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Extraction of Rice Information Using Multi-temporal SAR Data
Based on Feature Optimization

YU Fei' LU Zheng’® SUI Zhengwei' LI Junjie> GAI Yanfeng'

(1. China Siwei Surveying and Mapping Technology Co. , Ltd. , Beijing 100094, China
2. China Centre for Resources Satellite Data and Application, Beijing 100094, China)

Abstract; Synthetic aperture radar ( SAR) data has unique advantages for rice identification and
monitoring in cloudy and rainy weather. Multi-temporal SAR and multi-features can provide rich
information for rice extraction, but too many feature variables will cause dimension disaster and
information redundancy to some extent. Therefore, a rice extraction method based on multi-temporal
backscattering characteristics and coherent coefficient optimization features was proposed. Based on the
multi-temporal Sentinel —1 SAR data during the rice growth cycle in the study area, the feature sets of
backscattering coefficient and coherence coefficient were constructed, and the importance of the features
was sorted by ReliefF algorithm. At the same time, JM distance was used to determine the optimal
number of features to complete the optimal features selection. According to the optimal features, the rice
planting area in the study area was extracted by the random forest classification algorithm. The results
showed that the error of rice area extraction based on the optimal features was 4.96% , the overall
accuracy planting was 92.48% , and the Kappa coefficient was 0. 90. Excluding coherence coefficient
features from the optimal features to extract rice, the area error was increased by 2. 39 percentage points,
and the overall classification accuracy and Kappa coefficient were decreased by 4. 03 percentage points
and 0.06, respectively, which showed that coherence coefficient was beneficial to rice information
extraction. Based on the characteristics of multi-temporal backscattering and coherence coefficient, data
redundancy was reduced, operation efficiency was improved, and large-scale and high-precision rice
extraction can be realized.

Key words; rice extraction; synthetic aperture radar; multi-phase; feature optimization; coherence

coefficient
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Fig. 1 Technique flow chart
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Fig.2 Backscattering coefficient curves of ground objects

0.600
0.500
0.400
& 0.185 —m— KT ELAAE R
Hm: BRI —e-sKik
Z 0.165
0.145
0.125
Q@/\ 7
() VHARAL
0.600
0.500
0.400
= 0.185? —— KA Hb R Rt
3 B .-k
E 0.165
0.145 —
0.125
DD POETRDDPODE DD
0:/ X Q‘Q do/ Qb/ql Q/\/ Q/\/ﬁ/gac‘/ Q%/ Q%/q/ QQ/ Qg/q/ \Q/ \‘\\/
ARESE R
(b) VViRfL

K13 AT R R4
Fig.3 Coherence coefficient curves of ground objects
7R KFEA T R EAE VH e fb R 52 B TR e, B
PR, ZE VV iRfL 2B PR B /ME
HELTE 7 A, e K R S O R e R W e
Tl B, 1005 0 i 1) 3T 32 B K A Y 1 B
WOR T R BN AR, KR 1 A T4 5 b R 1
B w2 R OU RO R ) AR R B B DA G o i F M Y
FHT RECAE 2 A b7 X R ¥ KT 0. 45, 32 5 T3
fibe 3 Fir ity , g % FH b oK 22 o SR T L A SR ITNE

AFEE bl s 1] A2 Ak /DN, Pk 3R B B e A A T
P o IR AR T E P9 kAT T8 TR RE G T TR IR A S
FE 15 B 43 4 T ) R IS ) BRI A 8
55, AT BOK A 0 A0 T PR . A AR ) S A B
Fofo AL DX 1 02 285 i ) 28 Ak, 75 B 3 013 AE AN T
RS A7 7E 22 5, IRk, iR B R B SR A A T
P o J8 I A4 P AR Ak O S A T R ot & AT
DL H AT 2R BRE 0 AR Il X 43 15 FH M 5 At s
Wy, KRS 5K AR Y RAE R A T R R RN
KB K FELEAS [R]B ] F i SO 28 b 22 5, FOA
T A AR G MR, T KRS B AL B A5 2.
2.3 HETEMEE

TE WU 1] T AR AE B T 9 A T R AR A R AR
85 10 HU FRAE AL 4E 14 AN I AR Y S5 1) BB R AL
VH H AL TN VV B AL IS 0] B R B 14 A, T30 A
THRAEALES VH A AL T VV B AL T8 T R 8% 13
A CFRIESE B 54 DNHRAE , 2 A RRAE Y T 40 U
W& 2,

R2 B

Tab.2 Description of features

FREAE R Y fal Bk R AE 158 B
14 4~ VH #% 1L J5 11
1~14  VH_bl ~ VH_bl4 ‘
J5 1 B O R
. 14 4~ VV AL ) i
R 15~28  VV_bl ~VV_bl4
LI
13 4~ VH #% 1k A5 +
29 ~41  VH_cl ~ VH_cl13
T T A
e 13 4~ VV bt 1+ &
FAE 42 ~54  VV_cl ~VV_cl3 i

2.4 HF{EfRIE

X F R EE Y SAR FRAE 23 ], JC vk B #0024
FRAF A ) B bR o 28 Pk 66, DA B W6 8RR AF () 41 A 0T
DLBRICEN S 47 1) ) AR o 2k e, PR o 2 R
SFAE TR B 0 5k e B S A O B R AR T T K R 4R B
AR 07 0 B30 vk i RS R R AN ) 4 8 2 R S
KNI R A BENLIE 225 HTF M AR HEAS R) R AE 1 £ 55
ATt ue st BRI AR e Bk
FFRRCR X o BRI AR, A F 58 2 7 ReliefF
TVE R M. BE B AH 45 & AT REAE 07 2
2.4.1 ReliefF &%

ReliefF 5232 fH Relief 85 3% gl 1M ok, A0 1L T
Relief 35 H fig 4b B = 73 2 [a] 31, ReliefF 4535 W] LA
fifp e 22 23 JARAE ) B S Y A T N
MANZREE D B — A R, A A 1Y) [F]
KREAR TN E AN RIEMHEA H(C) (j=1,2,
o k) WRHEAR RS R [F ZEREAS s R R b A A i 48



%3 1

TR SETARARALIE B0 2 A SAR B K FE 5 B4R IOy 22 263

BEARM(C)(j=1,2, k) 35 R 5P
FEBEAS RN S JEREAS 1 I A, I AR 8 B BT AR AR
MACE W, AR s

demmwn

W, =W — +
p(C) kd R,M(C
C# class(R) 1 _P(01355<R)>; A( ’ j( )) (2)
mk
K A—FA I ERAE
C——FEAZE

class () ——5FEA R AR FEA ZE )
d,()—2 DHEARLERE A LI BEES
H.(C)——HFEA R e 48T 1) ] — R FE A
M.(C)——FEAR R 54030 I AN R b A
p(O) ——FEREARTENN LR D T o Lo il
m—— AR EL
RO HR i M i ak Ak, i=1,2, -,
m
he——J5c 4B 3T A B L

2.4.2  JM g A] 4y B

AT 431 R O — A E FH A R AR S B DT AN 1
DU AR 58 T Al 2 500 AT o e o UL DML B R TGS A T
FEIRA ) AT A E L M OBE B R A S HE R 4y
Aiv, A DA R0 3R 5K 45 288 S A R AIE 25 ) e AS [R] X3
(38 B R, 38 B T o /N, 28 ) mT o e 5 ) i
B RS S 2 E] ) 52, nT DL A 3 Ak 2 2 5 [a]
BB 25 SRR A e Y o ARHFSE SR T MR B
Mo 28 Z R A] a3 A R

i

1

L= | | (VeGero) = p(a/e)) e | © (3)
A S REAR ] (4 0] oy e P B S
— SR MR R, HD AR

i JMEITEET o,

0 Y HE
J RIS O ~ 2, FAR B R AR SR AR A ) wl g 5 7
R
2.5 REHLER#M S %

K FHEEHL AR AR ( Random forest, RF) 55 3% H] T #F
FEX KA 3 26, RF & — 3k T 20 28 5 (0] )3
( Classification and regression tree, CART) B9 £ 1% 43
Ko Pk G A A LR o o) Bk T g o
( Decision trees, DT ) F11 3 4 [a] & #1. ( Support vector
machine, SVM) A b , & SR fi O HL5) T 671>
5 1 T A S R R R a8 SR AL R E R
L3R, v I B RR DR SRR 23 2 45 2R T REAS 2 A A

P(x/wi>\P<x/a)j)

(e A o I H RF Sl 5k B AL 3k 428 DI 25 B A 0 Bl AL
TR0 24T o5 RS A 0 A7 ST DR SR A, B RS A
T Bagging 8 B SELREUR Bl ML R AF & B, BT LA HR SR R
Z VIR ST R AT, 43 2R A3 M RR o, X S R
LT JE R, AN S B L Tl A

BEDL AR AR5 ik Se B A A 18] 4 BT R - O M B IR
INZEAEEE D oI Bootstrap AL F A, A 3k 1] 4
BEALHIRE 22 B n D YIGEE T4 . @ ST Hiumy
Bt 7 A @57 n B CART P 5 i 41 1k B HL 7%
MG TER I A G R o, A F A R AE AR o R
BLIEEE f(f<F) AHFRAEAE R 3B I F715 2000 20 2L RRAE
23 ], IF AR 4 L JE R 85 (Ginid) S5 /0N 50 0 B 3% 1
BTy e R IR AT R e 2, BB R
B TR S Al B R BORE N DA 4
%, HRAE M . AR CART SRS M8 m L A 2R K
AT BEHATHIR . QW INZRITF 1) CART YL it 5k 3
UG AE— R TE B AL AR AR 53 2 25, % i 3k 42
AR (2 5 AT T, AR AR R AR R CART P 5 4 #1525
FEA AT 2 25 . @ X T 25 R AT S,
R PSR 7 20, 4 3R A SRR 2 (0 2O D R AR
1 e 42850

IR IR D

A1 I M B LA

v v

| msran, || mesran, |

WEETHD,

| CARTHIEHIC, | | CARTHEHIC,
\ \ |

&l 4 BEMLARME L R B

Fig.4 Schematic of random forest algorithm

BENLAR ML L o I 2 D E SR,
RV phe SRR A A e T A5 20 o v 2 A R A K
SRR A R 0 S 100 K5 SURRAE B f BN
R AE BB TR

3 BZRESH

3.1 RIS

HIH ReliefF 595 H5 54 AR A9 ALE, H
FR BT REASKL b =127 5 5 iE 2 BEASC R AR 2/ HE
Fe L G RN S TR o HEFERT 10 7 A9 7 AR AR 1 2
J ) B RECRRAE, OF B OVH B Ak S 1) WO R R0
ZRCAT R B IE A ZE AR

i3 ReliefF 534 75 51| 5 Al 45 AF 48 19 24> R AE

CARTHHERIC,




264 o 1 R A= 20234
0.20
0.15
e
0.10 H
&
0 1 1 1 I 1 1 1 1 1 1 1 1 L 1 Il 1 1 1 1 1 1 Il 1 Il 1 1 1 1 1 1 Il 1 Il 1 Il 1 1 1 1 Il 1 Il 1 1 1 i 1 1 1 1 Il 1 1 ]
eSS ool en el (e gy 68 = o0 e 6 © Sl p onl en Glie S i ol O3 S ¥ gl g e 5 00 0 enipl g o)) Sy en e oy <
:I .-QI >I.-QJ :I :1 :I -Ql -QI >[ ::I :\ !_‘_‘I :I -QI >I -QI >I —Q‘ -QI m\ >I >I >I >| ..QI _QI >\ >I >\ II >\ I| :I .'I:l >| >I UI >\ :I >\ OI :I >I UI :I >| o‘ OI OJ OI OJ :I :I
o> T = [ s e = e = = jas} = = )
>>>>>>>>>>:>>:>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

K5 ReliefF 579k 4%
Fig.5 Result of ReliefF algorithm

AT (L TC Ik 0 E B 5 00 28 I de A AIE AR
TR R IR R AR AR e SR Ay RE D Y
PR BGIN— AL, 7150 12 /9 IM 7T 7y e 1 R
Gt AE 5 AL B2 B IM BE R AT, i 151 6 ), 4y
AERCEh 13 E] 30 mF, KRS 5 H At 2 ) TM B
FIHT 3. 43 85 INF] 5. 97, B, KR8 5 HAD 3 2
A IM BEESE R T 19, /WL T4 N, KA 5
HoAb oA B0 09 T o Mo T 6 35 45 A Kl 30 3
TN 54, K R 5 H A 28 B TV B B R K B R
DRIk, 42 MR R B A ey B/ DY , 15 BCHE 44 i
30 F AR A S BIF S X B B I DL R

6.0 -

ra
n

!
=

&
=)

KRS S HAEZE B IMEE 250
IS
n

1
n

33°50'0"E

119°30'0E, 119°40'0"E 119°50'0"E 120°0'0"E
() PLHE3ORHE L5 (SRR HISARI (2
BEEE R, R:VH_b3.G: VH_b7.B: VH_b7)

R

5

(c) SUAFIE K5

W5 19 25 31 3 43 49 5s (b) PERESORFIE ST 245 R R
FRIESC Sy = -y
6 RRIRFAEECT (YK A 5 H A 2 1y TM B 5
Fig.6 JM distance sum between rice and other land mper o
types under different characteristic numbers Eﬁﬁ,ﬁ’ﬁ%&ﬁ?ﬁ
; . = T
3.2 HEREREHBERN - ki

T B E S T B R AR 8 2 NG L DL R T
A PR AE X T oK A BB S, M RF 732K 8%
P LT B IR TE R 30 ANRRAE (T RR A0 1 30 4
fE") AHEREY 54 ASRRAE (fa] FK 54 FEAET ), DL
30 MEEEARFAE P L BR 2 AT PERRAE (VV_e2 (VV_
cl) M3 FIfY 28 AHEAE (f] Bk “ 28 FFAE") HEAT 702K,

OGS AT 7 s o AR $ B AR g OTEA%E Keppao RGBS EBUR

JORVE W 7 P e RS B A R LR 3, W% R % E/% RIE/%
. , , PR E3E 30 HAE 92.48  0.90  95.48 9811  4.96

T 30 4FAE 54 BHE 28 SESEAT A e Bl kRO

SRR By 5742 588.7.559. 8 km®, 15 4 bt i 54 HHE 93.81  0.91  96.38 97.81  2.57

BEH P 2008 1097 8 R, 28 HEAE 88. 45 0.84 9491 98.15  7.35

2021 4G5 AR % v R A 14 K R Rl 16T B 604. 2 km”?
O, AR X R 22 53 5 4. 96% \2.57% F17.35% .

(o) 2BHFE LR
K7 BFgE X o ah )

Fig.7 Classification results of study area
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