, Rz RG A RS HAGTHE. W)
HUR R BB BN S B U H A U S AR, AR
R KA e 1) O AL R O A 5 2 S, R KA

TR 25 K K B L R AT AN [ RE B A g, oK
FEHLFR AR (ANZEFF . M AiAERE) ik h BA
— B RS BRSNS ) 3 AR R L
fap A, AR AR KB BRI, 8 F AT FRE A
Sl 3R SRy ROSF AN T] Ay 83 A A, T - 49l 3 Ay A [
FEAIRIR (Koay %5, 2007; Jia%s, 2013). 7EIt
LAl L AT R AL R T R (Wang 48, 2009
Liu 2%, 2016b) s 5 HF RIF L (Le Toan 4%,
1997; Yuzugullu 55, 2017), M1 3R A5 S 5 Y o
KRSy, AAE R G MRS E)E
5T 22 [A] B 45

IK RE AR HBC A B e ) 22 2 B ) BRI A
@, W Karam BEA (Karam 28, 1995) . Sun 45 %1
(Sun %8, 1991) H1 MIMICS (Michigan Microwave
Canopy Scattering Model) (McDonald F1 Ulaby, 1993),
TE 7K e 5 55 A v R AR AR B B B v BB 1 2 4
W E B, TR R R R 2 O B A L RS R S
RIAT T KR S IR VR W A0 RS B . A A



2372 National Remote Sensing Bulletin

ERCGEIR 2023,27(10)

TR T HLRE AL R R RE AR ST LR, BB LR
SR, MUKRAERSHUOEAHEEH, Hik iR
FEE I, W EARBUE AR R e 28, T
I T J2= B A B /N IR | T e A S o3 A
S ILAT S5 R S RO AT I AR, AR R A P M
R, Ay N A X3 0 v A2 2 4 K R A
O, Yy PRSI AR S5 A I A T 2 A

3.3 FRuGHER

2 22 10 5 R 0F K A AR ot A A Sy TR A 10 il
b, RELR BT HUR LS R s, A ST
TR A, T2 T 2 g0 A ) FRAR A 22 [8] (1Y)
Prp BT %, Kafi®l (Water Cloud Model) Ji&
B BRI HU A (Attema A1 Ulaby, 1978),
FON T 2 38 SRy 2 (8] ep 5 5 3 A i K Gk F- = AT
W 78 5 1038 S gk Ay R AP A O SR ARNAE X2 o
) IO PB4 o K = B AL e )2 T M T DA
HRIFAMOCSE (I LATRIRR ) SRRk, T
FRC BTk AT DL LS K A 5 AT . 5k
Befdi 45 (2014) 2% KRS Az 4 ol i v ] 5 252 71

AR

T B

IREITEDL, K 7K = B v A 3O A R
¥ LALE KRR 228, et E M
LAL AT HH/VV 5O FE A7 K 2 BRI S50 25, fif
FH /N3 ) I KRS LAL (R°=0.73, RMSE=
0.63) .

K 25 BT R XA A B S s B R AR, R
% L8 B IK A A5 ZEFFAE Y 0 56 2 45 K AE 7K 7 T B
T B R, W2 T KRR S T8Iz
] B 22 U HIURE PRI S B0 TR i 52 31— 2 52 )
Yang% (2016) % XJ 3k — Bl i X 7K 2 B A HEA T 2
b, Ak T AR A G B K A e J2 1 AR 3450 25 1]
Sy AR, R B R T 25 R R R A 0 1A 5T
wk (&8, W Bt il 7K 2= B AR R £h 431 2 B0
&, T 20 Radarsat—2 B0 Flis (G E I T
KRG LAT (R*=0.82, RMSE=0.48). ¥k (R=0.89,
RMSE=10.37 em) . #H B i& B & K& (R=0.86,
RMSE=0.57 kg/m’) ALY & (R=0.85, RMSE=
0.22 kg/m’) FZH, KL T IR K = BEAY
Guo 5§ (2018) Sk X Akt 15 5 B 4 b b 2
BHE T 2 BO WA Sk

BT

T B L3 1S

[
NPT —
0000 000

K8 2 K e et J2 i BRI K P 25K S5 o P 1) BICHE 7K = BB S 3 Al iR (Yang 55, 2016)
Fig. 8 The modified water cloud model considering the heterogeneity of the rice canopy in both horizontal and vertical direction

(Yang et al., 2016)
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Fig.9 Development of rice phenology and cropping intensity identification methods
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Fig. 10 Time series SAR backscatter behavior in relation to rice growing season (Nguyen et al., 2015)
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Research progress on radar remote sensing for rice growth monitoring

HE Ze',LI Shihua'?
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Abstract: Rice is one of the most productive food crops of Asian countries. Timely and accurate access to rice cultivation information can

provide professional support for farming management and agricultural policy-making. Space-borne Synthetic Aperture Radar (SAR)

imaging is free from meteorological interference and can sensitively respond to rice plant development and soil moisture changes. Therefore,

satellites equipped with various SAR sensors are important data sources for rice growth monitoring in cloudy and foggy areas. The research

progress of microwave remote sensing in rice growth monitoring has been made on all fronts, but the technical evolution and relationship of

different research topics are complex and relatively confusing.

The development history, current focus, and innovation prospect of rice radar remote sensing should be reviewed and analyzed,
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considering the key scientific problems and main experimental approaches. Based on the collation and statistics of relevant literature in the
recent 30 years, the key problems of rice radar remote sensing are summarized into three study focuses: planting area identification,
biophysical parameter retrieval, and phenology and cropping intensity recognition. Then, the technical methods are summarized into three
research strategies: mathematical and physical analysis, machine learning, and multisource data synergism.

Specifically, rice planting area identification methods are divided into four schemes: time domain change analysis, machine learning,
object-oriented classification, and multisource data synergism. Rice biophysical parameter retrieval methods are divided into five models:
empirical model, physical model, semi-empirical model, data assimilation, and multi-source data synergism. Rice phenology and cropping
intensity recognition methods are divided into two algorithms: time-series feature detection and multi-temporal machine learning. From the
perspective of data attributes and model structure, the theoretical basis and applicable conditions of different methods are introduced, and
their advantages and limitations are explained. Finally, in view of the rapid advancement of SAR imaging capability and computer science,
the future research issues are discussed.

Therefore, the three difficult points to be solved in rice radar remote sensing monitoring are as follows: (1) fragmented farmlands and
fluctuant terrain; (2) diverse cultivation conditions, and (3) asynchronous phenology and complex interplant. The future study should focus
on the following: (1) high temporal-spatial resolution of rice planting area identification relying on less prior information; (2) dynamic
retrieval of rice biophysical parameters balancing model efficiency and accuracy; (3) automatic recognition of rice phenology and cropping
intensity combining plant growth mechanism and time series observation. The improvement of these research topics profoundly promotes
the practical application of rice radar remote sensing.

Key words: SAR, rice, planting area, biophysical parameters, phenology, cropping intensity
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